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Abstract
Herein report, we aim to study the structural, dielectric, and magnetic properties for multifunctional perovskite materials
LaCo0.2Mn0.8O3 and La2CoMnO6 nanoparticles, which were synthesized by a modified sol–gel route. Citric acid was
processed as the chelating agent; gelation slurry formed by irradiation process which exposed to a total gamma radiation
dose of 25 kGy at a dose rate of ~1.2 Gy/h to obtain more stability and high purity multifunctional perovskite materials.
XRD notarizes the genesis of one pure phase orthorhombic perovskite structure. A full agreement between the particle sizes
was investigated by HRTEM and the XRD data was observed. Raman spectra result assigned to the antisymmetric stretching
mode and symmetric stretching mode of the (Co/Mn) O6 octahedra, which related to lattice distortions. The as-prepared
perovskite materials exhibit ferromagnetic nature with different values of magnetization. Electron Spin Resonance (ESR)
measurements are also carried out in the LCMO multifunctional nanoparticle systems, which suggests the occurrence of
Jahn–Teller glass analogous to the spin-glass behavior. The complex impedance displayed high impacts on the electrical
properties. The high value of dielectric constant for LCMO prepared nanoparticle systems may be used in electric tunable
devices.
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Graphical Abstract

Keywords Perovskite and double perovskite ● Modified sol–gel route by gamma radiation ● Magnetic properties ● Dielectric
properties

Highlights
● Novel modified sol-gel route by gamma radiation used to synthesis more stability and high purity multifunctional

perovskite materials (LaCo0.2Mn0.8O3, and La2CoMnO6).
● These multifunctional materials have orthorhombic structure lattices.
● LCMO multifunctional nanoparticle systems have a spin-glass behavior.
● The high value of dielectric constant for LCMO nanoparticle multifunctional materials is promising in electric tunable devices.

Abbreviations
DP (Double Perovskite)
LCMO (Lanthanum Cobalt Manganese oxide)
LNMO (Lanthanum Nickel Manganese oxide)
FM (Ferromagnetic)
TMs (transition metals)
DC conductivity (Direct Current conductivity)
FC (Field Cooling)
ZFC (Zero Field Cooling)
GP (Griffiths Phase)
TC (magnetic transition temperature or Curie

Temperature)

1 Introduction

Multifunctional materials with perovskite category struc-
tures possess expanded physical properties such as
dielectric, ferroelectric, ferro-/antiferromagnetic, and elec-
tronic/ionic conductions to use for the electric prospective
applications. Such types from these materials are used in
solar cells, electric tunable devices, biomolecular, and gas
sensing technologies, and spintronics and magneto-electric
devices [1].

In the AMO3 perovskite, A= rare-earth (where, A= La,
Nd, Sm, Gd, and Pr), M= transition metal ions (like, Mn,
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Co, Fe, etc.), while A2MM’O6 double perovskite (A= rare-
earth or alkaline earth ions; M and M’= 3d transition metal
ions) are a type of perovskites which have represented
noteworthy attention [2–6]. The characteristic property of
an ordered rock-salt is the arrangement of corner-sharing
MO6 and M′6 units in the crystal structure. As a result of
alternative composition in structure for double perovskite
materials, a vast diversity of physical properties in DPs
(Double Perovskite) is exhibited [7]. Strong conjunction
between the magnetic and dielectric properties in some
multifunctional double perovskite systems with the coha-
bitation of insulating and ferromagnetic properties has
acquired significant research interest. Lanthanum-based
perovskite-type oxides (such as LCMO (Lanthanum
Cobalt Manganese oxide), and LNMO (Lanthanum Nickel
Manganese oxide), etc.) are fascinating materials due to
having good optical, electrical, and magnetic properties.
The applications of these materials (e.g. gas sensors, cata-
lysts, thermoelectric material, electrode materials in solid
oxide fuel cells, etc.) lead to a wide range of interest in their
synthesis and structural analysis [8–10]. Double perovskite
La2CoMnO6 has received enormous research interest
because of its reasonably large magneto-capacitance and
magneto-resistance. Counting on the method of synthesis,
optimum performance, and effective properties of well-
defined microstructures are suitable [11]. The Spectroscopic
studies [12] on LaMnCoO3 compounds indicate that a
mixture of Mn3+ and Mn4+ is present in this series, and
therefore a double-exchange mechanism is required to
account for the ferromagnetism of these compounds. Nor-
mally, in a disordered double perovskite series, each of the
B-site cations is in the 3+ oxidation state. However, in the
ordered phase, the ferromagnetic behavior appears because
of the super interchange interaction between the cations
Co2+ and Mn4+ [13, 14]. Therefore, the debate subsists
around the electronic state of the transition metals (TMs) in
this family of compounds.

