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Abstract—Copper oxide (I)/carbon-based 

nanomaterials have a great attention nowadays due to 

their potential in electronic and thermoelectric 

applications. In this study, density functional theory 

(DFT) was applied using the B3LYP hybrid function 

and the B3LYP 6-31G basis set to study the properties of 

(6Cu2O/C17) and (4Cu2O/C8) structures, as well as their 

interactions with zinc sulphide (ZnS) and zinc (Zn). The 

calculations included the determination of molecular 

geometry, contour density maps, electrostatic potential 

surfaces, spectra, HOMO and LUMO energies, band 

gap, dipole moment, polarizability, point group 

symmetry, and three states (DOS). The results showed 

that the interaction between (6Cu2O/C17) and (Zn, ZnS) 

led to a clear charge transfer and exchange, which was 

reflected in the density and electrostatic potential maps. 

The structures (6Cu2O/C17), (6Cu2O/C17–Zn), and 

(6Cu2O/C17–ZnS) also revealed narrow band gaps (~0.3 

eV), which enhances their thermoelectric properties. 

Furthermore, interaction with ZnS increased the dipole 

moment from (2.99 Debye) to (15.33 Debye), indicating 

its potential for use in high dielectric materials. The 

(4Cu2O/C8) structure showed Cs group symmetry, which 

makes it important for optical applications. DOS maps 

also showed the emergence of new energy states 

resulting from interaction with Zn and ZnS. These 

results demonstrate that the studied nanostructures 

possess promising electronic, optical, and thermoelectric 

properties, qualifying them for practical applications in 

energy conversion and advanced device fabrication. 

 Keywords—DFT, Symmetry, Dipole moment, 

Copper (I) oxide, Zinc sulfide  

I. INTRODUCTION  

        The electronic structure of particular atoms, 

molecules, nanoclusters, and substances can be studied 

using quantum mechanical techniques such as density 

functional theory, post Hartree-Fock methods, and the 

Hartree-Fock approximation [1]. Density functional 

theory (DFT) is employed for studying systems with 

many particles throughout the electron density [2]. 

Electron density is the probability of finding electrons at 

a given point in space [3]. According to density 

functional theory, the electron density is more 

significant than the wave function and solely depends on 

three spatial dimensions, independent of the electrons' 

location within the system. By comparison, the wave 

function approximation considers three parameters: 

three spatial coordinates, one spin coordinate, and the 

fixed nuclei position assumption [4]. Using this theory, 

the properties of a multi-electron system can be 

ascertained by studying the functionals, which stand for 

functions of another functions [5].  In computational 

physics and chemistry, DFT is one of the most popular 

methods for figuring out the electronic properties of 

solid state materials [6]. The outcomes of DFT 

calculations substantially resemble the experimental 

results when applied to solid state systems [7]. 

Hohenberg-Kohn proposed density functional theory in 

two research publications in the 1960s [8]. DFT was not 

thought to be accurate enough for calculations involving 

quantum chemistry until the 1990s [9]. By disregarding 

the system's wave function, DFT seeks to determine the 

ground state energy of N electron system solely from its 

density [10]. DFT is computationally developed by John 

Pople using notions from quantum chemistry. Pople and 

Walter Kohn were awarded the 1998 Nopel Prize in 

Chemistry because they contributed to enhance the 

calculations of DFT [11]. The material utilized in this 

paper were Zinc (Zn), Zinc Sulfide (ZnS), 4Cu2O/C8 and 

6Cu2O/C17. One nanomaterial that was utilized in the 

manufacture of semiconductors is zinc sulfide. The 

organic complexes that based on mixing Cu2O and 

carbon are employing in numerous scientific fields [12]. 

