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Abstract

In the present work, samples of La;.,Y.CoO3, (x = 0.0, 0.2, 0.4 and 0.6) were prepared by the standard

solid state reaction technique. To confirm the crystal structure, X-ray diffraction were performed at room
temperature. The Whole Powder Pattern Fitting (WPPF) or Rietveld method is used for La;..Y,CoO3
samples to determine the lattice constant as well as crystal structure. The capacitance, loss tangent,
conductivity, resistance and reactance have been measured as a function of frequency in the range from
20 Hz to 10 kHz. The measurement of frequency dependent capacitance shows that the decrease in

capacitance and loss tangent are observed with the increase in frequency. Also the value of capacitance
increases and loss tangent decreases with increasing concentration of Yttrium (Y). Also, the Cole-Cole

plot shows that the grain and grain boundary resistance decreases, as a result resistivity decreases while
conductivity increases with increasing concentration of Y.
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To use dielectric materials in the construction of any
type of electronic device, one must be familiar with the
dielectric parameters, i. e., capacitance, C and dielectric
loss (loss tangent, tand), of those materials.
Understanding the electrical conduction mechanism and
dielectric relaxation behavior of such materials, which
are still poorly understood, is therefore of great
importance. Further increasing the dielectric parameters
of such materials is required to increase their
applicability in integrated circuits with reduced feature
sizes due to the low power consumption devices.

The typical formula for perovskite compounds is ABO3,
where A and B are cations in which A is bigger, O is
oxide anion. Due to their electrical, magnetic, thermal,
mechanical and optical properties, perovskite materials
gained a lot of attention from scientists [1-7]. Moreover,
the chemical composition flexibility of these materials
provides significant opportunities for controlling their
structural properties by substituting a variety of
transition metals into the A and B cation positions [8-
11]. Perovskites are particularly promising for many
applications due to these characteristics.
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Random access memory of ferroelectrics, multilayer
ceramic capacitors, catalytic converters, magnetic field
sensors, fuel cells of solid oxide (FCSOs), membranes
[12-16] etc. are a few potential uses for these materials.
It must comprehend that these materials' electrical and
magnetic properties favor their wide range of
applications. A sophisticated method for separating the
contributions of the grain and the boundary of the grain
to the total conduction is impedance spectroscopy. The
electric response is obtained using the impedance
approach across a broad frequency range. The motions
of the charge carrier in an electric field by displacement
of charge, reorientation of dipole, creation of space
charge, may be responsible for the contribution to the
electric response [17-23]. The design of cutting-edge
and highly effective electronic technology heavily relies
on dielectric materials. It is frequently possible to
individually extract additional helpful information about
the examined dielectric materials using the dielectric,
impedance, and modulus measurements. The modulus
and impedance peaks precisely overlap due to the long-
range fundamental conductivity [24-26]. We may learn
more about these materials' numerous applications by
focusing on their electrical characteristics. Among the
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applications are electro-optic devices, detectors, and
actuations in microelectro-mechanical systems.

Experimental

The pure and Y doped LaCoO3; powders were prepared via
standard solid state reaction technique. For synthesis of
pure LaCoOs3, LaxOs3( >99.9% pure) and Co203 ( >99.9%
pure) powders were mixed as reactants. For the preparation
of different concentrated Y doped LaCoO3 powders, Y203(
>99.9% pure) powders were mixed with La;03(>99.9%
pure) and Co,03 (>99.9% pure) powders. For each powder
sample the identical synthesis steps were maintained.
Stoichiometric ratios of the reactants were mixed together
using an agate mortar for 5 hours in presence of ethanol
and then the resulting mixture was calcined at 800°C for 5
hours in the air. The calcined powder was grinded for 5
hours after being taken out from the furnace in order to
achieve homogeneity. The samples were then compressed
(2500 N) to get the pellets using a hydraulic press, and
sintering was performed for five hours at a temperature of
1300°C with a temperature ramp temperature 5°C/min in
air. High-intensity X-ray (Cu-K,) diffraction experiments
were performed to assess the phase purity of the sintered
pellets. The theoretical density py was calculated using the
following expression, pys = 2Mu/(N.ag®), where Ny is
Avogadro's number, M is the molecular weight. The
porosity was calculated from the relation, P(%) = {100 x
(pt - pB)/pm}, where pg is the Bulk density determined by
the Archimedes’ principle. The dielectric characteristics
(capacitance, loss tangent, tand) and electrical (impedance)
characteristics of disk-shaped specimens were investigated
at room temperature in the frequency range 20 Hz-10 kHz
with the help of Wayne Kerr 6500B, a precision impedance
analyzer. Measurements of the impedance spectroscopy
were conducted for a frequency range of 100 Hz to 120
MHz at room temperature.

