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Abstract

In this work, density functional theory (DFT) has been used to calculate the electronic
properties of Circumcoronene (CC) and CC-doped by zinc oxide (ZnO). The doping
produced five new structures regarding to ZnO position and number in CC structure.
Result shows the electronic properties such as density of state (DOS), total
energy(Er), Fermi level energy (Eg.), Enomo » ELumo, and energy gap (Eg). The
interesting result in this study was the (E,) affected by the ZnO position in the CC

structures, in another word it can controlled by the position and number of doping
atom (Zn0). It's equal to 3.091 eV for pure CC structure and equal to 1.791 eV for
one CC-ZnO, while its equal to 2.642 eV for CC-ZnO in another position, this
difference gradient in (Eg) values represent an interesting result in addition to

Circumcoronene properties which made it a promising material for many electronic
applications such as nanoelectronics device, biosensors, and nanomedicine.
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1. Introduction

Graphene is one of the most studied nanoscale materials regarding to their electronic
properties [1]. Graphene sheets have a high technological promise due to its ability to be
overlap semi-metal (both electrons and holes carry a charge), it has sparked a lot of interest in
a range of applications where high conductivity has been a barrier [2, 3]. It has a unique
electrical band structure that is accentuated by the massless Dirac spectrum, resulting in
remarkable physical properties. The zero-band gap problem, on the other hand, can be handled
by breaking graphene into nanoribbons [4] or quantum dots (QDs), which minimizes the
material’s lateral dimensions [5]. Graphene quantum dots, or GQDs, are nanoparticles formed
of graphene that are less than 100 nanometers in size [6]. Because of their low toxicity,
persistent photoluminescence, chemical stability, and a large quantum confinement effect,
GQDs are recognized as a unique material for usage in biological, optoelectronic, energy, and
environmental applications [7, 8].

In order to operationalize materials composed of graphene, it is essential to manipulate
the electronic characteristics of the material. Hetero atoms doping is a regularly employed
method for manipulating electronic properties. The synthesis of nitrogen/boron-doped
graphene via chemical vapor decomposition techniques has been documented [9] [10, 11]. The
stability of modification in graphene structures has been the subject of extensive theoretical
investigation [12]. The stability of nitrogen/boron-doped graphene, characterized by a uniform
doping configuration, has been established under specific conditions. This is discernible
through the structure of the electrons and symmetry of the doping configuration [13]. The
charge transfer that occurs between the additives and the edge states explains the stabilization
mechanism of heteroatom doping [16][17].

In this study, we investigated the electronic properties of Circumcoronene (CC). The
electronic properties of pure and doped CC structure were studied, the doping done by
replacing two carbon atoms by ZnO to produced CC-ZnO, and when change the ZnO position
in the benzene ring which produced a new structure of CC with ZnO doped.

2. Theory and computational details

Gaussian 09 package program [18-20] used in this work with DFT method to investigate
the electronic properties for all six structures. All the six CC structures optimized via
unrestricted B3LYP / 6-31G level of the DFT [21-24]. It is widely known that the 6-31G core
group performs effectively in engineering enhancements related with closed-shell organic
compounds. So, for this reason it was selected as an option for utilization [25]. Before and after
performing the energy calculations, all the atoms on CC structures with and without ZnO were
given the opportunity to relax. the electronic and of CC including DOS resolution, total
energies, highest energies of occupied molecular orbitals ((EHomo), Fermi level (E rL), lowest
energies of unoccupied molecular orbitals (ELumo), and bandgap (EQ) are studied for pure CC
and new five structures.

The adaptability of CC as a material has been related to their ability to create and modify
their properties via the management of their form and components. The chemical reactivity
parameters, which in the context of the DFT include chemical hardness, chemical potential,
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and the electrophilicity index, are highly useful for analyzing toxicity, evaluating reactivity
trend, and exploring excited states [26-28]. The following expressions can be used to define
chemical potential and chemical hardness, respectively.

