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Abstract

We report a theoretical study of linear acene (n=1 to 7) linked thiophene functionality. The total ground state
energies, HOMO-LUMO energy gap, frontier orbitals energies, electron affinity and ionization potential are
calculated at DFT-B3LYP/6-311G* and MP2/6-311G* exchange level of the theory and basis set. The results
show a good agreement when compared with the theoretical and experimental values. It is found that total
ground energy of the system, HOMO-LUMO gaps energy, electrophilicity, electronegativity and chemical
hardness decrease with the increasing number of electrons or acenes ring. The global chemical indices;
electronegativity () , electrophilicity (@) and chemical hardness (n) is observed to decrease as the number of
electrons in acenes ring increase, whereas softness(S) and chemical potential () increases with the increasing
number of electrons around molecules. Also, the frontier orbital energies, lonization energies, and electron
affinity results show an improvement as compared to the acenes molecules.
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Introduction

Interest in the research of m-conjugate organic semiconductor materials has potentially increased over a decade
in materials science, chemistry as well as space physics. They display promising advantages over a traditional
inorganic material such as lower cost production, light weight, flexibility, large coverage area [1], low
temperature and soluble-based processes [2], and they also possesse good promising mechanical properties [3].
The m-conjugate organic semiconductor materials demonstrate great important applications in light emitting
diode (OLED), energy storage, photovoltaic cells, organic thin film transistors (OTFT), electrochromic devices,
sensors [4], electronic paper and flat panel liquid crystal displays [5] and organic electrochemical transistor as
biocompatible for brain-machine interface [6].

Although, despite the merit displayed by organic semiconductor material, there is a setback among organic
materials for device application such as intrinsic instability of radical ions in the air, poor solubility and high
barrier for electron injection for electrode work function that uses noble metals, which are sensitive to light,
oxygen, and polymerization [7, 8]. However, there is some literatures addressed to improve the instability in the
air, charge mobility and charge enhancement [9] [10-12]. This work examines the subtitutional effect of
thiophene on acenes organic semiconductor at a difference position of acene for the enhancement of electronic
properties. The computation is carried out at DFT and MP2 level of the theory with B3LYP exchange and 6-
311G™* basis set. NWchem version 6.3 is used to predict the ground state molecular energies and electronic
properties.

Methods

The Density Functional Theory, B3LYP exchange level and MP2 theory are employed for the computation. The
molecules properties are optmized and calculated at B3LYP/6-311G* and MP2/6-311G* exchange level and
basis set with NWchem version 6.3 [13, 14]. Molden is used for visualizing interface [15]. The total ground
state energies and frontier orbital (HOMO and LUMO) energies, HOMO-LUMO energy gap, Egap are
presented here.
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Results and Discussion

The calculated ground state energy, (GSE) is given in Tablel, which is compared with the theoretical and
experimental results. Figure 1 shows the variation of total ground state and HOMO/LUMO energy as a result of
the introduction of thiophene molecule to the acenes. The results reveal a linear dependency on the number of
electrons or acene ring. The increase in frontier orbital energies tends to change the electronic and chemical
properties of linear acene. Figure 2 displays a decrease in the ground state energy as the number of electrons or
rings increase, and confers he result with other theoretical and experimental data.

Table 1. Ground state energy, Frontier orbitals ( HOMO and LUMO) energy

DFT- MP2/6-
n  Molecules B3LYP/6- . DFT-B3LYP/6-311G* MP2/6-311G*

311G+ 311G

HOMO LUMO HOMO LUMO

1 Ml -1336.0665  -1333.2683 -6.2778 -0.9807 -6.2778 -0.9807
2 M2 -1489.7475  -1486.4862 -6.0270 -1.6653 -6.0270 -1.6653
3 M3 -1643.4243  -1639.6955 -5.5507 -2.3308 -5.5507 -2.3308
4 M4 -1797.1002  -1792.9002 -5.1388 -2.8336 -5.1388 -2.8336
5 M5 -1950.7729  -1958.1393 -4.8514 -3.2282 -4.8514 -3.2282
6 M6 -2104.4464  -2099.3039 -4.6259 -3.4930 -4.6259 -3.4930
7 M7 -2258.1196  -2252.5059 -4.4429 -3.6877 -4.4429 -3.6877

Figure 1 Total ground state energy variation to the number of electrons.
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Figure 2 Total ground state energy variation conferred to other ® theoretical results with the number of rings.
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However, in Figure 3 (a) there is a linear increase in the Coulomb potential and nuclear repulsion energy as the
amount of electrons increase. Thus, possibly, the graph illustrates the approximation in Quantum mechanics
method, a Born-Oppenheimer approximation, which neglects the motion of the nucleus [17]. And at a ground
state energy level in Figure 3 (b), potential energy and nuclear repulsion were decreasing with an increase of the
acenes ring.
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Figure 3 (a) and (b).Coulomb potential and nuclear repulsion energy plotted against the number of electrons
and GSE, unit (Hartree)

Conclusion

The total ground state, electronic properties of the predicted linear acenes (n= 1 to 7) linked thiophene at DFT
and MP2 are studied from a theoretical framework. The property is investigated as the function of increasing
number of electrons of acenes ring. The increase of thiophene tends to change the properties of acene.

