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ABSTRACT

In this study, BaZr, Co O, nanoparticles, x = 0.00, 0.04, 0.06, 0.08, 0.10
and 0.20, are synthesized through co-precipitation method. Therefore,
structural, optical and magnetic properties have been investigated. The
cubic perovskite structure is confirmed by X-ray diffraction (XRD) and
Fourier transform infrared (FTIR) spectroscopic measurements. The
average crystallite size and micro strain are calculated by Williamson-hall
analysis and they have been found to increase by increasing Co** content.
More emphasis is given for the calculation of the optical parameters
from UV-visible absorption spectra. The optical bandgap is found to be
decreasing; on the other hand Urbach energy increases with the increase
in Co** content. The refractive index of the samples obeys the single-
oscillator model and the dispersion parameters such as single oscillator
energy, dispersion energy, and lattice dielectric constant are calculated
and their variations with Co** content are reported. The undoped BaZrO,
nanoparticles exhibit unexpected superparamagnetic behavior and
ferromagnetic hysteresis at room temperature for BaZr, Co O,, x=0.10
and 0.20. With increasing in Co** content, the concentration of oxygen
vacancies increases and as a result the magnetic properties are improved.
Thus, the most significant result of the present work is the modification of
optical constants and the improvement of magnetic properties of BaZrO,
nanoparticles by partial Co?* substitution.
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INTRODUCTION

In recent vyears, ceramic materials with

used for a range of electrochemical applications,

perovskite structure ABO, (A =Ba, Sr, Ca, Mg,
Pb; B = Zr, Ti, Sn) have attracted considerable
attention due to its interesting electronic
properties [1]. These materials have various phase
transitions (ferroelectric, ferroelastic, magnetic,
and superconducting) and have been used as
insulators [2], capacitors [3] and superconductors
[4]. Barium zirconate (BaZrO,),as one of the
alkaline earth metals with a cubic structure, has
a great interesting properties due to its high
proton conductivity coupled with good chemical
and mechanical stability [5]. Accordingly, it can be

* Corresponding Author Email: d_bakeer2010@yahoo.com

such as fuel cells, separation membranes and
steam electrolysis [6]. BaZrO, is a material that
has a very high melting temperature (about
2,600 °C), a very high stability under heating, low
thermal coefficient and poor thermal conductivity
expansion which make it a suitable material for
crucibles, usable in melting processes of high
critical temperature superconductors [7,8] and
substrates for thin films deposition. In addition,
it is useful for the production of hydrogen sensor
applications [9]. As a matter of fact, the fine BazrO,
powder is good for the fabrication of multi-layer
ceramic capacitor [10]. Moreover, it has promising
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applications in tunable filters, generators, phase
shifters, and phased array antennas since its solid
solutions with BaTiO, have a very high electric
field tuning of the dielectric constant [11,12].
Moreover, it is a noteworthy that alkaline-earth
zirconate is a potential material for humidity
sensor [13]. Nowadays there are numerous world-
wide studies on the ferromagnetism induction to
this nonmagnetic perovskite material by doping
transition metals, intended to be applied in the
emerging field of spintronics, data- storage media,
and multiple-state memories [14,15]. BaZrO, has
been synthesized in various methods such as
solvothermal [16], co-precipitation [17], sol-gel
[18], conventional solid-state reaction [19], laser
ablation [20], ballmilling [21], aerosol [22], and
microemulsion [23,24]. Among these approaches,
the co-precipitation method is a convenient way
to synthesize nanosized particles from aqueous
anion/cation salt solutions due to its simplicity,
good mixing of starting materials, relatively easy
control of chemical composition, effective route
for better control of the particle sizes and shapes,
controlling the rate of precipitation, low cost and
preparation of all types of nanoparticles.

The main motivation of the present work is to
synthesis a series of BaZr, Co O, nanoparticles
with the various compositions, x = 0.0, 0.04, 0.06,
0.08, 0.10 and 0.20 by an efficient chemical co-
precipitation method and to study the desired
magnetic and optical properties for their use in
photo sensing and spintronic device applications.
It should be noted that the detailed study of the
structural, optical and magnetic properties of Co?*
doped BaZrO, nanoparticles has not been studied
yet.

