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This work aims to design of PEO/CuO new structures and investigating optical, and electronic characteristics
to use in various electronic and optoelectronics devices like diodes, transistors, photovoltaic cell, electronic gates,
sensors and other electronics devices. Using the B3LYP-DFT with a suitable 6-31G basis set for pure PEO and
SDD basis set for nanocomposite, a good optimization structure for the predicted nanocomposites was obtained.
Geometrical values that have been calculated. The results indicated that the studied nanocomposite need small
energy to become cation due to ionization potential is decrease with addition nanoparticle to the pure PEO, but the
electronic affinity is an increase with addition nanoparticles to the pure PEO. When compared to other
nanocomposite, the total ground state energy of PEO has the highest value of total energy, but ET dropped with the
addition of nanoparticles to pure PEO. With the addition of nanoparticles to pure PEO, the hardness decreases,
making nanocomposite softer, lowering a species’ barrier to losing electrons. The studied nonocomposite direct
electronic transition from the valence to conduction band with wave length falls within the solar spectrum range.
The results revealed that the (PEO-CuO) nanocomposite has a wide range of applications in the fields of electronics

and photo-electronics.
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Introduction

Nanoscience and nanotechnology have gained a lot of
attention in recent years. Quantum dots and nanocrystals
of metals, semiconductors, oxides, and other materials, as
well as one-dimensional nanostructures like nanotubes
and nanowires, are important nanoobjects. Synthesis,
characterization and applications of these nanomaterials
are being explored widely. Single molecule electronics
based on nanotubes and nanowires are examples of
innovative nanomaterial applications that are emerging,
nanocatalysis and biological sensors using nanocrystals or
nanotubes. Since the discovery of carbon nanotubes, one-
dimensional nanostructures of materials have gotten a lot
of attention. Nanotechnology is an essentially
interdisciplinary area that has piqued the interest of
scientists and engineers in recent years. Nanomaterials can
be found all over the world and have been a part of the
environment since our planet was formed 4.5 billion years
ago[1]. A nanocomposite is a multiphase solid material
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where one of the phases has one, two or three dimensions
of less than 100 nanometers (nm), or structures having
nano-scale repeat distances between the different phases
that make up the material. In the broadest sense this
definition can include porous media, colloids, gels and
copolymers, but is more usually taken to mean the solid
combination of a bulk matrix and nanodimensional
phase(s) differing in properties due to dissimilarities in
structure and chemistry. Polymer nanocomposites:
Although polymers can be used as structural materials
without reinforcement, their usage gets limited due to
insufficient mechanical properties. Relatively low
strength, coupled with low impact strength, is a
characterization of polymer materials. Polymer
nanocomposites represent a new alternative to
conventionally filled polymers. Polymer Nanocomposites
are materials in which nanoscopic inorganic particles,
typically 10-100 A in at least one dimension, are dispersed
in an organic polymer matrix such as polyacetylene,
polythiophene, and polypyrrole. Because of their
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nanometer sizes of the inorganic filler Nanocomposites
exhibit markedly improved properties when compared to
the pure polymers or their traditional composites [2]. One
of the few biodegradable synthetic polymers approved for
internal usage in cosmetics, foods, pharmaceuticals, and
personal care products, is polyethylene oxide (PEO). PEO
is an efficient polymer conductive ion [3]. PEO can be
categorized as a semi-crystalline polymer resulting from
partial regularity of its structure. PEO is a linear enteric
polymer that dissolved in various types of inorganic salts
even at very high concentrations, where the ether oxygen
atoms(-O-) throughout the backbone of PEO are closely
involved in the complexation of metal salt cations [4].
Also, the flexible formation of C—O-C stretching in the
backbone of the PEO chain gives the material with
excellent toughness [5]. CuO has attracted much attention.
CuO is a p-type semiconductor material with small band
gap energy of only 1.2 eV at room temperature. It has been
shown that CuO can be used in high temperature high
temperature superconductors, gas sensor, magnetic
storage media, catalysis and field emitters. The
nanocomposites have different applications in many fields
such as pressure sensor antibacterial and energy
storage [6]. The present work aims to design of PEO/CuO
composites and investigating their optical, electronic
properties for nanosemiconductors devices with
lightweight and few cost.

