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Abstract: Alumina, commonly known as aluminum oxide, is frequently utilized in the manufacturing of superconducting materials
due to its great thermal stability and simplicity of processing. Depending on the precise chemical make-up of the substance, the
temperature at which an aluminum oxide superconductor turns superconductive can change. The focus of contemporary solid-state
physics and chemistry is on creating materials with cutting-edge functionality. The pursuit of an ambient temperature
superconductor (A-SC) is one of the oldest and most intriguing high-end goals, attracting research efforts from all over the world.
Here, we describe the development of a modeling equation for the band gap values caused by UV-Vis electromagnetic radiation for
aluminum oxide, an ideal room-temperature superconducting material, to be y = 0.0002x? - 0.124x + 22.73 (R>=1). This method
explains the discrepancies in the band gap values of 12.40, 6.20, and 4.13eV at 100, 200, and 300 nm as a function of wavelength
and temperature in terms of UV spectrum irradiation. Eventually, the modeling equation highlights the theoretical foundation of

the basic idea of low temperature (ambient) superconductor energy gaps for potential technical applications.
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1.0 INTRODUCTION

Heike Kammerlingh Onnes, a Dutch physicist, made the
initial discovery of superconductors in 1911. Onnes was able
to effectively liquefy helium by studying ultra-cold
refrigerators [1]. On that particular day, he only succeeded in
producing a few quantities of liquified helium, but this
marked the beginning of his new investigation. He was able
to use liquid helium to cool other materials down to absolute
zero (0 Kelvin) [1]. In 1911, Onnes began looking into the
electronic nature of metal at extremely low temperatures. It
has long been understood that metal's resistance decreases
when cooled below room temperature, but it was unclear what
limiting value the resistance would reach if the temperature
was dropped to a point extremely close to absolute zero due
to the dissipation of the wire's resistance [2]. This suggested
that electrical resistance would gradually decrease, making
for  better electrical conductors. The topic of
superconductivity in physics has been interesting and difficult
for about 75 years, with scholars working on its development
for years. However, due to the low-temperature requirements
of cryogenic superconductors, it has only recently gained
popularity. Superconductivity is now being applied in many
fields, including electronics, medicine, theoretical and
experimental science, the military, transportation, and power
generation [3]. Due to the discovery of high-temperature
superconductors that can function at liquid nitrogen

temperatures  (77k), superconductivity is now well-
recognized and accessible to most academics. As one of the
frontiers of scientific research, any conductive materials that
do not inhibit the conduction of electricity present unique and
exciting opportunities for researchers to explore and
experiment in this new and important field of physics. In
addition to the fact that the limitations of superconductivity
have not yet been reached, theories explaining its behavior
appear to be constantly evolving [4.5]. Superconductors only
begin to conduct electricity below a certain transition
temperature, or Tc, which is typically just a few degrees above
absolute zero. Electric current has been observed to flow for
years without a potential difference in a ringed
superconducting material with no discernible reduction. An
"energy gap," also known as a "band gap," defines the energy
range within a solid without an electronic state, such as
insulators and semiconductors. The energy variance between
the highest point around the valence boundary and that of the
conduction segment is termed the band gap or energy gap. In
superconductors, the band gap relates to the amount of power
required to split a cooper pair of electrons and disrupt the
superconducting state [6]. The band, or energy gap, is known
to vary with temperature [7] and pressure [8] due to thermal
expansion.
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Figure 1. The valence and conduction bands of insulators, metals, and semiconductors. The Fermi level is the name given to the

highest energy occupied electron orbital at absolute zero.

The trio of John Bardeen, Leon Cooper, and Robert Schrieffer
effectively modeled the characteristics of type-1
superconductors in what is known as the BCS theory [9].
However, a core theoretical factor of their principle relates
with the translation of electron pairs with fermi level to that
of cooper pairs via collision against the crystal lattice. A tiny
attraction between the electrons caused by lattice vibration is
what leads to the pairing. This lattice's connection is known
as a "phonon" [10]. The behavior of an interaction pair of
electrons might differ significantly from that of a single
electron, which is a fermion and is subject to the exclusion
principle of Pauli [11]. More like a boson, which can

condense to similar energy levels, the pair of electrons behave
in this way as the electron pair's lower energy and energy gap
above them, which is on the order of 0.001 eV, prevent the
kind of collision contact that results in typical resistivity [12].
According to the behavior of superconductors, pairs of an
electron are coupling through vast distances in nanometers,
which is orders of magnitude greater than the cooper pair
spacing in the lattice. These linked electrons are capable of
condensation back to their ground state and acquiring the
properties of a boson. Cooper pairs are formed when two
electronic particles exchange phonons, which produces
attractive interactions between them [13].