Numerous techniques have been advanced to focus on
the problem of perovskite purity; the most frequently used
of these is the sol–gel citrate (SGC) method. The com-
plexing agent used in SGC is citric acid. This method
prepares it possible to obtain a high surface area, but it has
the weakness of rather rapid sintering depending on the
temperature [15]. Nevertheless, our novel method presented
good advantages such as lower temperature compared to the
solid-state reactions, better homogeneity, improved reac-
tivity, and new compositions, and better control of stoi-
chiometry, particle size, and purity. Consequently, this
novel method has opened new directions for molecular
architecture in the synthesis of perovskites.

This paper aims to novel synthesized by using gamma
irradiation to obtain a gel product instead of heat treatment
for LCMO multifunctional materials. I am reporting in this

current article for the first time that, the synthesis of
LaCo0.2Mn0.8O3and La2CoMnO6 perovskite materials by
modified sol–gel route (citrate-gel method); Gelation step
was carried out by gamma radiation in the Cobalt-60 gamma
cell source (made in Russia) installed at the National Centre
for Radiation Research and Technology, Cairo, Egypt (dose
rate 1.2 Gy/h). This method of preparation is environmentally
friendly, low cost, high stability, and low toxicity over large-
scale commercial applications. I am also describing their
electric, dielectric, and magnetic properties to compare with
the difference between perovskite and double perovskite
materials in properties.

2 Experimental technique

2.1 Materials

LaCo0.2Mn0.8O3 and La2CoMnO6 nanoparticles were syn-
thesized by a modified sol–gel route (citrate-gel method)
from their nitrate precursors. Lanthanum Nitrate, Cobalt
Nitrate, Manganese (II) acetate tetrahydrate, Citric Acid acts
as fuel to speed the reaction, and Nitric Acid was taken up
from Alfa Aesar with purity (99.99%). Gelation by gamma
radiation was done in the Cobalt-60 gamma cell source
(made in Russia), nominated at the National Centre for
Radiation Research and Technology, Cairo, Egypt (dose
rate 1.33KGy/h).

2.2 Synthesis procedure

Appropriate quantities of these components were dissolved
in a minimum amount of water. This solution was mixed
with the citric acid solution in a 1:1 volume ratio. A small
quantity of nitric acid (1/5 the quantity of water) was also
added to convert the corresponding precursors into their
respective nitrates. The obtained solution was stirred at
70 °C and then the prepared solution was entered into the
gamma irradiation cell at 25 kGy until it reached a gel-like
consistency. The obtained gel was dried in an oven; the
temperature was raised slowly to 250 °C and preserved
overnight to produce a solid amorphous citrate precursor.
The obtained powder was crushed, sieved, and calcined at
900 °C in the air for 6 h.

2.3 Characterizations

2.3.1 Structural and morphology

X-ray diffraction (XRD) patterns were acquired by utilizing
XRD-6000 Shimadzu. X-ray diffractometer used CuKα
radiation (λ= 1.54059 Å) in the range 2θ between (4 and
90°). The TGA analysis was executed using a Shimadzu
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analyzer model TGA- 50 in the N2 atmosphere at a heating
rate of 10 °C/min up to 1000 °C. The morphological struc-
ture of the samples was deliberated using scanning electron
microscopy (SEM) model JEOL-JSM5400, with an accel-
eration voltage of 30 kV. High-resolution transmission
electron microscopy (HRTEM) images were acquired on a
JEM-2010 microscope (Jeol, Akishima, Japan) (with an
accelerating voltage of 200 kV and a resolution of 0.14 nm).
The images were examined and filtered using the Digital
Micrograph program (GATAN, Pleasanton, CA, USA). A
suspension of perovskite particles in ethanol was deposited
onto a copper grid support with an ultrasonic disperser.
Fourier transform infrared spectroscopy (FTIR), BRUKER
Vertex 70 optics layout, was used to depict the molecular
structure and chemical bonds of LaCo0.2Mn0.8O3 and
La2CoMnO6.