I. Theoretical Part

The density functional theory (DFT) is a one-spin
density functional theory. There are three spatial
coordinates for each electron (assuming fixed). Nuclear
sites) is not intuitive in and of itself for systems with more
than one electron. One may, in fact, approach the Hartree—
Fock HF approximation in the same way you would the
Hartree—Fock HF approximation. A philosophical
instrument rather than a mathematical one. By allowing
the wave function to be expressed as a Slater determinant
of one-electron orbitals, the chemist gains some clarity by
being able to describe each electron separately, believed
to be loosely self-contained [7-11].

Because a total energy of system is the sum of its
kinetic and potential energy, the total energy of molecule
must be at its lowest at the optimal shape. When a
molecule reaches equilibrium, it is said to be in a balanced
condition. The resultant of the effective forces is zero [12].

The ionization energy of a chemical species is the
minimum energy necessary to remove an electron from a
gaseous atom in its ground state (an atom or molecule).
The ionization energy of large atoms or molecules is low,
whereas the ionization energy of small molecules is high.
lonization energies are generally higher [13-15]:

Energy + X(g) > X' (g)+e,

where X represents an atom.

When one electron is added to a neutral atom or
molecule to generate a negative ion, the Ea of the atom or
molecule is defined as the amount of energy
released [16-17]:

1)

X(g)+e — X" (9) )
The difference between the total energies for the
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ground state of a molecule and the ground state of the
relevant ion can be used to calculate the Ea and Ie.
Differences in energies obtained using correlated quantum
mechanical approaches vyielded extremely accurate
results, often more accurate than might be obtained by
experimental methods [18]. The ionization potential is
calculated in present work as the energy difference
between the energy of the molecule derived from electron-
transfer (radical cation) and the respective neutral
molecule [19-24]
I.=E 3)
The Ea was calculated as the difference in energy
between the neutral and anion molecule:
EA = En - Eanion (4)
In the scope of Koopmans theorem, the HOMO and
LUMO energy were also employed to estimate the I and
Ea. [7-9,25-28]

E

cation ~ —n

I. = — HOMO (5)
E, = - LUMO (6)

The hardness H is a measurement of molecule

resistance to the change or deformation. defined
as [10-15]:
1 |ou
= = | = |V(F 7
> { 5,\& (F) (7

In terms of ionization potentials Iz and electron
affinities Ea, the hardness is half of the energy gap
between two frontier orbitals [ 16-20]:
IE — EA

> 8

A solid molecule has a large energy gap. The
theoretical definition of chemical hardness was provided
by DFT as the second derivative of electronic energy with
respect to the number of electrons N, for a constant
external potential V () [21]

H

21 SPul, .

= 2{52N}V(f) )
I 570 W 1 e
e —LEZ}VU)—LS“ }V(r) (10)

The energy gap in the soft molecule is minimal. Soft
molecules will be more reactive than hard molecules
because they have a smaller energy gap, which means
lower excitation energies for the manifold of excited
states. Their electron density changes more easily than a
hard molecule, and as a result, soft molecules will be more
reactive than hard molecules [22].

Changes in the electron density of a system are caused
by the mixing of suitable excited state wave functions with
the ground state wave function in quantum theory. The
electronegativity is defined as the negative of the chemical
potential in DFT and is a measure of an atom's tendency
to attract electrons in a chemical bond [25,29-31]:
I +E,

2
where y is electronegativity. The electrophilicity index is
a measure of energy lowering due to maximal electron
flow between donor and acceptor. Electrophilicity
index [32-35] is defined as:

(11)
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KZ
W=—" 12
H (12)
Il. Results and Discussion
Many of a molecule's physical and chemical

properties are determined by its optimal structure. It is
required to determine the molecule’s relaxation, in which
the optimum structure is the structure with the least
amount of energy. The relaxed structures of pure (PEO)
and (PEO-CuO) nanocomposite in the gas state were
derived using the DFT approach with Becke's three-
parameter hybrid functional (B3LYP) and 6-31G and
SDD basis sets for PEO and nanocomposite, respectively,
these procedures are shown in Figs. 1 and 2. Table 1 shows
the geometric parameters of (PEO) and (PEO-CuO). The
calculated values of bonds in this work agreement with the
studies [36-40]. Figures 3 and 4 show the results of FTIR
of (PEO) and (PEO-Cu) structure. The FTIR results of
structure illustration the (CuO) interactions with (PEO)
which include different in an intensities and the shift in
several bonds.
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Fig.1. The relax of by

DFT-B3LYP/6-31G.

