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Abstract: In the present work, the mixed valence Lao7Sro2Nag1MnO3; manganite is elaborated using the sol-gel preparation
route. The structural, electrical, and dielectric properties of the Lag7Sro2Nap1MnOs are detailed over broad temperature and
frequency ranges to get information about the dynamic of the charge carriers in such a manganite structure. At room temperature,
combinations of the experimental X-ray diffraction (XRD) measurements and the calculation results using the Rietveld analysis
reveal that Lag 7Sro2Nao1MnQjs crystallizes in a pure phase belonging to the rhombohedral structure with R3¢ space group. Using
the Size-Strain technique, the estimated crystallite sizes and lattice strain values are Dssp=24 nm and Essp =2.2.10°3, respectively.
The electrical DC conductivity investigation reveals that the studied material exhibits a semiconductor behavior over the explored
temperature range. Such behavior is investigated using the small polaron and the variable range hopping conduction models.

Moreover, the DC conductivity study shows that the presence of significant charge mobility and strong electron-phonon
interactions characterizes La0.7Sr0.2Na0.1MnO3. For the studied system, the deduced Debye temperature is 6p=520 K. The
presence of the Na* cation in the studied manganite has improved mainly the electrical DC conductivity value especially at
around room temperature that reaches opc (300K) = 4.3 102 S.cm™. A quantitative investigation of the temperature dependence
of the frequency exponents n (T) at high frequencies reveals that the Correlated Barrier Hopping model overpowered the
electrical conduction in the AC regime. The scaling exponent (a) proves the validity of the time-temperature superposition
principle. According to Koop’s theory, the frequency dependence of the dielectric constant (g") response is attributed to the
chemical micro-heterogeneity and the interfacial polarization effects. Furthermore, the colossal behavior of the dielectric constant
(€") with a value over 10° and the presence of high electrical conductivities of 4.3 102 S.cm™ denote a possible application of
this compound in energy storage devices.
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1. INTRODUCTION

Industrial and global economic development has tremendously increased over the last few years, inducing
a high rate of total energy consumption worldwide [1, 2]. More than half of consumed energy is generated
from nonrenewable natural sources that cause severe global environmental consequences. Therefore,
exploiting renewable and clean energy sources such as solar, wind, or geothermal is the obvious solution to
avoid these consequences [3]. Interesting and promising research for alternative sources poses a challenge for
developing efficient and reliable energy storage processes, which presents a vital topic in nanotechnologies
systems [4]. Several designs and research on green energy-storage systems have been developed with
important tools for many electric devices and industrial sectors that have aroused extensive interest [5]. The
performance assured all these kinds of technologies of the electrode materials related to the charge/discharge

processes associated with the oxygen evolution/reduction reaction (OER / ORR) [6]. Numerous studies are
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focused today on developing new electrode materials such as metal oxides, conductive polymers, and
functional carbon [7]. Particularly, perovskite-based lanthanum Strontium manganite (LaSrMnOs) materials
have emerged as an important family of functional nanomaterials for various industrial applications such as

chemical energy storage devices and dielectric capacitors [8].

Perovskite-based on the Lanthanum Strontium manganite oxide (LaSrMnQs) is well known for its colossal
magnetoresistance, ferromagnetic-paramagnetic transition, high magnetic interaction, and magnetocaloric
properties that have been explained by various theoretical models and scientific reports [9]. However, the
double exchange (DE) mechanism proposed by Zener is the most appropriate process applied to explain the
conversion associated with the electron (hole) transfer between two partially filled d-shells, eg (Mn®") and tzg
(Mn*) [10]. This electron motion is governed and controlled by the strong on-site Hund’s coupling and the
dynamic Jahn-Teller (JT) distortions generated from a strong electron-phonon coupling [11]. This material
has recently gained much attention as an efficient electrode used in several energy storage and conversion
technologies. P. Muhammed Shafi et al. [12] report that substitution and tunable crystal symmetry can be an
efficient solution to increase the performance of the conductivity and electrochemical mechanism. They argue
that Lao7SrosMnosFeosOs compound can be a good sample for electrochemical application with faradaic
behavior. Moreover, Xuegin Lang et al. [13] studied the LaixSrkMnOsand proved its possible application as
pseudo-capacitance electrode materials governed by the redox reaction of the cation intercalation. They also
showed that La;xSrMnQ;s presents a large specific surface and good electrical conductivity that have an

important role in the electrode application.