IP — EA
= (2—) 1)
_ (IPJ;EA) @)
2
=g 3

It is possible to use Koopman's theorem to get an estimate of the ionization potential (IP) and
the electron affinity (EA) [29, 30]:

IP = —FEvomo (4)
EA = —FELumo (5)

where Ervomo and ELumo are the energy levels of the HOMO and LUMO orbitals, respectively.
In addition, we determine the electronic band gap and the Fermi level energy using the

following formula [30-32]:
Eg = Erumo — Enomo (6)

FL= (Enomo+ EvLumo) /2 (7

To investigate the structural stability of the ZnO-codoped CC, the formation energies EF for

all structures were also calculated [33-35]:
3. Results and discussion
3.1 The electronic properties

We investigated how ZnO impurities affect the geometrical and electrical
characteristics of CC. The geometries of carbon-carbon (CC) structures with varying amounts
of ZnO impurities in different positions are optimized using the B3LYP functional with a 6-
31G (d) basis set. At first, a pure circumcoronene determined its lattice constant to be 2.43 A,
somewhat lower than the experimental measurement of 2.46 A. We discovered that the bond
length of C-C in CC is 1.43 A, which matches the reference [36]. Additionally, the electronic
density of states (DOS) and optimization geometry of PGNFs were examined, as illustrated in
Figure 1.
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Figure - 1 (a) Optimizations geometric and (b) DOS, (¢) HOMO, and (d) LUMO of CC

After examining the pure characteristics of the CC, we analyzed the varying electrical
properties of the CC with different levels of ZnO impurities. We begin our computation by
examining the impact of a single ZnO impurity on the electronic characteristics. In terms of
electronic characteristics, we observed that the electronic band gap is diminished, and the
electronic DOS is altered in comparison to the immaculate case of the CC. As depicted in
Figures 2-6 (b), relocating the location of the ZnO impurity in the CC yields a highly intriguing
result. In accordance with the data depicted in Figures 2-6 (c and d), it can be observed that the
LUMO has a lower value and fewer peaks than the HOMO. Total energy constitutes an
additional noteworthy attribute. By exchanging the location of the S impurity in the pristine
CC for the exchanged CC, we were able to decrease the total energy. As table 1 demonstrates,
ZnO impurities at various sites decrease the total energy value of CC, resulting in increased
stability and decreased reactivity.
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Figure - 2 (a) Optimizations geometric ZnO-doped CC, (b) DOS, (¢c) HOMO, and (d) LUMO
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Figure - 3 (a) Optimizations geometric ZnO-doped CC, (b) DOS, (c) HOMO, and (d) LUMO
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Figure - 5 (a) Optimizations geometric 2Zn0O-doped CC, (b) DOS, (c) HOMO, and (d) LUMO
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Figure - 6 (a) Optimizations geometric 3ZnO-doped CC, (b) DOS, (c) HOMO, and (d) LUMO.

The orbitals of molecules (MO) of ZnO-doped CC showed interaction with their border
orbitals, including HOMO and LUMO. We discovered that the HOMO LUMO is destabilized,
as seen in Figure (2-6) (c and d). Additionally, the relationship between the CC and ZnO
impurity can be elucidated through the application of frontier molecular orbitals. In the event
that the molecule acquires an unstable state, a higher value of the HOMO will result in
increased reactivity; conversely, a lower value will render the molecule less reactive. The
electrons are transmitted from the ZnO impurity to the CC as a consequence of the decrease in
HOMO energy caused by the impurity. In order to validate our findings, we exchanged four
carbon atoms for ZnO impurities in order to augment their concentrations. The findings
corroborated our identification of ZnO impurity, as illustrated in Table 1. Thus, extremely
exciting discoveries have been made. In addition to the concentrations of ZnO impurities, the
location of specific ZnO impurities within the CC also influences the electronic properties of
CC doped with ZnO at different concentrations.
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Table 1- The values of the total energy (E.), Dipole moment (DM), Fermi level energy (Ey,), Work Function
(9). Enomo » ELumo, and energy gap (Ej) in eV unit

