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ARTICLE INFO ABSTRACT

Keywords: In this research, we focus on the structural, morphological, magnetic and dielectric properties of Lag s7Ndo.1-

SOl-GEI. ) Sro.18A80.15C003(LNSACO) compound synthesized by the sol-gel technique. The study by X-ray diffraction

igay d‘_ffram(’“ shows this compound crystallizes in the rhombohedral system, with R-3c space group. However, the XRD spectra
sorption

reveal the existence of other peaks associated with the secondary phase of Co3O4 of space group Fd-3 m. The
value of the optical band gap energy was determined from the variation of the absorbance as a function of the
wavelength, this energy gap (Eg) of 1.46 eV. Electrical and dielectric characterizations of the material were
performed using complex impedance spectroscopy in the frequency range from 100 Hz to 1 MHz and in a
temperature range from 100 to 200 K. The conductivity spectra have been investigated by the Jonscher’s law ¢
(0)=04c+Ac°® with an increase in the frequency exponent (s) as the temperature increases. The imaginary part of
the complex impedance (Z’’) frequency dependence was characterized by the appearance of a peak, which moves
towards higher frequencies with the increase in temperature. The activation energy values obtained from both dc
conductivity and the impedance (Z") spectrum are found to be very similar. Hence, the relaxation process may be
attributed to the same type of charge carriers. The Z' and Z" versus frequency plots revealed the appearance of a
semi-circular arcs and an electrical equivalent circuit of the type [(R1//CPE)(R2//C)] has been proposed to
explain the impedance results.

Band gap Eg impedance spectroscopy

The selection of 3D transition metals is the source of their remarkable
qualities. Since the 1970s, a lot of research has been done on cobaltites

1. Introduction

We substituted Co for manganese as the B-site cation in light of the
positive magnetic results published by H. Issaoui [1]. Cobalt, a transition
metal belonging to the iron group, has the electronic structure [Ar] 4s2
3d7. The physical characteristics of cobalt are very similar to those of
nickel and iron. Compared to iron, it is less reactive chemically. Addi-
tionally, cobalt belongs to group 9, which is made up of the first three
elements (Co, Rh, and Ir). Incomplete d-sublayers are what give most
compounds their distinctive electrical and magnetic characteristics.
Therefore, the root of particularly intriguing electron mobility events is
the potential to stabilize various oxidation states within the same ma-
terial [2].

* Corresponding author.
E-mail address: issawi_fatma@yahoo.fr (F. Issaoui).
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with the general formula LnCoO3. The transition metal cobalt exhibits
an assortment of oxidation states in this family of compounds, including
Co2+/Co3+/Co4+, and may support a number of coordination geom-
etries, including tetrahedral, octahedral, and square planar. Further-
more, cobalt exhibits a remarkable capacity to display a variety of spin
states, in contrast to other 3D transition elements. The cation Co3-+ (d4),

for instance, can adopt Low Spin (tggeg, S = 0), Intermediate Spin (tgge;,

S = 1), or High Spin (tggeg, S = 2) electronic configurations in an octa-
hedral oxygen environment (06) [3-5]. A characteristic of the co-
baltites’ perovskite structure that sets them apart from other

three-dimensional metal oxides is their capacity to exist in three
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different spin states: low spin (BS), intermediate spin (SI), and high spin
(HS). The formation of the mixed valence Co3+/Co4+ in the case of
LnCoO3 is made possible by substituting a divalent cation, such as Ca2+,
Ba2+, Sr2+, etc., for Ln3+. Therefore, the three configurations BS, SI,
and HS can be arranged beneath each of these two cations, Co3+ and
Co4+, which have 3d® and 3d° configurations, respectively.

The Co4+ cation is found in an intermediate spin configuration for
SrCo03 [6], admits the low spin state for BaCoO3 [7], and displays the
low spin configuration for EuCoO3 [8].

Important optical parameters like the optical band gap and refractive
index were found by using a material’s optical behavior. Optical ab-
sorption spectra can be used to determine the material’s indirect and
direct band gap transitions.

