Advanced Journal of Chemistry-Section A, 2020, 3(4), 542-550 &

Available online at : www.ajchem-a.com
ISSN Online: 2645-5676

DOI: 10.33945/SAMI/AJCA.2020.4.15

Original Research Article

Electronics Structure and Optical Properties of Ag:BiO3,
(Agz)o.8sFeo.12Bi03: A First Principle Approach Chegk for

updates

Unesco Chakma? "=, Ajoy Kumer? * “*/, Kamal Bikash Chakma?, Md. Tawhidul Islam? "=', Debashis
Howlader2

a Department of Electrical and Electronic Engineering, European University of Bangladesh, Gabtoli, Dhaka-1216,
Bangladesh
b Department of Chemistry, European University of Bangladesh, Gabtoli, Dhaka-1216, Bangladesh

ARTICLE INFO ABSTRACT

Received: 29 December 2019 Electronic band structures, the total density of state, partial density of
Revised: 12 January 2020 state and optical properties were investigated using first principle
Accepted: 23 January 2020 method for Ag:BiOs via Generalized Gradient Approximation (GGA)
Available online: 03 February 2020 based on the Perdew-Burke-Ernzerhof (PBEO). The band gap was found

to be 0.490 eV which is supported for good semiconductor. The density

of state and partial density of state were simulated for evaluating the
KEYWORDS nature of 5s, 4d for Ag, 6s, 4f, 5d, 6p for Bi and 2s, 2p for oxygen atom for
Ag2BiOs orbital travelling from the maximum valance band to minimum
conduction band to explain the transition of electron due to
hybridization. The optical properties including, absorption, reflection,
refractive index, conductivity, dielectric function and loss function were
calculated which can account for the superior absorption of the visible
light. The key point of this research study was to determine the activity
on electronics structure and optical properties for Fe doped by 12%.
Regarding the band gap and optical properties, Ag2Bio.ssFeo.1203 can give
more conductivity compared with that than of the Ag2Bi0O3, showing as a
superconductor.

Electronic structure
Band gap

Density of states
Optical properties

GRAPHICAL ABSTRACT

Structure for AgzBiO3 Structure for AgzBio.ssFeo.1203

* Corresponding author's E-mail address: kumarajoy.cu@gmail.com


mailto:kumarajoy.cu@gmail.com
http://www.ajchem-a.com/
http://www.ajchem-a.com/
https://www.orcid.org/0000-0003-1711-7216
https://www.orcid.org/0000-0001-5136-6166
https://www.orcid.org/0000-0002-5024-5781
https://www.orcid.org/0000-0003-4149-971X
https://crossmark.crossref.org/dialog/?doi=10.33945/SAMI/AJCA.2020.4.15

U. Chakma et al.

543

Introduction

A common semiconductor is a compound
or a solid chemical element which substances
face some barrier to the flow of electricity, i.e.
their properties are almost like conductive or
conducting materials [1,2]. Due to the
semiconductor technology, over the last 60
years, continuous progress of compounds of
group IV, II, VI, and III, V has been made of
metals or crystals [3,4]. The electronic
structure and optical properties of
semiconductors are very important to be
evaluated their nature for applications
because most of the electronic devices
composed by regarding
electronic structure and optical properties, in
semiconductor diode, transistor, and light
emitting diodes. Moreover, semiconductors
are used to make computers, laptops, and
solar cells. Silicon, germanium, and gallium
arsenide are used for making semiconductors
in initiated time [5,6]. From the arrangement
of electrons rotating in different cell paths
around the nucleus of a substance's atoms, it
is seen that a maximum of eight electrons in
cell of atom may be in one orbit. Balance
electrons are the electronic components of the
cells outside the atom. The outermost cell of
an atom can have a maximum of eight
electrons, that is, the maximum number of
balance electrons is eight. According to the
theory of electrons, the nucleus of the nucleus
is more or less the number of free or balance

