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Influence of zinc substitution on structural, elastic, magnetic
and optical properties of cobalt chromium ferrites
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The polycrystalline Coj_xZnyCrg sFe; 504 series with (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) has been synthesized by conventional
ceramic rout method. The structural and elastic properties have been investigated by X-ray diffractometer and Fourier transform
spectroscopy. Both XRD and FTIR confirm the formation of single phase cubic spinel ferrites. The cationic distribution for all
samples has been proposed. The lattice parameter, X-ray density, hoping length, bond length, and packing factors—in accom-
paniment with variations in the zinc concentration—have been studied. The IR band position has been explained by the cations
involved in the structure. The elastic moduli such as Young’s modulus, bulk modulus, rigidity modulus and Poison’s ratio have
bee calculated using force constants. Scanning electron microscope (SEM) observation conveys information about the agglom-
eration of particles. The hysteresis curve obtained from vibrating sample magneto meter (VSM) conveys information about the
soft nature of prepared compositions. The saturation magnetization decreases with addition of zinc ions and coercivity is almost
zero. An increase in band gap energy has been observed with addition of zinc by Ultraviolet Visible Spectroscopy (UV-VIS),

which is due to small crystallite size.
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1. Introduction

Spinel ferrites are extensively used in numerous
applications, including magnetic fluids, magnetic
cores, information storage, ferrofluids, magnetic
resonance imaging, sensors and electronic devices
[1, 2]. Among several ferrites, cobalt ferrites and
zinc ferrites have been extensively studied because
they show the properties of typically inverse spinel
and normal ferrites, respectively [3]. The bulk zinc
ferrite is antiferromagnetic below Neel tempera-
ture (T = 10K) and becomes super-paramagnetic
or ferromagnetic when particle size decreases to
nanoscale in Zn?* ferrites. Thus, mixed Co—Zn fer-
rites have significant attention owing their inter-
esting and different properties. Arulmurugan at al.
mentioned that the substitution of Co?* with Zn?*
leads to improvement in the magnetic properties
of nano crystalline ferrites [29]. Islam et al. re-
ported that with increasing the zinc concentration
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the saturation magnetization decreases in cobalt
zinc ferrites prepared by ceramic rout method [3].
It is also observed that the magnetic quantities like
Hc, Mg, and M, decrease with enhancement of
Zn’*concentration. References in the literature ob-
serve decreasing behavior in particle size and satu-
ration magnetization in Co—Zn ferrites. The current
work deals with fabrication Co;_xZn,CrgsFe; 504
(x=0,0.2,04, 0.8, 1.0) ferrite via solid-state reac-
tion method. This work is an effort to examine the
structural, elastic, magnetic, and optical properties
of zinc doped cobalt ferrites.

2. [Experimental details

The solid-state reaction method was used to
fabricate the Co;_xZnyCrgsFe; 504 ferrites. The
preparation of samples has been done by high pu-
rity reagents’ mixing such as zinc oxide, chromium
oxide, cobalt oxide, and iron oxide in precise sto-
ichiometric ratio. The grinding of mixed powder
was done for few hours by using motor and pes-
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tle. Next, the powder was calcified at 1100 °C for
6 h in a furnace and then gradually cooled down
to room temperature inside the furnace. Finally, the
powder samples were re-ground to get fine powder
for characterizations.

3. Characterization techniques

The characterization of all prepared samples
was done by X-ray diffractrometer (X’Pert PRO
MPD) using Cu Ket1 radiation (A = 1.54056 A),
Fourier transform infrared spectroscopy (MIDAC
2000 USA, background subtraction, scan range
400-4500, scanning electron microscope (JEOL
JSM-6480 LV), vibrating sample magnetometer,
and ultraviolet visible spectroscopy (UV = 2800
model, Hitatchi Japan, wavelength = 300-900 nm,
respectively.

3.1.

Figure 1 shows the XRD pattern of synthe-
sized Coj_xZnyCrysFe; 04 (x = 0, 0.2, 0.4, 0.8,
1.0) ferrite. All the perceived peaks are matched
with JCPD cards (22-1086 and 89-1012) and could
be allocated to the reflection plane of (111), (220),
(311), (222), (400), (422), (511), (440), which in-
dorses the formation of single cubic spinel struc-
ture with no extra phases.