Cu₂O (p-type) systems with Zn or ZnS (n-type) form p–

n interfaces that improve charge separation and reduce 

recombination, thereby enhancing electronic and optical 

performance. The wide bandgap of ZnS, when combined 

with Cu₂O, allows for effective band alignment that 

facilitates electron transport and enhances catalytic and 

electrochemical properties. Zn doping/insertion also 
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adjusts the band gap and conductivity, while the 

incorporation of Cu₂O with carbon enhances charge 

transport and electronic stability [13-16]. The goal of 

study is to find out organic complex  nanomaterial 

structures during the interactions between the organic 

complexes that based on copper (I) oxide (Cu2O) and 

carbon and it’s interactions with zinc and zinc sulfide, in 

order to enhance the electronic characteristics, optical 

merits and thermoelectric properties. The study aims 

was to improve the organic complexes nanomaterial 

structures to become more appropriate  for electronic 

devices, just like, transistors, diodes and integrating 

circuits and thermoelectric devices, such as energy 

conversion devices which convert the heat energy into 

the electric energy.  

A.  Computational Details 

All theoretical calculations were performed using 

Gaussian 09 [17] based on density functional theory (DFT), 

which is one of the most accurate and efficient ways to 

describe the electronic and physical properties of 

compounds. The B3LYP hybrid function was chosen due to 

its high accuracy in representing the behavior of organic and 

inorganic molecules [18], while the 6-31G basis set was used 

for all atoms under study [19]. The calculations were carried 

out using the Frequency Analysis option, through which the 

IR spectra were obtained and the stability of the optimized 

structures was verified by the absence of any imaginary 

frequency values. Additional properties such as dipole 

moment and  polarizability were extracted. In addition,  

HOMO and LUMO levels were calculated and the energy 

gap in electron-volt (eV) were deduced to evaluate the 

electronic activity of the compounds. The density of 

electronic states (DOS) was analyzed using Gaussian-related 

Gauss View software, enabling a deeper understanding of the 

energy distribution of molecular orbitals.  

 

  The symmetry elements of the studied structures were 

determined based on the results of the frequency analysis, in 

order to deduce the symmetric properties of the compounds. 

 

II. RESULTS AND DISCUSSION 

A. Molecular Geometry 

          Molecular structure is expressed by the positions 

of the atoms within the structure or the system. The 

molecular geometry of  many bodies structures  depends 

on several factors, as well, the repulsion forces among 

the electrons, electrons penetrations towards the nuclei 

and the shielding of the electrons by the nuclei [20]. The 

molecular geometry of the nanomaterial structures 

4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, 

(6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS  were carried out 

by employing density functional theory at the ground 

state energy and the basis set 6-31G with hybrid 

functional B3LYP. 

 

             a) 4Cu2O/C8                                            b) 6Cu2O/C17 

                  c)(4Cu2O/C8)-Zn                           d) (6Cu2O/C17)-Zn 

 

           e)4Cu2O/C8-ZnS                              f) 6Cu2O/C17-ZnS 

Figure (1):  The molecular geometry of the nanomaterial structures 

4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-

Zn and (6Cu2O/C17)-ZnS. 

Figure (1) demonstrates the copper atoms with orange 

color, oxygen atoms with red color, the carbon atoms 

with lead color, zinc atoms with light blue color and 

sulfur atoms with yellow color. Copper (I) oxide (Cu2O) 

is classified as a semiconductor, and it has tendency to 

make a covalent bond. Each carbon atom owns four 

electrons in the outer shell, therefore carbon atoms have 

the tendency to make a covalent bonds. Zinc (Zn) is 

classified  as a metal, therefore, it has the tendency to 

donate the electrons from the outer shell. Hence, when 

zinc atom interacts with the complex nanostructure 

(4Cu2O/C8) or the complex nanostructure (6Cu2O/C17), 

the result bonds will not be pure covalent and will not be 

Nanostructure Mode 

No. 

Frequenc

y (cm⁻¹) 

IR Intensity 

(a.u.) 

