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Abstract

The electronic properties of cyanonaphthalene molecules group were investigated depending
on the B3LYP density functional theory. The best geometry for the structures of the studied
molecules was investigated by using 6-31G" basis set. Total energies, electronic states, energy
gaps, ionization potentials and electron affinities were calculated. As a result, the total energy for
naphthalene was decrease linearly with the number of side group added to the ring. The forbidden
energy gap was reduced and 1,3dicyanonaphthalene molecule has the smallest value.
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Introduction

Aromatic compounds are important in industry and play key roles in the biochemistry of all
living things [1]. The organic semiconductor materials, such as, conjugated organic molecules have
been widely used as active materials for optoelectronic devices such as light emitting diodes[2-5],
field effect transistor[6-9], and photovoltaic and solar cells[10,11]. The organic thin film transistors
are one type of the so called organic devices, in which they fabricated by using the organic
semiconductors [12]. These materials have advantages of easy fabrication, mechanical flexibility
and low cost. There are many organic materials show useful field effect transistor performance,
which can be characterized by their carrier mobility and on/off current ratios [13, 14].

Many studies on cyclic oligomers have been reported both experimentally and theoretically [15,
16], in [17] the substituent effects of oligomers such as oligothiophene, oligopyrrole and oligofuran
are discussed in terms of reorganization energy. Also, [18] studied the geometric and electronic
properties for cyanothiophene oligomers as a prototype of an organic conducting polymer using ab
initio and density functional theory, and they showed that the cyano group generally reduced the
band gap with variation of the substitution position.

In present work, density functional theory has been performed to study the electronic properties
of the dicyanoaromatic molecules to determine the effects of the substituent position.

Computational details

Our molecules under study have been shown in chart 1. The optimization of molecular
geometries and analyses of vibration frequencies have been done by employing Gaussian 03[19]
package of programs at the density functional theory level by using three parameters Lee-Yang-Parr
(B3LYP) functional with 6-31G basis sets. The hyprid functional B3LYP has shown to be highly
successful for the electronic properties calculation such as ionization potentials, electronic states
and energy gaps [20-22].
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According to B3LYP functional, the exchange correlation energy is given by [23, 24]:
EEMT = IR +ag (BS —ES) +a, (B —EL™) +a (ES —EL)

Where E represents energy, while superscripts LDA, HF, and GGA are localized density
approximation, Hartree-Fock, and generalized gradient approximation respectively, and the
subscripts X, C, and XC represent the exchange, correlation, and exchange-correlation respectively,
while a,=0.20, a,=0.27 and a,=0.81 are empirical parameters.
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Chart 1: The structures of studied molecules

Results and discussion

Table (1) represents the results of the total energy and electronic states for the analyzed structures
of the studied molecules.

Table (1): Total energy and electronic states for molecules

Structure | Energy (a.u) Electronic States (eV)
HOMO LUMO

Naphthalene | -385.8076808 -5.82512 -0.96187

L.MONocyano |74 0192455 -6.37204 -1.90007

naphthalene

L2dicyano- | g7 5539636 -6.86263 -2.67365

naphthalene

L3dicyano- | g7 5568948 6.9029 -2.56998

naphthalene

Ladicyano- | g7 5575784 6.85774 -2.78113

naphthalene

It is clear that from table (1), the total energy for all new molecules depends on the number of
side groups adding to the ring. The total energy is decreasing with the increase of the radicals
number as a linear relationship, this indicates that the addition give the molecule more stability. On
the other hand, the total energy for all dicyanonaphthalene molecules is approximately the same in
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which this refer to that the total energy is independent on the position of the dicyano radical in the
ring, as we see in figure (1).
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Figure (1): Total energy as a function of radicals' number.

B3LYP functional, used in this study, is a high efficient method to calculate the electronic
properties of the organic molecules under study, such as ionization potentials (IP), electron
affinities (EA), electronic chemical potentials (k), hardness (1), electrophilicities (w) and energy
gaps (Eg). Figure (2) declares that the ionization potential for the dicyanonaphthalene molecules
group is less than that for the naphthalene molecule, but the 1,4dicyanonaphthalene molecule has
the least value of ionization potential, this indicates that the naphthalene molecule needs high
energy to become cation comparing with the others. Adding the radical to the ring leads to
deceasing the ability of the electron affinity for the molecule, the electron affinity for
1,3dicyanonaphthalene molecule is the smallest, as we see in figure (3). The results in figure (3)
mean that these cyanonaphthalene molecules group need small energy to become anion in
comparing with naphthalene.

Figures (4) and (5) represent the behavior of chemical potential and hardness for the studied
molecules as a function of side groups' number, respectively. It is obvious from these figures that
the group molecules have chemical potential and hardness less than these for the original ring,
adding the radicals give the molecule more softness.

The electrophilicity for studied molecules as a function of side groups' number is shown in
figure (6). The substitution of the side groups reduced the population in the high occupied
molecular orbitals, and this led to a decrease in the energy gap for the original ring, this effect of the
side group was the largest in 1,4dicyanonaphthalene molecule in which it has energy gap of (4.076
eV), as shown in figure (7) [25].

Conclusions:

In order to elucidate the positional preference in cyano side groups on naphthalene
molecule, we have estimated total energy of cyanonaphthalene molecules at the basis of B3LYP/6-
31G”". The total energy for the naphthalene ring were reduced linearly with the number of adding
side groups, and the origin of the reduction was attributed to the electron localization on the side
group in the highest occupied molecular orbital. This ionization led the molecules have reduced
energy.
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molecules may be more active compared with naphthalene.
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The electronic chemical potential for cyanonaphthalene molecules are lowers values
comparing with the original ring. A hard molecule has a large energy gap and a soft molecule has a
small energy gap. The cyanonaphthalene molecules are soft with small energy gaps. Therefore, the
electron densities for these molecules are changing more easily than for naphthalene, thus these

The decreasing of the forbidden energy gap for the cyanonaphthalene molecules group
compared with the original ring comes from the effect of the side group added to the ring, a small
energy gap means small excitation energies of manifold of the excited states.
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Figure (2): The ionization potential for studied molecules.
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Figure (4): The chemical potential for studied molecules.
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Figure (6): The electrophilicity for studied molecules.
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Figure (3): The electron affinity for studied molecules.
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Figure (5): The hardness for studied molecules.
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Figure (7): The forbidden energy gap for studied molecules.
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