The lattice parameters of the prepared system
have been assessed using the classical equation [4]:

X-ray diffraction

a=d[(h +i2+1)'/? (1)

The crystallite sizes of these ferrites have been
intended from line broadening (311) plane using
Debye Scherrer formula [5]:

thl = Ogl/ﬂ cos 0 (2)

where Dyy is crystallite size, A is wavelength
of the radiation, f3 is full width at half maximum of
corresponding peaks and 6 is angular position.

X-ray densities for whole composition of fer-
rites have been calculated by the relation [6]:

p = 8M/Na’ (3)
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Fig. 1. (A) X-Ray diffraction pattern of
ZnsCo1_4xCrgs5Fe;504. (B) X-Ray diffrac-

tion patterns of Coj_xZnyCrgsFe; 504.

where M = molecular weight of the ferrite sam-
ple, N = Avogadro’s numbers and "a" = lattice
constant.

The bulk density of prepared ferrites samples
has been calculated using following relation:

dy =M/mr’t 4)

where M = the molecular weight, "r" = radius



Influence of zinc substitution on structural, elastic, magnetic and optical properties of cobalt

chromium ferrites

141

and "t" = thickness of the prepared pallets. All the
extracted parameters have been listed in Table 1.
The variation of lattice parameter and X-ray
density with zinc contents are shown in Figure 2. It
is observed from the said figure that the lattice pa-
rameter increases with increasing the zinc ion con-
centration. The deviation in lattice constant is due
to the dissimilarity in ionic radii of substituted and
replaced ions. Normally, the preference of zinc is
to reside on the tetrahedral site, while the prefer-
ential site of cobalt ions are octahedral site; how-
ever, here—due to a large difference in ionic radii Zn
(0.821&) Co (O.78A)—it travels toward the octahe-
dral site and substitutes the cobalt ion. As a result,
a bigger expansion in the crystal lattice is observed;
S0, an increase in lattice parameters is expected.
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Fig. 2. Variation of lattice parameter and X-ray density
with zinc contents.

It has been clearly seen from Figure 2 that X-ray
density increases with increasing the zinc concen-
tration. X-ray density is influenced by the molecu-
lar weight and lattice constant. The atomic weight
of zinc atom (65.38 amu) is larger than the cobalt
(58.933 amu); so, the molecular weights increase.
On the other hand, cell volume also increases, as
observed in XRD portion [7, 8]; however, the pro-
portion of increasing unit cell volume does not
show the significant effect in comparison of molec-
ular weight; thus, an increase in X-ray density has
been witnessed. Similarly, the values of bulk den-

sity listed in Table 1 are also showing the same be-
havior.

The crystallite size is perceived to decrease with
increasing zinc content. This trend may be due
to larger ionic radius of zinc in comparison of
cobalt, which produces the lattice strains and disor-
der in the lattice structure that hinders the growth of
grains and causes the reduction in size of particles.
The decrement in particle size and increase in lat-
tice strains leads to slight peak broadening, which
is shown in Figure 1B.

Hopping lengths at A-site (L) and B-site (L)
can be calculated by the following relation, and
their values have been entered in Table 5.

Ly—a [(3)‘/2/4} (5)

Ly =a [(2)1/2 /4} ©6)

It has been detected that the hopping lengths
"La" and "Lg" between magnetic ions at site A and
B increase with enhancement in the zinc concentra-
tion. It is noted from the above equations that La
and Ly show the same trend as of lattice constant;
this may be ascribed to the enlargement of unit cell
caused by doping of relatively larger zinc ions in-
stead of smaller cobalt ions.

Using formulae given below, the mean ionic
radii ra and rg corresponding to tetrahedral and oc-
tahedral sites have been intended and their values
are listed in Table 2 [9, 10]:

1
raA = (u—4>a 3—R,
5
rB: <8—u>a_R0

where "u" is the oxygen positional parameter
and its value is 0.375 A.

The XRD data is also useful to calculate bond
lengths R 5 and Ry corresponding to tetrahedral and
octahedral sites, using the following relations [11,
12].