The physical properties of manganite can be improved by several parameters such as synthesis methods,
insertion of nanostructures, and substitution sites [14]. However, different reports denote that even a small
amount can alter the physical properties through steric effects and lead to a modification of the Mn3*/Mn**
state [15]. Recently, new research on manganite with Na* doping indicates the coexistence of large magnetic
and electrical properties that open the door to multiferroic compounds for nanomaterials application [16]. In
addition, doping Na* is rarely investigated on electric and dielectric proprieties that have an important role in
making information and analyses for suitable applications. Such observation motivated us to understand the
transport properties and optimized physical parameters of Lao7Sro2Nao1MnOs with better stability using

impedance spectroscopy for energy storage applications

2. EXPERIMENTAL
Lao.7Sro.2Nag.1MnO3 nanomaterials were elaborated by the sol-gel technique to produce a suitable ceramic with high quality
and homogeneity. The high-purity nitrate precursors (obtained from Sigma Aldrich) La (NO3)s, Sr (NO3),, NaNQOgs, and Mn
(NOs)2 were used as starting rows to elaborate the Lag7Sro2Nao1MnO3z compound. The stoichiometric mixtures of metal
nitrates weighed following the desired compositions were dissolved in distilled water. Slow evaporation was applied with a
continuous stirring. Ethylene glycol (EG) and citric acid were added as chelating and polymerization agents, forming a stable
solution with a pH scale range between 6.5 and 7. After obtaining a transparent solution, further heating under stirring was

applied (between 150 and 180 °C) until the formation of a dry mixture. This dry mixture was calcined at 800 °C for 24h with
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intermediate regrinding and repelling. Afterward, black ash was pressed into pellets (8mm diameter and 6mm thickness) and
sintered at 1000 °C for 12h. Finally, this sample was air-quenched to achieve a high-quality and homogeneous microstructure
at the annealed temperature. To analyze the microstructural features of the sample and estimate the grain size value at room
temperature, we used a scanning electron microscopy (SEM) instrument on a JSM-6400 apparatus under the applied voltage
of 25 KV. Further, the structure and homogeneity of the sample were analyzed by the X-ray diffraction (XRD) method using
a “‘Panalytical Xpert-Pro’” diffractometer. The results of XRD Measurements were scanned using CuK, radiation
(A=1.5406A) under an angular range of 10° <26 < 100 by a 0.017° step-size. Rietveld process and FULLPROF software were
used to fit the obtained patterns and to collect the structural parameters [17].
For the electrical characterizations, two copper wires used as electrodes were connected to an Al-film (6 mm diameters and
200 nm thick) coated on each side of the pellets using a circular mask and thermal vapor deposition (TVP). However, the
capacitance C and conductance G measurements were obtained over a wide range of frequencies (from 100 Hz to 1 MHz)
using an Agilent 4294A analyzer coupled with a liquid nitrogen cryostat which allows the variation of temperature from 200K
to 360K. All electrical data were registered in vacuum and dark.
3. RESULTS AND DISCUSSION.
3.2 STRUCTURAL CHARACTERIZATION AND MORPHOLOGICAL INFORMATION

The inset of Fig.1 presents a surface of Lag 7Sro2Nag1MnO3 perovskite oxide using SEM micrographs. One can observe a
densely packed microstructure exhibiting non-uniform morphology distribution and irregular repartition of distinct grain
structure with spheroid-like behavior with unequal size separated by well-defined grain boundaries over the entire area. This
inhomogeneous microstructure impedes the intrinsic properties of the compound related to the high current percolation and
opens up the conduction channels process [18, 19]. Furthermore, a porous structure was noticed, which may be crucial in
supplying the active area for the electrochemical reaction of the oxygen electrode. The grain size was estimated using Image.