Assignment 

(6Cu₂O/C17–Zn) 1 495 40 Cu–O–Zn 
stretching 

 2 742 35 C–C 

vibration 

 3 1158 58 C–O 
stretching 

 4 1605 71 C=C 

stretching 

 5 2992 83 C–H 
stretching 

(aliphatic) 

 6 3110 91 C–H 
stretching 

(aromatic) 

(6Cu₂O/C17–

ZnS) 

1 488 47 Cu–O–S 

stretching 

 2 690 30 Zn–S 

vibration 

 3 1132 64 C–O 

stretching 

 4 1582 79 C=C 

stretching 

 5 2978 86 C–H 

stretching 
(aliphatic) 

 6 3105 93 C–H 

stretching 
(aromatic) 
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pure ionic bond. The bond may be partially covalent and 

ionic. Physical phenomena may be occur near the 

surface at the interaction region between the surfaces of 

the nanomaterial structures (4Cu2O/C8, 6Cu2O/C17) and 

zinc (Zn) atom. The physical phenomena include  

adsorption, physisorption, charge exchange or charge 

transfer. The absence of imaginary frequencies (negative 

values) after  optimizing the structure indicates that the 

structure  located at a real minimum point on the 

potential energy surface, while having a suitable (non-

zero) energy band gap (LUMO_HOMO) indicates an 

electronic stability. Having  a large\ band gap means a 

higher resistance to random electronic transitions. Znic 

sulfide (ZnS) is classified as a wide band gap 

semiconductor, when zinc sulfide interacts with 

(4Cu2O/C8) or (6Cu2O/C17) tend to consistence of hetro-

junction, like this interaction is considered very 

interested in the photocatalytic and electrochemical 

properties.  

B. Electrostatic Potentials 

          HOMO and LUMO surfaces have been visualized 

by updating the molecular structure through the choice 

MOs, in which MOs means molecular orbital theory. In 

this theory, the atomic orbitals  merged to consistence 

molecular orbitals. They are the frontier orbitals in 

which they determine the energy band gap merit, which 

is utilized to determine types of the materials 

(conductor, semiconductor or insulator). The difference 

between LUMO energy and HOMO energy yields the 

energy gap [21]. Density functional theory method had 

been utilized to carry out the electrostatic potential for 

4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, 

(6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS at the ground 

state energy and the basis set 6-31G with hybrid 

functional B3LYP. 

 

         a) 4Cu2O/C8                                           b) 6Cu2O/C17 

 
 c) (4Cu2O/C8)-Zn                                     d) (6Cu2O/C17)-Zn 

 

   e) (4Cu2O/C8)-ZnS                                  f) (6Cu2O/C17)-ZnS 

Figure (2): The electrostatic potentials of the nanomaterial structures 
4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-

Zn and (6Cu2O/C17)-ZnS. 

     Figure (2) demonstrates dissimilarity in the charge 

distribution about the atoms when the zinc atom interacts 

with the nanomaterial structure 6Cu2O/C17. The interaction 

between zinc atom and 6Cu2O/C17 leads to a charge 

distribution around the zinc atom, and causes a charge 

exchange in other regions in the molecular structure. This is 

apparent by making a simplified comparison between 

pictures of 6Cu2O/C17 and (6Cu2O/C17)-Zn. The interaction 

between the nanomaterial structure 4Cu2O/C8 and zinc 

sulfide (ZnS) tends to originate  the electronic charge 

distribution in the interaction region between 4Cu2O/C8 and 

zinc sulfide (ZnS). The interaction depicts electronic charge 

distribution around zinc sulfide (ZnS) atoms. The 

interpretation here,  if the charge exchange occurs, the 

nanomaterial structure 4Cu2O/C8 may set a positive test 

charge from the nuclei of Cu2O atoms or carbon atoms 

towards the surface in order to attract the electrons from the 

zinc sulfide. Also one can say zinc sulfide (ZnS) may set a 

positive test charge towards the surface to attract the 

electrons from the nanomaterial structure 4Cu2O/C8. The 

green color in the electrostatic potential surface indicates to 

the positive partition of the wave function, but the maroon 

color  points out the negative ve partition of the wave 

function. Also, when we  make a comparison between 

6Cu2O/C17 and (6Cu2O/C17)-Zn, 4Cu2O/C8 and (4Cu2O/C8)-

ZnS can visualize impact of the interaction on the shape of 

electrostatic potential surface which denotes to the 

difference in the charge distribution apparently before and 

after the interactions.   

