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The present work aims to design of PVA/PEG/BaTiO; nanostructures and
investigating the structural, electronic, optical and thermal properties to
use in future optics and electronics applications. The designed nanostruc-
tures have individual properties including low cost, lightweight, high cor-
rosion resistance and good optical and electronic characteristics in com-
parison with other nanostructures. Using DFT with the hybrid functional
B3LYP, the characteristics of PVA/PEG/BaTiO; nanostructures are stud-
ied. The electronic characteristics include total energy, energies of HOMO
and LUMO, ionization energy, energy gap, electronegativity, electron af-
finity, electronic softness, electrophilic index, electron density, electro-
static potential, density of states, dipole moment, polarizability, and IR-
spectra. The thermal properties include thermal energy, enthalpy, specific
heat, and entropy. The optical properties include the UV-spectra. The re-
sults indicate that the PVA/PEG/BaTiO; nanostructures have energy gap
equal to 1.705 eV with good optical, thermal and electronic properties,
which make it be useful in the electronics and optics fields.

Hany poboTy CIpAMOBAHO Ha NPOEKTYBAaHHA HAHOCTPYKTYP MHOJIiBiHiIaMKO-
ronb/noiaierunernriaikoas/BaTiO; (PVA/PEG/BaTiO;) Ta pmociimxenHa
CTPYKTYPHUX, €JeKTPOHHUX, ONTUYHUX i TENJOBUX BJIACTUBOCTEH IJIA BU-
KOpHCTAaHHA B MauOyTHiN omTuili i enekTpoHimi. CopoeKToBaHi HAHOCTPYK-
TYypH MAalOTh iHAWBiAyaJabHI BJIACTUBOCTi, BKJIIOUAIOUM HU3BKY BapTiCThb, Je-
TKiCcTh, BUCOKY KOPO3iliHy cTifikicTh i xoporri onTuuHi # ejleKTpPOHHI Xapa-
KTePUCTUKY B IIOPiBHAHHI 3 iHIMIMMH HAHOCTPYKTypamMu. BuKopucToByHOUM
Teopito (yHKIioHaNy ryctmHHM 3 riopugaum ¢yarkmionamom B3LYP, mocii-
IoKeHO xapakTepucTukm HaHOCTPYKTYpP PVA/PEG/BaTiO;. EnexTponni xa-
PaKTEepUCTUKM BKJIOYAIOTH MOBHY eHepriio, edeprii HOMO ta LUMO, enep-
riro Hownisamii, eHepreTUUHy IMIiJINHY, €JI€KTPOHEI'aTUBHICTh, CHOPifHEHICTH
IO eJeKTPOHIB, €JeKTPOHHY M AKiCTh, iHIEKC eJeKTPOPiIbHOCTH, eJIeKT-

113



114 Batool MOHAMMED, Hind AHMED, and Ahmed HASHIM

POHHY T'YCTHUHY, €JIEKTPOCTATUUHUN IMOTEHIiAJ, T'YCTUHY CTaHiB, TUIIOJbHUN
MOMeHT, nmojgpusaniio i IY-cuekTpu. TensoBi BJIaCTUBOCTI BKJIIUAIOTH Te-
IIJIOBY €Hepriio, eHTaJIbIil0, MUTOME TeIlJIo i eHTponio. [[o onTruyHMX Bjac-
TUBOCTe# BigHOCATHCA Y®P-crekTpu. Pe3yibTaTu IOKasylOTh, III0 HAHOCTPY-
krypu PVA/PEG/BaTiO; MaioTs eHepreTuuHy IIijnHy, 1o gopisaoe 1,705
eB, 3 XopomIuMu ONTUYHUMHU, TEIJIOBUMHU ¥ €JEKTPOHHUMU BJIACTUBOCTIMMU,
110 POOUTH IX KOPUCHUMHU B O0JIACTAX €J€KTPOHIKM M OUNTHUKHU.

Key words: BaTiO;, DFT, energy gap, optical properties, polymer, elec-
tronics applications.

Karouori ciora: BaTiO;, T®I', enepreTuuna miiinHa, ONTUYHI BJIACTUBOCTI,
moJriMep, 3aCTOCYBaHHSA €JIeKTPOHIKHU.
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1. INTRODUCTION

Inorganic—organic nanocomposites have gained a scientific robust in
the approaches of optics (linear and nonlinear) and solar cells owing
to their exceptional characteristics and new applications. Combining
one or more nanoparticles of metal oxide with one or more polymer
leads to a novel type of state-of-the-art nanocomposites. Mostly, the
incorporation of metal oxide and polymers has been exhibited to
nanocomposites manifesting good electrical, mechanical and optical
characteristics. Polymer composites increased many striking charac-
teristics like easy processing, resistance to deformations and organic
functionalities [1]. Ferroelectric materials are distinguished by hav-
ing a polarization direction that may be switched in response to an
external electric field, which generates several technical fields [2].