Furthermore, electron transitions that occur when the valence band
absorbs energy larger than the band gap (hv>Eg) are directly linked to
optical characteristics. In the conduction band, this will be promoted
[°1.

Furthermore, the production procedures and fabrication technology
have a significant impact on the optical physical properties of such
substances. Optoelectronic applications, specifically light-emitting di-
odes (LEDs), may benefit from this. Certain materials allow for the se-
lective and powerful absorption of UV radiation in the electromagnetic
spectrum, opening up new research options to address this optical
element.

In fact, because of their large gap energy (Eg = 3.24 eV and 3.3 eV,
respectively), perovskites like PrCrO3 and SmCrO3 are among the
compounds that can be used as basic materials for solid oxide fuel cells,
UV photodetectors blind to solar radiation, UV photonic devices, and gas
sensors [10-11]. Additionally, this synthesized samples have additional
advantages such as excellent transparency, efficient light absorption,
suitability for nonlinear applications, and most importantly, simple and
cost-effective synthesis and to better understand the nature of electrical.

We added the element cobalt to the LNSACO molecule by conduction
mechanisms. Impedance spectroscopy is used to investigate the dielec-
tric characteristics of the resultant materials. In this section, we show
that understanding how mobile charge carriers react after being excited
by an electric current provides insight into transport mechanisms and
makes a clear distinction between conductivity within grains and con-
ductivity across grain boundaries.

In this work we focus on Cobalt-based oxides. It was prepared via sol
gel method. properties of LagsyNdy1Sro18Ag015Co0swere studied by
RX, Raman. For this reason, we report the optical and dielectric prop-
erties of L(lo,57Ndo_1STO_13Ag0_15C003.

2. Experimental procedureand characterization techniques

We used the sol-gel synthesis procedure to prepare the compound
LNSACO.The precursors used are La(NO3)3, Nd(NO3)3-6H30, Sr(NO3)o,
AgNO3, and Co(NO3)2-9H20 of purity higher than 99.9 %. The equation
of the synthesis reaction is the following:

0.57La(NO3)s + 0.INd (NO3)3-6H20+0.18Sr(NO3)> + 0.15AgNO5
+Co(NO3)2-6H20 Lao_57Nd0_1sro_lsAgO‘15COO3 +2.2605 +12 Hy
+ 7.52NO,

The precursors are put in distilled water under magnetic stirring at
60 °C. To this mixture, citric acid and ethylene glycol are added with
further heating at 170 °C until a brown gel is obtained. The oven-dried
powder is firstly thoroughly ground for 30 min to obtain fine and ho-
mogeneous powder. The obtained powders are heated to temperatures
of 600, 700 and 800 °C in air for 24 h with several grinding cycles in
between.

The sample LNSACO was characterized by X-ray diffraction using a
diffractometer equipped with a copper anti-cathode (A=1.5406 A) [12].
The interpretation of the XRD spectra was carried out using the X-Pert
High Score software. This software allows visualization of the XRD
spectra of the samples with those of the standards. Moreover, with this
software, the positions and the full widthat half maximum of the main
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peaks recorded were determined.

In order to have detailed information on the crystallographic struc-
ture of our sample, we resorted to the Rietveld refinement method [13].
Using the program "FullProf" developed by Rodrigez-Carjaval [14,15].
He microstructures and particle sizes were observed by a scanning
electron microscope (S.E.M) which is a frequently used technique [16,
171.

A UV-3101PCscanning spectrophotometer with a dual-beam mono-
chromator and two sources (a halogenlamp for the infrared range and a
xenon lamp for the UV-visible range) was used to measure the optical
properties at room temperature. This instrumentation has been used to
measure the absorbance (A) in a wavelength range of 200-1200 nm.