(PEO)

Fig. 2. The relax structure of (PEO—CuQ) nanocomposite
by DFT-B3LYP/SDD.

Density functional theory (DFT) has been used to
compute the electronic properties, like energy gap,
(EHOMO), (ELUMO). total energy, lg, Ea, X, H, S, W.

The Density Functional Theory, at the B3LYP level
with 6-31G basis functions for PEO and the SDD basis for
the nanocomposite are used. To clarification and
understanding the performance of the absorption spectra
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of the pure PEO and nanocomposite, it is necessary to
studying the electronic structures for the studied
nanocomposites.

Table 1
Average lengths of bond in (A) and the angles in degree.
Measurements Optimization Values
parameters
(C-C) 1.53602
(C-0) 1.45968
Bonds, A (C-H) 1.09587
(Cu-0) 2.14762
(O-Cu) 477408
(C-O-Cu) 120.85362
(H-C-C) 110.168
(H-C-0) 110.573
Angles, deg. (O-C-H) 109.58210
(H-C-H) 109.39855
(C-C-H) 111.57057

IR activity

1000 1500 2000 2500 3500 4000

Frequancy an-1

Fig. 3. IR spectrum of (PEO) at the B3LYP/ 6-31G basis
set.

3000

Figures 5 and 6 shows the UV-Vis spectra Visible and
Ultra Violet spectrum is reliant on upon the electronics
structure of the molecule. From Figs. 5 and 6, absorption
intensity of (PEO-CuO) have higher UV-Vis spectra. As a
result, it shows that absorption increases with increasing
the number of atoms, this is owing to the moving electrons
from valance level to the conduction band at these
energies, hence increase in absorption due to the increase
in a number of charges carriers [41-44].
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Fig. 4. IR spectrum of(PEO-CuO) at the B3LYP/ SDD
basis set.

Density functional theory (DFT) has been used to
compute the electronic properties, like energy gap,
(EHOMO), (ELUMQ), total energy, lg, Ea, X, H, S, W. The
Density Functional Theory, at the B3LYP level with
6-31G basis functions for PEO and the SDD basis for the
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molecular orbitals according to the linear combination of
atomic orbitals LCAOs.

nanocomposite are used. To clarification and
understanding the performance of the absorption spectra

of the PEO and nanocomposite, it is necessary to studying
the electronic structures for the studied nanocomposites.
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Fig. 5. UV-Vis for

B3LYP/ 6-31G.

spectrum (PEO)  using

Table 2 shows the calculated frontier molecular
orbitals (FMOs) energies (High Occupied Molecular
Orbital HOMO and Low Unoccupied Molecular Orbital
LUMO) and LUMO-HOMO energy gap Eg of each
nanocomposite. The consequences in Table 2 observed
that the energies of HOMO and LUMO of the studied
nanocomposite are changed  expressively. The
consequences showed the HOMO and LUMO are slightly
different and this suggests that different structures pay
significant roles on electronic properties and improving
the electron accepting ability and the effect of symmetry
and distribution nanocomposite on the energies of HOMO
and LUMO cannot be ignored [45]. The consequences
showed the presence of the electron attracting CuO
nanoparticle in the molecule. leads to lowering the LUMO
and therefore reducing the energy gap.

5000 -
4500
4000
3500
3000

2500

Ahsorption

2000 -

1500

1000

500 -+

0

o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

‘Wavelength nm

Fig. 6. UV-Vis spectrum for (PEO-CuO) using B3LYP/
SDD.

The energy gap Eg for the studied nanocomposite was
obtained from the separation LUMO-HOMO energy by
using the B3LYP/(6-31G basis set for pure PEO and SDD
basis set for (PEO-CuO nanocomposite)-DFT
calculations. The calculated energy gaps were decreased
in the following order [46]:

(PEO-CuO) (3.8036 eV) < (PEO) (8.1398 eV).