Structure E, DM Ef ¢ Enomo  Ewmo  Eg
CC (Fig 1 (a)) -56291.363 0.029 -3.588 3.588 -5.134 -2.043 3.091
CC-ZnO (Fig 2 (a)) -104670.152 3.879 -3.621  3.621 -4.942 -2.301 2.642
CC-ZnO (Fig3(a)  -104665.244 6229 -3.697 3.697 -4593  -2.802 1791
CC-ZnO (Fig 4 (a)) -104665.940 6.343 -3.426  3.426 -4.744 -2.108 2.637

CC-2Zn0 (Fig 5 (a)) -153054.616 4638 -3.454 3.454 -4.940 -1.967  2.973

CC-3Zn0 (Fig 6 (a)) -201428.037 0376 -3.062 3.062 -4.502 -1.622  2.880

3.2. Global reactivity descriptions

Our investigation revealed that the chemical activity of these structures is diminished in
comparison to pure CC, as evidenced by their reduced chemical potential values (absolute
values) as shown in Table 2. The Koopmans’ theorem indicates that the HOMO and LUMO
magnitudes are a good approximation of the negative experimental ionization potential (—IP)
and negative electron affinity (—EA), respectively [4, 32]. Through the calculation of the
lonisation Potential (IP) and Electron Affinity (EA), it was shown that CC-3ZnO (Fig 6 (a))
has a greater tendency to donate an electron and form a cation in comparison to other structures,
as it possesses a lower IP value. Additionally, CC-ZnO (Fig 3 (a)) has a greater capacity for
accepting an electron due to its higher electron affinity value, as shown in Table 2. Furthermore,
it has been observed that the pristine CC exhibits a greater ability for electron transfer in
comparison to the other structures being investigated, owing to its higher H value. We observed
that the separation between the valence and conduction bands in CC-ZnO (Fig 3 (a)) is
considerably narrower than in other materials, as a result of the CC-ZnO's (Fig 3 (a)) higher S
value. Additionally, we demonstrated that a minor interaction exists between pristine CC and
different concentrations of ZnO impurities, as evidenced by the fact that the @ values of these
structures (CC-2ZnO (Fig 5 (a) and CC-3ZnO (Fig 6 (a)) are lower than those of pristine CC,
as shown in Table 2. And this behavior is similar to results in the reference [29].

Table 2- All chemical indices were calculated, including the ionization potential (IP), electron affinity (EA),

hardness (H), softness (S), and electronegativity (i) and electrophilicity (o), in (eV) unit

Structure Ip EA S H H w
CC (Fig 1 () 5.134 2.043 0.324 1.545 3.588 4.166
CC-ZnO (Fig 2 (a)) 4.942 2.301 0.379 1.321 3.621 4.964
CC-ZnO (Fig 3 (a)) 4593 2.802 0.558 0.895 3.697 7.634
CC-ZnO (Fig 4 (a)) 4.744 2.108 0.379 1.318 3.426 4.451
CC-2Zn0 (Fig 5 (1)) 4.940 1.967 0.336 1.486 3.454 4.013
CC-3ZnO0 (Fig 6 (a)) 4.502 1.622 0.347 1.440 3.062 3.256
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4. Conclusion

In this paper we study the ground state electronica properties of pure Circumcoronene
(CC) and CC doped by zinc oxide using density functional theory calculations. The results
show the position of ZnO has been affect to the electronic properties of curcumin. It was
demonstrated that the antiaromatic structure of meta ZnO contributes to the low band gap. In
contrast, the band gap of ortho and para ZnO is modest, with the band gap of the para ZnO
structure being lower than that of the ortho ZnO structure. In addition, the presence of zinc
oxide has been observed to affect the global chemical markers of CC. The HOMO-LUMO gap
is dramatically changed as a result of the HOMO, Fermi and LUMO levels of the systems being
pushed to higher energies. This change is critical in many applications because a simple shift
in the band gap can change the electrical conductivity. Finally, we can control the electronic
properties CC by doping by zinc oxide at different position and number of doping atoms.
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