3. Results and discussion
3.1. Structural characterization

3.1.1. X-ray diffraction patterns

X-ray diffraction was used to investigate the LNSACO sample using a
diffractometer fitted with a copper anti-cathode 6:1.5406 1°\). At room
temperature, an angular range of 10° to 100° with a step of 0.02° in 2°
was used to record the X-ray pattern. Using the Full Prof program, the
Rietveld method was used to refine the diffractogram that was produced
for our drug.

Fig. 1 represents the experimental, calculated (refined) diffracto-
grams, as well as the Bragg line positions of compound LNSACO. This
diffractogram shows quite sharp and intense peaks which reflect a good
crystallization of the sample of space group R-3c. On the other hand, this
diffractogram shows the presence of a second minority phase Co3O4 of
space group Fd-3 m which was identified with the help of X’PertHigh
Score Plus software. This indicates that this temperature is not sufficient
to obtain the chosen compound. The stars show the presence of the
minority secondary phase which is linked to the impurity Co304. This
impurity phase can significantly alter the magnetic and dielectric
properties [18,19]. These impurities can disrupt the regular crystal
structure, leading to changes in magnetic order and dielectric behavior.
Specifically, the presence of impurities can influence the magnetic order
of the material (e.g., from antiferromagnetic to weak ferromagnetic),
affect the dielectric constant and losses, and charge carriers. but in our
material the impurity phase of Co304 is very weak so it does not in-
fluence the dielectric properties.

The regular crystal structure may be upset by these impurities,
changing the dielectric behavior and magnetic order. In particular, im-
purities can change the material’s magnetic order (from antiferromag-
netic to weak ferromagnetic, for example), charge carriers, and
dielectric constant and losses. However, the Co304 impurity phase in
our material is quite faint, therefore it has no effect on the dielectric
characteristics.

The structure analysis was performed in the rhombohedral system
with the space group R ™3 C in positions 6a (0, 0, 1/4) for (La, Nd, Sr, Ag)
atoms, 6b (0, 0, 0) for (Co) atoms, and 18e (1/2,0, 1/4) for oxygen.

The structural parameters obtained by refinement are reported in
Table 1.

The refinement results are grouped in Table 1. In this table, we also
noted the residual refinement values:a ,b, c¢ the lattice parameters,
Bisothe isotropic thermal agitation parameter, X, y et z the atomic posi-
tions, dco-o the distance (cation-oxygen), @co-0-co the angle (oxygen-
cation-oxygen), 2 the quality of the fit.

To validate the existence of the rhombohedral type structure and the
degree of distortion of the structure of the LNSACO compound with
respect to the ideal cubic structure. We have calculated the Goldschmidt
tolerance factor [20] which is given by the following formula:

(ra) + 10

~ V2((rs) + 7o) @
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Fig. 1. The XRD Rietveld Refinement results of the compound Lag s7Ndy 1570.18Ag0.15C003.

Table 1
Rietveld refinement results of the compound.
Compound Lag.57Ndo.1510.18A80.15C003 co3
Group of space R3-C Fd-3m
Parameters ofmesh a (A) 5.442 (2) 8.183(2)
b (A) 5.442 (2) 8.183(2)
c(A) 13.156 (6) 8.183(2)
V(A% 337.44 (3) 548.08
Atoms La/Sr/Nd/Ag Wyckoff’s positions 6° 4c
Atomicpositions (0.0.0.25) (0.125.0.125.0.125)
Occupancyfactors 0.1/0.57/0.18/0.15 1
By, (A7) 0.57 (8) 1(0)
Co Wyckoff’s positions 6b 16d
Atomicpositions (0.0.0) (0.5.0.5.0.5)
Occupancyfactors 1 2
Biso (A2%) 0.6 (1) 4.4(6)
o] Wyckoff’s positions 18e 32e
Atomic positions (0.5.0.0.25) (0.43 ( 3) .0,25( 3) .0.43(3))
Occupancyfactors 3 4
Biso (A% 1.9(2) 2(0)
Settings Structural Dco.0 @A) 1.91574(6)
0co-0-co (°) 180.0 (7)
Factors of agreement R, (%) 1.90 R, (%)
Ry (%) 2.53 Ry (%)
Rp(%) 3.28 Rgp(%)
(%) 1.72 (%)
Atomic percentage of the phases 99.88 0.15