Results and Discussions

Lattice Parameters, Density, and Porosity

Figurel illustrates the X-ray diffraction (XRD) patterns for
the polycrystalline La;.xYxCoO; (x = 0.0, 0.2, 0.4, and 0.6)
samples sintered at 1300°C. The observed peak-positions
matched well with the reported values [27] and this
confirms that the synthesized materials -crystallized
successfully. The diagram also shows a further peak near
20 = 29° associated with Co0,0; impurity phases. The
observed diffraction spectra were presented in Table-1
through Rietveld refinement with the ICDD (International

Centre for Diffraction Data) data. Table-1 expresses that
the decreasing of lattice parameters appeared with
increasing the doping of Y for all the compositions since
the radius of the La’" (1.06 A) is greater than that of the
Y3 (1.01 A).
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Figure 1. X-ray diffraction pattern for La;«Y«CoO; (x =
0.0, 0.2, 0.4 and 0.6) at room temperature.

Hence, the lattice constant decreases linearly with the
increase in Y content in the perovskite structure following
Vegard’s law. The parents LaCoO; has a rhombohedral
perovskite type structure with space group p3.. Upon

adding the Y concentration on Polycrystalline Laj.
«YxCo0s3, has a rhombohedral distorted perovskite type
structure with space group Pnma structure from
rombohedral structure with space group p3... The quality

of refinement technique is examined by the goodness of the
fit indicator 2. The refined crystallographic parameters
and corresponding fit indicators for all the samples are
outlined in Table-1.

Table 1. The lattice parameters, angle between them and
fitting (S and Ry;p) parameters.

Content, | a(A)= | c(A) | a®= |7 | %S | Rwp
X b(A) B
0.0 5.443 | 13.099 | 90 | 120 | 1.205 | 3.67
0.2 5431 | 13.153 | 90 | 120 | 1.302 | 3.92
0.4 5434 | 13.155 | 90 | 120 | 1.254 | 3.83
0.6 5.426 | 13.136 | 90 | 120 | 1.425 | 4.21

Density plays a crucial role in determining dielectric,
electric as well as magnetic properties. The obtained
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theoretical density, Bulk density, and porosity for the

samples are listed in Table 2.

Table 2. The Theoretical density, Bulk density, Porosity
of the La;«YxCoOs (x = 0.0, 0.2, 0.4 and 0.6) samples

sintered at 1300°C temperature with a fixed dwell time of

5 hours in the air.

Content, x | Theoretical | Bulk density, | Porosity,
density, p,(gm/cm’) P%
P, (gm/ Cm3)
0.0 6.23 5.06 27.333
0.2 6.06 4.83 27.622
0,4 5.87 4.64 27.817
0.6 5.38 4.51 28.013

The density of all the samples decreases as the Y
concentration increases for both theoretical and bulk
densities. This may be due to the fact that the density of Y
is 4472 gm/cm® which is lower than that of La which is
6.146 gm/cm’.

Dielectric properties
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Figure 2. Frequency dependent capacitance for
Lai;<Y«xCoO;(x =0.0, 0.2, 0.4 and 0.6).

The capacitance of Y-doped LaCoO; measured at room
temperature over frequency range 20 Hz-10 kHz is plotted
in Figure 2. As can be seen, each curve of the dielectric
spectra shows a drastic decrease beginning from about 1
kHz and the plateau varies negligibly for Y substitution.
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The loss tangent of Y-doped LaCoO; over the frequency
range of 20 Hz-10 kHz is plotted. In this Figure, the
capacitance of all the samples of La;.xYxCoOs3 (x =0.0, 0.2,
0.4 and 0.6) is high at low frequency and each of the
capacitance curves shows a sharp decrease up to 1 kHz.
After this frequency the variation is very small. From these
figures it is inferred that the capacitance is increased with
increasing Y doping in LaCoO3 which is desired for many
applications like capacitors. The frequency dependent
capacitance of La;«Y<CoO; (x = 0.0, 0.2, 0.4 and 0.6)
sintered at 1300°C temperatures for five frequency values
are presented in Table-3.

Table 3. The frequency dependent capacitance Laj.
xYxCo03 (x=0.0, 0.2, 0.4 and 0.6).

Frequency Capacitance (pF)
(kHz) x=00 |[x=02 x=04| x=0.6
1 278 510 588 151
2 146 250 288 661
3 107 157 197 430
4 874 121 157 333
5 740 980 135 270
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Figure 3. Frequency dependent Loss tangent for
La;<YxCoO;3(x = 0.0, 0.2, 0.4 and 0.6).

The loss tangent of Y-doped LaCoO3; measured at room
temperature over frequency range 10 Hz-5 kHz is plotted
in Figure 3. The loss tangent of all the samples of La;.
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xYxCoO3(x =0.0, 0.2, 0.4 and 0.6) decreases rapidly from
20 Hz to 1 kHz and remains almost the same after 1 kHz.
Figure 3 illustrates that the dielectric loss decreases with
increasing Y doping in LaCoO3 which is desired for many
applications like capacitors. The loss tangent (tand) of

La;xYxCoO; (x = 0.0, 0.2, 0.4 and 0.6) sintered at 1300°C
for five frequency values are presented in Table 4.