As noticed, the energy gap of pure PEO molecule
decreases with the addition of CuO nanoparticle. The
change of the gq4 of the structure is because of the changes
in both HOMO and LUMO energies, and constructed the
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Fig. 7. The distribution of HOMO (up) and LUMO
(down) for (PEO).

Fig. 8. The distribution of HOMO (up) and LUMO
(down) for (PEO-CuO).

The values of the ionization potential IE and electron
affinity Ea determined using Koopmans Theorem (KT) for
the structures under investigation are shown in Table 2. In
comparison to the reference molecule pure PEO, the
nanocomposite has low Ig and high Ea values. The pure
PEO's I was reduced while the Ex was raised after the
nanoparticle was added. In comparison to pure PEO,
(PEO-Cu0) nanocomposite has the smallest value of IE,
which suggests that (PEO-CuQ) nanocomposite requires
less energy to become a cation or anion [47-49].

E

~E, (PEO) + n-E, (N) (13)

tot
where Eit (PEO) == 770.105 in (a.u.), n is the number of

addition nanoparticles.
Table 3 shows that PEO has the highest total energy
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Table 2
Some electronic properties for pure PEO and nanocomposite from DFT-B3LYP/SDD basis set.
PEO PEO-CuO
Exomo (EV) ELumo (eV) Eg (eV) le (eV) Ea (eV) Enomo (EV) ELumo (EV) Eg (EV) le (eV) Ea (eV)
-6.4811 1.6587 8.1398 | 6.4811 | -1.6587 -3.9857 -0.182 3.8036 | 3.9857 | 0.182
Table 3
The calculated energies ET, y, H, S and o for pure PEO and nanocomposite DFT-B3LYP/6-31G and SDD basis set.
PEO PEO-CuO
Erau.(eV) | xeV) | H(EeV) | S(eV) | oEV) | Erau. (eV) x (eV) H(eV) S(eV) o (eV)
-770.105 | -2.4112 | 4.0699 | 0.1228 | 0.7142 -967.58 -2.0838 | 3.8037 | 0.1314 | 0.5707

value when compared to other nanocomposite materials,
with the addition of nanoparticles to pure PEO, ET
dropped. This result reflects each structure's binding
energy and demonstrates that these structures have good
relaxation. This leads to be certain that the effect of adding
CuO atoms in pure PEO on the total energy of the
molecule is effective [50, 51]. Table 3 shows that when
compared to pure PEO, the electrochemical hardness H of
(PEO-Cu0) nanocomposite has the lowest values and the
highest electronic softness S. The primary future
indicators are low H and high S, indicating that the band
gap will be rather soft. These findings are consistent with
the energy gap that the structures have, and they point to
the pure PEO's high activity in response with the
surrounding species [52]. Also the calculated values of the
electronegativity y of pure PEO and nanocomposite. As
shown, the maximum value of'y is (-2.0838) eV for (PEO-
CuO) nanocomposite and the minimum value is
(-2.4112) eV for (PEO) nanocomposite. This result is
because of the difference of the configuration of the
nanocomposite under study.
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Fig. 9. DOS of (PEO) structure.
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Fig.10. DOS of (PEO-CuO) structures.

The great electronegativity of nanocomposite allowed
it to donate and accept electrons from the surrounding
species [53]. Table 3 declares the electrophilicity for pure
PEO and nanocomposite. The contribution of the frontier
molecular orbitals FMOs to determining the charge
separated states of the nanocomposite under study comes
from these values. Figures 7 and 8 show the electronic
structures of the HOMO and LUMO of pure PEO and
nanocomposite. As shown, because of the linear
combination of atomic orbitals and molecular orbitals, the
presence of CuO nanoparticles in the structure of pure
PEO affects the map of HOMO and LUMO distribution,
changing the molecule's symmetrical point group [54-56].

As shown in Figures 9 and 10, the density of states of
(PEO) and (PEO-CuO) structures with energy levels were
computed using the DFT-B3LYP/SDD level of theory.
For pure, the charge density is low in occupied orbitals and
high in virtual orbitals in the density of states (DOS)
spectrum. The (PEO-CuO) nanocomposite is in a doublet
state, whereas the other nanocomposite is in a singlet state.
The degeneracies of vacant molecular orbitals are greater
than those of occupied molecular orbitals in these
circumstances. Hybridization of OPEO and Cu orbitals
forms the majority of the bonds.

