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Abstract

The electronic properties (such as energy gap HOMO levels. LUMO levels,
density of state and density of bonds in addition to spectroscopic properties like IR
spectra, Raman spectra, force constant and reduced masses as a function of
frequency) of coronene C,, and reduced graphene oxide C,,0x , Where x=1-5, were
studied.. The methodology employed was Density Functional Theory (DFT) with
Hybrid function B3LYP and 6-311G** basis sets. The energy gap was calculated for
Cy4 to be 3.5 eV and for C»,0, was from 0.89 to 1.6862 eV for x=1-5 ,respectively.
These energy gaps values are comparable to the measured gap of Graphene (1-2.2
eV). The spectroscopic properties were compared with experimental measurements,
specifically the longitudinal optical modes which agreed well.

Keywords: graphene, graphene oxide, DFT.
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1. Introduction
Graphene is made from carbon atoms fused together in a (2D) hexagonal lattice
construction [1]. It has the ability to change into multiple shapes with different dimensions

*Email: moatheabd90@gmail.com

157


mailto:moatheabd90@gmail.com

Hadi and Hussein Iragi Journal of Science, 2023, Vol. 64, No. 1, pp: 157-165

and structures, so it is a new doorway to technical research and materials science. Figure 1
illustrates the different forms of graphene. Because of its flexibility, graphene can be rolled
and twisted and can accumulate in (OD) fullerenes, (1D) carbon nanotubes, (2D) graphene and
(3D) graphite, as shown in Figure 1 [2] [3]. Nevertheless, graphene properties, such as high
conductivity, single atom thickness, large electrochemical window, and large surface area,
with a two-dimensional carbon sheet remains unchanged [4].
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Figure 1: The graphene structure and shape

In 2004, Andre Geim and Kostya Novoselov, described, for the first time, mono crystalline
graphitic films [1] Six later, they were awarded the 2010 Nobel Prize in Physics “for ground
breaking experiments regarding the two-dimensional material graphene”. Fourteen years later
the first report of single-layer graphene was published [5].Interest in graphene-based magical
formulations has continued to flourish.

From Figure 1, To overcome such limitations of graphene, it can be transformed into
distinctive forms, such as quantum dots (QDs), nano ribbons, foams, and hydrogels according
to suitability [6,7,8].Many techniques have been developed to create graphite tinny films and
a few graphene layers. Experimental indication for two-dimension crystals appeared in 2004
[1] and 2005 [9] while tinny films of graphene and extra materials were exfoliated from
molybdenum disulphide, niobium disulphide and hexagonal boron nitride for the first time as
of their bulk equivalents (Figure 1). Through mechanical exfoliation, using a Scotch tape |,
slight fragments of the order of numerous microns were obtained which were called graphene
[10] [11]. Although this method gives the highest quality graphene but for mass production,
fabrication method is needed that can synthesize wafer scale graphene. In recent years,
various techniques have been established for graphene synthesis. However, mechanical
cleaving (exfoliation). Techniques for preparing graphene have evolved in recent years [1]
[12].

The aim of this research is to study the effect of oxygen vacancy posts (OVs) on Cy, that
dictate the chemical and physical properties of metal oxides, and play a key role in energy
storage, sensors, catalyst etc. [13], [14].

2. Theory

The electronic and spectroscopic characteristics of Coronene C,4 and reduced graphene
oxide C,4Oy (Where x=1-5) single-layer nanostructures were investigated using the theoretical
approximations method. In this study Density Functional Theory (DFT) with hybrid function
B3LYP and 6-311G** basis sets were used. To adjust for vibration frequencies, scaling
factors (0.967) were utilized [15].
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All computations were performed using Gaussian 09 software [16]. In this study, the
electronic properties and spectroscopic features of C,4 single layer nanostructures as a
function of the number of oxygen atoms C»,Ox with geometrical optimization were studied
(as shown in Figure 2).
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Figure 2: The geometrical optimization structure of (a) C,4 and (b)C2405

