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Abstract: The density functional theory (DFT) has been submitted with the basis sets 6-31G, BSLYP
at the level of the ground state by utilizing sophisticated algorithms in the Gaussian09 program in order
to investigate the molecular structure, electrostatic potentials (ESP), infrared spectra (IR), contour
curves, and density of states (with the Gauss Sum 03 package) for the nanomaterials Li10C10,
Li10C10ZnO, Li10oC10FeS2, Li15C15, Li15C15Zn0, and Li15C15FeS2. Using similar methodologies,
the electronic properties: HOMO energy, SOMO energy, LUMO energy, energy gap (Eg),
polarizability, dipole moment (), electron affinity, ionization potential, and symmetry have been
calculated. The distribution of charge density concentrates around some atoms in the samples under
study more than others due to the constraints of quantum mechanics and Fermi-Dirac statistics of the
termions (here, the electrons). Electrostatic potential images and contour curve diagrams demonstrate
an increase in charge density in the adjacent regions between zinc, sulfur, oxygen, and carbon lithium
nanomaterial surfaces, confirming the adsorption process of those atoms on the carbon lithium
nanomaterial surfaces. Infrared spectra reveal the appearance of new peaks corresponding to new bonds,
such as Zn-C and Fe-C, confirming the occurrence of the adsorption phenomena of iron and zinc on the
nanomaterial surfaces (Li10C10) and (Li15C15). The numerical values of energy gaps (Eg) of the
nanomaterials under study fall within the range of numerical values typical of semiconductors, which is
considered highly advantageous for applications in electronics, such as p-n junctions and solid-state
lasers. The adsorption process of zinc oxide on lithium carbon nanomaterial surfaces increases the value
of polarizabilities, which is very important in the field of nonlinear optics applications, such as
telecommunications and internet networks.

Keywords: Adsorption, Density of states DF'T, Energy gap, Infrared spectra (IR), SOMO.

1. Introduction

Quantum mechanical techniques like the Hartree-Fock approximation, post-Hartree-Fock methods,
and density functional theory can be utilized to study the electronic structure of specific atoms,
molecules, nanomaterials, nanoribbons and substances [17]. The many body systems calculations could
be carried out throughout the electron density function with accordance to density functional theory
(DFT) rather than the wave function [27]. Electron density function typifies the probability of
identifying the locations of electrons at a given space [37]. The wave function approximation takes into
account 38N variables, three spatial coordinates, and one coordinate for spin under the presumption that
the location of the nuclei is fixed, whereas density functional theory assumes that the electron density
depends only on three spatial coordinates and does not take into account how the electrons are found in
the systems [47]. Density functional theory (DFT) allows one to determine the credits of a many
electron system throughout the functionals. The functionals are functions of another functions [57]. One
of the most widely utilized techniques in computational physics and chemistry for determining the
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electronical characteristics of solid state nanomaterials is the density functional theory (DFT) [67]. For
solid state systems, the results of density functional theory (DIFT) calculations are closely matching the
experimental data [77]. Hohenberg and Kohn proposed density functional theory in two seminal papers
were published in 1960s [87]. However, density functional theory (DFT) had not been regarded accurate
enough in quantum chemistry calculations until 1990s [57]. The density functional theory (DFT) aims
to calculate the energy of the N electron system's ground state based on its density function rather than
the wave function [97. John Pople and Walter Kohn shared the 1998 Nobel Prize in Chemistry. Pople
utilizes concepts of quantum chemistry and quantum physics to build density functional theory (DFT)
Computationally [57]. In 2001 a hybrid lithium ion capacitor successfully developed by a research team
[10]. Many studies were conducted to enhance the performance of electrodes and electrolytes, in 2010
Naoi et al. discover a nanostructure composite of carbon nanofibers and lithium titanium oxide (LTO)
[117. Since sodium is far less expensive than lithium, the sodium ion capacitor (NIC) currently occupies
another area of attention. However, it is now not economically viable because the LIC continues to
overcome the NIC. Many applications are providing high energy and high power can utilize lithium-ion
capacitors. They save money by eliminating the need for extra electrical storage devices in a variety of
applications because they combine high energy and high power. Some applications for lithium-ion
capacitors are photovoltaic power generation and energy recovery systems in industrial machinery
[127. Application of carbon nanomaterials as an anode or one of the components of anodes based on
lithium tend to improve sulfur lithium ion with high energy density lithium ion disulfur (Li-S) batteries
[1387]. Modern sophistications in lithium ion batteries that depend on carbon nanomaterials have been
presented in order to improve energy sources [[147]. Sophistications carbon nanomaterials save a chance
to improve new nanomaterials for energy storage that have been applicated in lithium ion batteries
[157].