C. Contours 

         Electron density contours are also represented on the 

electrostatic potential surfaces. It stands for a n 

advantageous tool to describe Fermi level. Fermi energy and 

Brillion zones are well known in  solid state physics. In the 

contour maps, the active regions in the molecular structure 

or molecular system apparently demonstrate. The charge 

distribution of the electrons around the nuclei of atoms in 

the molecular system depicts in the density contour maps. 

Therefore occasionally contour maps are utilized to describe 

the charge transfer and charge exchange [22]. The contour 

density maps were performed using the density functional 

theory at the ground state, B3LYP level and 6-31G basis set 

for the nanomaterial structures 4Cu2O/C8, 6Cu2O/C17, 

(4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and 

(6Cu2O/C17)-ZnS. 
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a) 4Cu2O/C8                                                b) 6Cu2O/C17 

 

     c)(4Cu2O/C8)-Zn                                         d) (6Cu2O/C17)-Zn 

 

 

 e) (4Cu2O/C8)-ZnS                                         f) (6Cu2O/C17)-ZnS 

 

 
Figure (3): Contour density maps of the nanomaterial structures 

4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-
Zn and (6Cu2O/C17)-ZnS. 

 

     Figure (3) demonstrates the active regions through 

the distortion in the contour density maps. By holding a 

modest comparison between 4Cu2O/C8 and (4Cu2O/C8)-

Zn, it can be visualized that dissimilarity in the contour 

maps shapes, this occurs  due to the interaction between 

zinc atom and the atoms of the nanomaterial structure 

4Cu2O/C8. The charge density distribution was around 

the zinc atom be systematically, the active regions 

showed apparently around the atoms carbon and oxygen. 

The interpretation here, the electrons owned a tendency 

to stay near carbon and oxygen atoms more than the 

other atoms in the complex nanomaterial structure, and 

this happened because the electrons in the complex 

nanomaterial structure (4Cu2O/C8)-Zn influenced  by the 

attraction force of the nuclei of carbon and oxygen more 

than zinc and copper nuclei. The electrons prefer to stay 

near the nuclei of carbon rather than   oxygen . The 

atomic number of carbons is 6 and  oxygen is 8, but for 

copper is 29 and zinc is 30. One can censor two active 

regions near carbon atoms, but one active a region near 

oxygen atoms, this takes place because the atomic 

number of carbon smaller than the atomic number of 

oxygen. The complex nanomaterial structure 

(4Cu2O/C8)-ZnS possesses a new site for distortion signs 

active region in the interaction region between zinc 

sulfide (ZnS) and (4Cu2O/C8). A simple counter-posing 

between 6Cu2O/C17 and (6Cu2O/C17)-ZnS clarified  

existence new distortions in the contour maps right and 

left ZnS in the interaction region near the atoms of 

carbon, oxygen, sulfur and zinc. Hence, one can say that 

the interaction in this complex nanomaterial structure 

will be  stronger, and the charge exchange or charge 

exchange will be more apparently as compared with 

other complexes nanomaterial structures.  

D. Infrared Spectra (IR) 

        The infrared spectroscopy express on the 

interactions between the infrared spectrum and the 

substances. It  employs to test the substances during 

appearance the active groups (the bonds between two 

atoms). Infrared spectra  yield the vibration modes 

which can be symmetric or asymmetric. The symmetric 

vibration happens between atoms of the same kind, but 

the asymmetric vibration takes place between atoms of 

dissimilar kinds [23,24]. The modes might be elastic or 

inelastic. The infrared spectra for the nanomaterial 

structures 4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, 

(4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and (6Cu2O/C17)-Zn 

had been carried out at the ground state, B3LYP level, 

and 6-31G basis set. 
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                                        c)(4Cu2O/C8)-Zn                                                    d) (6Cu2O/C17)-Zn                        