J software based on the linear intercept method and the obtained data were fitted by “Gaussian function” (Inset of Fig.1).

average particle size(um) I
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Fig. 1: SEM image for our Lag7Sro2Nao1MnOs. The inset contains the histograms of the grain size distribution.
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However, to examine the structural proprieties of the Lag7Sro2Nao1MnO3 nano-powder, experimental XRD pattern data were

recorded and analyzed employing the standard Rietveld method and FULLPROF software as shown in Fig.2.
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Fig. 2: Rietveld pattern determined from X-ray powder diffraction of the Lag.7Sro2Nao.:MnOs ceramic. Marks: experimental

data; solid line: theoretical results. Vertical bars indicate Bragg reflection positions. The difference between experimental data

and theoretical results is given by at the bottom. Inset: the crystal structure and the MnOsg octahedron for our compound.

Obviously, sharp and intense features of the powder diffraction peaks confirm the presence of high crystalline structure
without any kind of impurities. The refined profile revealed that all peaks can be indexed based on the rhombohedral unit cell
(space group R3c, No. 167). In this type of crystal symmetry, the standard Wyckoff position was used to estimate the initial
parameters. (La, Sr, Na) atoms shared the A-site at 6a (0, 0, 1/4) positions and the Mn-site cations were randomly distributed
at the 6b (0, 0, 0), meanwhile, the oxygen anions occupied 18e (x, 0, 1/4). The matching between the fitted and observed
diffraction data was evaluated through the adequacy of the fit indicator 2 and the reliability R-factors (Rwp, Rw, and Re)
reported in Table 1. This table summarizes the deduced results of structural refinement such as atomic coordinate, lattice

parameters, bond angle (< Mn — o — Mn >), and unit cell volume (V).
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Phase R3C
Structural model Cell parameters

a(A) 5.506 (5)
c(A) 13.360 (2)
Cell volume (A% 350.880 (1)

Isotropic thermal parameters

B(La/Na/Sr) ( A?) 0.98(5)
B(Mn/Ti) (A% 0.94(2)
B(O) (A? 0.96(3)
R factor
Rwp(%0) 11.2
Re(%) 13.2
Rr (%) 6.7
2 1.7
Bond lengths and Bond angles
dwino A 1.74 (3)
OMn-0-Mn 188.59 (2)
<rg>A 0.687 (6)

Table 1: Structural parameter and refinement results of X-ray diffraction data at room temperature for Lag7Sro2Nag1MnOs

ceramics.

It is worth noting that the parameters of the hexagonal cell (a and ¢) and the unit cell volume slightly decreased with
increasing Sodium amount [20]. This behavior can be explained by the size effect of the A- site related to the average ionic
radius of Na* (1.39 A) and Sr?* (1.44 A) [21].

In addition, introducing Sodium element is accompanied by a partial conversion of the Mn3* (0.65 A) to Mn** (0.53 A)
following the formula Lag ,S7y 53— Na, Mn3%_ . Mn¢t . 05. The cooperative process of the average A site radius and the
increase of Mn** caused a change in the Mn-O-Mn angles and the Mn-O distances which in turn reduced the exchange
interaction strength and affected the physical properties of the compounds [22]. This table also contains the average size

< r, > and the mismatch size 2 of the A-site cations estimated using the values of ionic radii. Generally, the nature and type
of electrical transport properties of the materials were attributed to the structural behavior and microstructural quality of
ceramic. Usually, doped-monovalent element affects mainly the structural properties of manganite oxides and the strength of
the DE mechanism related to the mixed valence Mn3*/Mn**[23].

To understand the regularities governing the formation of perovskite oxide systems and their structure stability, Goldschmidt
defined an empirical tolerance factor (tc) which depends heavily on the degree of cell distortion and the size of cations that fill

the A and B sites. This factor can be estimated through the following equation [24]:
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_ r-(La,Sr,Na) + IfO

t. =
S V2(ry, +10)

M

Where r(a, sr, Na), I'vn, @nd ro are the mean ionic radius of the different elements occupying the site A, B, and O sites in ABOs,
respectively.

