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Abstract

In this research, we study the electronic properties of two pure graphene ribbon and their adducts
by adding the Al / N compound. We showed that the electronic softness of the pure Graphene Ribbon
was increased with increasing the thickness of the Ribbon, adding the Al / N atoms leads to decrease
the electronic softness. The electrochemical hardness has inversely behavior to the softness.
Increasing the thickness of the Graphene Ribbon leads to decrease the forbidden energy gap of the
Ribbon, but the energy gap is increase due to the addition of the Al / N atoms in the Ribbon

Keywords: DFT, Graphene Ribbon, Energy gap, Electronic softness and Electron affinity.

1. Introduction

Graphene was first discovered in 2004 by Novoselov et al. Graphene is a single atomic
layer with a thickness of only 0.34 nm of sp? hybridized carbon atoms covalently bonded to
three other atoms arranged in a honeycomb lattice (Novoselov et al. 2004: Layek and Nandi,
2013: Singh et al. 2011). Graphene's unique structural and electronic properties and high
carrier mobility makes it one of the most important topics in materials science today (Basua
and Bhattacharyya, 2012: Chao et al., 2014). Graphene forms the basic structure of other
carbon-based materials such as fullerene (wrapped-up graphene) (Craciun et al., 2011: Acik
and Chabal 2011), carbon nanotubes (several graphene sheets rolled up along a vertical axis)
(Chabal 2011), and graphite (stacked graphene) (Raza 2012; Choi W, Lee). Some of the
carbon-based materials are illustrated in Figure 1. Graphene has unique properties with
tremendous potential applications, such as chemical sensors (Chao et al., 2014, Craciun et al.,
2011: Acik and Chabal 2011; Raza 2012; Choi W, Lee; Basu et al., 2012)[5-10],
nanoelectronic devices, hydrogen storage systems (Chao et al., 2014), or polymer
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nanocomposites (Pumera 2009. Graphene could be considered as a prototypical material to
study the properties of other two-dimensional nanosystems. Several two-dimensional
structures have been explored in the literature (Kuilla et al., 2010). Graphene-like two-
dimensional silicon carbide, silicon (Bekaroglu et al., 2010, germanium (Voon et al., 2010),
boron nitride (Cahangirov et al., 2009), and zinc oxide (Zhang et al., 2010 have been
explored in the literature.

Graphene is a zero-gap semiconductor, because its conduction and valence bands meet at the
Dirac points. The Dirac points are six locations in momentum space, on the edge of the
Brillouin zone, divided into two non-equivalent sets of three points, where momentum is zero
(Voon etal., 2010) .

2. Theoretical Methods and Computational Details

Density functional theory have been used to calculate the molecular properties for these
molecules at [Becke three parameters with the Lee - Yang — Parr functional (B3LYP) ] level
with 6-31G** basis sets. All calculations were carried out using the Gaussian 2009 and
Gaussian View -5(G09W, 2009).

3. Results and Discussion

Figure 1 illustrates the geometrical optimization of the suggested structures in this research,
these structures are included four species; the first two are pure Graphene Ribbon 1 and 2,
respectively, and the second two are constructed by adding Al / N compound in place of
carbon atoms in phenylene rings, we denoted 1a and 2a, respectively.
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Figure 1: The geometry structure of the studied molecules