Phonon interaction
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X 100nm
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Figure 2: Cooper paﬁ

One option for mid-index coating materials is aluminum
oxide (alumina, Al;O3), which is commonly used in the
wavelength range between 7000 and 200 nm [4].
Additionally, because typical high-index oxide materials like
titania, niobia, hafnia, tantala, and the like exhibit strong
absorption in the Vacuum Ultraviolet/Deep Ultraviolet
(VUV/DUV) spectral regions and are therefore unsuitable for
interference coating design purposes, alumina emerges as an

pacing

intriguing candidate for applications as a high index oxide
VUV/DUV material [15]. This is especially important for
applications involving lithography at 193 nm [16].

Due to its hardness, superior electrical insulation, useful
optical properties, high surface area, and catalytic surface
activity, aluminum oxide (Al;Os3) is an industrial material of
great interest, both for fundamental investigations and
applications [17, 18]. Al;Os single crystals, both pure and
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doped, are well known for being superior materials for optics,
optoelectronics, and laser applications [19]. With optical
transmission across the UV to IR spectrums, pure Al,O3 is a
tough material. Alumina films are applicable in multilayers
with silicon dioxide (n = 1.48) for ultraviolet laser uses due to
their low absorption below wavelengths of 300 nm [20]. Low-
temperature substrates are suitable for the deposition of
adherent coatings.

The optical absorption spectra are engaged in the
determination of the optical transition, optical band gap, and
band structure of crystalline and non-crystalline materials.
The investigation of optically induced electronic transitions in
many materials caused by the interaction of electromagnetic
waves with valence electrons and raising them across the
energy gap to the conduction band is commonly done by
measuring the optical absorption coefficient close to the
fundamental absorption edge [21]. Aluminum oxide is a wide-
gap insulating material with a range of important
technological applications, including in electronics, optics,
and catalysis. The energy gap of a material is a measure of its
ability to conduct electricity and is an important parameter in
determining its electronic and optical properties. In this study,
we present a modeled method for estimating the energy gap
of Al;O; under the ultraviolet-visible (UV-VIS)
electromagnetic spectrum within 100-300 nm range at
ambient temperature using a mathematical model to forecast

3.0 RESULTS AND DISCUSSION

its energy gap.

2.0 METHODOLOGY

The electrons are absorbing energy at a certain wavelength, as
indicated by the UV/VIS spectroscopy absorption peak. When
an electron absorbs energy, it transitions from its ground state
to an excited state. The fact that electrons transit from their
ground to their excited state indicates that a band gap exists in
the material, which may be determined by the wavelength of
absorption [22].

Energy Equation of Quantum Mechanics:
Energy (E) = Planks Censtant (h) * Speed of Light (C) / Wavelength (X)

Where, Energy (E) = Band gap,

Planks constant (h) = 6.626x10% Joules sec,
Velocity of Light (C) = 2.99x10® meter/sec and
Wavelength (1) = Absorption peak value.

Where 1eV = 1.6x10° Joules (Conversion factor).

Using a UV-Vis spectrophotometer and predictively an
aluminum powder with a purity of 99.99% and a defined
particle size in standard solution, the absorption wavelengths
of 100, 200, and 300 nm were the inputs for determining the
UV spectroscopy band gap using the equation above. [23]

Table 1. The UV spectroscopy energy gap profile of Aluminum oxide

Absorption wavelength | Energy gap (eV)

Modeled equation —1 Regression coefficient

= energy gap 2
(nm) )r;: absorption wavelength (R
; —
100 12.40 y =0.0002x? - 0.124x + 22.73 1
200 6.20
300 4.13

L./
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Figure 3. The plot of energy gap (Band Gap) of aluminum oxide at specified UV wavelength
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Figure 4. Band gap of Aluminum oxide

In general, the solution's concentration is directly correlated
with how much light the material absorbs when the substance
is present in the liquid. If the sample is solid, it must first be
dissolved in a transparent solvent to be measured. The
absorption peak in the UV-VIS spectrum suggests that the
electrons are absorbing energy at a particular wavelength. The
fact that electrons migrate from their ground to their excited
state indicates that a band gap exists in the material, which
may be determined by the wavelength of absorption.

Since the optical energy gap of the suitable sample's
electronic structure was studied using the UV-VIS spectrum,
the electronic changes inside the sample (aluminum oxide)
caused absorption in the near UV range [24]. The UV-visible
spectra of aluminum oxide nanoparticles displayed a band that

was pushed towards the lower wavelength side, according to
Nguyen et al. (2017) and Ghelani et al. (2022) [25],[26]. This
tilt is related to the AI203 particles' regular organization,
which was highly measurable in the synthesis. For alumina
nanoparticles, Prashanth et al. (2015) discovered a
comparable absorption band with an energy band of 5.25eV
[27].