                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 4: Infrared spectra (IR) for the nanomaterial structures 4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and 

(6Cu2O/C17)-ZnS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                              a) 4Cu2O/C8                                                                        b)4Cu2O/C8    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

                            

 

 

 

 

 

 

 

 

                                 
 

 

 

 

 

 

 

 

 

 

 

e)(4Cu2O/C8)-ZnS                                                           f)(6Cu2O/C17)-ZnS

 

               

 

 

 

Table (1): illustrates HOMO, LUMO electronic states and the energy band gaps (Eg) for the nanomaterial structures 

4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS.  

 

. 

 

 

 

 

 

 

 

System ELUMO (eV) EHOMO (eV) Energy gap (eV) 

4Cu2O/C8 -4.388 -5.157 0.768 

(4Cu2O/C8)-Zn -3.972 -4.933 0.960 

(4Cu2O/C8)-ZnS -4.882 -5.401 0.519 

6Cu2O/C17 
-4.035 -4.357 0.322 

(6Cu2O/C17)-Zn -3.929 -4.266 0.336 

(6Cu2O/C17)-ZnS -4.550 -4.894 0.344 
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In Figure (4) when one makes a modest comparison 

between 4Cu2O/C8 and (4Cu2O/C8)-ZnS can visualize 

new peaks emerge in the complex nanomaterial structure 

(4Cu2O/C8)-ZnS. These peaks indicated  new bonds 

generated between (zinc , sulfur) and the atoms of the 

nanomaterial structure 4Cu2O/C8. The peaks may be (Zn-

Cu), (Zn-O), (Zn-C), (S-C), S-Cu) or (S-O). One can 

visualize in the nanomaterial structure 4Cu2O/C8, the apex 

next 900 cm
-1

 be under the intensity (950 Mole
-1

 cm
-1

), 

but after the interaction with zinc atom, i.e. in the 

complex nanomaterial structure (4Cu2O/C8)-Zn, the apex 

next (900 cm
-1

) became  under the intensity (550 Mole
-1

 

cm
-1

). The reduction in the intensity was due to a weak 

bond  originated by means of adding the zinc impurity to 

the nanomaterial structure 4Cu2O/C8, Zinc atoms tend to 

form weak covalent bonds, donating an electron pair from 

their valence shell to form a bond with carbon (C) or 

copper (Cu) atoms. As well a simplified comparison 

between 6Cu2O/C17 and (6Cu2O/C17)-Zn demonstrates the 

impact of zinc atom. At the wave number next (1100 cm
-

1
), the intensity was more than (1500 Mole

-1
 cm

-1
), but 

after the interaction with zinc atom at the same wave 

number, the intensity became shortly (850 Mole
-1

 cm
-1

). 

The interaction of zinc sulphide (ZnS) atoms with the 

6Cu₂O/C₁₇ nanostructure led to the appearance of new 

peaks in the spectrum. These peaks appeared at different 

values in terms of intensity and wave number. 

E. Electronic states and energy gap (Eg) 

   Generally the energy band gap (Eg) stands for the 

energy difference between valence band and conduction 

band. According to density functional theory, the energy 

band gap typified the energy difference between the 

frontier orbitals LUMO and HOMO. The energy band gap 

is one of the most interest quantities in the  solid-state 

physics because it determines what if the substance 

insulator, semiconductor or conductor [25,26]. 

Mathematically the energy band gap can be expressed by 

the following equation [27]   

 

                                             

 

      Table 1. Shows behavior of all nanomaterial structures 

as a semiconductors because they have values of energy 

gap in the domain of semiconductor materials. The 

nanomaterial structures 6Cu2O/C17, (6Cu2O/C17)-Zn and 

(6Cu2O/C17)-ZnS possess a narrow semiconductor energy 

gaps, they are approximately (0.32 eV), (0.33 eV) and 

(0.34 eV) respectively. The energy gaps of those 

nanomaterial structures are all near the value of energy 

gap (Eg) of lead telluride (PbTe). (Eg) of lead telluride is 

shortly 0.3 eV. This makes them as semiconductor 

nanomaterial structures which have an excellent 

performance at the medium temperature. The 

semiconductors with energy gap near (0.3 eV) are very 

advantageous in the applications conversion the heat to 

electric energy due to their  thermoelectric characteristics. 

