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This paper aims to investigate the structural, optical and electrical properties of PEO doped with NiO. The 

DFT calculations have been performed using Gaussian 09 package of programs. The calculated electronic 

properties included the total energy, HOMO and LUMO energies, energy gap, ionization energy, electron 

affinity, electronegativity, electrochemical hardness, electronic softness and electrophilic index. The obtained 

results showed that the doping PEO with NiO improved the structural, optical, electronic and electrical 

characteristics where the energy band gap decreases about 67.4 % with addition of NiO which make the (PEO-

NiO) composites are promising materials for flexible optoelectronics fields in the development of electronics 

applications.  
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Introduction 

Nanocomposites of organic and inorganic 

semiconductors dispersed in polymer matrices are 

multifunctional materials often suggested as elements of 

nonlinear optical devices and for development of plastic 

solar cells. The increasing interest in their possible use is 

caused by their plasticity, simple preparation techniques, 

and an opportunity to tune their properties by changing 

the concentration and the nanoparticle size in the matrix. 

A polymeric nanocomposite should possess high optical 

and photochemical stability [1]. Ceramic materials are 

typically brittle, possess low dielectric strength and in 

many cases are difficult to be processed requiring high 

temperature. On the other hand, polymers are flexible, 

can be easily processed at low temperatures and exhibit 

high dielectric break down fields [2]. Polymers are 

considered a good choice as host materials, because they 

normally exhibit long-term stability and possess flexible 

reprocessability and they can be designed to yield a 

variety of bulk physical properties. This new class of 

organic inorganic composites or hybrid materials may 

afford potential applications in molecular electronics, 

photoelectrochemical cells, optics, solvent-free coatings, 

etc [3]. Organic polymers show ample evidence of 

optical, electronic and optoelectronic properties and are 

at length used in optical devices like lenses, optical 

waveguides, optical switches, light emitting diodes and 

nonlinear optical applications extended use of optical 

polymers, it is therefore advantageous to have polymers 

with a property, like refractive index, within a certain 

range [4]. Polyethylene oxide (PEO) is a linear and semi-

crystalline polymer. Because PEO is a linear polymer, 

the regularity of structure unit permits a high crystallinity 

degree. The chemical structure of PEO contains of polar 

group –O– that can interact/associate with the cations of 

metal salt. Thus, PEO can solvate different types of salts. 

However, the reactivity is very low because of its 

structural unit has C–H, C–C, C–O bonds. Due to this, it 

is stabilized chemically and electrochemically. But,a 

high concentration of crystalline phase within PEO 

polymer confines the conductivity[5]. This work aims to 

design of PEO/NiO structures and investigating the 

structural, optical and electronics properties to use in 

different optoelectronics and electronics devices. 
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I. Theoretical Part 

The energy gap is calculated by the following 

formula[6-9]: 

 

 Egap= ELUMO − EHOMO, (1) 

 

where Eg is the energy gap, ELUMO is the energy of the 

low unoccupied molecular orbital, EHOMO is the energy of 

the highest occupied molecular orbital. 

The total energy is the summation of total kinetic 

and potential energy, at the optimized structure where the 

total energy of the molecule must be at the lowest value 

due to the molecule is at the equilibrium position, which 

means, the of the effective forces is zero [10]. The 

ionization energy is expressed by the equation[11]: 

 

 IE = −EHOMO  (2) 

 

Electron affinity can be given as the energy released 

when an electron bonds to an atom or molecule resulting 

in the formation of a negative ion [12].  

 

  𝐸𝐴 = −𝐸𝐿𝑈𝑀𝑂  (3) 

 

The chemical potential ( )  is measured the escaping 

tendency of electronic cloud which is given by[13]: 

 

 μ ≈  
1

2
(EHOMO + ELUMO) ≈ −

1

2
(IE + EA), (4) 

 

Chemical hardness is calculated by [14]:  

 

 H =
IE−EA

2
 (5) 

 

Chemical softness S is the inverse with hardness as 

the following equation[15]: 

 

 S =
1

2H
  (6) 

 

Electrophilicity is defined by the equation [16]: 

 

 ω =
μ2

2H
 (7) 

R. Mulliken defined electronegativity as the 

following[17]:  

 

 EN =
1

2
(IE + EA) (8) 

 

The electric dipole polarizability is the measure of 

the linear response of the electron density in the presence 

of an infinitesimal electric field F and it represents a 

second order variation in energy [18]. The polarizability 

is calculated by the following equation [19].  