ACKNOWLEDGMENT

The authors wish to thank for the financial support by of the Ministry of Higher Education (MOHE) Malaysia
and  Universiti  Teknologi Malaysia (UTM) Skudai, Johor, Malaysia under Grant No
Q.J130000.2526.06H14.The acknowledge also goes to the TET Fund organization through Bayero University,

Kano for the support and sponsorship of the scholarship.

References

1. Nicolas Y., et al., TIPS-triphenodioxazine versus TIPS-pentacene: Enhanced electron
mobility for n-type organic field-effect transistors. Organic Electronics. 13(8): p.
1392-1400 2012.

2. Fahem Z. and W. Bauhofer, Free radical fast photo-cured gate dielectric for top-gate
polymer field effect transistors. Organic Electronics, 2012.
3. Cosseddu P., et al., Continuous tuning of the mechanical sensitivity of Pentacene

OTFTs on flexible substrates: From strain sensors to deformable transistors. Organic
Electronics. 14(1): p. 206-211 2013.

IICIST 2015 Proceedings 848
20" April 2015, Universiti Teknologi Malaysia, Kuala Lumpur, Malaysia



A. Musa., et al.

10.

11.

12.

13.

14.

15.

Ozen C., M. Yurtsever, and T. Ozturk, A theoretical approach to the formation
mechanism of diphenyldithieno[3,2-5:2" 3"-d]thiophene from 1,8-diketone, 4,5-
bis(benzoylmethylthio)thiophene: a DFT study. Tetrahedron. 67(34): p. 6275-6280
2011.

Ruiz Delgado M.C., et al., Vibrational dynamics study of the effect of the substituents
on the m-conjugation of different bithiophene molecules. Journal of Molecular
Structure. 744-747(0): p. 393-401 2005.

Khodagholy D., et al., In vivo recordings of brain activity using organic transistors.
Nature Communications. 4: p. 1575 2013.

Zhang L., et al., Bistetracene: An Air-Stable, High-Mobility Organic Semiconductor
with Extended Conjugation. Journal of the American Chemical Society. 136(26): p.
9248-9251 2014.

Garcia G., et al.,, Poly(arylenethynyl-thienoacenes) as candidates for organic
semiconducting materials. A DFT insight. Organic Electronics. 13(12): p. 3244-3253
2012.

Liaw D.-J., et al., Advanced polyimide materials: Syntheses, physical properties and
applications. Progress in Polymer Science. 37(7): p. 907-974 2012.

Katsuta S., et al., Synthesis, Properties, and Ambipolar Organic Field-Effect
Transistor Performances of Symmetrically Cyanated Pentacene and Naphthacene as
Air-Stable Acene Derivatives. Organic Letters. 13(6): p. 1454-1457 2011.

Pramanik C. and G.P. Miller, An Improved Synthesis of Pentacene: Rapid Access to a
Benchmark Organic Semiconductor. Molecules. 17(4): p. 4625-4633 2012.

Tang M.L. and Z. Bao, Halogenated Materials as Organic Semiconductorst.
Chemistry of Materials. 23(3): p. 446-455 2010.

Apra E., et al., NWChem for materials science. Computational Materials Science.
28(2): p. 209-221 2003.

Valiev M., et al., NWChem: A comprehensive and scalable open-source solution for
large scale molecular simulations. Computer Physics Communications. 181(9): p.
1477-1489 2010.

Noordik G.S.a.J.H., Molden: a pre- and post-processing program

for molecular and electronic structures. J. Comput.-Aided Mol. Design. 14: p. 123-134 2000.

16. Musa A., et al., Effects of delocalised n-electrons around the linear acenes ring (n=1
to 7): an electronic properties through DFT and quantum chemical descriptors.
Molecular Physics,(ahead-of-print): p. 1-12 2014.

17. York A. and G. Jones, Modeling and Simulation of Heterogeneous Catalytic
Reactions: From the Molecular Process to the Technical System. Platinum Metals
Review. 56(3): p. 162-164 2012.

IICIST 2015 Proceedings 849

20" April 2015, Universiti Teknologi Malaysia, Kuala Lumpur, Malaysia



