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Annealed Ndo7CapsMnOs; samples (untreated, 700°C, 800°C and 900°C) were
investigated by solid state reaction method. Studies happened into the variations
in the optical parameters of NCMO samples were calculated from measurements
of reflectance obtained with a spectrophotometer. Studies occurred on the
associations between photon energy and absorption coefficient. The study showed
that the optical transition is indirectly transition. The highest energy gap for as
prepared NCMO is about 4.2 eV which makes the compound used as a absorber
of the solar system applications.

Introduction

Research on rare earth manganite and perovskites with the
overall formula A1.xBxMnOs, where B is an alkaline earth
divalent ion, such as Ca*2, Sr*2, or Ba*?, and A is a trivalent
rare earth ion like La*3, Nd*3, Pr*3, etc., have been the subject
of intense material science research recently because of their
many technological uses [, In these materials, magnetic
and electronic phases can coexist or be in competition. One
of the interesting characteristics of manganite is seen in the
charge ordering (CO) phase. It is an insulating phase that is
unstable to various perturbations, such as electric, magnetic,
and pressure fields. It has been shown ¥ that, even at the
Nano scale, it is unstable. Present manganite research focuses
on how these materials' physical properties are affected by
particle size reduction [ %1, Because surface disorder has an
impact, particles with smaller grains have more varied
magnetic and electrical characteristics. Publicly available
studies on nano-manganite’s provide fascinating results on
the size decrease in these systems. In addition to the d-d
interactions of manganese ions, the f-d and f-f interactions of
rare-earth ions also influence the magnetic characteristics of
another rare-earth manganite. At low temperatures, their
contribution to the magnetic state is comparable to that of a
manganese B-sublattice.

The remarkably unique magnetic characteristics of the Nd.
xCaxMnQj3 family set it apart from other low-doped rare-earth
manganite at low temperatures ™. The interactions between
the magnetically active Nd- and Mn- sublattices in this
system show notable irregularities in the magnetization
behavior. Analysis of the magnetic characteristics of the Nd-
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xCaxMnQj3 system can provide quick insights into the process
of the antiferromagnet-ferromagnet phase transition in low-
temperature and Nd-Mn magnetic coupling because of the
significant fluctuations in the hole-doping level. Both charge
ordering (CO) and orbital ordering (OO) are present in some
manganite. Both a jump in resistivity and a structural phase
change are expected on charge ordering. In fact, there have
been a few investigations on charge ordering and field-
induced structural phase transitions.

The octahedral network buckles when doped with the smaller
rare earth ion Nd*3, which results in a larger displacement of
the crystal structure. This modifies bond angles and lengths,
which affects double exchange (DE) interaction and electron
hopping. The published papers on nano manganite’s show
the exciting implications of the size decrease in these
systems, but many of the results are contradictory. We
studied the Ndo.7Cao3sMnO3 nano-manganite in order to better
understand the effects of annealing temperature and
reduction size on the optical characteristics and dielectrics of
manganates.

Materials and methods

As previously reported 2, (Ndo7Cao3sMnQO3s) composites
were produced through the traditional solid-state reaction
technique. The optical properties were measured using a
Jasco V-570 twin beam UV-visible-NIR spectrometer, which
has a wavelength range of 400 to 2500 nm at normal
incidence with a photometric accuracy of 0.31%
transmittance and 0.0021-0.0042 absorbance [3. The
dielectric properties were examined using Hioki 1M3536
type LCR meters [,
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Results & discussion

Structural properties

All of the annealed samples, as reported in Ref. !4, exhibit a
single orthorhombic crystal structure phase that belongs to
the Pbnm space group in Ndo7Cap3sMnOs and are free of any
impurity peaks, based on the X-ray and Rietveld refinement
techniques. The as-prepared NCMO has a smooth surface,
more grain agglomerates when the annealing temperature
rises, and more of them collide with one another, according
to SEM images. Grain size and crystallites show a tendency
to grow as the annealing temperature rises.