(7N

®)



142

Talat Zeeshan et al.

Table 1. Different parameters obtained from XRD diffractograms.

Zinc Lattice Crystallite  Particle Bulk density X-Ray density Energy Band
contents (x) parameter (A) size (nm) size (nm) d(g/cm3) r(gm/cm3) gap (eV)

0 8.3523 68.11 400 2.02 1.45 2.49

0.2 8.3523 67.07 380 2.23 1.68 2.64

0.4 8.3532 61.40 295 2.32 1.78 2.66

0.6 8.3544 56.62 230 2.36 1.89 2.67

0.8 8.3559 58.92 190 2.37 1.78 2.66

1.0 8.3578 56.62 175 2. 2.09 2.68

Table 2. Structural parameters obtained from Eqs (7)—

(14).
ZincMean ionic USys- Bond Packing
radii (nm) tem length factor
(nm) (nm)
X TA B RA RB PA PB

0 3.6165 0.3828 0.482
0.2 3.6166 0.3842 0.429
0.4 3.6169 0.3842 0.418
0.6 3.6174 0.3843 0.401
0.8 3.6181 0.3843 0.393
1.0 3.6189 0.3844 0.331

3.723 1,932 0.990 4.467
3.873 1.959 1.032 4.738
3.989 1.975 1.064 4.780
4.234 2.163 1.132 5.273
4.392 2.195 1.176 5.3535
4.751 2.229 1.275 5.473

Ry =aV3(5+1/8) )

Rg =a (387 +1/16—68/2) (10)

where 6 = Usystem — Uideal-

Uideal = 0.250 and Ugygeern = 0Xygen parameters
= U = (u; + up)/2; u; and u, are anion parameters
that have been evaluated using given formula [12].

up = (ra +Ro) /V3 X 2exp (11)

UQ:U1—1/8 (12)

The ionic packing coefficient Py and Pp at tetra-
hedral and octahedral sites, respectively, have been
estimated by the relation [13].

Po = (ra—Ro) /Ra (13)

Pg = (r8 —Rp) /Rs (14)

where R is the radius of oxygen ion (1.32 A).
All these calculated parameters have been listed in
Table 2.

It has been observed from Table 2 that mean
ionic radii are increasing with increasing zinc ions.
This is because it is well known that there is a con-
nection between ionic radius and lattice parameter.
So, it may be decided that zinc ions substitution
plays a leading role in influencing the lattice pa-
rameters. This is because it is well known that there
is a connection between ionic radius and lattice pa-
rameter. So, it may be decided that zinc ions substi-
tution plays a leading role in influencing the lattice
parameters.

It is clear from the table that bond lengths R
and Rp are increasing with zinc concentration that
is attributed to the increasing lattice constant with
Xx. Moreover, the site radius Rg has greater value
than R, and this indicates that A-site contributes
more to increase lattice parameters. It has been as-
sessed from the table that packing factor "Po" is
very small (<1) at A-site, affirms to the shorter
ionic distances and higher overlapping of the an-
ion and cation orbits, proposing the presence of an-
ion or cation vacancies at tetrahedral sites [14]. It
is clear that P and Pg increase with increasing the
zinc contents; furthermore, P has very small val-
ues than Py, which is the signal of enlarged domi-
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nance of the Zn’* vacancies at A- sites, playing the
double acceptor’s role.

The inter-atomic distance between the cations
"M.-M." are (b, ¢, d, e, and f) and the distance be-
tween cations and anions (M.—O) are (p, g, 1, and
s); these have been calculated by using experimen-
tal lattice parameter values and oxygen parameter,
by following relations and their values, which have
been tabulated in Table 3.