2.3.2 Vibrational and intrinsic dielectric measurements

Raman scattering spectra were taken between 4 and
1200 cm−1 at room temperature in a pseudo-back scattering
configuration. Jobin–Yvon model U1000 double mono-
chromator was utilized. The laser light source from a
Spectra-Physics 2020 argon-ion laser is 514.5 nm line
radiations. Each Raman scattering spectrum is the average
of 12 consecutive scans acquired at a spectral resolution of
2 cm−1. To realize the frequency stability and the accuracy
of the apparatus, the Raman spectrum of silicon was
recorded. Raman scattering spectra were recorded using a
low excitation power of 10 mW, to avert sample photo-
decomposition or denaturation.

The 2 point-probe method was utilized to measure DC
conductivity using a Keithley model 6517 A. The dielectric
characterization dependence on frequency was done using
an LCR meter (model 3532, HIOKI, Ueda, Nagano, Japan),
with a capacitance measurement ~0.0001 pF and in a fre-
quency region (50 Hz and 5MHz).

2.3.3 Magnetic and ESR spectra measurements

The Vibrating Sample Magnetometer device Lake Shore
7410 was employed to check the magnetic properties.
Magnetization hysteresis loop was collected at 300 K and
up to 20 kOe. Temperature sweeps were collected between
100 and 300 K. ESR signal was measured at room tem-
perature by an X-band EMX spectrometer (Bruker, Ger-
many) using a standard rectangular cavity of ER 4102 to
record the free radicals created in exciting material by the
magnetic field. The operating parameters applied during the
ESR experiment are microwave power (mW); modulation
amplitude (Gauss); modulation frequency (at 100 kHz);
sweep width (Gauss); microwave frequency (GHz); time
constant (ms); conversion time (ms) and sweep time (s).

3 Results and discussions

3.1 Structure and morphology studies

Room-temperature XRD measurements were executed over
a 2θ range of 10–90° using a Cu-Kα source, as demonstrated
in Fig. 1a for LaCo0.2Mn0.8O3 and La2CoMnO6 samples.
XRD patterns showed that the samples are quite crystalline
without having any impurity phases. In additional meaning,
have not extra reflection peaks than those of pure perovskite
phase are detected. The crystal structure approved by
La2CoMnO6 compound depends on cationic size, charge,
and the ionic radii of rare earth, transition metal, and oxygen
ratio, which are computed by tolerance factor [16]. With
Matching to the tolerance factor, components of the double
perovskite category have numerous structures, for instance:
(i) cubic for 1.05 > t/ > 1, (ii) tetragonal for 1.00 > t/ > 0.97,
and (iii) monoclinic/orthorhombic for t/ < 0.9. The two

Fig. 1 a XRD pattern for LaCo0.2Mn0.8O3 and La2CoMnO6 samples.
b The x–y date and print-screen from image “ Full-Prof program” for
La2CoMnO6 Double Perovskite sample
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prepared samples were indexed according to the orthor-
hombic structure lattice that belongs to the space group
Pbnm, in agreement with ICSD no. 00-072-1186 by using the
software “POWD MULT”. Figure 1b the x–y date and print-
screen from image “Full-Prof program” for La2CoMnO6

Double Perovskite sample. Also, we can calculate the
crystallite size (D) and the microstrain (ε) of the samples
using the Williamson-Hall (WH) analysis [17], in which
these parameters are calculated using the following relation:

βcos θ=λ ¼ k=Dþ 4ε sin θ=λ ð1Þ
where λ is the wavelength of incident radiation, k a
dimensionless shape factor which assumes a typical value
of ~0.9, and β the full width at half maximum (FWHM) of
the diffraction peaks. Figure 2 represents β cos θ/λ vs. sin θ/
λ plot for the checked samples. The amount of strain is given
by the slope of the straight line. While the crystallite size is
given by the intercept on the β cos θ/λ axis. Table 1 gives the
obtained crystallite sizes (D) and microstrain (ε) values. The
D values declare that the studied samples are nanometric.
The considerable straight lines in the WH plotting signalize
no dispersion in particle size and microstrain thus indicating
that the samples display homogeneous particle size distribu-
tions and microstrain [18].