The study aims to find nanomaterials own importance in the applications in the manufacture of
electronic devices such as sensors, solar cells pieces of laptops. Either one of the most important points
that the research seek on, is finding nanomaterials may be utilized in the future in the energy storage
devices such as the capacitors.

2. Results and Discussion
2.1. Molecular Structure

The molecular geometry implies systemization of atoms through the molecule. The molecular
structure gives beneficial information for determination the important properties of the molecule, like,
the magnetic properties and polarizability [16, 17]. The molecular geometry for the nanomaterials
Li10Cio, Li10C10ZnO, LijoCiokeSs, LiisCis, LisCisZnO and LiysCisFeS,. DFT have been carried out
throughout utilizing density functional theory (DFT) with the hybrid functional BSLYP and the basis
set 6-31G at the ground state level.
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LiowZnO LilsClsFesg

Figure 1.
Molecular geometry for Li;oCio, Li1oCi10ZnO, LiioCoFeSs, LiysCis, LisCisZnO  and Liy;Cy5FeS..

Figure 1 demonstrate the lithium atoms with violet color, the carbon atoms with lead color, the
iron atoms with light blue color, the disulfur atoms with yellow color, the zinc atoms with blue light
lead but the oxygen atoms with red color. When an atom close to other atom, the energy level split into
two levels, the electrons occupy the energetic levels. When number of atoms N close together the
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energy levels split into N energetic levels, then, the energy bands will generate, the electrons will take
its position in energy bands. Studying the molecular structure consider very necessary because
understanding the molecular structure help to understand the designation mechanics and the
complicated diagrams in the nature. Practically the molecular structure can be examine by electrons
diffraction, infrared spectra or X-ray diffraction. The molecular structure demonstrates the special
configuration of the atoms in Cartesian coordinates (X, y, z). The distance between each two atoms
ought to equal to the atomic radius of the two atoms, but sometimes the distance is not the same because
of many actors, just like, molecular bonding, hybridization and symmetry.

2.2. Electrostatic Potential (ESP)

HOMO, LUMO and SOMO surfaces give a description to the electrostatic potential. Geometrically
the surface typifies a shape with two dimensions, they are length and width but no thickness. According
to solid state physics the surface means the first three layers of the material. The molecular orbitals
originate as a result to the linear combination of the atomic orbitals according to the molecular orbital
theory [18, 197]. The electrostatic potentials (ESP) for the nanomaterials LioCio, LiioCi0ZnO,
LioCioFeSy, LiisCis, LisCisZnO and LisCisFeS.. DFT have been carried out throughout utilizing
density functional theory (DFT) with the hybrid functional BSLYP and the basis set 6-31G at the
ground state level.
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Figure 2.
The electrostatic potential surface (ESP) for Li;oCio, Li10C10ZnO, Li oCioFeS,, Lii5Cs, LiisCi15Zn0O and Li 5Cy5FeS,.