With: rA=r(La,Nd,Sr,Ag), rB= r(Co) and r, are the ionic radii asso-
ciated with the cations of sites A, B and oxygen, respectively.
For LNSACO, we have :

(ra) = 0.57rpa3 + 0.1ryg: + 0.18rg.2c + 0.151g+

(rg) = 0.52r¢y3+ + 0.48r¢qe+

With: tps = 1.36 A, 1y =127 A 150 = 1.44 Arage =
1.28 Afeess = 0.61 Ajreorr = 0.53 Aro = 1.41 A [20]

(ra) = 1.3534A

(rg) = 0.5716 A

In this context, the value of t for our LNSACO sample is 0.98. This

result is in agreement with the orthorhombic structure relative to the
Rietveld refinement [21].

3.1.2. Morphological characterization

The morphology and grain size of the LNSACO compound were
observed using a scanning electron microscope (Fig. 2). This image was
subjected to a statistical grain size distribution study using Image-J
software. Fig. 2 illustrates the outcome by plotting the number of
grains (counts) vs particle size (nm). The compound LNSACO’s grain
size distribution is depicted in this picture as a Lorentzian profile (red
solid line). Grain size ranges from 117 nm on average. The sample’s
micrograph shows a reasonably consistent morphology. EDX micro-
analysis was used to examine the sample’s homogeneity and elemental
makeup (Fig. 3). We observe that every chemical element added during
elaboration is present, confirming that all precursors were incorporated
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Fig. 3. Chemical analysis by EDX for Lags7Ndo.1Sr0.18A80.15C003 compound.

throughout synthesis with no appreciable loss of volatile species at 800
°C. This analysis also verifies the stoichiometry of the compound and
helps to check if we have soaked in the names of the samples during the
preparation. Based on the results of EDX analysis of atomic percentages,
we find the following formula Lao_sszo_125r0_19Ag0_14C003.

Similarly, we calculated the crystallite size using the Williamson-
Hall approach [22] according to the following relationship:

Priicost = Dﬁ + 4esing 2)
wul

With: K the constant depends on the shape of the crystal (K = 0.9),

Athe wavelength of the X-ray used, fthe width at the middle of the height
of the highest intensity peak expressed in radians, @diffraction angle
corresponding to the most intense peak and eis the average value of
lattice strain [23-25].

For different diffraction peaks (hkl), f was measured. The typical
crystallite size is D_(WH). Fig. 4 displays the curve for the Williamson-
Hall (W-H) equation (fhkl cos0= f(4 sin0)). The linear fit’s intercept is
used to estimate the crystallite size D (WH) = 38,9477 nm, while the
slope provides the induced strain (g) Fig. 5.

The discrepancy between SEM and W-H results suggests that each
grain observed by SEM is composed of several smaller crystallites.
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Fig. 5. Raman spectra for Lag s7yNdo 1Sr0.18A80.15Co0scompound.

3.1.3. Raman analysis

Raman spectra were obtained for the different samples using a
Raman micro-system (Horiba LabRam HR Evolution), equipped with a
Synapse CCD detector, a high-stability BXFM open space confocal mi-
croscope, and a 600 gr mm’? grating, with 532 nm excitation. The laser
power at the sample was approximately 17 mW, and the exposure time
30s. A 50x objective lens was used. The final spectra are the mean of 60
scans for every sample. The wavelength used was 532 nm. displays the

experimental Raman spectra of the investigated chemical in the wave-
number range 200 to 1600 cm ~!. The goal is to forecast vibrational
frequencies and assign vibration modes to the perovskite group, which
reveals 24 vibration modes [26]: TRaman = 7Ag + 5B1g + 7B2g + 5B3g
(2). The active Raman modes are classified into five categories. Six
Raman modes are associated with rotation/tilting of the octahedral BO6,
four with bending, eight with motion in the ABOg of the A-site cations,
two with symmetric stretching, and four with anti-symmetric stretching
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[27]. Comparing the examined compound to the pure compound,
however, reveals a slight variation in the total breadth at half maxima of
a number of peaks.