Perovskite oxides like BaTiO; have good ferroelectric polarization
and piezoelectricity characterizations, which allow many significant
technology fields. Extensive studies have shown that these charac-
terizations sensitively depend on external conditions like thickness,
strain, interface structures [3]. Due to the good ferroelectric and
piezoelectric characteristics, BaTiO; ceramic may be applied as an
optically information processing materials or a photoelectric device
materials relate to its sensitivity to light refraction and higher pho-
toelectric coefficient [4].

Polyvinyl alcohol (PVA) can be blended with other polymers to
form polymer complexes by hydrogen bonding. Hydroxyl groups,
which are located on the carbon chain backbone of the polymer, are
considered the main source of the hydrogen bonding. On the other
hand, polyethylene glycol (PEG) is a highly water soluble and non-
toxic material; besides, its solubility in most organic solvents is con-
siderably high. Moreover, when PEG is mixed with other polymeric
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material, most of these properties can be shared within the resulting
blend [5]. The composites of polymer doped with inorganic material
included many applications in electronics and optoelectronics [6—19].

Gaussian 03 program is computer software, which is capable pre-
dicting several characterizations of molecules and reactions, which
are included the molecular energies and structures [20].

This work aims to design of new PVA/PEG/BaTiO; nanostruc-
tures combining between the properties of PVA/PEG blend and Ba-
TiO; nanostructures to create new material used as a key for differ-
ent electronics fields.

2. THEORETICAL PART

Energy gap refers to difference of the HOMO and LUMO levels[21]:
Eg = Erymo — Enomo-

The ionization energy is given by Ref. [22] as follows: I;=—Eyouo-
Electron affinity is defined by the following equation [21]:

E,=-Eyno-
The chemical potential is determined by the relation [23]:

B~ (Egomo + ELUMO)/2 ~—(I+ EA)/z .

Chemical hardness is given by Ref. [24] as follows: H = (I, — E,)/2.
Chemical softness is defined by the equation [25]: S = (2H)".
Electrophilicity is given by the relation [25]: w = p®/(2H).

The electronegativity is determined by the equation [26]:

E,=-(I,+E)/2.

Polarizability is the linear response measure of the electron den-
sity in the presence of an infinitesimal electric field [27]. The polar-
izability is given by the equation [28]: o, = (a,, + o, +0,)/3.

3. RESULTS AND DISCUSSION

Figure 1 shows the found relaxation of the molecule, in which the
optimized structure of the molecule is the structure at minimum
energy, and it is performed by finding the first derivative of the
energy with respect to distance between various atoms.

Table 1 represents the standard orientation of all atoms in the
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Eras

Fig. 1. Optimization of PVA/PEG/BaTiO; structures.

TABLE 1. Average lengths of bond and the angles.

Measurements Optimization parameters Values
(C-0) 1.541
(C-0) 1.480
(C-H) 1.098
Bonds, A (O-H) 0.993
(Ba—Ti) 3.482

(Ti—0) 1.9736
(Ba—0) 2.730

(C-C-0) 112.878

Angles, deg. (C-0-H) 109.132
(Ba—0O-Ti) 95.025

molecule. The bonds’ values in present work are in a well agreement
with Refs. [29, 30].

Figure 2 shows the IR spectrum of PVA/PEG/BaTiO; structures;
using DFT, it has been found that the strong peak observed at 3000
cm ' is attributed to the (O—H) groups.

With Raman spectroscopy, a change is observed in the polariza-
tion of molecules, i.e., the visible or ultraviolet photons interact
with the vibrating molecular bonds, gaining or losing part of their



DESIGN AND AUGMENTATION OF THE CHARACTERISTICS 117

100

2001

3001

IR activity

4001

500

[ — 1R spectrum sealed by 1.000000]

0000 3500 3000 2300 2000 1500 1000 500 0

Frequency, cm™!

Fig. 2. IR spectra of PVA/PEG/BaTiO; structures.
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Fig. 3. Raman intensities of PVA/PEG/BaTiO; structures with vibration
frequency.

energy, thereby, generating the spectrum [31].

Figure 3 shows the Raman spectra of PVA/PEG/BaTiO; struc-
tures. Intensities of Raman spectra depend on the probability that
photon with particular wavelength will be absorbed.