Figure 2 demonstrates apparently impact of the adsorption procedure to the electrostatic potentials
surface. One can visualize the dissimilarity in the electronic charge distributions around the atoms.
Pictures of electrostatic potential surface depicts distribution of the density of electronic charges around
the positive cores. The nucleus is founded in the centers of atoms and it stand for the positive cores. The
electronic cloud surround the positive cores. One can imagine the nuclei set test positive charge to
attract the electrons. One can see in the pictures of electrostatic potentials new colors red and green, the
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red color typifies the minimum value of the potential, but the green color typifies the maximum value of
the potential. A simplified comparison between Li;cCio and Li;oCioFeS, clarifies that the iron atom and
disulfur atoms adsorbed on carbon atoms. A simplified comparison between LiicCio and LiioCioZnO
clarifies that zinc atoms and oxygen atoms adsorbed lithium atoms. The comparison between Li;;Cis
and Li;;CisF'eS. demonstrate the charge distribution in the nanomaterial structure Li;;Cis; around
carbon atoms be more than lithium atoms, but the charge distribution in the nanomaterial structure
Li;sCi5FeS, around lithium atoms be more than carbon atoms. The reason here that the electronic
charges distribution subjects to the restrictions of quantum mechanics and Fermi-Dirac statistics.

2.8. Contours

The electronic density curves the electronic charge density around the atoms in the geometrical
structure. Also contours express Fermi level and Fermi energy. The active locations in the contour
structure point out concentration of electronic charge distribution in this locations. Therefore, contours
show electronic charge distribution around the atoms and the active regions in this distribution [20,
217]. The electronic density contours for the nanomaterials Li;oCio, Lii0C10ZnO, LioCioFeSs, LiisCis,
Li;5C15Zn0 and Li;CisFeS.. DFT have been carried out throughout utilizing density functional theory
(DFT) with the hybrid functional BSLYP and the basis set 6-31G at the ground state level.

Li15C1sznO LilsstFeSg

Figure 3.
The contour density maps for Li1oCio, Li10C10ZnO, Li;oCioFeSq, LisCis, LiisCi5Zn0 and Li;;CysFeS,.
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Figure 38 exhibits the adsorption procedure of zinc oxide on the nanomaterial surfaces Li;oCio and
LiisCi5, because the electronic charge distribution in the contour curves concentrates near the adjacent
regions between zinc oxide and Li;oCio, so the electronic charge distribution in the contour curves
concentrates near the adjacent regions between zinc oxide and Li;;Ci;. Contour density maps typify a
tool for representation the three dimension surface in two dimension. Contour density maps here give a
description to the adsorption procedure that originate as a result to the interaction of zinc, oxygen and
disulfur with the carbon lithium nanomaterial surfaces. Also contour density maps show apparently
Brillion zones. The allowed regions to be occupied by electrons or to be forbidden are determined
throughout Brillion zones. The vacancies between Brillion zones typifies the forbidden regions to be
occupied by the electrons. The Brillion zone is very important concept in the physics of solids. One can
visualize in the pictures of density contour maps that charge concentration in the nanomaterial
structure Li;;Ci5ZnO be around oxygen atom, zinc atom and some carbon atoms. The charge
concentration in the nanomaterial structures Li;;CisIFeS, be around disulfur atoms and some carbon
atoms. The concentration charge in the regions near carbon, zinc, oxygen and disulfur atoms denotes to
occur adsorption phenomena.

2.4. Infrared Spectra (IR)

The stretching vibrations can be classified as either symmetrical or asymmetrical. When atoms
oscillate in the same phase, stretching vibrations take place. When the atoms oscillate with various
phases, this leads to non-stretching vibrations. Harmonic vibrational frequencies are provided using
infrared spectroscopy. There are two types of vibration modes: inelastic and elastic [3, 227. The
electronic density contours for the nanomaterials Li;oCio, L110C10ZnO, LiioCioF'eSe, Li5Cis, Li;Ci15Zn0O
and Li;;C,;FeS,. DFT have been carried out throughout utilizing density functional theory (DFT) with
the hybrid functional BSLYP and the basis set 6-31G at the ground state level.
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Figure 4.
The infrared spectra (IR) for Li;oCio, LiioC10ZnO, Li;oCioFeSe, Lii5Cis, LiisCi5,Zn0 and Li;;C5FeS,.

