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Abstract. Dynamical formation processes of self-localized excitations induced by charge injection or pho-
toexcitations in a polyacene chain are investigated by a nonadiabatic dynamic method. The polyacene chain
is treated as two alternatively coupled polyacetylene chains. The initial lattice configuration is taken as the
pristine polyacene chain. It contains an interchain-coupled neutral soliton as a consequence of odd-number
sites in each of the two chains. The nonadiabatic dynamical processes are carefully investigated in the
following physical cases: (1) electron injection; (2) electron transition from the highest occupied molecular
orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO); (3) electron transition from HOMO
to the localized soliton level, and (4) electron-hole pair excited at the continuum absorbtion edge for light
polarized parallel to the chain. It is interestingly found that the centers of the electron and the hole excited
by light polarized parallel to the chain are separated. Therefore, the photogenerated charge carriers should
be favorable in polyacene, which is remarkably different from those found in a single polyacetylene chain.

PACS. 71.38.Ht Self-trapped or small polarons – 71.35.Aa Frenkel excitons and self-trapped excitons –
71.38.-k Polarons and electron-phonon interactions

1 Introduction

There have been considerable amounts of research works
devoted to the study of nonlinear elementary excitations
in conjugated polymers, such as soliton, polaron, and
neutral polaron-exciton [1]. The motivation behind these
works stems from the fact that these excitations play an
important role in optoelectronic devices based on con-
jugated polymers, including field-effect transistors, light-
emitting diodes, photocells and lasers[2–6]. For example,
the charged polarons serve as charge carriers in these de-
vices, and the luminescence originates from the polaron-
exciton decay. Therefore, understanding the formation
processes and characteristics of these excitations is funda-
mentally important to provide guidelines for improvement
of the performance of these polymeric devices.

Polyacetylene, the simplest conjugated polymer, has
been widely investigated as the prototype example [7].
Most of the theoretical works investigating self-trapping
excitations in conjugated polymers have been focused on
a single polyacetylene chain. In order to describe the bulk
properties of polyacetylene, however, researchers have in-
vestigated the effect of interchain interactions between
two polyacetylene chains, and found that even small inter-
chain coupling can have a significant effect [8–10]. Poly-
acene, linearly fused aromatic rings, can be considered as
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Fig. 1. The schematic representation of the structure of a
pristine polyacene chain.

two polyacetylene chains strongly coupled by cross alter-
nate interactions, see Figure 1. Therefore, it is expected
that elementary excitations in polyacene chain should be
remarkably different from those in a single polyacetylene
chain.

Indeed, as a novel conducting polymer, the electronic
structure and elementary excitations of polyacene have
long been the object of theoretical studies [11–23], though
the long polyacene chain has not been synthesized yet.
Earlier theoretical works [11–15] have devoted to the
ground state of an infinite polyacene chain, with a contro-
versial result on the bond alternation of the chain. While
the nonalternant structure was suggested [11,12], many
works indicated that the alternate bond structure with a
corresponding gap about 0.4 eV is stable [13–15], Recently,
the projector quantum Monte Carlo calculation and the
density matrix renormalization group (DMRG) study con-
sidering electron-electron interactions have also confirmed
that the bond alternated state is more favorable [16,17].
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Employing an extended Su-Schrieffer-Heeger (SSH)
model [24], Sabra has studied the polaronic charge trans-
fer between the two chains in polyacene, in the cases of
polaron and bipolaron given initially in one chain [19].
Later, Li et al. investigated the effects of electron-
electron interactions on the polaronic excitations with the
SSH-Hubbard model [20,21]. Recently, we have investi-
gated the optical absorptions and localized phonons due
to these elementary excitations in a long but finite poly-
acene chain [22,23]. It has been indicated that polyacene
possesses different absorbtion spectrum from that of a sin-
gle polyacetylene chain. While all these works have con-
cerned the static properties of these excitations in poly-
acene, their dynamic properties have not yet been studied
so far.