3.2. Complex impedance spectroscopy

Fig. 6 represents the variation of the real part of the impedance (Z’)
as a function of the frequency at different temperatures for the LNSACO
compound. We notice that the impedance values are relatively high for
low frequencies. These values gradually decrease with increasing fre-
quency, indicating enhanced electrical conductivity. This behavior is
mainly due to the increase in the mobility of the charge carriers and the
decrease in the density of trapped charges within the material [28]. At
higher frequencies, the impedance curves tend to merge, indicating a
possible release of space charge due to the lowering of the barrier
properties of the material at higher temperatures and can be interpreted
by the presence of space charge polarization [29]. The variation of the
imaginary part of the impedance (Z’’) as a function of frequency at
different temperatures has been studied, and the results are shown in
Fig. 7. The spectra of Z** are characterized by the appearance of peaks
7"’ max at frequencies fpax varying with the temperature. These peaks
move towards high frequencies with increasing temperature, indicating
the presence of a relaxation phenomenon in our material [30]. More-
over, one can also notice that the amplitude of Z’* decreases progres-
sively while increasing the temperature. This may be due to an
accumulation of space charges in both compounds [31,32].

In order to estimate the characteristic activation energy of the
relaxation process, we represent in Fig. 8 the variation logarithmic
relaxation frequencies as a function of 10%/T. The temperature depen-
dence of the relaxation frequency follows Arrhenius’ law:

)

In the above equation, f, is the pre-exponential factor, E,is the
activation energy and kj is Boltzmann’s constant.

The slope of the fitted lines allowed us to calculate the activation
energies of our sample. The values found are equal to 0.105 eV.

3)
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3.3. Nyquist diagrams and equivalent electrical circuits

Fig. 9 shows the Nyquist diagrams at different temperatures of the
compound LNSACO. The impedance spectra are described by circular
arcs whose centers are located below the real axis. This suggests that the
conduction in these materials can be described by the Cole-Cole model.

In addition, any increase in temperature is accompanied by a
decrease in the diameter of the arcs of the circles, which leads to an
improvement in conductivity [33]. We used the Z-View software to
model these spectra by an equivalent electrical circuit in order to
describe the electrical behavior of our materials [34]. As illustrated in
Fig. 10, the best fit is achieved by employing an analogous electrical
circuit made up of a series combination of two contributions: one for the
grains (Rg-Cg) and one for the grain borders (Rjg-CPEjg) (where CPE is
the constant phase element).The altered parameters’ values. demon-
strate that our samples exhibit semiconductor behavior when the values
of the grain boundary resistance drop with increasing temperature, from
75.6 x 105Q at 100 K to 0.15x105Q at 200 K [35]. Furthermore, it has
been discovered that Rjg values are greater than Rg values. For instance,
at 150 K, Rjg = 1.61 x105Q, whereas Rg = 6.24x105Q. This is explained
by the chaotic atomic arrangement close to the grain boundaries, which
increases electron scattering.

3.4. Study of electrical conductivity

In order to understand the behavior of electrical conduction and to
determine the parameters that can control conduction processes in
Lag.57Nd.1Sr0.18A80.15C003(LNSACO), variations of conductivity as a
function of frequency at different temperatures ranging from 100 K to
200 K is shown in Fig. 11. As seen in this figure, conductivity increases
with increasing frequency and temperature. We also notice that at low
frequencies, the spectra of the conductivity are independent of the fre-
quency for each temperature. At high frequencies, the conductivity in-
creases with increasing frequency. According to Jonscher’s law [36], the
frequency dependence of conductivity is expressed as:

o o T2W?