Figure 4 shows a new apexes originate after the adsorption procedure of zinc oxide on the nanomaterial
surfaces Li0Cio and Li;;C,5, also a new apexes originate after the adsorption procedure of iron disulfide
on the nanomaterial surfaces Li;oCio and Li;;Ci5. The apexes in the infrared spectra indicates to
tormation new bonds like (Zn-Li), (Zn-C), (FFe-Li) and (Fe-C). Before the adsorption procedure of ZnO
on the nanomaterial surface LioCio the apex between (10000-12000) cm' demonstrates at intensity
close to (4500 mole'cm), but after the adsorption procedure of ZnO on the nanomaterial surface
LioCio the apex between (10000-12000) cm! becomes at intensity close to (12500 mole-'cm'). The
adsorption procedure of FFeS, on the nanomaterial surface Li;oCioleads to shielding procedure. One can
visualize the shielding procedure clearly throughout disappearing the clear peak between (10000-12000)
cm ! in LioCioFeS,, whereas, the peaks was existing in the nanomaterial surface Li;oCio. The shielding
procedure generally obtains because of tendency of the atoms in FeS, to interact with some atoms more
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than other atoms. Tentatively infrared spectroscopy can be achieved through special diagnostics devices
in chemistry laboratories. Infrared spectra explain bonding nature and strength bonding in the
molecular structures.

2.5. Electronic States and Energy Gap (L)

With accordance to molecular orbital theory the atomic orbitals are combined linearly to create the
molecular orbitals. The energy gap (Eg) is the difference between HOMO energy and LUMO energy.
The energy gap (Eg) is very important merit in the physics of solids. With accordance to the energy
gap (Eg) merit, it can be distinguished among the materials I they are insulators, semiconductors or
conductors. Mathematically the energy gap (Eg) can be calculated by utilizing the equation [23, 247].

Eg = Erymo — Enomo -« (1)

Table 1.
Summarizes HOMO, LUMO energies and energy gaps for LijoCio, Li1oC10ZnO, Li;oCioFeSs, Lii;Cis LisCisZnO and
Lil_;Cl,;FeSg.

System EHUMO(eV) ELUMO (eV) Eg(eV)
Li;0Cio -3.8899416 -3.3212526 0.568689
Li,0C10Zn0O -4.8085512 -4.1691162 0.6394385
Li,0CoFeS, -3.9914349 -3.191738 0.799702

Li,5Cy5 -3.8254539 -3.148197 0.677257
Li,5C,5Zn0O -3.7952508 -2.9620806 0.83317
Li;5Ci5FeS, -4.1677557 -3.1016679 1.066088

Table 1 demonstrates that the energy gap of each nanomaterial in the range of energy gap of
semiconductors. This values of energy gap Eg are tremendously beneficial in the manufacture of
electronic devices. One can visualize that the nanomaterial Li;;Cis has energy gap close to the energy
gap of germanium, Eg(Ge)=0.67 eV, one can say this value of energy gap to the nanomaterial Li,;C,5 can
be consider very beneficial in the semiconductor applications, such as , solid state lasers, p-n junctions,
solar cells, optoelectronics and microelectronic circuits. The adsorption procedure of ZnO on the
nanomaterial surface Li;;C,; leads to increase the value of energy gap to become close to the energy gap
of gallium antimony, E, (GaSb)=0.81 eV. This value of energy gap is very important in the photovoltaic
systems and transistors. HOMO or SOMO energies links to trend the nanomaterial structure for
donation the electrons from, whether, LUMO energy links to trend the nanomaterial structure for
acceptance the electrons. The big values of HOMO or SOMO means high tendency of the nanomaterial
structure to donate the electrons. The small value LUMO means strong tendency of the nanomaterial
structure to accept electrons.

2.6. Polarizability

The term polarizability indicates to a molecule's capacity for polarization. The polarizability typifies
a second order variation in the energy, it establishes the linear response of the electron density in the
presence of an infinite fundamental electric field I [257].

62
= —| — = 2
a (aFaan>ab e )

The polarizability tensors Eigen values @y, @y, and a,, are the quantities that determine the
valueof average polarizability according to the mathematical equation [67].