Investigation of the optical properties

The optical characteristics of the synthesized Nano
composite in the UV and visible regions of the
electromagnetic spectrum are examined using an ultraviolet-
visible spectrophotometer. By employing the Kubelka-Munk
function model, the bandgap is measured 231,
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F(R) is the Kubelka-Munk function, where F(R) = ahv, o is
absorbance coefficient and R is Reflectance value.
ahv = A(hv — E) " (2)
where the indirect and the direct and indirect transitions
provided by n=2 and n=1/2, respectively. Using the Tauc plot
of linear extrapolation between [F(R)hv]/? and hv, the
indirect bandgap value is computed. The following relations
were also used to compute the optical dielectric constant's
real (g&) and imaginary (&) components, the refractive index
(n), the extinction coefficient (k), the dissipation factor

(tand), and the optical conductivity (oey) at various
wavelengths (1)124],
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In space, light travels at the speed of c. The amount that light
travels through a substance at a slower speed than in vacuum
is determined by its refractive index, or n. The refractive
index dependency on wavelength at various annealing
temperatures and green states is shown in Fig. 1. The
refractive index values of the various samples at a
wavelength of 650 nmare 1.17, 1.17, 1.17, 1.18, and 1.17 for
the unheated, 700, 800, and 900 annealed samples of
Ndo.7Cao.3MnQs, respectively. where there was a little change
in refractive after it originally increased. Variations in
material densities, surface defects, anisotropy, etc. could all
be contributing factors to the refractive index shift between
samples.
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Fig. 1 shows the refractive index's fluctuation with wavelength

Figure 2 shows the relationship between hv and (ahv)*/2.
The value of the indirect optical band gaps, or E,, is
obtained by projecting the linear part of the curve onto the
energy axis and finding the intercept in this connection. The
obtained E, values for (Unheated, 700, 800, 900) K are
(4.219, 3.883, 3.929, 4.128 eV). The energy band gap in the
green sample is highest at Ta = 700 K, lowest at Ta, = 800
K, then increases once more at Tan = 900 K. With higher
annealing temperatures, there is a decrease in optical band
gaps, which could be associated with a higher likelihood of
poor crystallinity Ndo7CagsMnQO3z formation and therefore
more defects in the samples. Furthermore, the optical band
gaps grow as the annealing temperature rises, possibly due to
the temperature's effect on the pinholes, which decreases as
the temperature rises. These samples are a potential option
for use as absorbers in solar cell system applications due to
their E; values.
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Fig. 2 Schematics of (F(R)hv)'/4 vs hv

Nd, ,Cap3Mn0O3 and annealed samples.

for as prepared

The dielectric constant not only indicated the value of any
fixed ionic charges in the lattice but also the degree to which
an object's electric field is attenuated in comparison to
vacuum. Fig. 3 shows how the dissipation factor and real and
imaginary components of the dielectric constant vary with
wavelength for all samples.

The true dielectric constant values for unheated, 700, 800,
and 900°C are 1.33, 1.32, 1.33, and 1.36, respectively, as can
be seen in Figure 3 at a wavelength of 500 nm. The real
component of the dielectric constant increases exponentially
for all samples at low wavelengths until it reaches (A=650
nm), at which point it fluctuates. For (Unheated, 700, 800,
and 900°C, the real part of the dielectric constant values is
1.38, 1.37, 1.38, and 1.41, respectively. The true part's value
grows with temperature, and this is influenced by the
annealing temperatures. Conversely, the dissipation factor
and imaginary part values rise linearly after initially
decreasing to (A=390 nm). It has values at (A=390 nm) equal
to (1.03x10¢, 1.05x106, 1.01x10°®, 9.46x10%) for unheated,
700, 800, 900°C respectively, and the annealing temperature
promote the value of the imaginary part except at (Tan =
900°C). Higher dielectric constants indicated improved
screen-charge screening abilities, which may result from
ionic or electronic contribution [%1. Moreover, a high
dielectric constant reduces the potential barrier and spatial
extent of a charged defect, which lessens the propensity for
free carriers to scatter (2],
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Fig. 3 The real and imaginary parts of the dielectric constant
as well as tan(d) dependency for the samples on wavelength.

When examining the electronic states of materials, optical
conductivity is a crucial property 11, The variation in optical
conductivity with wavelength is displayed in Fig. 4. After a
first decline in optical conductivity, the steady state is
reached at (6=1.47x108), or A=550 nm. However, a change
in the annealing temperature has no effect on the optical
conductivity. The samples’ decreased conductivity as
wavelength increases suggests a decrease in the mobility
and/or concentration of the free carriers 1€l
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Conclusion:

Optical and dielectric properties of as prepared and annealed
NCMO were studied. The samples impedance exhibited
characteristics of a capacitor's dielectric material. The AC
conductivity tends to be semimetal with increasing the
annealing temperatures. The somewhat high values of Eg
results make these sample a candidate to be used as an
absorber in the solar cell system applications. The peculiarity
happening in some results of the sample annealed at 800°C
makes it used in many applications in the dielectric and
optical field
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