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Abstract

In this work we have calculated the electronic states of the trans-polyacetylene (t-PA) molecule within the

framework of Density Functional Theory (DFT). For this purpose we have used SIESTA code based on the DFT

within the Local Density Approximation (LDA). Fully self-consistent Kohn-Sham functional was performed. We

used the Ceperley-Alder (CA) form of the exchange-correlation Potential in LDA. Following the above procedures

we have calculated Density of State (DOS) of doped t-PA chain. Our results show that, as expected, the energy gap

has a considerable decrease with doping.
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Introduction

Recently conductive polymers have received a great
interest due to their potential applications for Nano-
electronic devices [1]. Their applications in new
technology have attracted much attention from both
physicists and chemist’s society. One of the most
interesting polymer materials with huge interest in
theoretical and experimental scientific society is t-
PA. From the experimental point of view,
Polyacetylene has been used in new semiconductor
devices [2]. On the other hand, doping it with
elements like Lithium, increase it conduction and
make it an excellent organic conductor, comparable
to metals which can be used in electronic devices.

We have used a linear scaling, fully self-consistent

density functional method for performing first-

principles calculations, as implemented in SIESTA
code [3-5]. In our calculations we have used Density
Functional Theory (DFT) based on the work by
Hohenberg and Kohn [6] and by Kohn and Sham
[71We have also used the Local Density
Approximation (LDA) for the exchange-correlation
potential. We used the Ceperley-Alder (CA) form of
the exchange-correlation potential in LDA. Troullier-
Martins pseudopotentials were used to represent the
nuclei plus core electrons [8-9]. In this study, we
have calculated DOS and band gap energy of a long
t-PA chain and Li doped t-PA which has been

discussed in the following section.
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Result and discussions

We constructed a unit cell consisting of 8 Carbon and
8 Hydrogen atoms which has been shown in Fig. 1.
The distances between C-C, C=C and C-H atoms was
selected from experimental data to be 1.429, 1.368

and 1.091 Angstrom, respectively [10].
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Fig. 1: a diagram of 1D t-PA chain. The yellows are

C and blue ones are H atoms. The alternating single

and double bonds has not been shown.

Density of State for the 1D t-PA chain has been
shown in Fig. 2. The difference between HOMO and
LUMO levels around the Fermi energy, which is
called energy band gap, was calculated to be 0.4 eV

which is comparable to its experimental value.
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We carried on the calculation with doping a Lithium

atom in the way that showed in Fig. 3.
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Fig. 3: The geometry of our system. The same as the
Fig. 2 but the white shows Li atom.

The Density of State of this system has been shown
in Fig. 4. As seems, it's energy gap decrease
obviously.
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Fig. 4: DOS for the doped t-PA chain.

Since the properties of materials is related to the
value of their Eg, it should be possible to control
the electronic properties of t-PA in electronic devices
and therefore the doped trans-polyacetylene could be

a proper candidate in this field.

Acknowledgment
The authors wish to thank from the support of the
Iran Nanotechnology Initiative Council (INIC) and

also from the SIESTA developers society for

2125 | Page



M. R. Benam, A. Keyhannezhada, N. Shahtahmassebib H. Arabshahi/ International Journal of

Engineering Research and Applications (IJERA)

ISSN: 2248-9622

www.ijera.com
Vol. 1, Issue 4, pp.2124-2126

providing the code and their help during the using the

program.

References

[1] Zotti G, Vercelli G, Berlin A, 2004 Chem. Matter
41 3667-76.

[2] Burroughes J.H, Jones C.A, Friend R.H, 1988
Nature phys. 335 137.

[3] J Soler et al M, 2002 Phys. Condens. Matter 14
2745,

[4] Sanchez-Portal D, Artacho E, Ordejon P, and
Soler J. M, 1997 Quantum Chem. 65 453.

[5] Ordejon P, Artacho E, and Soler J. M, 1996 Phys.
Rev. B53 R10441.

[6] Hohenberg P, Kohn W, 1964 Phys. Rev. 136
B864.

[7] Kohn W, Sham L.J, 1965 Phys. Rev. 140 A1133.
[8] Troullier N and Martins J.L, 1990 Solid State
Comm 74 613.

[9] Troullier N and Martins J. L, 1990 Phys. Rev.
B43 1993.

[10] Shang H, Li Z, Yang J, 2010 Phys. Chem. Al14
1039-43.

2126 | Page



