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H I G H L I G H T S

� The influence of a local bending or compression of the space between neighboring carbon atoms on the band gap of trans-PA was studied.
� Making use of an effective difference equation the band structure of trans-PA has been calculated.
� Under the local strain the threshold voltage for the current flow through the bent molecule crucially varied.
� Our results indicate that the energy gap of the strained molecule modified significantly which affects the electronic properties of the molecule.

a r t i c l e i n f o

Article history:
Received 2 December 2015
Received in revised form
10 January 2016
Accepted 19 January 2016
Available online 21 January 2016

Keywords:
Strain
Polyacetylene
Electronic transport
Green's function method

a b s t r a c t

A theoretical study is presented to investigate the structural and electronic properties of trans-poly-
acetylene (trans-PA) molecule under local strain. The influence of a local bending or compression of the
space between neighboring carbon atoms on the band gap of the molecule was studied. Making use of an
effective difference equation based on tight-binding procedure the band structure of trans-PA has been
calculated. Our results indicate that the energy gap of the strained molecule modified significantly which
affects the electronic properties of the molecule. We found that the size of the molecular gap is pro-
portional to the bending angle so that for the bending perpendicular to π-orbitals plane the band gap
reduced drastically and for the parallel one the band gap gradually increased. Furthermore, the current–
voltage characteristics of the strained trans-PA molecule are studied. We found that under the local strain
the threshold voltage for the current flow through the bent molecule decreased (increased) depending
on the bending is perpendicular (parallel) to the molecule plane.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

There have been intensive studies on trans-PA molecule, ex-
perimentally and theoretically, especially for its unique electronic
structure and transport properties due to the quasi-one dimen-
sional nature and the existence of an equilibrium band gap, re-
sulting to potential applications in molecular electronics [1–7]. The
semiconducting band gap 1.4 eV [3,8] is the unique feature of
trans-PA structure based on which trans-PA molecule is expected
as promising material for both electronic and optoelectronic ap-
plications. From the theoretical point of view, one may consider
trans-PA as the one-dimensional version of graphene, at least with
respect to the fractionalization of the electric charge [2,5,6]. From
the experimental and technological sides, the advent of the
semiconductor nanotechnology [9] with new possibilities of

developing semiconductor devices made from trans-PA molecule
[10] strongly motivated the study of the main factors may affect
the electronic structure and transport properties of the molecule.
The electronic structures of trans-PA can be modified by doping
and disorder [11–16], external fields [17], structural defects such as
solitons [1,18–21] and mechanical strain. Strain arises when the
molecule is compressed or stretched out of equilibrium. Mechan-
ical strain often gives rise to surprising effects on electronic
properties of carbon-based materials. For example, it can turn the
metallic nanotube into semiconductor and vice versa [22–26].
Along with the uniquely strong mechanical properties of the sp2

and sp3 bonded carbon materials [27], the interplays between
mechanical and electronic properties may be useful in various
applications [28]. Much attention has paid to the mechanical strain
influence on graphene systems since the naturally or intentionally
tensional strain may be inevitable in graphene-based electronic
devices. It is founded that the band gap of a graphene nanoribbon
is sensitive to strain [29,30]. Nevertheless, the influence of the
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strain on the electronic properties of trans-PA molecule has re-
ceived less attention. The aim of our present work is to study
theoretically the electronic and structural properties of strained
polyacetylene molecule. Trans-PA has a quasi-one-dimensional
structure and translational symmetry damages, for example
bending of the molecule, are unavoidable. Therefore, a realistic
study of the electronic properties of trans-PA molecule requires
that the inherent defects such as bending of the molecule have
been taken into account. Local strain, as bending, can be induced
on trans-PA structure either by a soliton or naturally. In this paper
the influence of a local bending or compression of the space be-
tween neighboring carbon atoms on the band gap and subse-
quently the electronic structure of the molecule is studied. It
should be noted that compression by an equal length and bending
by an equal angle of a single band and a double one leads to the
same physical properties. We consider two kinds of bends, the
perpendicular and the parallel to π-orbitals plane. As depicted in
Fig. 1, we assume that the π-orbitals plane is parallel to y–z plane.
We have found that the band gap of the molecule reduced dras-
tically when the bending is perpendicular to the π-orbitals plane.
However, for the bending parallel to the plane the band gap gra-
dually increased. Following the modified band gap, the electron
transport through the molecule is seriously affected. The model
and description of the computational methods for investigating
the strained-dependent transport properties of the molecule are
introduced in Section 2. The results and discussion are presented
in Section 3, followed by conclusions in Section 4.