The morphology of the surface and particle distributions
of the prepared samples was examined by SEM. The
obtained photographs can be found in Fig. 3. From which it
is obvious that the samples under study composed of mul-
tiple irregular flowers structure distributed in the less crys-
talline matrix. The photographs affirm that the particle
aggregation became bigger and uniformly distributed for
La2CoMnO6 sample. This signifies an increase in the
crystalline character, and that sample is highly dense which
confirms XRD results.

High-resolution TEM (HRTEM) can be used to
demonstrate different morphologies and properties of dif-
ferent perovskite particles [19, 20]. The HRTEM images
clearly showed orthorhombic phase with high crystallinity
in the case of LaCo0.2Mn0.8O3, while HRTEM La2CoMnO6

Fig. 2 The relation between β cos θ/λ and sin θ/λ for a LaCo0.2Mn0.8O3

and b La2CoMnO6 samples

Table 1 The values of particle size and strain for the as-prepared
samples

Sample Particle size(nm) Strain

LaCo0.2Mn0.8O3 26.3 3.8 × 10−3

La2CoMnO6 55.6 9.5 × 10−3

Fig. 3 SEM photographs of a LaCo0.2Mn0.8O3 and b La2CoMnO6

samples
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showed hexagonal distorted rhombohedral phases. The
phase purity of the as-prepared samples shows in Fig. 4; it
shows that the samples mainly consist of well-crystallized,
and no zones of amorphous phases were being found. The
particle size of LaCo0.2Mn0.8O3 is substantially smaller than
in the case of La2CoMnO6. A full agreement between the
particle sizes was investigated by HRTEM and the XRD
data was observed.

3.2 Thermal decomposition

Figure 5 shows TGA and DTG thermograms of the syn-
thesized LCMO nanoparticles. The figure illustrates that the
decomposition process in the temperature extent from R.T.
up to 1000 oC occurred in three weight loss regions. Thermal
analysis can be used to determine thermal stability and
decomposition prepared perovskite temperature. The opti-
mum calcination temperature for perovskite can be deter-
mined using thermal analysis (TGA and DTG) of the citrate
complex of (La, Co, and Mn) [19, 21, 22]. The TGA curve

shows a weight loss of ~13, and 10% for LaCo0.2Mn0.8O3,
and La2CoMnO6 respectively, which due to the release of
moisture absorbed in the sample. A Collapse (concurrent
large weight loss) of the citrate complex could be ~45%, and
28% for LaCo0.2Mn0.8O3, and La2CoMnO6 respectively,
which due to the reaction of nitrates metals with citric acid
has been occurred at a temperature of about 330 °C with a
smooth weight loss step and sharp exothermic peak.
La2CoMnO6 formation was achieved at ~590 °C through a
small weight loss step [21] ~17%, and 23% for
LaCo0.2Mn0.8O3, and La2CoMnO6 respectively. Otherwise,
there is no change in weight or enthalpy which occurs in the
perovskite samples at temperatures as high as 800 °C. Also,
the combustion is completed and no organic matter is pre-
sent in the perovskite samples. So, there is no hard evidence
phase transition occurs in the perovskite samples above
800 °C. Moreover, the completeness of nitrate → oxide
thermal conversion with the help of a thermobalance with
high resolution occurred up to 550 °C, which is performed in
a closed furnace that controls the temperature and often
allows inert gases N2.

Fig. 4 The HRTEM images of the as-prepared samples
a LaCo0.2Mn0.8O3, and b La2CoMnO6

Fig. 5 TGA and DTG thermograms of the as-prepared samples a
LaCo0.2Mn0.8O3, and b La2CoMnO6

Journal of Sol-Gel Science and Technology (2021) 98:238–251 243



Due to the depletion of citric acid in the perovskite
samples and the observed evolving gas (NO2+CO2) during
the second heat step. Thus, to explain both the apparent
thermal characteristic of the second process and the observed
emission of nitrogen dioxide, it is thought that the general
reaction following the production of LaCo0.2Mn0.8O3 occurs:

La3þ;Co2þ;Mn2þ
� �

NO�3� �
5�6�x Cit3�

� �
LaCoMnO3

þ 5� 6xð ÞNO2 þ 12xCo2 þ 5xH2Oþ 1� 11:5xð ÞO2

Note that from the above equation, there is no well-
developed molecular oxygen, the determined ratio of citric
acid/nitrate in the mixed compounds was 0.04, less than the
theoretical value (0.27) computed for stoichiometric.
Accordingly, the heat emission here is less than the
expected stoichiometric reaction and thus limits completion
of the direct reaction to perovskites materials.