MATERIALS AND METHODS

Bazr, Co O, nanoparticles, x=0.00, 0.04,
0.06, 0.08, 0.10 and 0.20 are synthesized using
chemical co-precipitation method. Stoichiometric
amounts of analytical grade chemical reagents,
cobalt chloride (CoCl,.6H,0), barium chloride
(BaCl,.6H,0) zirconium chloride (ZrOCl,.8H,0), are
dissolved in distilled water to get homogeneous
aqueous solutions. BaCl,.6H,0 solution is mixed
properly using magnetic stirrer and heating ftill
the temperature reaches 75°C.Then the buffer
solution (NaOH) is added to the salt solution ftill
the pH is adjusted to 12.0. Then ZrOCl,.8H,0 is
added slowly producing white precipitates. The
PVA (polyvinyl acetal) is being added to avoid
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agglomeration of particles and to protect particles
from atmospheric. Simultaneous heating and with
continuous stirring of solution till the temperature
reaches 95°C and keep it constant for 1 h. The
synthetic reaction occurs as follows [25]:

Bacl,.2H,0 + Zr0Cl,.8H,0 + 4NaOH
95°C )
— BaZrO3; + 4NaCl + 12H,0

The precipitate is washed using de-ionized
water to remove unwanted salt residues and is
then dried at 100 °C for 24 h to remove remaining
water. Next, the dried powder is calcined at 1100°C
for 2 h to improve the crystalline properties.

Structural and phase purity studies of BaZr
Co O, nanoparticles are investigated by X-ray
powder diffraction using Bruker D8 advance
powder diffractometer with Cu-Ka radiation (A
= 1.54056 A) in the 20 range 10" - 80". The size
and shape of the synthesized nanoparticles
are checked using Jeol transmission electron
microscope JEM- 2100, operated at 200 kV. The
elemental composition and doping effect of
Co* in BaZrO, host lattice is investigated using
energy dispersive X-ray spectroscopy (EDS) on
JSM-IT100LA SEM. Fourier transform infrared
(FTIR) spectrum is recorded on FTIR 8400S
Shimadzu spectrophotometer in KBr pellets.
Ultraviolet—visible (UV—vis) absorption spectra
of BaZr, Co O, nanoparticles are recorded using
Evolution 300 spectrophotometer. A vibrating
sample magnetometer (VSM), Lakeshore 7410, is
applied to investigate the magnetic properties of
Bazr,_Co O, nanoparticles, 0.00< x< 0.20 at room
temperature.

RESULTS AND DISCUSSIONS

The XRD patterns of BaZr, Co O, nano powders
heat treated at 1100°C for 2 h are shown in Fig. 1.
The BaZrO, phase is confirmed by comparison with
the XRD patterns for (JCPDS) card No. 006-0399
[24,25]. All diffraction peaks of nanoparticles are
indexed as a cubic perovskite structure. No other
impurity phases are detected by XRD patterns. The
diffraction patterns confirm that all the prepared
samples are monophasic in nature. Actually, the
sharpness of the peaks indicates the higher degree
of crystallinity of the nanoparticles. A monotonic
shift in diffraction pattern towards the higher
angle is observed, which clearly indicates the
formation of the solid solution BaZr, Co O,. The
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unit cell parameter “a” calculated from the XRD
data is @ = 4.184A, which is in good agreement
with the data reported in JCPDS file (JCPDS 006-
0399) [25].The unit cell parameter is found to
be decreased as the Co* content increases
(see the inset of Fig. 1) obeying Vegard’s law
[26] and their values are listed in Table 1. The
lattice contraction of host lattice is associated
to the smaller ionic radius of Co*J (0.79 A) as
compared with Zr*} (0.86 A), which may lead to
the substantial solubility of Co*J]ions in BazrO,
host lattice. In fact, this result can be confirmed
by the observed shift of the (110) peak towards
the higher diffraction angle as the concentration
of Co* increases (see Fig. 2).