Conclusions

Design of novel PEO/CuO structures for usage in
modern electrical and optoelectronic devices is part of the
current work. Structure, optical, and electrical properties
have all been studied. Using the B3LYP-DFT and an
appropriate 6-31G and SDD basis set for pure PEO and
nanocomposite, a good optimization structure for the
predicted nanocomposites was obtained. Geometrical
values that have been calculated. The nanocomposites’
parameters are in good accord. Due to the presence of both
HOMO and NMQOS, they are the closest to semiconductors
and LUMO levels become more closely related. All the
studied nanocomposite need small energy to become
cation due to ionization potential is decrease with addition
nanoparticle to the pure PEO, but the electronic affinity is
an increase with addition nanoparticles to the pure PEO.
When compared to other nanocomposite, the total ground
state energy of PEO has the highest value of total energy,
but ET dropped with the addition of nanoparticles to pure
PEO. With the addition of nanoparticles to pure PEO, the
hardness decreases, making nanocomposite softer,
lowering a species' barrier to losing electrons. The
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wavelength of the analyzed nonocomposite direct

electronic transition from the valence to conduction band Huda Bukheet Hassan — PhD student.
falls within the solar spectrum region. The (PEO-CuOQ) Hayder M. Abduljalil — PhD.
nanocomposite offers a wide range of applications in the Ahmed Hashim — PhD.

disciplines of electronics and photo-electronics, according
to the findings.

[1]
[2]
(3]

[4]
[8]
(6]

[7]
(8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]
[32]

[33]

L.H. Madkour, Introduction to nanotechnology (NT) and nanomaterials (NMs). In Nanoelectronic Materials,
Springer, Cham, 1-47 (2019); https://doi.org/10.1007/978-3-030-21621-4 1.

M. Tyagi, D. Tyagi, Polymer nanocomposites and their applications in electronics industry. International Journal of
Electronic and Electrical Engineering 7(6), 603-608 (2014).

M.M. Abutalib, A. Rajeh, Enhanced structural, electrical, mechanical properties and antibacterial activity of Cs/PEO
doped mixed nanoparticles (Ag/TiO,) for food packaging applications, Polymer Testing, 93, 107013 (2021);
https://doi.org/10.1016/j.polymertesting.2020.107013.

M.M. Abutalib, A. Rajeh, Journal of Organometallic Chemistry, 920, 121348 (2020);
https://doi.org/10.1016/j.jorganchem.2020.121348.

M. A. Morsi, A. Rajeh, A. A. Al-Muntaser, Composites Part B: Engineering 173, 106957(2019);
https://doi.org/10.1016/j.compositesh.2019.106957.

Ahmed Hashim, Yahya Al-Khafaji, Aseel Hadi, Transactions on Electrical and Electronic Materials 20, 530-536
(2019); https://doi.org/10.1007/s42341-019-00145-3.

C.J. Cramer, Computational Chemistry: Theories and Models (2004).

D.D. Fitts, Principles of quantum mechanics: as applied to chemistry and chemical physics. Cambridge University
Press (1999).

P.A. Cox, Introduction to quantum theory and atomic structure. New York: Oxford University Press (1996).

D. W. Rogers, Computational Chemistry using the PC. John Wiley & Son, (2003).

S. M. Valone, Quantal Density Functional Theory Il. Approximation Methods and Applications, (2010);
https://doi.org/10.1021/ja105861z.

N. Ira Levin. Quantum Chemistry, 6th edn. (Pearson Education Inc, Upper Saddle River ( 2009).

M.O. Sinnokrot, E.F. Valeev, C.D. Sherrill, Journal of the American Chemical Society 124, 36, 10887-10893
(2002); https://doi.org/10.1021/ja025896h.

Chabinyc, X. Chen, R. E. Holmlin, H. Jacobs, H. Skulason, C. D. Frisbie, ... & M. A. Ratner, MA Rampi and GM.
Whitesides J. Am. Chem. Soc., 124(39), 11730-11736 (2002); https://doi.org/10.1021/ja020506c.