— S
“Ti 0 11 e A @

Ogc (@)

In the above equation, o5 is the conductivity at low frequencies, o,,is

T=100 K
100 -~
80 4
&60
S
- T=10K
i<‘40
X -
102 10° 10* 10° 10°
\ | Frequency V
20
0 4 y ——— e —
T=200 K
10? 10° 10* 10° 10°
Frequency (Hz)
Fig. 6. The frequency dependence of the real part (Z') of the complex electrical impedance at several measurement temperatures

for Lag 57Nd 1Sr0.18A80.15Co03compound.
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an estimate of conductivity at high frequencies, w is the angular fre-
quency, 7 represents the characteristic relaxation time, A is a constant
temperature dependent, and sis the power law exponent, where 0 < s <
1. Represents the degree of interaction between the mobile ions with the
environments surrounding them, and A determines the strength of
polarizability.

The behavior of the frequency exponent s as a function of tempera-
ture, obtained from fitting of experimental data with Eq. (4), can be used
to determine the origin of conduction mechanism. Several models [37,
38] based on classical hopping of charge carriers over barrier and
quantum mechanical tunneling have been proposed to investigate the
conduction mechanism on the basis of variation of frequency exponent
with temperature. So, temperature dependence of s plays a key role in
the estimation of the conduction mechanism.

According to the quantum mechanical tunneling (QMT) model [39],

the exponent ‘s’ is practically equal to 0.8 and increases slightly with
increasing temperature. It is given by the expression:

4
$ =1 (wr0) ®)

With 7 the relaxation time.

According to the wide overlap polaron tunneling (OLPT) model [40],
the exponent ‘s’ is both temperature and frequency dependent. It de-
creases with temperature from unity to a minimum value, and then
increases.

According to the Correlation Barrier Hopping (CBH) model, the
values of the frequency exponent ‘s’ decrease with increasing tempera-
ture [41] according to the formula:

6kBT

"~ WM + kTln w70 ©®

s =
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Where kgis the Boltzmann constant and WM is the maximum value of
the height of the potential barrier, also called ionization energy.
For sufficiently high values 0% we obtain [42].

_ 6kgT
WM

s=1 @)

This model is the most appropriate for characterizing the electrical
conduction mechanism at low temperatures. This model describes the
charge carrier jumps between near-neighbor sites over a potential bar-
rier WM that separates them.

According to the small polaron tunneling (NSPT) model, the expo-
nent ‘s’ increases with increasing temperature and varies with frequency
according to the expression:

4
Eq

In(wr) + or

(®

s=1+

The variation of the exponent s as a function of the temperatures for
the sample is shown in Fig. 12. It is noted that s increases with the in-
creases of the temperature. Thus, the overlapping small polaron
tunneling NSPT model appears to be the most suitable one to explain the
conduction mechanism in the sol-gel compound studied.

The conductivity spectra are fitted using equation (V.3). The fitting
results are summarized in Table 2.

In the low frequency region, the curves indicate that our samples
exhibit a semiconductor behavior in all temperature range. The dc
electrical conductivity as a function of the temperature was analyzed
using Motts law [43]:

Eq
ks T>

Where B is a pre-exponential factor, E, is the activation energy, T is
the absolute temperature and kg is the Boltzmann constant.

The plot of In(o4) vs.(1000 /T) in Fig. 13 reveals a linear behavior in
all the temperature ranges, confirming that the conduction process is

thermally activated. The Eqvalues, estimated from the slope of the linear
fit plots, are found to be equal to 0, 10 eV.

o4T=B exp< 9
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Table 2

Values of dcand the exponent “S”.
T(K) 64c(X107°) A(X107) s
100 0.45 2.34 0235
110 0.634 1.78 0,31
120 0.024 1.96 0368
130 0.05 1.24 0579
140 0.12 1.75 0634
150 0.4 9.46 0728
160 0.72 4.38 0826
170 0.11 2.698 0,91
180 2.04 2.99 0942
190 0.14 2.698 0972
200 2.08 2.99 0982

3.5. Absorbance measurement

3.5.1. Optical band gap Eg

The fundamental processes of light absorption in materials are
essential for determining their electrical properties. The UV-VIS-NIR
absorbance spectra at room temperature forthe LagsyNdp 1.
Srp.18A80.15C003(LNSACO) compound are shown in Fig. 14.