The Goldschmidt tolerance factor which has
been used extensively to predict the stability of
the perovskite structure can be defined as [27]:

Ppar 1o

= \/E((l—x )rZr4+ X F roz,)

@

as given in Table 1. This indicates that there
is no structural change in the compositions with
incorporation of Co* content. The increase in
tolerance factors is simply attributed to the
structural disorder in the composition.

The effect of Co? substitution for the Zr* can be
expressed using Kroger-Vink notation as:
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Fig. 1. XRD patterns of BaZr, Co O, nanoparticles, 0.00 < x < 0.20.The inset shows the variation of unit cell parameter (a) with
Co** content, x for BaZr, Co O, nanoparticles.

Table 1. Unit cell parameter (a), tolerance factor (t), crystallite size (D,,,,) and micro strain (¢) of BaZr, Co O, nanoparticles (0.00

<x<0.20)

Co'content  unit cell parameter (a) )
x) (A°) tf DXRD (nm) & )(103
0.00 4.185 1.091 46.218 1.14
0.04 4.183 1.100 49.519 1.28
0.06 4.182 1.105 51.353 1.12
0.08 4.181 1.109 53.328 1.18
0.10 4.179 1.115 59.001 1.32
0.20 4.171 1.139 66.982 1.35
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Zr0, +Co0 — Zr,, +Co, +V ; +30, 3)

Where, Zr, indicates a zirconium ion sitting
on an zirconium lattice site, with neutral charge,
Co,, indicates a cobalt ion sitting on an zirconium
lattice site, with neutral charge and V, indicates
a zirconium vacancy, with double positive charge.

According to this substitution every Co* ions
insert into the B-site, one vacancy with double
positive charge must be created to maintain the

charge neutrality of the perovskite structure.

The average crystallite sizes (D,;, ) and lattice
strain € of all the prepared samples are calculated
from the full width at half max (FWHM) of the
peaks using Williamson-Hall (W-H) plots [28],

Pcosf = +4esin @

4)
XRD

By plotting 8 cos U against 4 sin ¥ as shown in

Fig. 3, the slope of the fitted linear directly gives

the lattice strain and the average crystallite size
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Fig. 2. Enlarged view of the XRD patterns around the major peak (110).
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Fig. 3. Plots of BCos6 Vs. 4sin0 of BaZr, Co O, nanoparticles, (a) x = 0.00, (b) x = 0.04 (c) x = 0.10 and (d) x = 0.20.
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(D,,,) is obtained using the intercept of the line as;
A

= 5

P intercept )

The average crystallite size, and lattice strain
obtained forallthe samplesarelistedin Table 1. The
average crystallite size is found to be in the range
of 46.218-66.982 nm (Table 1). The calculated
crystallite size of undoped BaZzrO, is higher than
that reported by single-step combustion method
(30 nm)[29] and sol-gel auto combustion method
(24 nm) [30]. The other important observation
is the crystallite size of Co* doped samples are
greater than those of the undoped sample. The
lattice strain of all compositions is found to increase
with an increase in Co?* content. This compressive
strain may be due to lattice shrinkage.

TEM study is carried out to investigate the
shape, size of the prepared nanoparticles. Figs. 4
(a-d) show the TEM micrographs of Bazr, Co O,,

x = 0.00, 0.06, 0.08 and 0.2. We can observe
from the micrographs the formation of spherical
particles and pseudo- particles in nano scale
with nominal agglomeration due to heating the
powder at 1100 2C in air. In addition, it is observed
that the particles show little distortion without
any secondary phases. As a matter of fact, these
results are consistent with those obtained from
XRD. The average particle size is found in the
range of 40-65 nm. Furthermore, some bigger
particles are seen in the micrographs, which may
be due to the aggregation of smaller particles. It
is worth noting that the spherical particles slightly
disappear and the pseudo- particles appear as
the Co* content increases. The different particle
shapes result simply from the difference in crystal
faces supporting on the carbon grids used for TEM
measurement as well as the concentration of the
solvent. Therefore, we can say that the size and
shape of BaZrO, microcrystals can be controlled by

0.5 pm

Fig. 4. TEM micrographs of BaZr, Co O, (a) x = 0.00, (b) x = 0.06 (c) x = 0.08 and (d) x = 0.20.
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the experimental conditions.