3.3 Characteristics of bonding by FTIR

FTIR data for as-prepared samples are displayed in Fig. 6.
The phase composition and purity of the prepared samples
were described using the FTIR spectrum. We get the
characteristic bonding, its vibration, and intensity from the
amplitude of its absorbance. Normally, the main absorption
band of the metal oxide bonds in the perovskite is in the
range around 500–600 cm−1, which the internal motion of a
charge in Mn–O–Mn bond length in MnO6 octahedral [23].

In LaCo0.2Mn0.8O3, the concentrated absorption band
observed at 577 cm–1 can be appointed to Mn–O stretching
vibrations formed by the octahedral MnO6 group. In
La2CoMnO6, the band due to distorted stretching vibrations
of −CH2 groups can be observed at 2923 cm−1 [24]. The
absorption peaks around 1059 cm–1 stands for the presence
of carbonate [25]. The band 719 cm−1 is due to C−H
bending [26]. The bands around 589.5 are distinctive

metal–oxygen bond internal phonon modes of MnO6 octa-
hedral. The stretching mode is associated with the change of
Mn–O–Mn bond length and the bending mode incorporates
the change of Mn–O–Mn bond angle. The feature of the
stretching and bending modes at transmission spectra
demonstrates that the perovskite structure of LCMO has
been formed, which is convenient with the result of XRD.

3.4 Raman spectroscopy

To know the local structure of different micro-phases or
macro-phases presented in many manganites [26, 27], we
can use Raman Spectroscopy. Figure 7 shows the room-
temperature Raman spectra of as-prepared samples. It has
been found that the spectra are essentially dominated by two
broad peaks at 275.687 and 644.012 cm−1 for
LaCo0.2Mn0.8O3 sample, and 271.64 and 667.634 cm−1 for
La2CoMnO6 sample, which can be appointed to antisym-
metric stretching mode (or Jahn–Teller stretching mode,
Ag) and symmetric stretching mode (Bg) of the (Co/Mn) O6

octahedra, respectively, and are mightily related to lattice
distortions, as well as the magnetic properties [28].

Moreover, we mention that the intensity of 644.012 cm−1

mode is higher and sharper in LaCo0.2Mn0.8O3 sample than
the intensity of 667.634 cm−1 in La2CoMnO6 sample; this is
corresponding to X-ray data, where there is an increase in
strain and distortion in the lattice for La2CoMnO6. It is
appreciated that for the La2CoMnO6 compound, the lattice is
structurally distorted in two ways: the MnO6 and CoO6

octahedral present a strong Jahn–Teller cooperative defor-
mity due to Mn3+ and Co3+ ions, and the octahedral is tilted
to optimize the La–O bond lengths. The maintenance of
nonstoichiometric, including non-Jahn–Teller ions and
Jahn–Teller ions, which can resemble the cation, associated
defects, or oxygen, participated in the lattice distortions [29].

Fig. 6 FTIR spectra of LaCo0.2Mn0.8O3, and La2CoMnO6

as-prepared sample
Fig. 7 Raman spectra of as-prepared LCMO samples
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As declared overhead, the entity of oxygen vacancies
encouraged Mn3+ and Co3+ Jahn–Teller ions which increase
the lattice distortion performing in the broadening of the
Raman peaks and the decrease of peak intensity. The shift-
ing of the position of the peak in two samples may take
place, due to the surface strain of the crystal structure [30].
There are extra Raman modes at 852.403 cm−1 for
LaCo0.2Mn0.8O3 sample, and 876.422 cm−1 for the
La2CoMnO6 sample which may be due to some distortion in
the lattice or associated with stretching overtones. Table 2
shows the values of Peaks Position, FWHM, Height, and
Area.

3.5 Magnetic properties

Figure 8 illustrates the magnetization data of the prepared
nanoparticle samples at room temperature. The figure
depicts a clear hysteresis with low coercivity and saturation
magnetization at around 20 kOe. It is practically like a
paramagnetic. At the very low field, it displays negligible
loop like behavior, due to the spin exchanges. The moment
(emu/g) resembles the previously reported values [31, 32].
The evidence of the inherent phenomenon is based on the

careful analysis of the magnetism on the surface of the
nano-structured magnetic grains.