Thus, according to the quadratic model of

(y = 0.0002x? - 0.124x + 22.73), the energy gap of Al.O;
technically spans between the wavelengths of 200 and 300 nm
beneath the UV-Visible electromagnetic spectrum. A variety
of complicated material properties may now be modeled from
the ground up because of improvements in electronic structure
approaches, software, and computational power. The study of
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conventional superconductivity in particular has advanced
significantly from generating hazy predictions about the
critical temperature (Tc) to investigating pairing mechanisms
and closing superconducting energy gaps.

Although it is still difficult to accurately anticipate
superconducting qualities from scratch, most studies still rely
on the semi-empirical McMillan or Allen-Dynes formulas to
determine the critical temperature. The invention of the many-
body Eliashberg theory, a generalization of the Bardeen-
Cooper-Schrieffer microscopic theory of superconductivity,
is largely responsible for the progress attained in the
characterization of the superconducting state in materials with
conventional pairing.

The frequency-dependent superconducting band gap is
directly accessible using this cutting-edge theoretical
approach, which is linked to Green's function formalism and
provides a solution to a set of coupled diagrammatic equations
for both electronic and phononic propagators. The method has
been very helpful for resolving anisotropic Eliashberg
equations, or equations that depend on band and crystal
momentum. It has been utilized to examine the two-gap
structure in MgB; and other fascinating superconductors since
it can naturally resolve numerous gaps in the FS. Only with
highly dense electron and phonon meshes to correctly sample
the electron-phonon (e-ph) scattering processes close to the
FS is the precise anisotropic description possible. To solve
this computing problem, a first-principles interpolation
method based on Wannier functions was developed. Utilizing
the spatial allowance with an electronic-photon matrix system
in the Wannier basis, the technique enables effective
interpolation of those elements from a given uniform coarse
grid to a desired arbitrarily dense Brillouin zone (BZ) grid at
a significantly lower computational cost. It has also been
suggested that a numerical method based on symmetric
Helmholtz Fermi-surface harmonics (HFSH) is a reliable
method for handling the anisotropy of the e-ph interaction in
the Eliashberg equations.

The core concept is to substitute cheap sums over a few HFSH
coefficients for BZ integrals in the k space. Even though these
developments have made it possible to accurately represent
the e-ph anisotropy from the ground up, the Coulomb
correlation effects in the Eliashberg equations are still
primarily handled by a single empirical parameter that only
affects the region around the fermi's level. The pattern of the
superconducting state in various classes of materials will be
revealed by a description of the electron-electron (e-e) and
electron-photon (e-ph) interactions on an equal footing.

In figure 4, where the absorption coefficient corresponding to
the absorption edge (nm), hy is the photon energy, and is the
constant proportionality, according to Bharthasaradhi and
Nehru (2016), multiple reasons for this model are shown. The
degree of the optical absorption margin is extrapolated using
the plot of (ahy) 2 versus photon energy for direct permitted
transition in the intercept at a D 0. The optical energy gap is
thus calculated with the extrapolation of the linear component
from Figure 6, which depicts the fluctuation of (ahn) 2 vs hn
in the fundamental absorption region. Therefore, it is assumed

that 5.67 eV represents the band gap [31].

4.0 CONCLUSION

Superconductors have a wide range of important applications
in a variety of industries, including solar energy conversion
(photoelectrochemical and photovoltaic  solar  cells,
photocatalysis, and electrocatalysis), microelectronics (high-
k, high-band-gap materials, resistive random access memory
(ReRAM)), relative anticorrosive coatings, band or energy
gap modeling of simple and complex oxides, and more. The
prediction of band gap values of materials, even for the most
advanced quantum mechanical approaches based on density
functional theory, remains a difficult task despite the notable
advances in computing a range of solid-state properties of
various materials (DFT).

Therefore, to simulate the energy band for the manufactured
alumina particles, the UV-irradiation approach is first and
foremost regarded as an environmentally benign method with
significant UV absorbance and perceived to be a reliable
pathway.

Hence, we have presented a modeled method for estimating
the energy gap of Al,Os under the UV-VIS electromagnetic
spectrum at definite adsorption wavelengths. Our results
demonstrate the accuracy and reliability of this method, which
can be used to characterize the electronic and optical
properties of AlOz and other materials. Further studies are
needed to investigate the effect of different parameters, such
as temperature and pressure, on the energy gap of Al,Ozand
other materials.
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