Typical EDS  patterns of BaZr Co O,
nanoparticles with x = 0.00 and 0.10 are shown
in Fig. 5. The presence of Ba, Co, Zr, and O peaks
affirms the formation of BaZr,_Co O, solid solution
and confirms the incorporation of Co?| in the
BazrO, host lattice. The chemical compositions of
all elements are found to be in close agreement to
the experimentally calculated composition.

The FT-IR spectra for BaZr, CoO,, 0.00 <x<
0.20 are illustrated in Fig. 6. There is no evidence
for the presence of any organic intermediates in
the sample. This corroborates the XRD results.
The strong vibrational mode at 531 cm™ can
be attributed to the stretching vibrations of
Zr—0-Zr octahedral, which agrees well with the
literature [25,29]. The characteristic peak around

002

1455 corresponds to the bending vibrations of
the absorbed water molecules and stretching
vibrations of hydroxyl (—OH) group. When Co?*
is doped at the Zr site of BaZrO,, a particular trend
of shifting of peaks is observed toward higher
energy. Hence, this suggests the formation of
more stable compounds with an increase in the
Co? content. This might be due to the combined
effect of the ionic radius of Co?* being lower than
that of Zr* and the B-site vacancies created (as
discussed in previous section), which produces
little stress on ZrO, perovskite octahedra. As a
result, cell volume decreases with the increase
in the Co* content, and hence this enhances
the bond strength resulting in a more stable
compound. Subsequently, this causes the shifting
of wave number toward the right, suggesting the
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Fig. 5. EDS spectrum of BaZr, Co O,, (a) x = 0.00, (b) x = 0.10.
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Fig. 6. FT-IR spectra of BaZr, Co O, nanoparticles, 0.00 < x < 0.20.
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Fig. 7. UV absorption spectra of BaZr, Co O, nanoparticles.

formation of more stable compounds.

The energy band structure of pure and Co*
doped BaZrO, nanoparticles is investigated using
the UV-vis spectroscopy. The absorption spectra
of BaZr_Co O, nanoparticles are shown in Fig. 7.
Strong absorption band around 220 nm is mainly
due to the optical transitions from valence band
to conduction band. Moreover, an absorption
tail towards IR region is observed. In fact, the
absorption band edge wavelength shifts to a
lower wave length (blue shift), indicating that

420

the absorption behavior might be affected by the
crystallite and the particle size [31].

The absorption coefficient, a, is calculated from
the measured values of R and T using the following
equation [32]

(1-R)’

R (6)

a=

The optical band gap (Eopt) can be calculated
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from the Tauc relation [33]:

ohv =B (hv-E )" @)

where n is an index determined by the nature
of the electron transition during the absorption
process, (n = 1/2 for allowed direct transition Edopt,
and n=2 for allowed indirect transition E’ ) and

opt
B is a constant depending on the transmittance

properties of E - The present results are found to
obey Eq. (7). The quantity (ahv)? is plotted against
photon energy (hv) for different concentration of
Co* ions ,as shown in Figs. 8(a-e). The indirect
band-gap energies for BaZr, Co O, nanoparticles
are given by the intersection of the straight line
with the horizontal axis. The indirect optical band
gap energies are listed in Table 2. It is observed
that the indirect optical band gap energy for

Table 2. Influence of Co** content on the optical parameters, calculated from UV-vis spectra, of BaZr, Co O,
nanoparticles (0.00 < x < 0.20)

