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The new polyethylene oxide PEO—copper oxide CuO—indium oxide In,0; struc-
tures are designed to use in various optics and electronics approaches. The
structure, optical and electronic properties as well as optimized geometry for
PEO—-CuO-In,0; structures are studied by using DFT at the BSLYP level with
basis set SDD. The electronic characteristics at issue contain total energy, co-
hesive energy, HOMO, LUMO, ionization potential, energy gap, softness,
electronic affinity, hardness, electronegativity, and electrophilicity. The re-
sults indicate that the optical and electronic properties of PEO are enhanced
with adding of the CuO/In,0; nanostructures. The energy gap is found of 8.06
eV for pure PEO and 2.35 eV for PEO—CuO-In,0; nanostructures. Finally, the
results of studied characteristics show that the PEO—CuO-In,0; structures
can be used in different low-cost and flexible-optoelectronics applications.

Pospobsiero HOBi cTpyKTypu moJietunenokcun (IIEQ)—oxkcux Kynpymy (CuO)—
okcup Iagiro (In,0,), mpusHadeHi 419 BUKOPUCTAHHA B PIBHUX HiAX0max IO OI-
TUKU 1 eJeKTpoHiKu. CTPYKTypa, ONTUYHI Ta eJIeKTPOHHI BJIaCTUBOCTI, a Ta-
KoK onTuMizoBaHa reomerpia pia crpyktyp PEO—-CuO—-In,O, BuBuUamThCA 3a
IOIIOMOTOI0 Teopii hyHKITioHany rycTuHu Ha piBHi BSLYP 3 6asucHauM Habopom
SDD. EsnexkTpoHHI XapaKTepUCTUKU, PO AKi iifie MOBa, MiCTATh MOBHY €HED-
rifo, emeprito koresii, HOMO, LUMO, noTenmisax iioHisaIii, eHepreTuuHy IIfi-
JUHY, M’ AKiCTb, €JIEKTPOHHY CIOPiJHEHiCTh, TBEPAiCTD, €JIEKTPOHETI'aTUBHICTD
Ta eJeKTpodiabHicTs. PesyabTaTu cBiguaTsh Ipo Te, IO ONTUYHI Ta eJIEK TPOHHI
BiractTuBocTi ITEO moninmiyioTbcs 3a paxyHOK [IOJaBaHHSA HAHOCTPYKTYD
CuO/In,0,. Exeprernuna miisnaa BUABIAeThCA Y 8, 06 eB gna uunctux [TEOiy
2,35 eB pna manoctpykTyp PEO-CuO-1In,0;. HapemTi, pesyabraTu ZOCTiIKY-
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BaHUX XapaKTEPUCTUK IIOKA3YIOTh, 110 cTPYKTypu PEO-CuO-In,0; MOXKyTH
BUKODPHUCTOBYBATHUCSA B PiBHMX HEJOPOTHX 3aCTOCYBAaHHAX i, 30KpeMa, y Tak
3BaHil i rHYyUYKi# oIITOEeKTPOHIIIi.

Key words: In,0;, CuO, PEO, optical characteristics, electronics fields,
DFT, DFT-B3LYP/SDD level of calculations.

Karouori caora: In,0O;, CuO, mojieTmieHOKCHU], ONTUYHI XapaKTEePHUCTUKU,
PoO3Iiiu eNeKTPOHiKM, Teopisd (PYHKI[IOHANY T'yCTHHHU, PO3PAXYHKOBUH pi-
BeHb BSLYP/SDD.
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1. INTRODUCTION