In fact, the dynamic properties of these excitations in
polymers, such as their formation dynamics, transport in
an external field and so on, are believed to be of fundamen-
tal importance for polymeric devices, and are attracting
more and more attentions. For example, the excitation dy-
namics properties in single polyacetylene chain have been
investigated within an adiabatic dynamic method [25,26].
Recently, by using a nonadiabatic dynamic model, we have
studied the polaron formation and its transportation in a
metal/polymer/metal structure [27], and Stafström et al.
have dealt with the polaron migration between two neigh-
boring polyacetylene chains [28]. However, the excitation
dynamics in polyacene remains to be investigated.

In this paper, by using a nonadiabatic dynamic
method, we simulate dynamical formations of elementary
excitations created through charge injection or photoex-
citations in a long but finite polyacene chain, and investi-
gate their physical features. The results are also compared
with that of a single polyacetylene chain. The paper is or-
ganized as follows. In Section 2 we describe briefly the the-
oretical model and numerical method used in this work. In
Section 3 the dynamic process of various excitations will
be discussed. A summary is given in the last section.

2 Model and numerical method

The SSH model and its extended versions have achieved
a great success in describing the electronic structure
and bond distortion of conjugated polymers [24]. The
Hamiltonian we consider in this paper is

H = HSSH + Hint, (1)

where the first term is the standard SSH Hamiltonian de-
scribing the intrachain interactions in each chain,

HSSH = −
∑

j,n,s

[
t0 − α

(
ux

j,n+1 − ux
j,n

)] (
c+
j,n+1,scj,n,s

+c+
j,n,scj,n+1,s

)
+

K

2

∑

j,n

(uj,n+1 − uj,n)2+
M

2
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(
u̇x

j,n

)2
,

(2)

where j = 1, 2 denotes the chain index, the site index n
runs from 1 to 2m + 1 for a polyacene chain which is
composed of m aromatic rings, the quantity t0 is the
transfer integral of π-electrons in an undimerized lattice,
α the electron-lattice coupling constant, ux

j,n is the lat-
tice displacements of the nth site on chain j from its
equidistant position along the chain direction. The op-
erator c+

j,n,s(cj,n,s) creates (annihilates) a π-electron with
spin s at the nth site on chain j. The second and the last
terms in equation (2) represent the lattice elastic poten-
tial energy and kinetic energy, respectively. K is the elastic
constant due to the σ bonds and M is the mass of a site.
The second term in equation (1) describes the alternate
interchain interactions,
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here t1 and t2 describe the alternate interchain interac-
tions, t1 = t2 corresponds to the case of polyacene, uy

j,n is
the lattice displacements of the nth site on chain j from its
equidistant position vertical to the chain direction. Differ-
ent from those used in previous works [19–23] where the
bonds linking the two chains are fixed, we have also con-
sidered these bonds variable due to the electron-lattice
interactions. The prime in equation (3) indicates the sum-
mation is only for the sites bonded between the two chains.
Our results show that the localized distortions induced
by charge injection or photoexcitation are also formed in
these cross bonds as the same as those in chain direction,
see Section 3.

The bond configuration and electronic structure of a
pristine polyacene, which will be taken as the initial condi-
tion of the following dynamic simulations, can be obtained
by minimizing the total static energy. For that, we can
write down the following self-consistent equations of the
bond configuration

{
ux

j,n, uy
j,n

}
and the electronic wave

functions {φµ (j, n)} [29,30]:
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and

uy
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− 1
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, (6)

where εµ is the eigenvalue of µth energy level. We
have used the constraints

∑
n

(
ux

j,n+1 − ux
j,n

)
= 0 and∑′

n

(
uy

1,n − uy
2,n

)
= 0 to prevent the polymer chain from

collapsing.
Once the initial lattice configuration {uj,n} and the

electron distribution {φµ (j, n)} are determined, the lat-
tice configuration at any time t(> 0) can be obtained by
the equation of motion for the atom displacements

M
..
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where the density matrix ρ is defined as

ρjn,j′n′ (t) =
∑

k

Φj,n,k (t) fkΦ∗
j′,n′,k (t) (9)

fk is the time-independent distribution function and is
determined by the initial condition, the electronic wave
functions Φj,n,k (t) are the solution of the time-dependent
Schrödinger equation
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(10)

The coupled differential equations (7), (8) and (10) are
solved with a Runge-Kutta method of order 8 with step-
size control [31,32]. The time step size is about 0.01fs, and
the “global time step” has been set as 1fs. In most of this
work, we take a polyacene chain composed of m = 100 aro-
matic rings, which is long enough in the cases consid-
ered. The other parameters are those generally chosen
for polyacene [19–23]: t0 = 2.5 eV, α = 4.1 eV/Å, K =
15.5 eV/Å2, M = 1349.14 eV fs2/Å2, and 2t1 = 0.864t0. A
small damping is also introduced to smear out the lattice
vibrations so that the localized lattice distortions can be
seen clearly.