The alteration of magnetization with the temperature for
LCMO samples in the temperature extent 100–300 K at an
applied field of 5 kOe is demonstrated in Fig. 9. The figure
declares that the magnetization of field cooling (Fc)
decreases as temperature increases. The obtained transition
temperatures are shown in Table 3 for the as-prepared
samples. The figure shows a clear single ferromagnetic
(FM) transition temperature around TC ≈ 220 K° for
LaCo0.2Mn0.8O3 and TC ≈ 229 K° for La2CoMno6 samples.
These achieved results declare that the magnetic phase
transition temperature gradually broadens and shifts to
lower temperatures as the grain size decreases. This indi-
cates that the magnetic surface effect occurs in these grainy
samples. Initial studies reveal that coupling among mag-
netic ions at the surfaces is much lower than that in the
cores as a result of a massive number of hanging bonds and
non-coordinating of atoms existing at the surface [33, 34].

In the prepared La2CoMnO6 nanoparticle sample, the
distinctive magnetic transitions at different temperatures
were remarked by the presence of various magnetic
domains with different categories of exchange interactions,
like Co3+–O–Mn3+ and Co2+–O–Mn4+ super-exchanges.
In Co2+–O–Mn4+ super-exchanges in abundantly ordered,
are dependable for higher ferromagnetic ordering

Table 2 The values of peaks position, FWHM, height, and area for as-
prepared samples

Samples Peak position Height Area FWHM

LaCo0.2Mn0.8O3 275.687 12.4777 1816.29 136.747

644.012 17.4545 2540.73 136.747

852.403 20.2635 2949.62 136.747

La2CoMnO6 271.64 13.5149 2906.91 202.062

667.634 12.9849 3946.83 285.546

876.422 16.584 1149.58 65.1207

Fig. 8 The magnetization of the LCMO as-prepared samples at room
temperature

Fig. 9 The variation of magnetization with the temperature at the
applied magnetic field of 5000 Oe for the investigated samples

Table 3 The values of the magnetic transition temperature (Tc), the
Curie–Weiss constant (Cm), the effective magnetic moment (μeff), and
the molecular field constant (J)

Samples TC (K) Cm (emu/mole) μeff J

LaCo0.2Mn0.8O3 220 0.0096 0.2769 22916.7

La2CoMnO6 229 0.0146 0.3416 15684.9
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temperature (Tc ~229 K°) [35], while Co3+–O–Mn3+ super-
exchange interaction is responsible for the transition tem-
perature [36]. Therefore, the variation of oxidations states of
transition metal ions acts a vital role in their magnetic
properties. It suggests that due to the substitution, the
manifestation of the spin-glass state is suppressed. This fact
is beyond reinforced by the ESR (electron spin resonance
spectroscopy) will be studied.

Figure 10 shows the temperature reliance of magnetic
susceptibility data of LCMO samples in the region
(100–300 K). The decline was noticed in the 1/χ (T) curves
and is explained by Griffiths phase (GP) [37, 38], which
was initially recommended for randomly diluted Ising fer-
romagnets. This tendency of 1/χ (T) follows the general
features of a GP phase where inverse susceptibility deviates
from Curie–Weiss (CW) explanation at T→ Tc. The
Curie–Weiss law is specified by

χm ¼ Cm= T� θð Þ ð2Þ

with Cm being the Curie–Weiss constant and θ the
Curie–Weiss temperature.

For all samples, the positive value of θ= Tc confirms a
dominant FM interaction. The effective moment μeff is
linked to the Curie constant Cm by the equation Cm= (μeff)
2/2KB where KB is the Boltzman constant, hence it is
probable to acquire it for the studied samples (Table 3).

3.6 ESR spectra

The electron spin resonance method is used for studying
unpaired electrons or investigating oxygen-vacancy-related
defects in materials. In ESR, electron spins are excited, but
not the spins of atomic nuclei. Since the spin of the electron
interacts with the magnetic field and spin is not been zero.
Electron spin resonance (ESR) with frequency sweep and
field sweep modes was used to record the coplanar