The polymer matrix doped with nanoparticles, nanoscale sheets, nano-
tubes, etc. are called nanopolymer compounds; the physical properties
of these nanocomposites are mostly dependent on polymer molecules in
contact with nanofillers [1]. Nanomaterials have received much atten-
tion among materials, and their properties depend not only on their
composition but also on their shape, size distribution [2]. Polymers and
organic materials have received a lot of attention due to their unique
features that provide lightweight, environmentally friendly, flexible
and cost-effective electronic devices [3]. Organic polymer-based mate-
rials are very important in the field of optoelectronics due to their at-
tractive properties [4]. The addition of inorganic nanoparticles to pol-
ymers allows modification of the physical properties of the polymer as
well as the implementation of new features of the polymer matrix [5].
Polyethylene oxide is known to create molecular complexes with alkali
metal salts. They manifest themselves as large ionic conductors and
are recognized as electrolyte solid polymers. Therefore, they have at-
tracted attention in recent years due to their water solubility, non-
toxicity, and biocompatibility. It has many applications, such as agri-
cultural films, paper coating, textile fibres, and electronic devices [6].
CuO has attracted a lot of attention too. CuO is a p-type semiconductor
material with small band-gap energy of only 1.2 eV at room tempera-
ture; it has been proven that CuO can be used in high-temperature su-
perconductors, gas sensor, magnetic storage media, catalysis, and
field emission [7]. With metallic nanoparticles, copper oxide nanopar-
ticles CuO NPs are of great importance according to their ability to in-
teract effectively with light through dint of surface plasmon resonance
(SPR) [7, 8]. The organics doped with inorganic nanoparticles have
been focused for their excellent chemical, physical characteristics,
huge potential applications in nanoelectronic devices and other fields
[6—8]. In this paper, design of novel PEO—Cu-In,0; structures for elec-
tronic and optic applications is considered.
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2. THEORETICAL PART

Cohesive energy is defined as the energy required for separating
condensed matter into separate atoms [9]:
E

coh

= (Etot/n) -E

free

_E()a (1)

where E,, is the total energy, E,,, is the energy of free atoms, n is a
number of atoms, E, is the vibrational energy of ground states (zero-
point). HOMO (the highest energy orbital occupied by the electrons) and
LUMO (the lowest energy orbital unoccupied by the electrons) are two
essential components in calculating properties such as the molecular
interactions and the ability of the molecule to absorb a photon of light.
According to Koopmans’ theorem [10], the band gap is obtained as:

Eg = ELUMO - EHOMO' (2)

The ionization potential (IP) varies between the positive energy
E, and the neutral energy E(n):

IP=E., - E(n). (3)
The electron affinity (EA) is given by the equation:

EA=E(n)-E.,. 4)
The energies of the boundary orbitals are determined as follow:

IP =—Eyonmo, (%)
EA =-Eyyo- (6)
Chemical hardness (n) is a measure of the resistance to charge

transport. It is given as a function of the numbers of electrons N
and the external voltage V(r) [11]:

el g o
2|oN*|,  2|oN], 2|oN],
n={P- EA)/2. (8)

Chemical fineness (S) is a feature of the molecules that gives the de-
gree of a chemical reaction. It is opposite to chemical hardness (n)[12]:

2
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The chemical potential p is defined as [15]:
u=[0E/oN],, (10)

where V—nuclei potential. Then, we can determine the electronega-
tivity using the relationship [11]:

X =-p=-[0E/oN],. (11)

It can be obtained by the average ionization energy and electron
affinity [9]:

X = (IP + EA)/2. (12)

According to Koopmans’ theorem, ‘it is defined as the negative val-
ue for average of the energy levels of the HOMO and LUMO’ [13]:

X =—~(Egnomo + Evumo)/ 2. (13)

It measures the energy stability, when the structure gets additional
electron charges from the environment defined as electrophilic [14]:

o = p2/(2n). (14)
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Fig. 1. Optimization of PEO structure.
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Fig. 2. Optimization of PEO-CuO-In,0; structure.
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3. RESULTS AND DISCUSSION

Figures 1 and 2 show the optimized structures of PEO and PEO-—
CuO-In,0;. Structures were optimized within the DFT scope using
‘three-parameter hybrid functional’ of Becke BSLYP and 6-31G ba-
sis sets. These results are consistent with Refs. [15—-17].