Koch, M.C. Holthausen. Achemist’s guide to functional theory, 2nd edn. (Wiley, Berlin) (2001).

F. Jensen, Introduction to computational chemistry. John Wiley& Sons (2017).

G.G. Hall, Proceedings of the Royal Society of London. Series A. Mathematical and Physical Sciences, 205,1083,
541-552 (1951); https://doi.org/10.1098/rspa.1951.0048.

J.R. Reimers, Computational methods for large systems: electronic structure approaches for biotechnology and
nanotechnology. John Wiley & Sons, (2011);

B. Kenny Lipkowitz, R. Larter, R. Thomas Cundari, D.B. Boyd. Reviews in Computational Chemistry, Wiley,
Hoboken, (2005) 93 (2000).

W. Thiel, Semiempirical methods. Modern methods and algorithms of quantum chemistry, 261-283 (2000).

Hind Ahmed, Ahmed Hashim, Silicon, 13, 2639-2644 (2020); https://doi.org/10.1007/s12633-020-00620-0.

A. Hashim, H.M. Abduljalil, H. Ahmed, Egypt. J. Chem., 62, 9 (2019);
https://doi.org/10.21608/EJCHEM.2019.7154.1590.

Angham Hazim, Hayder M. Abduljalil, Ahmed Hashim, Transactions on Electrical and Electronic Materials 21,
550-563 (2020); https://doi.org/10.1007/s42341-020-00210-2.

Hind Ahmed and Ahmed Hashim, Transactions on Electrical and Electronic Materials 22, 335-345 (2021);
https://doi.org/10.1007/s42341-020-00244-6.

P.T. Matthews. Introduction to Quantum Mechanics, McGrewHill, New York (1974).

W.J. Hehre, L. Radom, P.R. Schleyer, J.A. Pople, Ab Initio Molecular Orbital Theory, Wiley, New York (1986).
M.P. Mueller, Fundamentals of quantum chemistry: molecular spectroscopy and modern electronic structure
computations, Springer Science & Business Media, (2007).

A. Hashim, K.H.H. Al-Attiyah, S.F. Obaid, Ukr. J. Phys. 64, 2(2019); https://doi.org/10.15407/ujpe64.2.157.

H. Dorsett, A.White, Overview of molecular modelling and ab initio molecular orbital methods suitable for use with
energetic materials. Defence Science And Technology Organization Salisbury (Australia) (2000).

G. Montambaux, F. Piéchon, J. N. Fuchs, M. O. Goerbig, Merging of Dirac points in a two-dimensional crystal.
Physical Review B 80(15), 153412 (2009); https://doi.org/10.1103/PhysRevB.80.153412.

L. Pauling, “The Nature of the Chemical Bond—An Introduction to Modern Structural Chemistry”. 3rd Edition,
Cornell University Press, Ithaca, New York, 10-13 (1960).

B. Soren, T. Morten..Electronic and optical properties of graphene and graphene antidote structures, Master Thesis,
University of Aalborg, (2013).

A. Hazim, H. M. Abduljalil,, A. Hashim, Trans. Electr. Electron. Mater. 21, 48-67 (2020);
https://doi.org/10.1007/s42341-019-00148-0.

459


https://doi.org/10.1007/978-3-030-21621-4_1
https://doi.org/10.1016/j.polymertesting.2020.107013
https://doi.org/10.1016/j.jorganchem.2020.121348
https://doi.org/10.1016/j.compositesb.2019.106957
https://doi.org/10.1007/s42341-019-00145-3
https://doi.org/10.1021/ja105861z
https://doi.org/10.1021/ja025896h
https://doi.org/10.1021/ja020506c
https://doi.org/10.1098/rspa.1951.0048
https://doi.org/10.1007/s12633-020-00620-0
https://doi.org/10.21608/EJCHEM.2019.7154.1590
https://doi.org/10.1007/s42341-020-00210-2
https://doi.org/10.1007/s42341-020-00244-6
https://doi.org/10.15407/ujpe64.2.157
https://doi.org/10.1103/PhysRevB.80.153412
https://doi.org/10.1007/s42341-019-00148-0

[34]

[35]
[36]

[37]

[38]
[39]
[40]
[41]
[42]

[43]
[44]

[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]

[55]
[56]

H.B. Hassan, H. M. Abduljalil, A. Hashim

M. Vanin, Electronic and chemical properties of graphene-based structures: A density functional theory study. Kgs.
Lyngby, Ph.D. THESIS, Denmark: Technical University of Denmark (DTU), (2011).