1
<a>= §(axx +ay,, + azz) 3
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Table 2.
Summarizes average polarizabilities < & > for Li Cio, Li10C10Zn0O, Li oCioFeSs, Lii5Cis, Li1sCi5Zn0 and Li;5Ci5FeS,.
System <a> (a.u)
Li;0Cio 808.571427
Li;0C10Zn0O 765.864019
Li;0CoFeS, 940.745591
Li;5C5 1327.898844
Li;5C15Zn0O 1372.449218
Li;5C5FeS, 1311.425613

Table 2 demonstrates that the nanomaterial structure (Li;;Ci;Zn0O) is the highest activity
nanomaterial structure in the table since it possesses the maximum numerical value of the average
polarizability <a>, it equals to (1372.449218 a.u). The average polarizability merit is considered very
advantageous, the reason here, it provides information about the internal structure and the dipole
moment without holding calculations. The average polarizability merit has importance in the science of
nonlinear optics. The polarizability property determines the electronic charge distribution in the
molecular structure. One can visualize that influence the average polarizabilities randomly, that is to
say, the adsorption procedure of ZnO on the nanomaterial surface Li,oC,o causes decreasing the value of
average polarizability from approximately (808.57 a.u) to (765.86 a.u), but the adsorption procedure of
ZnO on the nanomaterial surface causes increasing the value of average polarizability from
approximately (1827.89 a.u) to (1872.44 a.u). The interpretation of this random impact of the adsorption
is the constrains o quantum mechanics and Fermi-Dirac distribution. The electrons movement in the
molecular structure be restricted by Fermi-Dirac distribution.

2.7. lonization Potential and Electron Affinity

Ionization potential (I.P) is expressed by the first ionization energy of the atom. The ionization
energy stands for minimum energy requires to convert one mole o the atom in the gaseous state
(stationary state that has lowest energy) into one mole of the unipolar charge gaseous ion. The electron
affinity (E.A) describes the variation in the binding energy. The electron affinity can be defined as the
variation in the internal energy which gets when one mole of atom in the gaseous state converts by
acquisition an electron to get one mole of the negative ions in gaseous state [26, 27]. According to
Koopman's theorem ionization potentials (I.Ps) and electron affinities (EE.As) can be founded from the
equations [287].

Enomo = —L.P “)

ELumo = —E.A Q)
Table 3.
Ionization potential and electron affinity for Li;oCio, Li10C10Zn0O, Li oCioFeSs, Lii5Cis, LiisC15Zn0 and Li;;C5FeS,.
System LP(eV) E.A(eV)
Li;0Cio 3.8899416 3.3212526
Li,0C10Zn0O 4.8085512 4.1691162
Li,0CoFeS, 3.9914849 3.191733
Li;5C5 3.8254539 3.148197
Li,;C5Zn0O 3.7952508 2.9620806
Li,sC,;FeS, 4.1677557 3.1016679

Table 3 provides a summary of the electron affinities and ionization potential values before and after
the adsorption procedure of zinc oxide and iron sulfide on the nanomaterial surfaces LioCio and Li;5Cys.
The adsorption of ZnO on the nanomaterial surface Li;sCi; make the new nanomaterial structure
Li15C15Zn0O has the lowest lonization potential value, which is roughly (8.7952508 eV). The adsorption
procedure of ZnO on the nanomaterial surface (LioCio) make it the best acceptor because it has the
maximum value electron affinity, which is roughly (4.1691162 eV). The ionization potentials and
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electron affinities are considered very advantageous in determination another important properties, just
like chemical potential, softness, electrophilicity = and hardness. The strength of donation of the
electrons from HOMO or SOMO level is measured by the ionization potential (I.P), the energy release
by donation electron from HOMO or SOMO level. The strength of acceptance of the electrons in
LUMO level is measured by the electron affinity (E.A), the energy release by acceptance electrons in
LUMO level. The Ionization potential property has great advantage, it predicts to the stability of the
nanomaterial structures. The electron affinity property has great advantage, it predicts to the electronic
chemical potential of the nanomaterial structures.

2.8. Dipole Moment

The result of multiplication the charge by the displacement is the dipole moment. The dipole
moment originates between two charges which are separated by a straight distance (r). The dipole
moment varies when the displacement varies in any direction. Let p typifies the electric dipole moment,
q typifies the charge and r typifies the displacement between two charges, thereore, the dipole moment
can be expressed by the equation [297.