Indeed, the stable crystal structure of a typical perovskite system appeared in the appropriate range of 0.75 < tg < 1 while an
ideal symmetry was detected when the value of this factor tended to unit. Goldschmidt’s factor defines the chemical insertion
and distortion produced by the motion of cations into the ABOj3 structure compared to the ideal packing. However, the value
of the tolerance factor is calculated using Shannon’s ionic radius [25] and was found equal to 0.945. This result proves the
stability of the rhombohedral structure and confirms the deviation of the Mn-O-Mn bond angle from 180°, which is consistent
with the Rietveld refinement.

Based on the profile of the X-ray peak, several quantitative analysis methods and processes were applied to understand the
crystal distortions, lattice mismatch, and imperfections of the nanoparticles. Debye-Scherrer technique is a well-known

method that can be used to estimate the crystallite size D using the peak broadening process following expression [26]:

D__ KA @)

ﬁs cos4§'hkI

Where k presents the shape factor, A denotes the wavelength of Cu-K, radiation, S is the integral breadth of the most intense
peak (FWHM) and Ony refers to Bragg’s diffraction angle. Therefore, the expression of the integral breadth S5 equation can be
obtained by rearranging Eqgs. (2):

kA
By = 3)
D cos 9th

The lattice strain ¢ is also a very important parameter that reflects all structural distortions in the powder ceramic which can
be defined by the Stokes-Wilson relation [27]:

B

tan hkl

Where g, is the strain broadening and 6nq represents the diffraction angle.
However, the Williamson-Hall (W-H) method was induced to estimate the grain size and lattice effect based on the XRD peak
broadening of the ceramics [28]. Williamson-Hall equations assume that the integral breadth gy, of the observed XRD line

peaks is the addition of grain size (Scherrer) broadening S and strain broadening g, effect which can be expressed as:
= +
B =B +Ps ©
Adding the value of 85 and B, into Eqs.6, we obtain:
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kA

’Bhkl =4 gtan ‘9th + (6)
By — 1 S0y
By rearranging EqQs.6:
. kA
ﬂhkl cosd,, =4 &sin Hhkl + o™
W —H

To calculate the grain size and lattice strain from the DRX profile, the W-H relation in Eqgs.7 can be simulated as the standard
equation for a straight line (Y= AX+ B) by performing the Bnx cos(6n) versus 4sinbnq curve as shown in Fig.3 (a). From the
regression line and linear fit, the crystallite size and the strain value were calculated from the y-intercept and the slope of the
straight line, respectively.

Besides this method, Halder and Wagner (H-W) induced an alternative formula based on the deconvolution of XRD integral
breadth using two parameters . and B¢ described by a Lorentzian profile (L) and Gaussian profile (G) of grain size Dy.w and

lattice strain ¢, respectively [29].

ﬂhzkl = B B "‘ﬁé (8)

Where

_ KiZ
Dcosd,,

B )

Bs =4stanb,,, (10

By transposing parameters in Eq. (8), we get:

2
Bra = BL +’B_G (11)

hkl

Putting equations (9) and (10) in Eq. (11), we find:
KA 16£° tan’ 6,
_l’_

B = (12)
Dyy_w COS Oy B
Rearranging Eq. (12) and multiplying both sides by cos8y,,; /A, we obtain:
cos 6 K 16sin” @
B hkl _ 4 g2 hkl (13)

A Dh ﬁhklﬂ“cos ehkl

-W

If we suppose that Y= cos On/A and X=16sin?0nk /(Bra A cos(Onki)), Eq. (12) become:
Y =S+ e2X (14)

drawing the variations of Y versus X, we obtain a linear curve where the lattice strain and crystallite size value are estimated

using a linear fit to the data as shown in Fig.3 (b).
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Recently, the size-strain plot (SSP) technique has been applied to estimate the crystallite size Dssp and strain essp for the
isotropic structure based on Lorentzian and Gaussian functions, respectively [30]. This method is given using the formula

below:

(dBcos6)? = == (d*BcosO) + (L)?  (15)

Dssp

Fig.3 (c) presents (dBcos8)? versus (d?Bcos@) spectra of the Lag7Sro2Nag1MnOz compound. From the linear extrapolated
data, Dssp and essp were calculated from the slope and intercept, respectively.