H. Ahmed, A. Hashim, Silicon, 14, 4907-4914 (2022); https://doi.org/10.1007/s12633-021-01258-2.

N.K. Pham, N.H. Vu, V. Van Pham, H.K.T. Ta, T.M. Cao, N. Thoai, V.C. Tran, J Mater Chem C 6(8), 1971-1979
(2018); https://doi.org/10.1039/C7TCO5140A.

M.Yu, C.S. Jayanthi, S.Y. Wu, Bonding nature, structural optimization, and energetics studies of SiC graphitic-like
layer  structures and  single/double  walled nanotubes. arXiv  preprint:  0901.3567  (2009);
https://doi.org/10.48550/arXiv.0901.3567

P.D. Dietzel, R.E. Johnsen, H. Fjellvag, S. Bordiga, E. Groppo, S. Chavan, R. Blom, Chem. Commun. 41, 5125~
5127 (2008); https://doi.org/10.1039/B810574J.

J.M. Ramos, M.T.D.M. Cruz, A.C. Costa Jr, O. Versiane, C.A.T. Soto, Science Asia 37, 247-255 (2011);
https://doi.org/10.2306/scienceasial513-1874.2011.37.247.

W.A. Prabowo, M.K. Agusta, S. Nugraha, A.H. Lubis, H.K. Dipojono, In Proceedings of the International
MultiConference of Engineers and Computer Scientists 2, 13-15 (2013).

Ahmed Hashim, Zinah S. Hamad, Egypt. J. Chem. 63, 2 (2020);
https://doi.org/10.21608/EJCHEM.2019.7264.1593.

A. Hashim, Journal of Inorganic and Organometallic Polymers and Materials 31, 2483-2491 (2021);
https://doi.org/10.1007/s10904-020-01846-6.

A. Hashim, J Mater Sci: Mater Electron 32, 2796-2804 (2021); https://doi.org/10.1007/s10854-020-05032-9.

A. Hashim, Journal of Inorganic and Organometallic Polymers and Materials 30, 3894-3906 (2020);
https://doi.org/10.1007/s10904-020-01528-3 .

L.M. Malard, M.A. Pimenta, G. Dresselhaus, M.S. Dresselhaus, Physics Reports 473 (5-6), 51-87 (2009);
https://doi.org/10.1016/j.physrep.2009.02.003.

Angham Hazim, Hayder M. Abduljalil and Ahmed Hashim, International Journal of Emerging Trends in
Engineering Research 7, 8 (2019); https://doi.org/10.30534/ijeter/2019/04782019.

A.A. Balandin, S. Ghosh, W. Bao, I. Calizo, D. Teweldebrhan, F. Miao, C.N. Lau, Nano Letters 8(3), 902-907
(2008); https://doi.org/10.1021/nl0731872.

D. Hassan, A. Hashim, Journal of Bionanoscience 12, 3 (2018); https://doi.org/10.1166/jbns.2018.1533 .

M. Aliofkhazraei, Advances in Graphene Science. BoD-Books on Demand (2013).

F. Bonaccorso, Z. Sun, T. Hasan, A. C. Ferrari, Nat Photon 4, 611-622 (2010); https://doi.org/10.1038/nphoton .
Zhang, Q., Cao, F., Liu, W., Lukas, K., Yu, B., Chen, S,, ... & Ren, Z. Journal of the American chemical society
134(24), 10031-10038 (2012); https://doi.org/10.1021/ja301245b.

H. Ishida, Zeitschrift Fur Naturforschung A, 55(9/10), 769-771 (2000).

D. Hassan, A. Hashim, Journal of Bionanoscience 12, 3 (2018); https://doi.org/10.1166/jbns.2018.1537.

A. Hazim, H. M. Abduljalil, A. Hashim, Trans. Electr. Electron. Mater. 22, 185-203 (2021);
https://doi.org/10.1007/s42341-020-00224-w.