L=q+*r .. (6)
Table 4.
Summarizes dipole moments in (Debye) for Li;oCio, Li10C10Zn0O, Li;oCioFeS,, Li5Cis, Li1sCi5Zn0 and Li;sCi5FeS,.
System Dipole moment (Debye)
Li;0Co 16.614428
Li;0C10Zn0O 25.939414
Li;0CoFeS, 20.148867
Li;sCis 17.590756
L1,;C5Zn0O 23.898089
Li;sC 5FeS, 26.456102

Table 4 clarifies impact of the adsorption procedure of zinc oxide and iron disulfide to the values of
dipole moments of the nanomaterial surfaces Li;cCio and Li;Cis the adsorption procedure leads to
apparent increasing in the values of dipole moment of the nanomaterials after the adsorption. The
nanomaterial structure (Li;;Ci5FeS,) is the highest dipole moment, it has value of dipole moment equal
to (26.456102 Debye). The dipole moment merit connect to the bond strength, charge density and
polarizability. The dipole moment merit reveals the separate distance among the charges in the
molecular structure. The dipole moment of the nanomaterial structures depend dramatically on the
electronegativity of the interacting materials. One of the most impact parameters on the dipole moment
is the symmetry. The dipole moment play an active role in the molecular structure, it determines the
polarity o the covalent bond. The dipole moment measure the bond strength and charge density in the
chemical structure. The large dipole moment materials have advantage for creating materials have high
dielectric constant, which is advantageous in the capacitors.

2.9. Symmetry

The mathematical group consists of number of elements that linked with accordance to determined
rules. The particular kind that links to the symmetry of molecules is the symmetry elements. There is a
symmetry operation accompany each symmetry element. Generally, there are seven elements of the
symmetry, they are: identity, horizontal axis, vertical plane, dihedral plane, improper axis, proper axis
and inversion center or center of symmetry [ 30, 317].
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Table 5.
Summarizes point group symmetries for Li;oCio, Li10C10Zn0, Li;oCioFeS,, LiisCi5, LiisCi5Zn0 and Li;;Cy5FeS,.
System Point group symmetry
Li,oCio Cs/C,
Li,0C10ZnO Cs/C,
LimCmFesz C,
Li;sCis C
Li15C15ZnO Cl
Li;;Ci5FeS, C,

Table 5 demonstrates that the adsorption procedure of iron disulfide on the nanomaterial surface
(Li;oCio) make it has the symmetry C; rather than Cs/C; The symmetry operation Cs leave the
nanomaterial structure alone, the symmetry element here is identity. Although the symmetry operation
Cs let the nanomaterial structure it's same without any variation, but this symmetry operation is
necessary for the group theoretically. [t express on some operations such as the double reflection of the
nanomaterial structure in the symmetry plane. The symmetry operation C; of the nanomaterial
structures in the table belong to the symmetry operation of the type C,, the symmetry element here is
proper axis. The point group symmetry C, results from rotates the nanomaterial structure by 360°, one
can say the nanomaterial structure will belong the same after complete cycle because (n=1) and the
rotation occurs at (360° /n). The symmetry property considers importance property, it impact to the
molecular structure, reaction mechanics dipole moment and degenerate states. Symmetry considers
advantageous in optical activity of the compounds.

2.10. Density of States (DOS)

The density of states express on the number of states per unit energy. The density of states merit
contributes to interpretation many of physics phenomena, especially solid state physics. The density of
state at Fermi level has greater importance to know the merits of minerals, just like, specific heat. The
density of state depends on the effective mass according to quantum physics ideas [7, 327]. The density
of states (DOS) for the nanomaterials Li0Cio, Li10C10Zn0O, LiioCiol'eSs, LisCis, LisCi5ZnO and
Li;sCi5FeS.. DFT have been carried out throughout utilizing density functional theory (DFT) with the
hybrid functional BSLYP and the basis set 6-31G at the ground state level.
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Figure 5.
The density of states (DOS) for Li oCio, Li10C10Zn0, Li;oCioFeSq, Lii5Cis, LiisCi1:Zn0 and LiysCisFeS,.