Co*"content Elpe E, E,x107 E, E, So %107 Ao £
(x) (eV) (eV) (eV) V)  (eV) (nm)* (nm)
0.00 4.00 0.608 5.01 5.14 2.57 1.67 241.90 2.35
0.04 3.90 0.790 0.91 4.96 2.48 0.33 234.50 2.69
0.06 3.85 0.877 3.04 4.94 2.47 1.00 248.11 3.59
0.08 3.82 1.259 2.56 4.76 2.38 1.00 231.96 442
0.10 3.80 1.307 3.61 4.16 2.08 1.00 294.42 4.12
0.20 3.78 1.538 0.477 3.70 1.85 0.11 340.70 4.50
60 3
i x=0.00 ” x=0.04
40 2 /
rl?m §1.5 /
£ S
2 o _— _,_a—-—--u————-—-"_—_/
10 0.5
0 £ 0
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Fig. 8. Tauc plots of BaZr, Co O, nanoparticles, 0.00 < x < 0.20.
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BazrO, is 4.00 eV which is lower than the previous
reported value [34] and its value shows a decrease
as the Co? content increases. The smaller value of
optical band gap of undoped BaZrO, in comparison
to the reported value may be due to local states
formation near the band edge [35]. As a matter
of fact, the decrease in optical energy band gap
could be due to the increase of the particle size
and the increase of density of localized state in
the conduction band [36]. This can be explained
on the basis of Bras effective mass model [37]
according to which the measured band gap, E,
can be expressed as a function of particle size as

follows:
1 1
7+7
me mh

where D is the particle size, EgbUIk is the bulk
energy gap, m, is the effective mass of the
electron, m, is the effective mass of the holes. €

187
4res,

2
bulk h

£ 8mOD2

E,=E (8)

and g are the relative permittivity and free space
permittivity, respectively.

The absorption coefficient near the fundamental
absorption edge is exponentially dependent on the
incident photon energy and obeys the empirical
Urbach relation,

where In o varies as a function of hv. The
Urbach energy E, , the width of band tails of
localized states into the gap, can be calculated by
the following relation [38],

)

ho
@ =a,exp(0)

u

where a, is constant, This equation can be
written as:
Ina=Ing, +h—U (10)
AEu
The variation of (In a) with the photon energy
was presented in Fig. 9a. A clear dependence of

0.5

Ina (em)y’
s
n

4.6 47

—— =100
o x4
o =il 06
—e— =i 08
o x=d, 10
]
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Fig. 9. a) Urbach plots of BaZr, Co O, nanoparticles. b) The variation of optical band gap and Urbach energy with Co** content (x).
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(In a) on the doping and the photon energy is
observed in each sample. The experimental value
for the Urbach energy, E, of the localized state
was obtained from the slope of the linear portion
of curves (slope=1/ E ) and were tabled in Table 2.
It is observed that the value of Urbach energy £
increases with the increase in the grain size.

What’s more, it is noted that there is an inverse
relationship between the optical band gap E(fp,
and the width of the localized states E , as shown
in Fig. 9b. It can be observed that as the optical
band gap decreases, the magnitude of defect
energy (Urbach energy) increases. The decrease
in optical band gap may be due to the formation
of sub-band states between the valence and
conduction bands resulting in the narrowing of
the band gap. Conversely, the effective increase
in Urbach energy with an increase of Co*content
indicates that the number of defect levels below
the conduction band increases to the extent that
the band edge is shifted deep into the forbidden
gap. A similar behaviour is observed in Nd-doped
BazrO, nanoparticles [27].

For semiconductors materials (where K*>> n?),
there exists a relationship

between R and n given by [39]:

[39]. In this model, the refractive index dispersion
is studied in the region below the band gap, using
the single-oscillator.