M.-0O
p=a(l/2—u)
q=a(u—1/8)v3
r=a(u—1/8)V11

Table 3. Inter atomic distance between the cations "M.—
M." and cations and anions "Me-O".

o

0.2 0.4 0.6 0.8 1.0

3.6166
3.4626
3.6165
5.4249
5.1147
1.0440
3.6165
3.4578
4.2039

2.9530
3.4627
3.6167
5.4252
5.1148
1.0441
3.6166
3.4579
4.2040

2.9533
3.4630
3.6170
5.4255
5.1152
1.0442
3.6169
3.4583
4.2044

2.9537
3.4635
3.6175
5.4263
5.1160
1.0443
3.6174
3.4587
4.2050

2.9541
3.4644
3.6182
5.4273
5.1169
1.0444
3.6181
3.4593
4.2067

2.9549
3.4649
3.6190
5.4285
5.1180
1.0447
3.6189
3.4601
4.2071

= 0 -oh 0 o O O =

w

It has been revealed from the table that both
cation—anion distance (p, g, 1, s) and the distance
between the cations (b, ¢, d, e, f) increase with
increasing the zinc concentration, which is cred-
ited to the increase in mean ionic radii and bond
lengths.

3.1.1.

The estimated cationic distribution of prepared
material and their preference sites have been shown
in Table 4.

Co?* and Cr** ions both prefer to occupy the
octahedral site and iron is equally distributed be-
tween tetrahedral and octahedral site, whereas the

Cationic distribution

Table 4. Estimated cationic distribution from XRD.

X Tetrahedral site

0.0 C00_25Feo.75
0.2 Cog.2Zng osFeq 75

Octahedral site

Coy.75Cro.5Feq 75
Cog.6Zny.15Cro sFep.75
0.4 Cog.15Zng,04Cro.05Fe0.76 C00.45Zn036Cro.45F€0.74
0.6 Cog.14Zng03Cro.06Fe0.77 Co0.26Zn0.57Cro.44F€0 73
0.8 Cog.13Zng02Cro.07Feq.78 C00.07Zn0.78Cro.43Fe0.72

1.0 Zng 01 Cro.08Feq.0.091 Zng 99Cro.42Feq 59

Zn>* jon also may have strong preference to oc-
cupy the tetrahedral site; however, in this situa-
tion, the ionic radii of Zn?* is 0.84 A are unusu-
ally larger than ionic radii of Co?* (0.78 A), which
causes them to move most of the zinc ions toward
the octahedral site and some of them toward tetra-
hedral site.

3.2. FTIR analysis

FTIR spectroscopy is a nondestructive method
for accurate configuration of the ions or atoms in
structure. The spectra have been recorded at room
temperature to investigate the crystal structure of
ZnyCoy_xCrgsFe; s0Oq4, which is shown in Figure 3.

Transmittance [%]

2000 1500 1000 500

Wave number [cm'1]

2500

Fig. 3. FTIR spectra of Coj_xZnyCrysFe; 504.

There are two main bands below 1000 cm™!
which are well recognized features of spinel fer-
rites. The lower frequency band v, has been ob-
served at around 491-471 cm™! corresponding to
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the octahedral metal vibration oxygen bond (M-
0); the higher frequency bands are in the range of
612-604 cm™!, relate to the tetrahedral complexes,
and their values are listed in Table 5. The broad
bands centered around 1016-926 cm™! correspond
to O—H group stretching vibration, which is due to
water molecules in (KBr) used during the prepara-
tion of pellets for FTIR analysis.

Table 5. FTIR analysis of Co;_xZnxCrgsFe,O4.

Zn v vi  Ki Ky La(A) Lg(A)
(x) (em™) (cm™!) (N/m) (N/m)

0 487 612 16.12 14.62 3.7905 3.0950
02 487 612 16.10 14.74 3.7909 3.0948
0.4 483 604 1573 14.21 3.7968 3.0997
0.6 475 600 15.56 13.44 3.7977 3.1004
0.8 471 597 1549 13.32 3.7982 3.1009
1.0 455 608 15.70 13.10 3.7994 3.1018

The force constants K; and K, associated to
tetrahedral and octahedral complexes have been de-
liberated employing the method recommended by
Waldron [15]:

K;=7.62-M;-v1-107 N/m (16)

K; =10.62-M/2-v3-107" N/m (17)

where M; and M, are the molecular weights
calculated from estimated cationic distribution and
V1 and v, are the central frequencies at tetrahedral
and octahedral sites. The estimated values of K;
and K, are tabulated in Table 5.

The trend of bond lengths (La, L) and force
constant K; and K, as a function of zinc contents
has been shown in Figures 4A and 4B.