The calculated values of lattice strain and average crystallite size using different methods are listed in Table 2. The obtained
values of crystallite size estimated using W-H and SSP methods are slightly different and the SSP curve can give the most
appropriate results of the microstructural parameters with more precision since the data more accurately fit in this method [31,
32]
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Fig.3: W-H, H-W, and SSP plot of Lag 7Sro.2Nag1MnO3 ceramic

D-S r?qr;ctih\é\fjilson W-H plot H-W plot SSP technique
Methods | o | Strain | Dww | Strain | P | Strain | Dssp | Strain
(nm) Ew (hm) |  €wn (nvr\%) Euw | (Nm) | Essp
42 1.2.10°° 37 3.4.10° 20 | 1.7.10% | 24 | 2.2.10°

Table 2: estimated value of Crystallite size and lattice strain using Size-strain plot, Debye-Scherrer, Halder-Wagner, and

Williamson-Hall method.
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3.3 ELECTRICAL ANALYSIS

To further explore the electrical transport properties of the Lag 7Sro2Nag1MnOs compound and to evaluate its application as
electrode material for supercapacitors due to its high electrical conductivity and dielectric constant, the progression of dc-
conductivity versus temperature is illustrated in Fig.4.a. The temperature dependence of the electrical conductivity of
Lao7Sro.2Nag.1MnQs indicates that the material reveals a typical semiconductor behavior over the completely explored
temperature range [200K-360K]. Such behavior can be explained by the increase of the Na content that prevents the metallic
phase and reduces the metal-semiconductor transition Twu.sc that is strongly dependent on Mn3*/Mn** content, structural
parameters, doping site, and grain boundary defects [33]. Fan et al. [34] studied the effect of Sm, Dy, and Er-doping at the A-
site of LaosA0.1Sro.3sMnQs. They confirmed that the transition temperature is proportional to the A site average cationic radius.
Moreover, Baaziz et al. [35] claim that the Tm.sc of the Lao.s7Sro.33MnO3 sample was estimated to be 160 K and suggest that
conductivity can be attributed to the disordered surface explained by the grain size effect and the core-shell mechanism. When
increasing temperature, the rise of dc-conductivity is attributed to the enhancement of thermal energy and the charge-carriers
hopping motion involved in the conduction. Indeed, the interaction between electron and lattice produced a strong electron-
phonon coupling in the system rise to the formation of small polaron and the configuration of the thermally activated transport
at high temperatures. Such a result is assumed to originate from the Zener double exchange process in the compound. Despite
the steric effects and the weakness of the double-exchange interaction originating from the incorporation of Na* cation into
the structure [36, 37], the electrical conductivity with a value of 0.043 S.cm™* was still significantly high at room temperature.
This value can be compared favorably with other compounds and conductivities of pure Silicon (1.67 x 10 to 10 S.cm™) for
energy conversion devices, especially Solid oxide fuel cells [38, 39].

A quantitative investigation of the experimental data was applied to analyze the strong temperature dependence of the charge
dynamics based on the small polaron hopping (SPH) and variable range hopping (VRH) model [40]. At the temperature range
0,/4 KT K 08y/2 where 8, = 520 K denotes the Debye temperature, the dc-conductivity (o,.) follows the framework of
Greaves-VRH approximations associated to a considerable interaction between charges. This model was successfully

performed by Greaves [41] to describe the dc-conductivity using the relation:
04.TY? = A.exp (_B/T1/4) (16)

B = (T')"V* = 21[a3/ky.N(Ex)]Y* (17)

Where T', denotes a constant. To prove the accuracy of the Greaves-VRH mechanism in the description of g, we plotted the
curve of In (g,.. T'/?) versus T~'/#. The linearity behavior of this curve confirms that Greaves-VRH is the appropriate
mechanism for studying the transport properties and estimating the T’ value using linear fit as shown in Fig.4.b. The
aforementioned investigation and the validity of this model prove that our compound presents a high density, significant
charge mobility, and an important short-range translational motion [42]. At high temperatures, the SPH model can investigate

the dc-conductivity [43]. Such a model is mathematically defined using the Arrhenius law expressed
G-l =0, eXp(—Ea / kB.T) where E, and kg denote the activation energy and the Boltzmann constant, respectively. This

model considers that small polarons are trapped in a local potential well with E, height. The rise of temperature causes a
reduction of the good effect and permits the motion of polaron to the nearest neighbor site increasing the conductivity and
proving the thermal activation behavior of conduction [44].