-1 E, 1 2
(nz_l) :Ed —E(hu) (12)

Where hu is the photon energy, E is the
oscillator energy that gives quantitative
information on the overall band structure of the
material and E_ is the dispersion energy which is
a measure of the strength of inter-band optical
transition inside the material. Actually, these
parameters can easily be obtained by plotting
graphics of (n?-1)* versus (hv)2 Fig. 10 shows (n?-
1)*versus (hu)*plots of BaZr, Co O, nanoparticles.
The oscillator energy, E, and the dispersion
energy, E, are directly determined from the slope
1/ E_ E, of the linear portion of the curve and its
intercept with ordinate axis E / E, and they are
listed in Table 2. It was found that there exists a
relationship between E_and optical energy gap E,
which can be expressed as Eo =~ 2Eg [41]. Thus, the
obtained results showed a decrease in E_, E_ and
E as the Co** content increases. These results are
consistent with those obtained from Tauc relation.

The dependence of refractive index on wavelength
is expressed by the following relation [42].

2
n -1
R = (11)
n2+1 nz_l_ Soﬂo
- 2
The refractive index of the investigated samples 1— Ao (13)
can be fitted by Wemple-DiDomenico relation A
250
—a—x=0.00
o—x=0.04
200 —a—x=0.06
—a—x=0.08
—o—x=0.10 /!
—e—x=0.20 |
150
fluu
g
50
: y
1 12 14 16 1118 20 22 26 2B
-50

(hv)?, (eV)?

Fig. 10. Plots of (n>- 1) as a function of (hu)* for BaZr, Co O, nanoparticles.
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Where S the average oscillator strength, A
is an average oscillator wavelength and A is the
wavelength of incident light. The parameters A
and S_ values are obtained from the slope and
intercept of (n-1)* versus A2 curves (see Fig. 11)
which are listed in Table 2. It is noted that the
obtained parameters change with Co?* content.

For further analysis of the optical data, the
lattice dielectric constant is discussed according to
the following relation [43]:

n*=¢g-CA (14)

Where C is constant, the value of lattice
dielectric constant g can be calculated from
graphical representation of n? as a function A* by
extrapolating the linear part towards the shorter
wavelength (Fig. 12). The intercept with the
vertical axis (at A> = 0.0) gives the ¢, values which
are listed in Table 2. Accordingly, it is observed
that the lattice dielectric constant tend to increase

250
—o—x=(0.00
o x=0.04
200 M == x=0.06
\ ——x=0.08
—o—x=0.10
| —o—x=0.20
150 2
T $
7100 1
L ‘
S
Y
50 |
L]
0
8.00E-06 1L.OOE-05 1.20E-05 1.40E-05 1.80F-05
-50
A2 (nm)?
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Fig. 12. Plots of n* as a function of I* for BaZr, Co O, nanoparticles.
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as the grain size increases. It is known that Co®
ions occupy octahedral sites due to its larger ionic
radius. The increase in the values of dielectric
constant with the increase in the Co?* content is
attributed to the increase in the concentration of
cobalt ions at B-sites which play a dominant role in

dielectric polarization.

The magnetic properties of BaZrO_nanoparticles
are dependent upon their particle sizes as well
as the preparation technique. Fig. 13 illustrates
the magnetic hysteresis loop for Bazr_Co O,
nanoparticles. It is observed the undoped sample
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exhibits superparamagnetism nature at room
temperature. This unexpected superparamagnetic
behavior may be attributed to the higher sintering
temperature and  the different preparation
technique of the prepared sample compared with
those in previous studies [30] resulting in oxygen
vacancy or the interstitial position of zirconium
atoms on the structure [44,45]. On the other
hand, for higher Co* content (x=0.10 and 0.20)
the material exhibits ferromagnetic hysteresis
at room temperature. Consequently, we can
conclude that BaZrO, nanoparticles substituted

x=0.04
04 e —
03
= 0.2
=
-
E 0.1
=
=
E 0
g -25p00  -Z0000  -15000  -10000  -5000 000 10000 15000 20000 2500
T
=
3
5
=
-
EESEEe_ad 0.4
Field (G)
=0.08
0.6
04
]
2
s 0.2
z
H 0
-34 00 20000 -15000 -10000 - 5000 10000 15000 20000 25900
g
£
-
—_— 0.6
P
Field (G)
x=0,20
0.08
0.06
3 0.04
E 0.02
=
=
F-25D00 -20000 -15000 10000 -5000 3000 10000 15000 20000 25000
4
e
=
)
=
-0.08
ot