 

(9) 

 

II. Results and Discussion 

Geometry optimization is a standard chemistry-

physical calculation to find the lowest energy or largest 

relaxed conformation for a molecule, it is performed by 

find the first derivative of the energy with respect to 

distance between different atoms, known as the gradient, 

at the stationary point this gradient is zero, since the 

gradient is the negative of the force, the forces are also 

zero at such point. The optimization structures of the 

pure (PEO), (PEO–NIO) nanocomposites, are seen in 

Figs. 1, 2. The optimized parameters of these molecules 

encompassed bonds in (A°) and angles in (°) calculated 

from DFT-B3LYP/6-31G are shown in Table 1.  

 

 
 

Fig.1. Optimiztion of PEO structure. 

 

 
 

Fig.2. Optimiztion of (PEO-NiO) structures. 

 

Table 1 

 

Average lengths of bond in (Å) and the angles in degree 

 

Values 
The optimization 

parameters 
Measurements 

1.52609 ( C C ) 

Bonds 

Å 

1.45350 ( C O ) 

1.09983 ( C H ) 

1.056 (O H) 

1.89952 (NI-O ) 

33.45179 ( C O C ) 

Angles 

Deg. 

111.40754 (O-C-H ) 

108.79899 (H-C-H )  
35.76269 (H-H-H ) 

 

)(3
1

zzyyxx  ++=
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The optimized structure for the pure PEO and 

nanocomposites in this work the structures are initially 

designed at Gauss View 5.0.8 program, and relaxed at 

Gaussian 09 package of programs by employing 

B3LYP/6-31G for PEO and SDD for nanocomposites. 

Figures (2) and (3) show the IR-Spectrum of (PEO) 

and (PEO-NiO) structures using density functional 

theory. It was noted that the strong peak of (PEO-NiO) 

structures observed at (3048cm-1). 

Figures (7) and (8) show the UV-Vis spectra Visible 

and Ultra Violet spectrum is dependent on upon the 

electronics structure of the molecule. The UV-Vis 

 
Fig. 3. IR spectra of (PEO) structure. 

 
Fig. 4. IR spectra of (PEO-NiO) structure. 

 

 
 

Fig. 5. Raman intensities of (PEO) structures with vibration frequency. 
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calculations of the (PEO) and (PEO-NiO) structures 

which get by the B3LYP-TD/SDD method included the 

excitation energy, wavelength, oscillator strength and 

electronic transition. 
Table 2 represents the comparison between Eg values 

of (PEO),(NiO) and (PEO-NiO) structures, then 

compared with the Refs. [20 and 21]. Figures(8) 

illustrates the3-D distribution of HOMOs and LUMOs for 

the (PEO-NiO) structures. The HOMO–LUMO 

visualization obviously characterizes the cloud of 

electron in virtual and occupied orbitals. The green color 

represents the molecular orbital of highest energy 

HOMO while red color represents the molecular orbital 

of lowest energy LUMO in the structures. The energy 

 
Fig. 6. Raman intensities of (PEO-NiO) structures with vibration frequency. 

 

 
 

Fig. 7. UV-Vis spectrum for (PEO) structure. 

 

 
 

Fig. 8. UV-Vis spectrum for (PEO-NiO) structures. 
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band gap of PEO decreases with adding of NiO, this 

behavior due to increase of the localized level in energy 

gap [22-30], which make it suitable in many 

optoelectronics applications.  

Figure 10 illustrates the electrostatic surfaces 

potential distribution of structures calculated from the 

total self-consistent field (SCF). ESP distributions of 

structure are created by repulsive forces or by attracting 

Table 2 

 

Energy gap values of structures 

PEO NiO (PEO-NiO) 

EHOMO 

(eV) 
ELUMO (eV) 

Eg 

(eV) 

EHOMO 

(eV) 

ELUMO 

(eV) 

Eg 

(eV) 

EHOMO 

(eV) 

ELUMO 

(eV) 

Eg 

(eV) 

-6.4811 1.6587 8.1398 -6.5807 -4.5497 2.031 -2.8064 -0.1548 2.6516 

 

          
 

         
 

Fig. 9. The distribution of HOMO(up) and LUMO(down) (PEO-NIO) structures. 