2. Model and Hamiltonian

To describe the model structure of trans-PA molecule under
strain, let the molecule is placed on y–z plane subjected to strain
(compression) along the y-direction, as shown in Fig. 1. Under
local strain the molecule may bend perpendicular or parallel to
π-orbitals plane, the y–z plane. We consider the both bending
models as a local bending of the space between neighboring car-
bon atoms −C 1 and +C 1 along the molecular chain so that γ is the
bending angle relative to y-axis. Within the framework of the SSH
model [1,20] the Hamiltonian of the strained trans-PA molecule
may be decomposed as,

^ = ^ + ^ + ^ ( )−H H H H , 1m e e ph ph

where the electron and electron–phonon part of the strained
molecule Hamiltonian are given by,
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c cn n creates (destroys) a π-electron at site n on the
molecular chain. εn is the on-site energy and here reference energy
is chosen such that the on-site energy to be zero. With un the
displacement of the nth carbon atom from its equilibrium position,

= ( − )+y u un n n 1 is the bond alternation. According to SSH model, t0
and α are the hopping integral of an undimerized molecule and
the electron–phonon weak coupling constant, respectively so that
αyn modulates the hopping integrals along the molecular-sym-
metry axis. For perfectly dimerized molecule and in the weak
coupling regime, un and band gap of trans-PA molecule are given
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0. In Eq. (2) γ is the
angle of the bend and εγ is the relative change of the transfer in-
tegral t0, that can result from two kinds of bends; the perpendi-
cular or the parallel to π-orbitals plane, for which ε γ=γ
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, respectively [31]. Here α¼1.44 Å is the lat-

tice constant and σt is the transfer integral for the σ-bond. We
consider only the π-band, because the σ-one is completely filled
up and it does not take part in the effects under consideration. In
Eq. (1) the phonon part of the strained molecule Hamiltonian in
the harmonic approximation is given by,

∑ γ γ= ̇ + + + ϑ( )
( )

⎡
⎣⎢

⎤
⎦⎥H Mu K y K a

1
2

1
2

1
4

,
3

ph
n

n n
2

0
2

0
2 2 4

where M and =K 21 eV/Å0
2 are the mass of a CH-group and the

elasticity of the bond, respectively. The strained trans-PA molecule
through which we are interested to explore the several features of
the electronic transport phenomena, attached to two semi-infinite
one-dimensional metallic leads. Since the electron conduction is
mainly determined by the central part of the junction lead-mo-
lecule-lead, the electronic structure of this part should be resolved
in details. It is therefore reasonable to decompose the total Ha-
miltonian of the system as,

= + + + ( )H H H H H . 4L m c R

The Hamiltonian of the left (L) and right (R) electrodes is de-
scribed within the single-band tight-binding approximation and is
written as,
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where ^ +

βbi ( ^
βbi ) creates (destroys) an electron at site i in metallic

lead β (L or R) and the hopping integrals β βti j, are equal to t¼1 eV
for the nearest neighbors and zero otherwise. Here, ε ε=βi 0 is the
on-site energy. With ε = 00 we have set the zero of energy at the
Fermi level. Finally, Hc in Eq. (4) describes the coupling between
the metallic leads and the molecule and is given as,
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Here ( )tL R denotes the tunneling coupling between the π-elec-
tron state of the carbon atom of number – N (N) from the left
(right) and the electron states in the left (right) metallic electrode.
It is necessary to mentioned that the electrode-to-molecule cou-
pling strength ( ( )tL R ) through Eq. (6) has significant impact on the
electron transport through molecule. As emphasized in some va-
luable works [32,33], the stronger coupling strength give rises to

Fig. 1. Plots show the schematic illustrations of trans-PA molecule. (a) A segment of
the pristine molecule without bending. It is assumed that the π -orbitals are in y–z
plane. (b) and (c) illustrate the bent molecules depending on the bending is parallel
or perpendicular to the π-orbitals plane, respectively. The angle of the bend γ is
measured relative to y axis.
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