It is clearly seen from Figure 4 that hopping
length increases and lowers the force constant. This
behavior may be attributed to the fact that if the
substituent ion is of larger radius than that of re-
placed ion, then the distance between the magnetic
ions increases and force constant decreases, which
leads to reduction in the repulsive force and causes
lowering the electrostatic energy. This implies low-
ering of the wave number and hence decreasing the
force constant.
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Fig. 4. (A, B) Variation of force constant and hopping
length.
3.2.1. Elastic properties

The elastic properties are the amount of resis-
tance against the stretching of lattice and are linked
to the second derivative of interatomic potential.
Elastic moduli have been calculated through struc-
tural data and IR data of currently investigated fer-
rite samples [16, 17]. These elastic moduli have
calculated using the values of lattice constant "a",
X-ray density "dx", pore fraction "f", and force
constant "K". There is much more importance that
can be attributed to elastic constants, for the reason
that they illustrate the binding forces’ nature and



Influence of zinc substitution on structural, elastic, magnetic and optical properties of cobalt

chromium ferrites

145

to recognize the thermal properties of materials.
The often used elastic moduli are bulk modulus,
young’s modulus, rigidity modulus, and Poisson’s
ratio. Among all these elastic constants, young’s
modulus is of special concern due to its decisive
factor for the most broadly employed core shapes,
explicitly rods and rings [18]. It is generally known
that average force constant "kg," is the product of
stiffness constant "C;; = L (longitudinal modu-
lus)" and lattice parameters "a" i.e., (kyy = Cy1 X
a) as kyy = (k; ko)/2. The calculation of pore func-
tion has been done by relation (f = 1 — d/p). The
data analysis generated the given equation for the
deviation of Poison’s ratio as a pore function that
is expressed as "(f) = p = 0.3241 (1 1.043)". How-
ever, the Poison’s ratio remains constant for vary-
ing compositions. The value is found to be 0.29
that lies in the range (-1 to 0.5), which is the com-
pliance with the isotropic elasticity theory. Thus,
the following relations have been used to evaluate
other elastic moduli of ferrite specimens [19] and
their values have been written in Table 6.
Stiffness constant:

(Cpp)=0Cy/1-0 (18)

Young’s modulus:

(E)=(C11 —C12) (C11 +2C12) / (C11 +C12) (19)

Rigidity modulus:

(G)=E/2(c+1) (20)
Bulk modulus:
(K)=1/3[C11 +2C12] =L —(4/3)G  (21)

The stiffness constants (Cy; and Cq,) are show-
ing the decreasing trend, as shown in Figure 5. It
has been observed from the Figure 6 that elastic
moduli are tending to decrease with addition of
zinc contents that may be deduced in term of inter-
atomic bonding. In the current system, the estab-
lishment of inter-atomic bonding of zinc replace-
ment for cobalt and iron can be explained as fol-
lows: iron has 3d° and zinc ion has 4s? orbital con-
figuration; these are substituted by zinc, which has
3d'0 configuration. Here 3d° is half filled while 4s>

Table 6. Stiffness constant bulk modulus, young’s
modulus and  rigidity modulus  of
Co1_xZnyCrosFe; 504.

x  Stiffness constant Young’s Rigidity Bulk
modulus modulus modulus

(E) (&) (K)
Cn Cp
0 1.840 0.881 5.11 3.10 3.46
02 1.846 0.884 5.14 3.11 2.29
04 1792 0.852 4.86 2.94 2.08
06 1723 0.825 4.48 291 2.14
0.8 1.722 0.825 4.47 2.71 1.88
1.0 1.721 0.824 442 2.68 1.84

is a completely filled orbit; so, they do not con-
tribute to bond formation and are stable. On the
other hand, Zn>* has 10 electrons in d-shell, which
is also completely filled and not able to form bond-
ing with other cations or oxygen that cause de-
crease in the material strength.
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Fig. 5. Variation of stiffness constants with zinc con-
tents of Co1_xZnxCrysFe; 504.