Figures 3 and 4 show the IR spectra of the PEO and PEO-CuO-
In,0; structures obtained using density functional theory. The FTIR
studies show that adding CuO-In,O; leads to the displacement of
some of the bonds and not emergence of new peaks [18—20].

Figures 5 and 6 show the UV—Vis spectra. Visible and ultraviolet
spectra are relevant to the electronic structure of the molecules.
From Figures 5 and 6, absorption intensity for the PEO—CuO-In,0,
structures has higher UV-Vis spectra. As a result, it shows that
absorption increases with increasing the number of atoms. This is
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Fig. 3. IR spectra of PEO structure.
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Fig. 4. IR spectra of PEO—CuO-In,0; structure.
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owing to the moving electrons from valence level to the conduction
band at these energies; hence, the increase in absorption is due to
the increase in a number of charges’ carriers [21-24].

Table 1 represents the comparison between the E, values for the
PEO and PEO-CuO-In,O; structures. From the results, the energy
gap calculated decreases with increasing the number of atoms.

Figures 7 and 8 illustrate the 3D distribution of HOMO and
LUMO for the studied composites.
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Fig. 5. UV—Vis spectrum for PEO structure.
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Fig. 6. UV—Vis spectrum for PEO-CuO-In,0; structure.

TABLE 1. The values of energy gap (in eV) of the studied structures.

PEO structure | PEO—-CuO-In,0; structure
Egxomo, €V Eiumos €V E, eV Euomor €V Erymo, €V E, eV
—6.7995 1.2679 8.0674 -4.4850 -2.1327 2.3523
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Table 2 shows the energies (in a.u.) and some electronic proper-
ties of the PEO and PEO—-CuO-In,0; structures calculated at the same
level of theory. These properties are including IE, EA, Ey, n and o.

Fig. 8. The distribution of HOMO (up) and LUMO (down) for PEO—-CuO-
In,04 structure.



948 Huda Bukheet HASSAN, Hayder M. ABDULJALIL, and Ahmed HASHIM

TABLE 2. Electronic properties’ values (in eV) for the structures.

Property PEO I PEO—Cu—In,0; composites
Cohesive energy -4.7379 -16
Total energy -1692.8063 -2119.8614
Ionization potential 6.7995 4.4850
Electron affinity -1.2679 2.1327
Electronegativity 2.7658 3.3088
Chemical hardness 4.0337 1.1761
Chemical softness 0.1239 0.4251
Chemical potential -2.7658 -3.3088
Electrophilicity 0.9482 4.6544
Dipole moment (Debye) 1.6673 5.5244
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Fig. 9. DOS of PEO structure.
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Fig. 10. DOS of PEO—CuO-In,0, structure.
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Density of states (DOS) for the PEO and PEO-CuO-In,0; struc-
tures versus energy levels were calculated by employing the DFT-
B3LYP/SDD level as presented in Figs. 9 and 10. From DOS spec-
trum, the charge density is low in occupied orbital and high in vir-
tual orbital for pure, O- and H-substituted In,O; structures. As
shown, the PEO-CuO-In,O; composite has a doublet state, while the
others have a singlet state. In this case, the degeneracies of unoc-
cupied molecular orbitals are more than for the occupied molecular
orbitals. The bonds are mainly formed by hybridization between the
Opgo orbital and the CuO and In,O; orbitals.

4. CONCLUSIONS

This paper includes design of novel PEO—-CuO-In,0; structures. The
structure, optical and electronic properties as well as optimized ge-
ometry for the PEO—-CuO-In,0O; structures were studied. The densi-
ty functional theoretical methodology has been proved its validity
in calculating the geometrical parameters for the PEO—-CuO-In,O,
structures. The energy gap of PEO-CuO-In,0; is equal to 2.352 eV
that makes it suitable for different optoelectronics devices. The to-
tal cohesive energy (absolute value) increases with adding the CuO-
In,O;. The results show that the PEO—CuO-In,0; structures can be
used in various low-cost, high corrosion resistance, lightweight and
flexible-optoelectronics applications.
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