Table 4. The loss tangent of La;.xYxCoO3 (x =0.0, 0.2, 0.4
and 0.6) sintered at 1300°C for 5h in air.

Frequency Loss Tangent
(kHz) x=00| x=02 | x=04 | x=0.6
1 3.05 2.50 2.10 1.75
2 2.21 1.78 1.60 1.40
3 1.89 1.44 1.33 1.24
4 1.70 1.25 1.21 1.20
5 1.56 1.13 1.11 1.10

Electrical properties

The lines are the fitted curves of the real and imaginary
parts of the impedance (Z'-Z") obtained by plotting on the
impedance complex plane at room temperature applying
the Cole-Cole empirical relation. Z' vs Z" of four different
compositions are plotted in Figure 4. All four curves are
matched with the Cole-Cole law precisely, and the fitting
parameters are shown in Table-5
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Figure 4. Cole-Cole plot with interpolation for
polycrystalline La;xYxCoOs (x = 0.0, 0.2, 0.4 and 0.6).
An impedance spectrum analysis has been used to
determine the values of the resistance of the
semiconducting grain (Rs) and the resistance of the
insulating barriers (Rins) [28] which is illustrated

conceptually in Figure 4. The resistance of the
semiconducting grain is found from the non-zero intercept
on the Z'-axis (Rs). Because of the limited frequency range
at room temperature, we are aware that only a subset of the
arcs can be reached by experimentation. For this reason,
the well-known Cole-Cole empirical relation was used to
fit and extrapolate data in order to determine the resistance
of the insulating barriers (Rins). It can be concluded from
Sinclair's work [29] that intercepts at the low-frequency
represent boundary resistance (Rins). These values correlate
satisfactorily to low frequency (1 kHz) loss tangent value
of 3.05 for x = 0.0, 2.50 for x = 0.2, 2.10 for x = 0.4 and
1.71 for x = 0.6 of La;xYxCoOs (x = 0.0, 0.2, 0.4 and 0.6)
compositions. This proves that the low-frequency rise in
loss tangent (tand) can be attributed to the boundary
resistance.

Table 5. Fitting parameters of Cole-Cole plot for La;.
xYxCoOs (x = 0.0, 0.2, 0.4 and 0.6) samples sintered at
1300°C temperatures with fixed dwell time 5 hours in air.

Content,| o | Ry(Q) | Rins(Q) | Conductivity(s/m)
X at 10kHz
0 0.92| 1647 | 2780663 1.15E-04
0.2 |091| 1635 | 1915584 1.22E-04
0.4 1094| 1618 | 1813852 1.83E-04
0.6 [095| 1571 | 1695526 2.78E-04

The high loss tangent (tand) for the x = 0.0 sample is due
to the huge resistance (2780663 Q) of the grain boundary
(Rins) which is presented in Figure 4. It also seems that a
significant reduction of tand in magnitude cannot be
explained by a decrease in capacitance. Therefore, it is
concluded that the notable reduction of tand by Y-
substitution is occurred chiefly due to the attenuation of the
resistivity of La;«YxCoOs (x = 0.0, 0.2, 0.4 and 0.6)
grain/subgrains. In the case of Y** substitution for La*", Y
acts as a donor. The doping of the donor usually increases
the concentration of electrons in perovskite-type crystals
and leads to the decrease the grain resistance. A close
examination of the high-frequency regions indicates that
the resistivity of the bulk (or grain) was changed negligibly
by the Y doping. On the other hand, the resistivity
contributed by the grain boundary decreased upon doping
of Y. The impedance spectroscopy analysis indicates that
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the conductivity of the semiconducting regions responsible
for grains increases substantially with doping technique
while the internal boundary layer (grain boundary) remains
highly resistive, causing the notable decrease in the tand.
In Table-5, generally, the o parameter expresses the
deviation from the ideal Debye Equation and increases
with increasing concentration of Y. Ri decreases
drastically with increasing Y concentration whereas Rsc
decreases slowly.

Conclusion

In conclusion, polycrystalline La;<YxCoO3 (x=0.0, 0.2, 0.4
and 0.6) were synthesized using standard solid state
reaction process. The effects of the partial adding of Y*
with La" on the structural, dielectric, and electrical
characteristics of the samples in the frequency range of 20
Hz to 5 kHz at room temperature were understood from the
X-ray diffraction and complex impedance spectroscopy
analyses. The parents LaCoO3 have a single phase
rhombohedral perovskite type structure with space group
Rgc’ according to the x-ray diffraction study of La,_x

YxCoOj3. The Polycrystalline La; Yy CoOs exhibits a
deformed perovskite type structure with
a orthorhombic space group Pnma structure upon the
addition of Y concentration. The electrical and dielectric
characteristics of every sample have been studied. It was
found that Y doping boosts conductivity, decreases
dielectric loss, and increases capacitance. The
contributions of the grain and grain boundary effects to the
conductivity and dielectric loss of the examined samples

were validated by Cole-Cole plots.
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