3.3. Scanning electron microscope

The scanning electron microscope images of
Co1_xZnxCry sFe; 504 ferrites are shown in Figure
7. All the images confirm that grains are of cu-
bical shape and the geometric morphology shows
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Fig. 6. Variation of elastic moduli with dopant concen-
tration.

that particles are agglomerated and moderately dis-
tributed. It is evident from the results obtained
through the scanning electron microscope (SEM)
that the prepared materials are affected by the zinc
substitution. The material without doping shows
fine grains and homogenous microstructure. The
dense agglomeration and the mixture of cuboid and
elongated particles have been seen with the dop-
ing of zinc ions. Furthermore, the agglomeration
of particles can be attributed to high calcination
temperature because of emerging forces such as
capillary, Van-der walls, and electrostatic forces,
which generate the mutual interaction among par-
ticles [20]. It can be seen from figure that agglom-
eration is enhancing with increasing zinc ion con-
tent. In addition, the bigger ionic radius of zinc ion
could result in an increase in grain size, with re-
side on the grain boundary of cations’ vacancies in
lattice [21]. The average grain size has been esti-
mated from micrograph by linear intercept method
and listed in Table 1. It is observed that grain size
decreases in the range of 142-96 nm with increas-
ing the zinc contents, which may be due to lattice
strain. The comparable observation has been per-
ceived from the results of XRD [22].

3.4. Vibrating sample magnetometer

The hysteresis loops that trace the changes in
magnetization as a function of applied field "H"

for Zn,Co;_xCrysFe; 504 ferrites are measured at
room temperature and are shown in Figure 8. Dif-
ferent parameters such as saturation magnetization,
remnant magnetization, squareness, observed, and
calculated magnetic moment are extracted from
Figure 8 and their values are listed in Table 7.

It is observed from the above table that the sub-
stitutions of zinc ions are decreasing the satura-
tion magnetization (Ms) of the material. This trend
may be explained on the basis of "Neel’s sub-lattice
model". According to this model, when the non-
magnetic zinc ions (Oup) replace the cobalt ions
(3up) at B-site, the magnetic moment reduces at
octahedral site and weakens the A-B interaction.
Moreover, the zinc ions with larger ionic radius
substitute the cobalt ions on octahedral site; so, the
distance between ions increases at this site, which
leads to decrease in the B-B interaction. At the
same time, some of the iron ions are also forcefully
shifted toward the A-site and strengthen the A—A
interaction; as a result, there occurs a net decrement
in magnetic moment; consequently, the saturation
magnetization decreases.

The value of M,/M; reduces with enhancement
of the zinc contents which shows a significant frac-
tion of supermagnetic particles. It has been ob-
served from Table 7 that the values of coercivity are
found to decrease with zinc contents. The decline
in magnetic property in prepared materials may be
due to incomplete replacement of zinc ions, due
to existence of super magnetic particles or due to
size effect. The value of coercivity has been found
maximum at lowest concentration of zinc, but on
increasing the zinc ions, the value of coercivity ap-
proaches close to zero; thus, at room temperature,
these materials show superparamagnetic behavior.
These properties make these kind of materials suit-
able for extensive engineering applications, such as
magnetic refrigeration systems and bio separators
[23, 24].

The observed value of magnetic moment per
formula unit (Bohr magneton) has been deliberated
by relation [25, 26]:

ug(obs) = ( Mol.wt - Mg) /5585 (22)
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Fig. 7. Scanning electron microscopy at the resolution of 5 um.

Table 7. Magnetization data for ZnyCo;_xCrgsFe,Oy.

Zn contents Mg M; M,/Mx 1072 up (obs) bohr up (cal) bohr Coercivity
(x) (emu/g) (emu/g) x 1072 magneton X 1072 magneton kO,

0 4.366 3.88 0.88 3.056 3.0 102.30
0.2 3.370 3.80 1.12 2.461 2.7 37.27

0.4 1.464 2.57 1.75 1.114 2.0 2.781

0.6 0.4317 2.24 5.19 0.342 1.3 0.821

0.8 0.4249 0.493 1.16 0.349 0.6 0.404

1.0 0.2930 0.387 1.32 0.250 0.5 0.412
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Fig. 8. Hysteresis loops of ZnyCoj_xCrgsFe; 504.