3. Results and Discussion
3.1 Electronic Properties
3.1.1 Energy Gap

The energy difference between the lowest unoccupied molecular orbital (LUMO) and the
highest occupied molecular orbital (HOMO) is termed the energy gap:

E, = |LUMO — HOMO| (1)

Figure 3 shows the HOMO and LUMO energy levels of C,4 and C,40x where x=1-5. The
energy gap was compared with that of the bulk graphene ( G) and with graphene oxide (GO)
which were equal to 1.4 eV for G [17] and (1- 2.2 eV) for GO [18][19]as shown in Figure 4.
The energy gap was calculated for coronene Cy4 nanostructures to be 3.5eV . Because of the
high symmetry of coronene structure without levels inside the energy gap and the effect of
Coulomb interaction and quantum confinement geometry which greatly influence the quasi-
particle band gap [20].
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Figure 3: Energy Levels of Coronene (HOMO and LUMO) as a Function of a number of
oxygen atoms.
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Figure 4: Energy band gap of reduced graphene oxide C,40x as a function of oxygen atoms

The energy gap of reduced graphene oxide (rGO) decreased with the increase of the degree of
reduction of graphene oxide (because of the broken symmetry of C,4 and the addition of
levels inside the energy gap) and it begins to increase, approaching the practical value, when
the fifth oxygen atom was added.

3.1.2 Density of states

Figure 5 shows density of state of C,4 and C»40Os as a function of the energy levels. The
energy band gap between the filled (Valence Band )and the high molecular low orbital
(Conduction Band) was calculated, (and) which were 3.5eV and 1.38eV ,respectively.
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3.1.3 Density of Bonds

Figure 6 illustrates theoretically the density of bonds for Cy4 and C40s ,(1.38 and 1.22)
°A respectively as compared with the experimental values of bonds (1.34A° for the C=C
bond , 1.23A° for the C=0)[21].
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Figure 6: The density of bonds of (a) C,4 and (b) C240s

3.2 Spectroscopic properties
3.2.1 IR and Raman Spectrum

Figure 7 illustrates the intensity of IR of Cy and C,4Os as a function of frequency. A
maximum intensity at frequencies (1545 and 1696) cm™ was noted . These results were
compared with experimental values of longitudinal optical (LO) mode of G bulk and GO at
(1582 and 1585 cm™) [22] [23]. It was found that the intensity of IR increases as the number
of oxygen increases. Whereas, lower peak intensities of G and GO of Raman spectra were
noted, as illustrated in Figure 8. Maximum intensity was observed at frequencies (1100 and
1805) cm™, respectively.
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Figure 7: IR spectra for (a) graphene C,4 and (b) graphene oxide C,40:s.
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Figure 8: Raman spectra of (a) graphene C,,and (b) graphene oxide C,40s.
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3.2.2 Reduced masses and Force constant
Figures 9 and 10 show the reduced mass and the force constant of Cy4 and C,40s as a
function of frequency and compared with the experimental values of the longitudinal optical
(LO)mode of vibrational frequency of the G and GO [22] [23]. The longitudinal optical
represents the last point in the reduced mass. It can be noticed that the force constant(k) is
directly proportional to frequency(v) while the reduced mass(u) of molecules is inversely
proportional to the frequency, as in Equation 2:
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Figure 9: Reduced mass of (a) C,4 and (b) C240s.
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Figure 10: Force constant of (a) C,4 and (b) C»40s

4. Conclusions

The electronic and spectroscopic properties of coronene C,4 and reduced graphene oxide
C240x where x=1-5 were studied via Density Functional Theory (DFT). The energy gap with
wide range was calculated for coronene C,4 nanostructures because of the high symmetry of
coronene structure without levels inside the energy gap and the effect of Coulomb interaction
and quantum confinement geometry greatly influence the quasi-particle energy gap. The
energy gap of the reduced graphene oxide decreased with the increase of the number of
oxygen atoms because of broken symmetry of C,, and add level inside the gap . The
spectroscopic properties agreed well with the experimental values.
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