semiconductor

electrons located in the farthest cell of the
atom. In the case of the transducer, the
attraction force of the nucleus is very low, the
high, and if the
semiconductor is between the attractive
conductive and non-conductive [7]. This
prevents the electrons of the semiconductor
material from being transferred from one

absorption is too

atom to another. Germanium silicon, carbon,
selenium, and acid mixed water are most
commonly used as semiconductors while
germanium, silicon, semiconductor atomic

structure is a crystalline shape [8]. Besides
bismuth, iron, and
strontium are widely used as semiconductor

germanium, silicon,

materials in present time in different
advanced electronic device due to their good
conductivity [9]. Moreover, the crystal of
germanium, silicon, bismuth, iron, stronsium
and antimony oxide have been established as
semiconductor due to their thermal capacity
and the forbidden energy gap remains high
despite its outer cell having the same balance
electrons [10]. Its current conductivity works
much higher and at higher temperatures than
other semiconductor. Due to these
specifications, electronics
requirements of Ag;BiO3 are high.

However, experimentally, Ag;BiO; was
shown to be diamagnetic and semiconducting
[11,12]. To pathe up the inconsistencies
concerning the valence state of bismuth in

semiconductor

Ag,BiO3 they undertook a reinvestigation
employing temperature dependent single
crystal X-ray diffraction, and neutron powder
diffraction, and corroborated the structural
findings by measuring the physical properties
such as thermal conductivity, magnetism and
non-linear optic. Charge ordering is indeed
induced by the crystal inversion twin in the
Pnn2 phase compared with the Pnna phase. At
low temperature phase Pnn, the charge
ordering is similar to that of the Pnn2 phase;
however, it is more distorted in Pn phase. In
addition, the calculation indicated that, the
charge ordering is caused in the 6s electron
rearrangement [11]. The electronic structure
calculations were performed using both the
full potential linearized augmented plane
wave (FP-LAPW) and the ultrosoft
pseudopotential  plane method,
respectively. Within the earlier process, no

wave

shape rough calculation is used either for the
potential or for the electronic charge density
while in the second way, the tightly held core
electrons are in the same state as the free
atoms, with the pseudopotential in place of
the interaction between valence electrons and
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atomic cores via a nonlocal potential. We
make use of the WIEN2K and CASTEP
program package within the generalized
gradient approximation of Perdew-Burke-
Ernzerhof 96 for the exchange-correlation
energy.

Experimental
Computational methods

To calculate the band structure, total density
of state and partial density of state, using
method of GGA with PBEQO was optimized of
CASTEP code from material studio [13]. In this
condition, the band structure and density of
state were calculated using the cut off at 520 eV,
and k point at 2x2x3 with non-conserving
pseudopotentials. Then the optical properties
were similar way simulated for calculation of
refractive index, reflectivity, absorption,
conductivity, and loss function. In additionally,
the geometric optimization was achieved and
the convergence criterion for the force between
atoms was 3x10-6 eV/°A, the maximum
displacementwas 1x10-3A°, and the total energy
and the maximal stress were 1x10-5> eV/atom
and 5x10-2 GPa, respectively.

Result and discussion
Optimized structure

The lattice parameters value are a=6.124 A,
b=6.359 A, ¢=9.788 A and angels between them
as @=90.000° A°, $=91.764 A°, y=90.000 A°. The

Figure 1a. Structure for Ag;BiO3;

monoclinic AgSbO; crystal and the space group
is Hermanna Mauguin Pc [14], monoclinic
crystal system, point group m, hall p2yc, and
density of 8.24 g/cms3 are shown in Figure 1a,
and the Fe doped optimized structure is
accounted in Figure 1a and 1b.