Figure 4 show the UV-Vis spectra dependent on the molecule
electronic structure. The UV-Vis-spectra calculations for the



118 Batool MOHAMMED, Hind AHMED, and Ahmed HASHIM

10000 T T ‘ . : .14
{012
8000 | o
lo.10 &
=
o
6000 lo0s %
o
w 2
{oos =
4000} =
2]
{004 ©
2000}
{0.02
000

9% 60 soo 1000 1200 1400

Wavelenght, nm

Fig. 4. UV—Vis spectrum for the PVA-PEG-BaTiO; composite.

TABLE 2. Energy-gap values of in [eV] for PVA/PEG/BaTiO; structures.

Exomo, €V Evrumor €V | E, eV
~2.262 ~0.555 1.705

PVA/PEG/BaTiO; structures performed by means of the B3LYP-
TD/LanL2DZ method include the excitation energy, wavelength,
oscillator strength, and electronic transition.

Table 2 represents the energy gap of PVA/PEG/BaTiO; struc-
tures in comparison with Ref. [30].

Figure 5 illustrates the 3D distribution of HOMO?® and LUMO?® for
the studied structures.

Figure 6 illustrates the electrostatic surface potential (ESP) dis-
tribution for the PVA/PEG/BaTiO; structures calculated from the
total self-consistent field approximation. ESP distributions of
structures are caused by repulsive forces or by attracting regions
around each structure. In general, the ESP distributions for the
PVA/PEG/BaTiO; structures are dragged toward the negative-
charges’ positions in each molecule bases with high-
electronegativity oxygen atoms (3.5 eV).

Table 3 shows the results of the ground state energy (E;) in
[a.u.], the viral ratio (-V/T) as the ratio of the negative magnitude
of the potential energy to the kinetic energy, and some electronic
characteristics of PVA/PEG/BaTiO; structures calculated at the
same level of theory. These characteristics include I, E,, Ey, H
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Fig. 5. The distribution of HOMO (up raw) and LUMO (down raw) for the
PVA/PEG/BaTiO; structures.

Fig. 6. Electrostatic-potential distribution surface for the PVA/PEG/BaTiO,
structure.

and w [32].



120 Batool MOHAMMED, Hind AHMED, and Ahmed HASHIM

TABLE 3. Electronic characteristics’ values in [eV] for the structure.

Property | PVA/PEG/BaTiO, structures |
Total energy -1200.679 [a.u.]

Ionization potential 2.262
Electron affinity 0.555
Electronegativity 1.408
Chemical hardness 0.853
Chemical softness 0.585
Chemical potential -1.408
Electrophilicity 3.383

TABLE 4. The polarizability of PVA/PEG/BaTiO, structures.

Polarizability, a.u.

Olyys .U Oyys AU o,,, a.u. Olgper &.U.
407.722 340.150 286.380 344.750
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Fig. 7. DOS for the PVA/PEG/BaTiO; structures.

Table 4 shows the average polarizability (o,,) and its components
in [a.u.] of PVA/PEG/BaTiO; structures.

The density of states for the PVA/PEG/BaTiO; structures as a
function of energy levels was calculated by employing the DFT-
B3LYP/LanL2DZ level of theory. Figure 7 shows the degenerate
states as functions of energy levels for the studied structure; this
degeneracy is caused by the existence of the new types of atoms,
and that leads to varying the bond lengths and angles or changing
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TABLE 5. E,;, c, and S, for the PVA/PEG/BaTiO, structures.

Thermal corrections (Hartree/Partial)

E,,, kcal/mole l ¢,, cal/mole'K ‘ S, cal/mole-K
Electronic 0.000 0.000 1.377
Translational 0.889 2.981 44.575
Rotational 0.889 2.981 36.916
Vibrational 313.331 108.306 132.986
Total 315.109 114.268 214.477

the geometry of the structure.
Table 5 presents the thermal corrections of E,,, ¢, and S, for the
PVA/PEG/BaTiO; structures.

4. CONCLUSIONS

In this work, design of new PVA/PEG/BaTiO, structures and study-
ing the structure, electronic, optical and thermal properties have
been made to use in various optics and electronics fields with good
physical and chemical characteristics in comparison with other
structures. The results show that good relaxation of the
PVA/PEG/BaTiO; structures is obtained, using B3LYP-DFT at
Gaussian 09 package of program. The ionization potential is greater
than the electron affinity; so, these structures need high energy to
become cation. The PVA/PEG/BaTiO; structures are more reactive
according to the high level of the electrophilicity. Finally, the re-
sults indicate that the PVA/PEG/BaTiO; structures could be used in
various optoelectronics fields.
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