The other nanomaterial structures in the table were 

4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn. These materials 

have energy gaps acquire importance in many electronic 

devices such as transistors, diodes and integrated circuits. 

The HOMO energy describes the nanostructure to donate 

the electrons, therefore, the nanomaterial structure 

(6Cu2O/C17)-Zn has greater ability for donation the 

electrons as compared with the nanomaterial structures in 

the table, because it has the maximum value of HOMO 

energy of (-4.26 eV). The LUMO energy expresses the 

nanostructure ability to accept electrons in acceptor level, 

therefore, the nanomaterial structure (4Cu2O/C8)-ZnS was 

regarded the best acceptor in the table,  due to their 

minimum value of LUMO energy  of (-5.4 eV). 

 

F. Dipole moment and polarizabilities 

       The dipole moment is the result of multiplying the 

charge by the displacement. The direction of the 

displacement affects the dipole moment. The 

displacement between two charges, one of which is (+ve) 

and the other is (-ve), was represented by symbol.   If the 

charge is represented by the symbol   , then the dipole 

moment (μ) equation can be expressed as follows [28] 

                             

  

    The property of a molecule to become polarized is 

referred to as "polarizability". The linear response of 

electron density in the presence of a seminal electric field 

F is another way to convey the idea of polarizability. 

Mathematically the polarizability can be expressed as a 

second-order variation of the energy [29] 

    (
   

      

)
   

                                 

 

Table (2): exhibits the dipole moment and average polarizability for the 
nanomaterial structures 4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, 

(4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS. 

 

        Table (2) shows that the nanomaterial structures have 

no zero dipole moment, because they were all hetro-

nuclear structures. The zero dipole moment only appears 

in the homo-nuclear structure. It was apparent that the 

interaction of zinc sulfide with the nanomaterial structures 

(4Cu2O/C8 , 6Cu2O/C17) lead to clear increasing in the 

value of dipole moment, i.e. each one of the complex 

organic nanomaterial structures (4Cu2O/C8)-ZnS and  

(6Cu2O/C17)-ZnS became possesses dipole moment value 

more than (15.3 Debye). It is a crucial quantity for 

recognizing the polar and non-polar bonds. All 

nanomaterial structures which possess dipole moment is 

considered polar molecules. Knowing the values of dipole 

moment is regarded very beneficial for designing the 

optics devices. The organic complex nanomaterial 

System   (Debye) Average Polarizability  

(a.u) 

4Cu2O/C8 8.024 520.804 

(4Cu2O/C8)-Zn 9.018 576.305 

(4Cu2O/C8)-ZnS 15.343 645.861 

6Cu2O/C17 2.998 1515.438 

(6Cu2O/C17)-Zn 4.898 1541.381 

(6Cu2O/C17)-ZnS 15.334 1566.183 
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structure (6Cu2O/C17)-ZnS is regarded the highest activity 

nanomaterial structure, by means of, it has the maximum 

value of the average polarizability, it is about (1566.12 

a.u). The polarizability has a maximum benefit in the 

applications of linear and nonlinear optics. One of the 

most important  characteristics which depend on the 

polarizability is the optical basicity. Furthermore, the 

polarizability  provides  an information about the 

interatomic structure of the substances. One can visualize 

the average polarizability influences more by the number 

of atoms. The average polarizability increase as the 

number of atoms increases. So the dipole moment 

influences by the number of atoms in the organic complex 

nanomaterial structure, and the dipole moment increases 

as the number of atoms increases.  