The activation energies are derived from a linear fit of dc-conductivity and the estimated value E.= 31 meV (inset of Fig.4.c)

can be attributed to the effect of the electrical contribution which depends highly on the structural feature.
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Fig.5.a presents the variation of electrical conductivity the frequency at various measuring temperatures ranging from 200 to
360 K. At low frequencies, each spectrum shows a frequency-independent plateau region o, (dc-conductivity). Such plateau
is attributed to the long-range translational motion of the charge carriers [45]. It is worth noticing that the charge carrier
hopping process can explain a high-frequency dispersion region referring to an exponential rise of conductivity. For the
studied system, the frequency dependence of the electrical conductivity is proportional to the applied electric field. In this
study, the frequency and temperature dependences on the electrical conductivity reflected the presence of several electrical
hopping processes. To identify the hopping dynamics of the charge carriers, the variation of the conductivity data with
frequency can be well-fitted using Jonscher’s universal power law expressed as follows [46]:

g = O_DC + O_AC = UDC + A(,Un (18)

Where A is the temperature-dependent constant and n (0< n <1) denotes the power law exponent. The exponent ‘n’ measures
the interaction degree of the charge and its environments associated with the variation of polarizability and the hopping
energy barriers of the involved compound [47]. It is worth noticing that the electrical conductivity showed a linear behavior at
high frequencies, which provides a single conduction process explained by the short-range hopping model. Fig.5.b presents
the variation of the exponent ‘n’ versus temperature estimated by a linear fitting of electrical conductivity at high frequency. It
was observed that the frequency exponent ‘n’ decreases gradually as the temperature rises, which directly highlights the
activation of the Correlated Barrier Hopping (CBH) conduction process overpowered by the short-range thermally activated
energy [48]. This behavior proves that electrical conductivity is thermally activated and the dynamic region of the spectra is
influenced by the higher mobility of the electrons/polarons and hopping pathways. The presence of the CBH process suggests
that single-polaron and bi-polaron hopping govern the transport behavior processes. In this case, the temperature dependence

of the frequency exponent n can be expressed using the following equation [49]:

_ 4 6KpT
n=1 " (19)

W, is the energy necessary to move an electron from one site to another known as the maximum barrier jump height. To
evaluate precisely the transport process associated with CBH conduction, we plotted the variation of (1-n) value versus
temperature in Fig.5.b. It can be inferred that the observed curve presents two zones with different activation energies
estimated from the linear slope. In the current investigation, the modification in the activation energy value indicates that the
microstructure variables showed a high dependence on the temperature effect of the studied manganite.

To analyze the conduction dynamics and the charge transport behavior of the compound, different models were performed to
check the validity of the Time-Temperature Superposition Principle (TTSP) using the scaling behavior approach [50]. In this
study, the conductivity isotherms can be studied using the Summerfield scaling process defined by the equation as follows
[51]:

o(w) w
O-dc (T) - F (O-dcT ) (20)
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Fig.6.a presents the master curve plot of the conductivity using the Summerfield scaling model. At low and intermediate
frequencies, all conductivity spectra collapsed into single master curves, which indicates that the relaxation mechanism is
independent of temperature and proves the validity of TTSP nature with a single electrical transport process. At high-
normalized frequencies, this curve showed a deviation of the scaled spectra and confirmed the divergence feature of the
conductivity. Such behaviors of the Summerfield scaling failure are attributed to the modification of the available pathways
number and charge carriers density under the temperature effect [52].