It is evident that the prepared sample exhibits significant absorbance
in the visible range, suggesting its potential application as a photo-
catalytic material and for generating photovoltaic solar cells [44].
Additionally, a secondary absorption band is observed in the
near-infrared region for the prepared compound, as depicted in Fig. 14.
This indicates the practical utility of the compound as a promising
candidate for optoelectronic devices operating in the near-infrared
spectrum [45].

3.5.2. Estimation of the optical band gap energy

The optical absorption coefficient (a) can be estimated using absorbance
data, in accordance with the Beer-Lambert theory using the following
equation [46]:

2303 xA
T d

The evolution of the absorption coefficient a of our material and its
derivative behavior (da/d)) is depicted in Fig. 15. On one hand, the

10)
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Fig.

12. The Arrhenius plots (In(c4.T) vs.(1000 /T)) for Lags7Ndo.1Sr0.18A80.15CoO3compound.
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Fig. 14. the variation of absorbance spectrum as a function wavelength of
LNSACO compound.

experimental approach enables us to estimate the minimum value of do/
d), which is used to determine the wavelength corresponding to the
bandgap (Eg)[47]. On the other hand, based on the following relation,
we can calculate the band gap (Eg)value of our prepared sample [48]:

hc
(5=n-5)

where ¢ = 3 x 10® m/s, h = 4.135 x 10" '%eVs. According to the da/
dA plot, the determined A value as A = 848 nm. Using Eq. (7), we ob-
tained a value of the band gap as Eg = 1.46 eV. The value of the gap
energy which was found by the derivative method is confirmed by the
adjusting the variation of [(ahv)? vs. hv], Fig. 16 this adjustment gives a
value Eg =1.48eV

1D

4. Conclusion

In this work, we used the sol-gel method to synthesize the

10

18}
Eg=1.46 eV
_ -
o
S 1,6 L 00 950 1000
N
3
—o— LNSACO v\
1,41

400 800 1200

A (nm)

Fig. 15. the variation of the absorption coefficient (&) spectrum as a function
wavelength inset the derivative of the absorption coefficient as a function
wavelength of LNSACO compound.

Lag.57Nd 1Sr0.18A80.15C003 (LNSACO) compound, and we used XRD,
EDX, SEM, and Raman spectroscopy to investigate its structural and
morphological features. This chemical crystallizes in the rhombohedral
system with space group R-3c, according to the XRD investigation.
Nevertheless, additional peaks linked to the secondary phase of Co304 of
space group Fd-3 m are visible in the XRD spectrum. Grain morphology
is quite homogeneous in SEM pictures.

It was discovered that frequency and temperature had a significant
impact on the electrical characteristics. The curves of electrical con-
ductivity that adhere to Jonscher’s universal power law. The NSPT
model was linked to the study of ac electrical conduction. The imped-
ance plot is characterized by semicircular arcs, and this behavior has
been modeled using an equivalent electrical circuit. The identical acti-
vation energy values found from both dc conductivity (0.10 eV) and
impedance spectroscopy (0.105 eV) demonstrate that the relaxation
process and electrical conductivity are attributable to the same type of
charge carriers. The gap energy was shown by the optical property
investigation, indicating improved optoelectronic qualities of the
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produced samples.

Futures prospects

Although our study highlighted the promising characteristics of co-
baltites, future research should focus on exploring a broader range of
compositions to better understand structure-property relationships.
Furthermore, the study of electrical conductivity and the study of doping
strategies and surface modifications will contribute to improving the
optoelectronic properties of these cobaltites, thus allowing their inte-
gration into various technological applications.
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