 

G. Symmetry 

 

      The symmetry of molecules or systems lay a vital role 

in the bonding because only the orbits which possess the 

same symmetry possess a capability to overlap or  mix. 

For each molecular system there is a point group, there 

are several symmetry processes link to this point group. 

The special kind of symmetry which links to the 

symmetry of the molecules is named the symmetry 

element. There are  symmetry operation categories for 

each symmetry element.  The seven symmetry elements 

are identity, vertical plane, dihedral plane, improper axis, 

horizontal axis center of symmetry or inversion center and 

proper axis [30-32]. Density functional theory at the 

ground state, B3LYP level, and 6-31G basis set, had been 

carried out to find out the point group symmetries for the 

nanomaterial structures 4Cu2O/C8, 6Cu2O/C17, 

(4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and 

(6Cu2O/C17)-ZnS. 

Table (3) shows point group symmetries for the nanomaterial 

structures 4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, 

(6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS.  

        

 

 

 

 

 

 

 Table (3) disclosures that the interaction between (Zn , 

ZnS) and the organic complex nanomaterial structure 

4Cu2O/C8 led  to disappear of the point group symmetry 

Cs, in which the complex organic nanomaterial structures 

after the interaction, i.e. (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS 

became own only the point group symmetry C1. The 

nanomaterial structures that own the point group 

symmetry C1, belong to the symmetry Cn, and the element 

of symmetry here is the proper axis. The point group 

symmetry C1 of the nanomaterial structures showed that 

the symmetry occurs during     . The nanocluster repeat 

itself after     . The rule here, the rotation takes place 

during       , therefore, in this case (n=1). In addition to 

C1, one can visualize the organic complex nanomaterial 

structure 4Cu2O/C8 has the point group symmetry Cs, in 

this kind of symmetry the symmetry procedure leave the 

nanomaterial structure the same, and the symmetry 

element here is the identity. This point group symmetry 

(Cs) is regarded important to the symmetry theoretically, 

although it let the nanomaterial structure the same. The 

importance, it  expresses crucial processes, such as the 

double reflection of the organic complex nanomaterial 

structure, the symmetry plane in this point group 

symmetry is the mirror plane. The symmetry Cs of the 

organic complex nanomaterial structure (4Cu2O/C8) make 

it has a significance in the optics applications, and 

contributes to know the optical activity of substances.  

H. Density of States (Dos) 

Depending on the solid state physics, density of states 

(DOS) typifies the number of states for each energetic 

interval at each energy level when electrons can occupy 

the energy levels partially or fully [33]. In some systems, 

the crystal structure permits to the waves propagating in 

certain directions, while, the crystal structure prohibits the 

waves from propagating  in other directions. Therefore, 

there is many states  were founded, and the electrons 

might occupy these states, but there is no states in the case 

of prohibition the wave from propagating. The density of 

states possesses a maximum advantage to determine 

crucial physics properties, particularly in the solid state 

physics, just like, the HOMO energy, the LUMO energy 

and the energy gap [34]. Density functional theory at the 

ground state, B3LYP level, and 6-31G basis set, had been 

carried out with Gauss Sum 03 package to get the  

schematics o density of states (DOS) for the nanomaterial 

structures 4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, 

(4Cu2O/C8)-ZnS, (6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS.  
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Figure (5) disclosure that addition of zinc atom as 

impurity to the nanomaterial structures (4Cu2O/C8, 

6Cu2O/C17) causes dissimilarity in the schematics of 

the density of states. One can visualize new apexes 

demonstrate in the organic complex nanomaterial 

structure (4Cu2O/C8)-Zn and (6Cu2O/C17)-Zn. These 

apexes  are an indication of new energetic levels 

occupied by the electrons. One can say the electron 

pair in the outer shell of zinc atom in 4s orbital may  

transfer to fully vacant orbital in the nanomaterial 

structures 4Cu2O/C8 or the nanomaterial structure 

6Cu2O/C17. As well it may be the electrons of copper 

atoms transfer to vacant orbital in the secondary shell 

4p or 4d of zinc atom. One can hold a comparison 

between 6Cu2O/C17 and (6Cu2O/C17)-ZnS to find out 

that the number of states increase to approximately 

eight states in (6Cu2O/C17)-ZnS instead of seven states 

in6Cu2O/C17 under the energy shortly (-8.5 eV). 