 

 
 

Fig. 10. Electrostatic potential distribution surface for (PEO-NiO) structures. 
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regions around each structure.  

Table 3 shows the results of the ET in a. u and some 

electronic characteristics of (PEO),(NiO) and (PEO-NiO) 

structures calculated at the same  level of theory. These 

properties are included IE, EA, EN, H and  . 

Table 4 shows the polarizability average αave and it is 

components in a.u  of (PEO-NiO) structures. 

The strength of interactions can be further studied by 

analyzing orbital interactions between the atoms of 

nanocomposite, in terms of density of statesDOS. The 

DOS governs many physical properties and consequently 

plays an important role in solid state physics, it is 

important to be able to predict how the DOS will behave 

for different molecular structures geometries.  

 

 

 

The density of states of (PEO) and (PEO-NiO) 

structures with energy levels were calculated by 

employing the DFT-B3LYP/SDD level of theory as 

presented in Figures 11 and 12 Density of states (DOS) 

spectrum. 

Table 3 

 

Electronic properties values in eV of the structure 

Property NIO PEO (PEO-NiO) structure 

Total energy -244.3948 -770.1046 -941.1620 (a.u) 

Ionization potential 6.5807 6.4811 2.8064 

Electron affinity 4.5497 -1.6587 0.1548 

Electronegativity 5.5652 2.4112 1.4806 

Chemical hardness 1.0155 4.0699 1.3258 

Chemical softness 0.4923 0.1228 0.3771 

Chemical potential -5.5652 -2.4112 -1.4806 

Electrophilicity 15.2491 0.7142 0.8267 

Dipole moment (Debye) 4.587 1.8044 1.7125 

 

 

Table 4 

The calculated αave and it is components of (PEO-

NiO) structures 
Polarizability(a.u) 

αxx(a.u) αyy(a.u) αzz(a.u) αave(a.u)  

189.476 194.930 156.744 180.383 

 

 
 

Fig. 11. DOS of (PEO) structure. 
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Conclusions 

This work includes the investigating the structural, 

optical and electrical properties of PEO doped with NiO. 

The DFT calculations have been performed using 

Gaussian 09 package of programs. Density functional 

theory calculations are used to study the optimized and 

simulated of (PEP-NiO) structures by using B3LYP/SDD 

basis set. The structural, optical, electronic and electrical 

characteristics of PEO were enhanced with adding of 

NiO. The energy band gap decreases about 67.4 % with 

addition of NiO which make the (PEO-NiO) composites 

are promising materials for flexible optoelectronics fields 

in the development of electronics applications. The final 

results showed the PEO/NiO structures can be used in 

different renewable and electronics applications. 
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Х. Б. Хассан1, Х.М. Абдулджаліл2, А. Хашим1 

Доповнення структурних, електронних та оптичних 

характеристик PEO легованих NiO для застосувань в 

електроніці 

1Університет Вавилону, Освітній коледж чистих наук, фізичний факультет, Ірак, ahmed_taay@yahoo.com 
2 Університет Вавилону, Коледж науки, фізичний факультет, Ірак  

Стаття спрямована на дослідження структурних, оптичних та електричних властивостей PEO, 

легованих NiO. DFT розрахунки виконано за допомогою програмного пакету Gaussian 09. Обчислені 

електронні властивості включали повну енергію, енергії HOMO та LUMO, ширину забороненої зони, 

енергію іонізації, спорідненість електронів, електронегативність, електрохімічну твердість, електронну 

м’якість та електрофільний індекс. Отримані результати показали, що легування PEO з NiO покращило 

структурні, оптичні, електронні та електричні характеристики, де ширина забороненої зони зменшується 

приблизно на 67,4 % із додаванням NiO, що робить композити (PEO-NiO) перспективними матеріалами 

для гнучких оптоелектронних пристроїв. 

Ключові слова: PEO, NiO, DFT, оптичні властивості, електронні пристрої, Gaussian 09. 
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