Figure 5 demonstrates the nanomaterial structures Li;Cis Li;;Ci5ZnO and LisCisFeS, as anti-
ferromagnetic nanomaterials because they have two dissimilar types of orbitals: alpha (a) and beta (f3).
The anti-ferromagnetic property means small and positive magnetism ability. The anti-ferromagnetic is
advantageous in the manufacture of sensors. The adsorption procedure of ZnO on the nanomaterial
surface Li;oCio leads to origination new energetic states which can be occupied with electrons. Before
the adsorption procedure the nanomaterial surface Li,oCio at the energy close (-13 eV) the density of
state equal to (1), but after the adsorption procedure the nanomaterial structure Li;0C10ZnO had density
of state close to (5). Either new energetic states demonstrate as a result to adsorption procedure of iron
disulfide on the nanomaterial surface LioCio. The density of state diagrams help to determine if the
material consider metal or non-metal or semiconductor, it determine the available energetic levels
according to Fermi-Dirac distribution. Density of state depend dramatically on the effective mass of the
electrons, density of state increase as the effective mass increase. The density of states property
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contribute to understand the electronic properties of the materials and specific heat of the substances.
The nanomaterial structures Li;;Cys, Li15C15Zn0O and Li;;CisFeS. own anti-ferromagnetic merit.

3. Conclusions

The molecular structure at 6-31G and BSLYP basis sets could be accomplished with quintessential
algorithms in Gaussian09 program for carbon lithium nanomaterial surfaces and the adsorption
procedure of zinc oxide and iron disulfide on the nanomaterial surfaces LiioCio and Li;sCis. The
electrostatic potential surfaces and contour density maps demonstrate that distribution of the electronic
charges about the atoms impact dramatically to the adsorption procedure. Infrared spectra diagrams
demonstrate occurring shielding procedure when FeS, interacts with the nanomaterial surface Li;oCio,
the shielding procedure gets because trend of atoms in iron disulfide (FeS,) to interact with some atoms
more than other atoms. The energy gap of the nanomaterial nanostructure Li;;C;; closes to the energy
gap of germanium Eg(Ge)=0.67 eV, this value of energy gap owns advantage in the semiconductor
devices industries such as semiconductor laptop pieces. The nanomaterial structure (Li;;Ci5Zn0) is the
biggest vitality nanomaterial structure in this treatise as it owns the maximum value of the average
polarizability (<o> =13872.449218 a.u). The polarizability credit be considered advantageous, it supplies
information about the internal structure and the dipole moment without holding calculations,
polarizability merit is one of the merit that involve the nonlinear phenomena. The adsorption procedure
of ZnO on the nanomaterial surface (Li0Cio) make it the best acceptor because it has the geatest value
electron affinity, which is roughly (4.1691162 eV). The adsorption of ZnO on the nanomaterial surface
Li;5Ci5 makes the new nanomaterial structure Li;;Ci5ZnO has the minimum ionization potential value,
which is roughly (8.7952508 eV), this makes Li,;sC,sZnO the optimal donor in this treatise. The
nanomaterial structure (Li;5Ci5FeS,) is the maximum dipole moment nanomaterial structure, it equals
to (26.456102 Debye). The large dipole moment nanomaterials own an importance for creating
nanomaterials own high dielectric constant, which is beneficial in the capacitors industry. The
adsorption procedure of iron disulfide on the nanomaterial surface (Li0Ci0) make it owns the symmetry
C, instead of Cs/C,. Symmetry play a vital role to determine the optical activity of the compounds. The
adsorption procedure of iron disulfide on the nanomaterial surface LioCio leads to appearance new
energetic levels can be occupied by electrons. The nanomaterial structures Li;;Cis, LiisCi5ZnO and
Li;;Ci5FeS, own have two dissimilar kinds of orbitals: alpha (a) and beta (B) thereore, they are anti-
terromagnetic nanomaterials. The anti-ferromagnetic materials own importance in the sensors devices.
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