Field (G)

Fig. 13. Room temperature magnetic hysteresis loops (M-H) of BaZr, Co O, nanoparticles, 0.00 <x <0.20.
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Table 3. Values of saturation magnetization (M), remnant magnetization (M,) and
coercivity (H ) of BaZr, Co O, nanoparticles (0.00 < x < 0.20)

>*content nit cell parameter .
Co E:)(()) e unit ce 1()251) eter (a) t DXRD (am) Ex10°
0.00 4.185 1.091 46.218 1.14
0.04 4.183 1.100 49.519 1.28
0.06 4.182 1.105 51.353 1.12
0.08 4.181 1.109 53.328 1.18
0.10 4.179 1.115 59.001 1.32
0.20 4.171 1.139 66.982 1.35

by high Co?* content are suitable for spintronic
device applications. The magnetization of the
samples can be explained by Neels Model [46] in
which the metal ion distribution and antiparallel
spin alignment of the two sublattice sites are
considered. According to Neel’s model, there
are three types of interactions AA, AB, and BB.
In fact, the intersublattice AB superexchange
interaction is the most influential among them.
The values of saturation magnetization (M),
remanent magnetization (M) and coercivity (H)
are evaluated and listed in Table 3. The Saturation
magnetization (M_) and remnant magnetization
(M) values gradually increase with the increase
in the Co* content till x=0.08 and then decrease
with further increase in x. The increase in M_and
M, values are attributed to the increasing A-B
interaction resulting from replacement of non
magnetic Zr* ions by magnetic Co? ions. On the
other hand, the decrease in M_and M values for
high Co?* content (x=0.10 and 0.20) may be due to
cobalt clustering [47] which acts as a magnetically
dead thin layer on the particle surface. Moreover,
the other important observation is that there
is an increase in coercivity as the Co?" content
increases. This increase in the coercivity may be
attributed to the increase in the concentration
of oxygen vacancies and the particle size. As a
result, the coercivity of the single-domain particle
assembly increases progressively as the magnetic
moment of the individual particle increases, and
the magnetic anisotropy energy increases.

CONCLUSIONS

In the present study, the structural, optical,
and magnetic properties of the BaZr, Co O,
nanoparticles are investigated. The unit cell
parameter, unit cell volume, average crystallite size,
micro strain, and tolerance factor values change
when Co* ions are doped in BaZrO, lattice, resulting
in structural variation. The unit cell parameter (a)
is observed to be decreasing linearly with Co?
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content obeying the Vegard’s law. TEM results
support the approximate sizes of the nanoparticles
initially derived from XRD data. In addition, FTIR
spectra show strong absorption band at 531 cm
characterizing the cubic perovskite structure of the
prepared samples. From UV-vis spectra, the optical
constants such as optical band gap, Urbach energy,
refractive index n and absorption coefficient a
are calculated. The Value of optical band gap is
found to decrease with Co?** content. On the other
hand, Urbach energy are found to increase with
Co* content which assures that crystal disorder
increases due to defects or impurity. The data of nis
analyzed on the basis of the single oscillator model
and the values of oscillator energy E_, dispersion
energy E, optical energy gap Eg and lattice dielectric
constant ¢ are determined. Furthermore, the
magnetic measurement reveals the unexpected
superparamagnetic behavior of undoped BaZrO,
nanoparticles and ferromagnetic hysteresis at room
temperature for BaZr, Co O,, x=0.10 and 0.20. The
saturation magnetization increases with increasing
Co?* content up to 0.08 . This increase is ascribed to
the increasing in the concentration of magneticions
which enhance the inter-site exchange interaction.
Thus, the value of saturation magnetization
increases. Moreover, the coercivity increases with
increasing Co?* content due to the increase in the
particle size.
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