Therefor, new state demonstrates as a result to the 

interaction between zinc sulfide and 6Cu2O/C17. A 

modest comparison between 4Cu2O/C8 and 

(4Cu2O/C8)-ZnS summarizes new states occupied by 

the electrons. One can visualize there were six 

energetic states  occupied by the electrons near the 

energy value (-8 eV) in the nanomaterial structure 

4Cu2O/C8, but there was six state demonstrated in the 

a) 4Cu2O/C8 
b) 6Cu2O/C17 

 

c) (4Cu2O/C8)-Zn                  d) (6Cu2O/C17)-Zn 

 

e)(4Cu2O/C8)-ZnS 
f) (6Cu2O/C17)-ZnS 

 

Figure (5): Density of states (DOS) for the nanomaterial structures 4Cu2O/C8, 6Cu2O/C17, (4Cu2O/C8)-Zn, (4Cu2O/C8)-ZnS, 
(6Cu2O/C17)-Zn and (6Cu2O/C17)-ZnS. 
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nanomaterial structure (4Cu2O/C8)-ZnS under the 

value of energy (-13 eV). These states appeared due to 

the interaction between zinc sulfide atoms and the 

organic complex nanomaterial structure 4Cu2O/C8. So, 

a simplified counter-posing between 6Cu2O/C17 and 

(6Cu2O/C17)-ZnS revealed new energetic states at new 

values of energy as a result to the interaction between 

zinc sulfide and 6Cu2O/C17.  

 

III. CONCLUSIONS 

         The interaction of (zinc sulfide, zinc) with the 

organic complex nanomaterial structures based on 

copper (I) oxide/carbon led to hetro-junctions that 

have a significant  interest in the electrochemical and 

photocatalytic characteristics. As well the interaction 

between (zinc sulfide, zinc) with the organic complex 

nanomaterial structures based on copper (I) 

oxide/carbon causes dissimilarity in the electronic 

charge distribution around the nuclei of atoms. The 

electronic charge distribution demonstrated by the 

electrostatic potential surfaces and contour maps. The 

new peaks in the diagrams of infrared spectra (IR) 

signs new bonds  originated by the interaction 

between (zinc sulfide , zinc) with the organic complex 

nanomaterial structures based on copper (I) 

oxide/carbon. Some of nanomaterial structures 

summarized the values of energy band gaps in the 

range of semiconductor materials, and this made  them 

acquire an importance in the electronic devices such 

as, sensors, detectors and energy storage devices. The 

complex organic nanomaterial structures on 

(6Cu2O/C17), (6Cu2O/C17)-ZnS and (6Cu2O/C17)-Zn 

showed high values average polarizabilities as 

compared with the organic complex nanomaterial 

structure (4Cu2O/C8),  (4Cu2O/C8)-ZnS and 

(4Cu2O/C8)-Zn. The highest activity nanomaterial 

structure among them is (6Cu2O/C17)-ZnSIit had 

average polarizability approximately (1566.18 a.u). 

All nanomaterial structures in this research had  non-

zero dipole moment because they were  hetronuclear 

nanomaterial structures. The highest dipole moment 

nanomaterial structure was (4Cu2O/C8)-ZnS,  and it 

owned the value (15.34 Debye). All nanomaterial 

structures had the symmetry C1, except (4Cu2O/C8) 

which possessed the point group symmetry Cs in 

addition to C1. This made  it acquire a significant 

interest  in the optics devices. There were many new 

energetic states demonstrated  after the interaction 

between (zinc sulfide , zinc) and the organic complex 

nanomaterial structures based on copper (I) 

oxide/carbon.  
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