Electronic structure

To determine the electronic band structure
of the Ag;Bi0z and Ag:BiogsFeo1203, the Fermi
energy level was set as zero. From the Figure 2a
and 2b, it was found that the minimum of
conduction bands (MCB) were obtained in the Y
symmetry point whereas the maximum of
valance bands (MVB) were linked also in Y
symmetry points. As the both of MCB and MVB
are at point Y symmetry, it is called direct band
gap and it is calculated by 0.490 eV. As seen in
Figure 2a and 2b, both of the upper and lower
parts of the conduction band are well dispersive
in the near G, Y and A symmetry points than X
and D symmetry point. On the other hand, the
upper level of the valance band near the Y
symmetry point is equally dispersive; however,
the lower part is not dispersive. In general, a
lower carrier effective mass corresponds to a
higher carrier mobility. On the other hand, after
Fe doping in Ag;BiO; demonstrates different
band structure while the minimum of
conduction bands (MCB) were obtained in the Q
symmetry point and the maximum of valance
bands (MVB) were linked also in Q symmetry
points. At the Q symmetry point, the direct band
gap was found to be 0.02 eV.

Figure 1b. Structure for Ag;BiossFe.1203
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Undoped Energy (eV)
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Figure 2a. Electronic structure for undoped

Density of state and partial density of state

The density of state indicates the nature
of electronic band structures and splitting of
orbital. The density of total states (DOS) of
Ag, Bi, Fe and O; elements for Ag;BiO3, and
AgyBiogsFeo.1203 crystals were calculated by
PBEO with GGA. As demonstrated in Figure
3, the valence bands are mainly occupied by
5s, 4d for Ag, 4s, 3d and 4p for Fe and 4s, 3d,
4p for O elements. Meanwhile, above the
Fermi level, the conduction bands are
composed of Ag in 5s, 4d orbital. As shown
in Figure 3, the valence bands just below the
Fermi level and the conduction above the
Fermi level, it is noted that total density of
state for undoped Ag;BiO3; is lower than
doped Ag»BiossFeo.1203. It is found that the
DOS for s, p, d, and sum for doped is more
delocalized than undoped
Figuers 3a-3f.

showing in

Optical properties
Optical reflectivity

As a part of several consecutive
theoretical investigations of optical
phenomenon, at first, we go through the
quantification of optical reflectivity of a
crystalline material because it plays a
significant role in electronic transition from
valance band to
compounds. The amount of light that is

incident on the surface of the semiconductor

conduction band of

Doped Energy (eV)

oz
K- point

Figure 2b. Electronic structure for doped

materials that can be estimated from the
reflectivity data which is related to the
absorbance of that material. It is reported in
a number of previous investigations that the
lower reflectivity indicates the higher UV or
visible light absorption. In our investigation,
we observed that the reflectivity of Ag>BiO3
and Ag:BiossFeo1203 commences from
around 0.35 and 5.57 respectively at initial
frequency and for Ag,BiOs3, after a successive
aggrandizement it reached a falling down of
0.15 at 15 eV and sharply increased at 0.22,
sharply falling in about 0.02 corresponding
frequency at 23 eV as illustrated in Figure 4.
In case of Ag;Bio.ssFeo.1203, it is changed at
same point but smaller than Ag,BiOs. It is
worth mentioning that, the
reflectivity saw a dramatic zigzag between 0
to 12 eV; spectacular falling in between 12
and 25 eV and eventually it experienced a

value of

linear constant fashion.

Absorption

The polycrystalline polarization method
calculate the optical
Ag,Bi0z  and
AgyBiosgsFeo.1203 material and the method
comprises of the electric field vector as an

is utilized to
absorbance of the

isotropic average over all directions. During
the simulation, a small smearing value of 0.1
was applied to attain more distinguishable
absorbance peaks.
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Figure 3e. Comparison the DOS of p for
doped and undoped

The obtained absorbance peaks as depicted in
Figure 5 is attributed to the photo transition
energies from the maximum valance band
(MVB) to the minimum conduction band
(MCB) under visible light irradiation which
indicates that this material can absorb
photons of visible range. Both of the Ag;BiO3
and Ag:BiossFeo.1203 revealed change at same
point, but Ag;BiossFeo.1203 was slightly higher
than the Ag;BiOs.