Similarly, the calculated magnetic moment per
formula unit (M, ) has been deliberated using the
formula as per [27]:

Ug(cal) = Mp(x) — M4 (x) (23)

where M, is the magnetic moment of sub-
lattice A, and My is the magnetic moment of sub-
lattice B, and their values has been intended from
cationic distribution.
For instance at (x = 0),
ug( cal ) = (Cog.75Cro.5Feo.75) — (Cop.25Feo.75)
=(0.75-340.5-340.75-5)
—(0.3-340.75-5)
=3.0ug/f.u

Similarly, calculated magnetic moment per for-
mula unit at (x = 1)

Mca = (Zng.99Cro.42Feg 59) — (Zng.0Cro.03Feo.91)

= (0.99-0+0.42-3+0.59-5)
—(0.01-0+0.08-3+0.91-5)

=0.5 UB / f.u
The comparison of calculated and observed
magnetic moment has been shown in Figure 9. It
has been perceived from the said figure that both
calculated and observed values of magnetic mo-
ment per formula unit confirm the decreasing be-
havior, which results due to substitution of non-

magnetic Zn with Co.
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Fig. 9. Observed and calculated magnetic moment per
formula unit.
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Fig. 10. Absorbance spectra of Co;_4xZnyCrgsFe; 504
as a function of Zn contents.

These results are in good agreement with refer-
ences in the literature that pertain to the materials
obtained by solid stat reaction method.

3.5. UV-Visible spectral analysis

The absorption spectra of
CO]_XZI’IXCI'(),5FC1,5O4 (X = 0, 02, 04, 0.6,
0.8, 1.0) samples that have been recorded in the
wavelength range 200-800 nm by ultraviolet
Visible Spectroscopy (UV-VIS) spectrometer are
shown in Figure 10.
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Fig. 11. UV-Visible spectroscopy for Co;_xZny,CrysFe; 504.

The optical band gap energy is calculated using
the Tauc relation [28]:

ohv=A(hv—Eg)" (24)

where "h" is the photon energy, A is constant
which depends on transition probability, and "n"
depends on the transition nature; theoretically, it is
2 and 1/2 for indirect and direct allowed transition.
The investigation of band gap energy has been done
by plotting the graph between (h)? and E,, and the

band gap energy estimation has been done by ex-
trapolating the linear part of the curve that is shown
in Figure 11.The values of E; have been listed in
Table 1.

The relation of band gap energy and crystallite
size as a function of zinc concentration is shown
in Figure 12. It has been professed from the figure
that the band energy increases with increasing the
zinc concentration; that may be due to the smaller
size of grains. As the grains becomes finer and ap-
proaches to nano scale, where the particles made
up of finite number of atoms, then the electron -
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hole pairs become close to each other; so, the elec-
trostatic coulomb force is no more neglected and
provides the higher kinetic energy. The wider band
gap means that higher energy is required for the
excitation of electrons from the valance band to the
conduction band. The increase in band gap is also
because of the reason that as the size of grains de-
creases, the number of atoms turns to be finite and
the bandwidth starts to narrow due to overlapping
of energy levels or orbitals. The increase in band
gap is observed by the blue shift in the spectra, as
shown in Figure 10.
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Fig. 12. Variation of crystallite size with optical band
gap energy.

4. Conclusions

Solid state reaction method has been used to
fabricate the Co;_xZnxCrg sFe; 504 ferrite at sinter-
ing temperature 1,100 °C. The formation of spinel
ferrites have been confirmed by XRD and FTIR
analysis. The lattice parameters are found to in-
crease with increasing the zinc content, which is
due to larger ionic radii of zinc than cobalt ion.
It has been revealed from the results of magnetic
properties that the saturation magnetization and
remnant magnetization both decrease with the en-
hancement of Zn?* concentration, which is due to
replacement of non-magnetic Zn>* ions with Co>*
ions and migration of Fe>* ions from octahedral
site to tetrahedral site. The hysteresis loop shows

that the coercivity value is extremely low; so, the
material goes toward the softness. This is because
higher concentration of zinc material behaves as a
paramagnetic material. The SEM images show the
fine grains.
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