To ensure the best master curve, we established the modified Summerfield model expressed by the forms [53]:

o(w) 10} T
04 (T) o1 T,y(scale)

)%) (21)

This model gives valuable insights into the dominant factors that influence the dynamics of charge carriers. The scaling
approach of conductivity is highly associated with the scaling exponent (o) which depends on the electric inhomogeneities.
Recently, Baranovskii et al. [54] have analyzed the electrical conductivity using the Random Barrier Model. They confirmed
that the negative value (o = -1/3) of the scaling exponent can be attributed to the non-interacting particles. Indeed, several
research groups assumed that (o) can deviate from the indicated value [55]. Fig.6.b shows the scaling behavior approach of
the electrical conductivity using a modified Summerfield process and additive factor. It is worth noting that all the electrical
conductivity spectra for several temperatures coalesced almost perfectly into a universal master curve using an estimated
value of scaling exponent (o = 1.2). Hence, the aforementioned behavior proves the major role of the inter-ionic Coulomb
interactions the in dynamics of charge carriers’ motions [56].

Investigation of the dielectric properties and the origin of the high dielectric constant present an important parameter to
increase the performance of the compounds that exhibits a typical behavior of tunable capacitor applications [57, 58].

Generally, the complex dielectric constant can be described by the expression:

e =¢ +ig" (22)

Where (¢') and (&") denote the real and imaginary parts of the dielectric constant, respectively
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Fig.6: Super master curve of the conductivity isotherms using (a) Summerfield model and modified (b) Summerfield model.
Fig.7 presents the dependency of the imaginary part (¢") and the loss factor of dielectric constant versus frequency at several
temperatures. At low frequencies, a strong dispersion feature below 1 kHz is mainly dominated by the dipolar and interfacial
polarization process explained by the Maxwell-Wagner-Sillars model and Koop’s phenomenological theory [59]. In addition,
the high value of (¢") sharply decreased and merged with the rise of the frequency until reaching a constant &, at high
frequencies where the electron/hole exchange remains unchanged. In fact, (¢") depends on the polarization and conduction
mechanism controlled by an energy barrier between adjacent grains [60]. Generally, the grain boundary plays a vital function

in relaxation and conductivity features at low frequency meanwhile the grains sharply take effect at high frequency. Similar
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behavior was observed for the dielectric loss factor (tan 8) spectra shown in the inset of Fig.7. In fact, the dielectric loss factor
decreased significantly in the overall measured frequency range without any sign of relaxation peak for all temperatures. This
proves the non-Debye relaxation behavior in the investigated material. Usually, the loss factor depends on the mobility of the
charge carriers that can be affected by both grain boundary and grain resistivity values at low and high frequencies,
respectively. According to Koop’s theory, it is evident to relate the behavior of the dielectric loss with the energy required to

exchange electrons between two Mn ions under the applied frequency [61].

8x10’ 1

6x10" 4

Tang(8)
2
n

4x10" 4

8"

2x107 1

o (rad.s’)

od 200K

M LA AR | M MR | M LA R | M ML AR |
10 10° 10* 10° 10°
o (rad.s”)

Fig.7: Frequency dependence of the imaginary part of the permittivity at different temperatures. Inset: variation of dielectric

loss (tand) versus frequency at different.

4- Conclusion

In summary, a detailed study of the structural characteristics, conduction mechanisms, and dielectric properties of the
Lao.7Sro.2Nao.1MnO3 manganite that is synthesized using a sol-gel process was systematically performed. The electrical and
dielectric investigations are effectuated over large frequency and temperature ranges using the impedance spectroscopy (IS)
technique. The XRD study has confirmed that the elaborated sample crystallizes in a rhombohedral distorted structure with a
R3c space group. With the application of the Size-Strain method, we have found that the elaborated structure exhibits a
crystallite size and lattice strain values of Dssp=24 nm and €ssp =2.2.10°3, respectively. From the evolution of the DC
electrical conductivity versus the temperature, we have found that the studied material exhibits a semiconductor nature that is
attributed to the contribution of the hopping conduction processes (VRH, and SPH). In the limit of the AC regime, our
investigation proves that the CBH model is appropriate to study the conduction phenomena in the elaborated compound. After
the application of the scaling laws, the obtained conductivity spectra confirm the validity of the time-temperature
superposition principle. The Summerfield scaling deviations are explained by the Coulomb interaction effect. It has also been
found the interfacial polarization process and Koop’s theory that is due to the presence of double layers effect into the
material mainly describes the high dielectric constant of the material. The high electrical conductivity and the elevated

dielectric constant make the studied manganite attractive for energy industry applications such as cathode materials.
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