Refractive index
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Figure 3b. PDOS for undoped
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doped and undoped
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The refractive index of a material is an
impactful parameter for measuring the
photon absorption throughout the process of
chemicals degradation from the solutions.
Large value of refractive index is associated
with the greater denser medium which is
reported in a previous investigation. Figure 6
displays the refractive index as a function of
photon energy where the real part and the
imaginary part for both of the undoped and
doped are mentioned, showing an inverse
pattern.
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Figure 4. Comparision of reflectivity

Figure 5. Comparision of absorption

Figure 6. Comparision of refractive index

At initial point of photon energy, the
refractive index is higher for real part while
the imaginary part is almost closed to
zero.The overall decrease of both parts
encounters them to each other upto 23 eV
photon energy with a value of 0.6 and
afterwards they follow a constant pattern
with slightly different values of refractive

index. It is same for both undoped and doped.

Dielectric function
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The dielectric function is very necessary
tool to investigate their optical properties
which is related with adsorption properties as
following equation for solid.

¢ = €1(w) +iez(w) (1)

Where €1 (w) and &; (w) are denoted the
dielectric constant (real part) and the dielectric
loss factor (imaginary part) respectively.
Dielectric function has a relationship with space
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of materials that is physically equivalent to the
permittivity or absolute permittivity. The real
part of dielectric function represents the energy
storage capability in the electric field and the
imaginary part represents the energy
dissipation capability of the dielectric materials.
As can be seen in Figure 7, the imaginary part is
less than the real part form 0 eV to 5 eV
frequencies; however, from 6 eV to 16 eV the
imaginary part is larger than the real part,
showing same the real and imaginary part for
the doped and undoped.

Figure 7. Comparision of

dielectric function

Figure 8. Comparision of

conductivity

Figure 9. Comparision of loss
function
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The conductivity of the semiconductor on
basis of the energy band and orbitals
electrons is linked with the discrete space of
electrons in orbit. This is also produced due
to the presence of holes and free electrons
in the crystal Figure 8
demonstrates that, the conductivity of
doped is slightly bigger than that of the
undoped in the both of case.
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Loss function

There are two regions for electronic energy
loss function such as high energy region and low
energy region for the optical properties. The first
region is the high loss energy region with change
of frequency or spectra after the ionization
edge which can say the oxidation state of d orbital
splitting for metals of center atom in complex
compounds, having range the more 20 eV. The
other is the low energy loss function, including
the energy less than 1, which can provide
information about the composition and
electronic structure. The energy loss function for
optical properties is linked to dielectric constant
of the materials within the range of validity of the
dielectric theory. As can be seen in Figure 9, the
loss function for (Agz)ossFeo12Bi0zis about higher
compared with that of the undoped.

Conclusion

In our calculation we used the generalized
gradient approximation (GGA) on the Perdew-
Burke-Ernzerhoff (PBEO) via CASTAP tools
within the method to study the electronic
structures of AgBiO3 and (Agz)ossFeo12BiO3
crystal. From the electronic structure, the band
gap was found 0.494 eV for Ag;BiO3 considering
as good semiconductor which is almost similar
for experimental value 0.510 eV [15] regarding
crystal structure in Pnn2.The key point of this
study to evaluate Fe doping effect on the
electronic structure and optical properties. The
band gap was found 0.00 eV after Fe doping by
12% replacing Ag in Ag:BiO3;, and the
delocalization was also enlarged. On the other
hand, a doping activity on Ag,BiO; for the optical
properties were estimated, illustrating almost
higher than Ag;BiOs. It was also found that, after
doping Fe by 12%, the Ag,BiOs almost acted as a
superconductor.
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