Table 1 shows the ground state calculations of the pure Graphene Ribbon 1 and it is adduct
l1a relax at the minimum energy. These calculations are included the total energy in a. u,
ionization potential and electron affinity in eV calculated due to Koopman's theorem,
forbidden energy gap in eV, electronic softness in (V)™ , electrochemical hardness in eV ,
chemical potential in eV. Table 2 shows these calculations of the pure Graphene 2 and it is
adduct 2a. From these tables, the total energy was decreased with increasing the thickness of
the Ribbon and with increasing the number of Al / N atoms in the Ribbon, as we see in Figure
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2, this result is a reflection of the binding energy of each structure. The carbon-carbon bond
of the relaxed structures under study are in the ranges ( C=C: 1.354-1382 ; C-C: 1.452-1.455
: C::C: 1.394-1.408 ), this result is in a good agreement with those of aromatic rings[]. The
electronic softness of the structure was increased with the increasing of the thickness of the
Ribbon but it decreases with adding the Al / N compound in the structure. While the
electrochemical hardness has inversely behavior of the electronic softness, the hardness is
decrease with increasing the thickness of the Ribbon and increase with adding the Al / N
compound in the structure. These results are indicate to that the pure Graphene Ribbon high
reactivity than the doped Graphenen and became more reactive with increasing it is
dimensions ( n and m ). The above results are correspond to the IP and EA of the structures,
where the IP is decrease and EA is increase with increasing the thickness of the pure
Graphene Ribbon. Adding the Al / N compound to the Ribbon leads to increasing the IP and
decreasing the EA, that means the doped Graphene Ribbon has low ability to donating or
accepting an electron to become cation or anion. Increasing the thickness of the pure
Graphene Ribbon gave it high ability to donating or accepting electrons because the larger
Graphene Ribbons and therefore the Graphene sheets have high conductivity and small
forbidden energy gap. Adding the Al / N compound leads to increase the space between the
conduction and the valence band in the structure due to the linear combination of atomic
orbitals of all carbon atoms in the phenylene rings and the new atoms ( Al and N ). Figures 3-
7 illustrate the above electronic properties.

Table (1) Electronic Properties of Graphene Ribbon 1 and it is Adduct.

Structure Era.u | Sev)t |7 (ev) M(ev) |EA(ev) |IE(ev) | Eg(ev)

Pure Graphene Ribbon 1 - 17.966 0.028 -0.13 0.102 0.158 0.056
1153.81

Al / N- Graphene Ribbon - 8.841 0.057 -0.112 0.056 0.169 0.113

la 2701.04

Table (2) Electronic Properties of Graphene Ribbon 2 and it is Adduct.

Structure Era.u | Sev)t | 7n(ev) M(ev) |EA(ev) |IE(ev) |Eg(ev)

Pure Graphene Ribbon 2 -| 25.934 0.019 -0.131 0.112 0.151 0.039
1764.71

Al / N- Graphene Ribbon - 15.893 0.031 -0.112 0.081 0.144 0.063

2a 4196.08
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Figure 2:The total energy Et in a.u of the Graphene Ribbons and their adducts
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Figure 3: The Ej in eV of the Graphene Ribbons and their adducts .
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Figure 4: The IP in eV of the Graphene Ribbons and their adducts .

4



Journal of Advanced Science and Engineering Research Vol 6, No 4 December (2016)-1-7

0.120 o
Graphene
0.100 Ribbon 2
0.080
—_— Graphene
= I p
a Ribbon 1
— 0.060
<L
Ll
0.040
0.020
0.000 2

Figure 5: The EA in eV of the Graphene Ribbons and their adducts
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Figure 6: The molecular electrochemical hardness of the Graphene Ribbons and their

adducts .
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Figure 7: The electronic softness of the Graphene Ribbons and their adducts .
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4. Conclusions
The electronic properties of two pure Graphene Ribbon and their adducts were

calculated by employing the DFT using Gaussian 09 package of program. From the results,
one can conclude the following:

1- The relax structures under study have geometrical parameters lie in the same range of
the aromatic rings, that means the method we used in the relaxation is a suitable for

these kinds of structures.

2- The total energy of the Graphene Ribbon is decrease with increasing both the
thickness of the Ribbon and the number of Al / N atoms added in place of carbon

atoms in the phenylene rings.

3- The electronic softness is increase with increasing the thickness of the Graphene
Ribbon and decrease with adding the Al / N compound in the Ribbon, while the
electrochemical hardness has inversely behavior to the electronic softness. These
results come from the change of the calculated ionization potential and electron
affinity of each structure due to the difference in the electronegativity of the carbon,

aluminum and nitrogen atoms.

4- Increasing the thickness of the pure Graphene Ribbon decreased the forbidden energy
gap, this is a sign to that the Graphene Sheet has high conductive than the Graphene
Ribbon, the main factor of the electric conductance of the Graphene is the number of

n and m that construct the structure.
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