H. Ahmed, A. Hashim, J Mol Model 26, 210 (2020); https://doi.org/10.1007/s00894-020-04479-1.

H. Ahmed, A. Hashim, Silicon 13, 1509-1518 (2021); https://doi.org/10.1007/s12633-020-00543-w.

X.B. Xaccan!, X.M. A6aynmxanin?, A. Xamum®

Jloc/iazKeHHs eJIEKTPOHHHUX TA ONTHYHUX XaPAKTEPUCTHK HOBUX
HAHOKOMIIO3HUTIB /ISl THYYKHX HAHONPHUCTPOIB ONTOCJICKTPOHIKH

YVuieepcumem Basunony, xonedoic oceimu ma wucmux nayxk, kageopa gisuxu, Ipax, ahmed_taay@yahoo.com
2Vuisepcumem Basunony, konedsc nayx, kagpeopa gizuxu, Ipax.

Pobora crpsiMmoBaHa Ha po3poOky HoBHX cTpykTyp PEO/CuO Ta nocmimkeHHs iX ONTHYHMX Ta €JICKTPOHHHX
XapaKTepUCTUK JUIS BUKOPHUCTAHHS B PI3HHX EJIEKTPOHHUX Ta ONTOEIEKTPOHHHUX MHPHUCTPOSX, TAKUX SK JIOAH,
TPaH3UCTOPH, (POTOEIEKTPUYHI CIEMEHTH, TATYMKH Ta 1HIII eJEeKTPOHHI MpUcTpoi. Bukopucrosyroun B3LYP-DFT 3
BiAmoBigHUM 6a3zoBuM HabopoM 6-31G mst uncroro PEO Tta 6a3oBum Habopom SDD 1y1st HAHOKOMIO3UTY, OTPUMAHO
XOpOIIy ONTHMI3aliifiHy CTPYKTypy AJS IPOTHO30BAaHWX HAHOKOMIIO3HTIB. PO3paxoBaHO reoMeTpHYHI mapaMeTpH.
Pe3ynbraTu mokasanu, MIO JIOCITIKyBaHOMY HAaHOKOMIIO3HTY NMOTpPiOHA HEBEJIHMKa EHepris, Mol CTaTH KaTioHOM,
OCKIJIbKH TTOTEHIIial 10Hi3allil 3MEHIIYEThCS 3 IOJaBaHHIM HAHOYACTHHOK 10 uuctoro PEO, mpu 11boMy enekTpoHHa
CIOPIAHEHICTh 30UIbLIYEThCS 13 JOJaBaHHAM HaHoyacTMHOK 10 uwuctoro PEO. V mopiBHsSHHI 3 iHIIUMH
HaHOKOMIIO3UTaMH, 3arajbHa eHepris ocHoBHoro crany PEO Bomojie HailBUIINM 3HaueHHSIM MOBHOT eHeprii, ane ET
najae IpH JoAaBaHHI HaHO4acTHHOK 10 unuctoro PEO. 3 nmomaBaHHsM HanodacTHHOK 10 uncroro PEO TtBepmicts
3MEHIIYETHCS,, POOISTIN HAHOKOMIIO3UT M’SIKIIHMM, 3HIDKYIOUM Oap’ep Uit BTpaTH eNeKTpoHiB. JlocmimkyBaHuit
HAHOKOMITIO3UT XapaKTepU3YEThCS TPSIMHUM EIEKTPOHHUM IIEPEeXOJOM i3 BaJCHTHOI 30HM B 30HY HPOBITHOCTI i3
3MEHILICHHSAM JOBXHHH XBHJII B MEXaX COHSYHOTO CIEKTpy. PesysibraTn mokasany, mo HaHokommosut (PEO-CuO)
Ma€ MUPOKUI CIIEKTP 3aCTOCYBAHHA B Tally3sX CJICKTPOHIKU Ta (OTOCIEKTPOHIKH.

KurouoBi ciioBa: enektponHi npuctpoi, ontuuHi Biactusocti, PEO, 3a6oponena 3ona, CuO.
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