waveguide broadband spectrometer. Thus, we can obtain
the spectroscopic splitting factor (g) to the material. ESR
lines involve a superposition of two resonance modes, i.e.,
ferromagnetic and paramagnetic. Figure 11 shows the ESR
spectra for LCMO nanoparticle samples. It has been found
that the ferromagnetic resonance line has been seen in a
smaller magnetic field. The ferromagnetic contribution may
have occurred from the clusters of ferromagnetic ions in the
samples. The larger linewidth is observed, due to the
smaller degree of exchange restricting that can be expressed
by Jahn–Teller ion behavior. Jahn–Teller of cobalt ions
(Co+3, Co+2) were irregular distribution in the sample,
becoming it hard to identify a pattern. In LaCo0.2Mn0.8O3

the g-factor values g‖ ~1.9047 and g┴ ~1.997, while in
La2CoMno6 only for this orbital 3d electron g‖ ~2.00. ESR
measurement will hint at the occurrence of Jahn–Teller
glass comparable to the spin-glass behavior in the LCMO
system, which has been ascribed as the semiconductor-to-
metal transition. The role of La magnetism in La2CoMno6 is
not noteworthy because of Co–Mn sublattice interacts
weakly with the rare earth in double perovskites [39].

3.7 Dielectric measurements

The dielectric constant was obtained using the equation:

ε ¼ C � d= ε0 � Að Þ ð3Þ
Where C is the capacitance, d is the thickness, ɛ0 is the

permittivity of free space and A is the cross-section area of
the pellet. Figure 12 shows the dielectric constant and loss
dependence on frequency for LCMO samples. The dielec-
tric constant decreases with increasing frequency, analogous
to many of the dielectric materials.

At low frequency, the dielectric constant has a very high
value because of the presence of numerous types of polar-
ization (i.e. ionic, dipolar or orientation, electronic and
space charge). While at high frequency the dielectric

Fig. 10 The relation between temperature and magnetic susceptibility
of LCMO samples in the region (100–300 K) Fig. 11 The ESR spectra for LCMO nanoparticle samples
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constant was described by the main features of the polar
dielectrics. The value of the dielectric constant will be small
and polarons cannot be able to pursue the electric field at a
higher frequency, which results in frequency-independent
polarization [40–44].

At low frequency, the value of the dielectric loss is high
because of the migration of ions in the material. But, at high-
frequency, ion vibrations perhaps the only source of dielectric
loss, and hence it has the minimum value. The distinctiveness
of low dielectric constant and dielectric loss with frequency
suggests that the samples possess reinforced optical quality
with lesser defects and this parameter is of indispensable
importance for various nonlinear optical materials and their
applications [45]. As well-known as dielectric loss intends the
extent of energy used by the applied field for the alignment of
dipoles. So, the grains are particularly conducting as com-
pared to the grain boundaries. In other words, at low-fre-
quency, only the passage of charge carriers to the grain
boundary produces a huge amount of energy loss.

According to Knoop’s theory [46], the structure is
implicated to consist of well-conducting grains separating
by poorly conducting grain boundaries. The bulk and grain

boundary assist in the total conductivity can be separated by
using impedance measurement.

The high dielectric constant and relaxation property in
LCMO prepared system was due to the local polarization from
Mn4+ and Co2+ and extrinsic Maxwell–Wagner (M–W)
polarization was advised to report for its irregular dielectric
behavior [47]. On the other hand, the existence of internal
boundary layers or external depletion layers creation at the
interface of the sample/electrode was due to the Schottky
barrier effect. For practical applications, the dielectric tunable
materials have an essential high dielectric constant. So, the
prepared LCMO nanoparticle system has gained a noteworthy
interest because of potential applications of this type of electric
tunable devices such as capacitors, phase shifters, microwave
communication devices, filters, and oscillators [48, 49].

The impedance measurement as a function of frequency
supplies the information about the real resistive part (Z′) and
imaginary or reactive part (Z″) of complex impedance. Fig-
ure 13 illustrates the variation of Z′ as a function of frequency
at R.T. This figure illustrates that the value of Z′ has a high
value at low frequency and decreasing with increasing fre-
quency. The obtained Z′ values of LaCo0.2Mn0.8O3 are
found to be much smaller than those of La2CoMnO6.

The complex electric modulus (M*) of the material is
used to study the bulk, grain boundary, electrode polariza-
tion, electrical conductivity, and relaxation process. The
other benefit of a complex electric modulus is to overcome
the electrode effect. Figure 14 shows that the plots of Z″ and
M// against frequency and displays a broad Debye peak. So,
the complex electric modulus M* can be deemed using the
following relation

M� ¼ M= þ jM==whereM= ¼ ϵ= ϵ=2 þ ϵ==2
� �

andM== ¼ ϵ=== ϵ=2 þ ϵ==2
� �

ð4Þ

Fig. 12 Frequency dependence on a The dielectric constant (ɛ2) and b
dielectric loss (ɛ1) for the investigated samples at room temperature

Fig. 13 The plot of imaginary electric modulus M// and impedance Z″
as a function of frequency
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The plot of imaginary electric modulus M// and impe-
dance Z″ as a function of frequency is useful to reveal the
effect of the smallest capacitance, the largest resistance and
to recognize whether a relaxation process is due to short or
long-range motion of charge carriers as proposed by Sin-
clair and West [50]. They reported that if the peaks in M//

and Z″ against frequency occurred at the same frequency,
the process is long-range and if the peaks occurred at dif-
ferent frequencies then the process is localized. In Fig. 13,
we observed that with the increment of the frequency, the
value of M// rises. Noticeably, we can be expected that at a
frequency above 1MHz the peak will shift to the right
(high-frequency region), which is representative of the
relaxation mechanism. The relaxation time is determined by
the relation t (M//)= 1/(2π f (M//)), where f (M//) is the
frequency at which M// (ω) is maximum. The obtained
values of t are 1.22 and 5.31 msec for LaCo0.2Mn0.8O3 and
La2CoMnO6, respectively.

The real (Z′) and imaginary (Z″) component of the
impedance are plotted as Nyquist or Cole–Cole plot. Hence,
various relaxing components such as grain, grain boundary,

interface (due to space charge), and the electrode effect are
explained by low-frequency, high-frequency, and
intermediate-frequency-independent semicircles occurring
sequentially. Each relaxing component displays a semicircle
whose radius represents the resistance of the individual
component. Figure 15 shows the Nyquist plot of LCMO
samples at R.T. This figure shows a single semicircle, which
occurs on account of a parallel combination of grain resis-
tance (Rg) and grain capacitance (Cg). The apparition of a
single semicircle means that the electrical process follows a
single relaxation mechanism [51]. An increase in the radius
of the semicircle is the representation of the increase in the
resistance of LaCo0.2Mn0.8O3 sample [52]. Figure 16 depicts
the relation between real and imaginary electric modulus M/

and M// for LaCo0.2Mn0.8O3 and La2CoMnO6 and equiva-
lent circuit. An identical circuit of a series combination of
resistances (R) and capacitances (C) is operated for an
individual arc. A vanishing of an ideal Debye type of
relaxation can be clarified by the CPE (constant phase
element) which can be connected to the parallel RC system
in the recommended circuit [53].

Fig. 14 Frequency dependence on real part (Z′) for: a LaCo0.2Mn0.8O3

and b La2CoMnO6 Fig. 15 The Nyquist plot of a LaCo0.2Mn0.8O3, and b La2CoMnO6-
samples at room temperature
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4 Conclusions

This study has reported the synthesis of LaCo0.2Mn0.8O3

perovskites, and La2CoMnO6 double perovskites by the
modified sol–gel route (citrate-gel method) with citric acid as
the combustion agent. We have outright a detailed analysis of
the action of cation nature in position B on the structural and
magnetic characterization of the double perovskite. FTIR
spectra and XRD patterns approved the perovskites phase
formation for the samples under investigation. The investi-
gated compounds are ferromagnetic and magnetic properties
are indirectly affected by the distortion degree of the lattice
and disorder on the B/B’ positions. Further, this article has
been studied the magnetic properties at low temperature from
liquid nitrogen temperature to room temperature. These
results suggest that these materials were orthorhombic
structure lattice that belongs to the space group Pbnm (62),
also there is a divergence between ZFC and FC in magne-
tization curves. Moreover, these materials have a high Tc
single magnetic transition with a strong ferromagnetic (FM)
super-exchange interaction between high-spin cations Co2+

and Mn4+. The potential applications of these multifunctional
materials were concluded conformist substances in solar
cells, electric tunable devices, biomolecular, and gas sensing
technologies. Long-range and Debye dielectric relaxation are
imputed by electric modulus. The complex impedance
spectra show the contribution of grains (bulk) only endorsed
by the classical Cole–Cole plot. Especially in this article, the
high dielectric tunability of these multifunctional materials
has depicted an extraordinary concern of electric devices in
these capacitors, phase shifters, microwave communication
devices, filters, and oscillators.
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