Additionally, to identify the formation and evolution
of the localized electronic states, we define the degree of lo-
calization, γi =

∑
j,n |ϕj,n,i(t)|4/

∑
j,n |ϕj,n,i(t)|2, for elec-

tronic state i, here ϕj,n,i is the electronic eigenfunction at
the nth site of the jth chain. It will decay as 1/m for an
extended state when the size m becomes larger and larger,
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Fig. 2. Formation of an interchain coupled soliton in a pris-
tine polyacene chain. The staggered bond parameters δx

n (a)
and δy

n (b) at various times are shown.

while it approach a nonzero constant for a localized state.
We have done calculations for various chain length, and
a very good convergence for γi is reached for a polyacene
chain composed of m = 100 aromatic rings, for which all
results presented below are obtained.

3 Results and discussions

3.1 Initial configuration

First of all, we discuss the bond structure and energy spec-
trum of the ground state of a pristine polyacene chain,
which will be taken as the initial configuration of calcu-
lations discussed in Sections 3.2 and 3.3. Starting from
an undimerized chain, ux

n, uy
n = 0, we have calculated

the evolution of both the bond configuration and the
electronic states to seek the stable state with minimum
energy. Figure 2 shows the staggered bond parameters,
δx
n ≡ (−1)n

(
ux

j,n+1 − ux
j,n

)
(only the bond parameters of

chain 1 are plotted, because they are identical with those
of chain 2) and δy

n ≡ uy
1,n − uy

2,n, at different times. One
can find that the undimerized lattice structure is not sta-
ble. In chain direction (δx

n), the kinks appear firstly at
the chain ends, then they move toward to the middle of
the chain, at last, they combine to form a soliton-like dis-
tortion in the chain, which should be a consequence of
odd-number sites in each chain. After 400 fs, the bond
parameters tend to stable. The stable bond structure is
consistent with that obtained by solving self-consistent
electron-lattice coupling equations (4), (5) and (6) [22].
Moreover, accompanying the lattice distortion in chain
direction, the bond-lengths are changed for those bonds
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Fig. 3. Schematic representation of the energy spectrum of a
neutral pristine polyacene chain. The solid lines with arrows
indicate the dipole-allowed transitions for light polarized par-
allel to the chain, and the dashed lines with arrows indicate
the dipole-allowed transitions for light polarized perpendicular
to the chain.
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Fig. 4. The degrees of localization of eigenstates vary with
time for a pristine polyacene chain.

linking the two chains (δy
n), although the amplitude is

smaller than that in chain direction. It should be stressed
that the bonds linking the two chains become shorter near
the soliton kink in the chain. Ab initio calculations on
short polyacene chains have shown that the cross bonds
in the middle of chain are slightly shorter than those
at chain ends [33], so our result is consistent with that
of ab initio calculations. The two soliton-like distortions
in the two chains are not free each other but bound
closely due to the strong interchain coupling, therefore,
the shorter cross bonds could strengthen the coupling be-
tween them. We should also note that the interchain cou-
pled soliton is a neutral singlet, against the spin-charge
relation of solitons in a single polyacetylene (neutral with
spin 1/2 or charged with spin 0).

The schematic representation of energy spectrum of a
neutral pristine polyacene is plotted in Figure 3. Four en-
ergy bands have been identified, moreover, the two down-
shift branches (denoted by “s”) have symmetric wave func-
tions for the two chains in polyacene and the two up-shift
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Fig. 5. Formation of a polaron-like distortion in a charged
polyacene chain. The staggered bond parameters δx

n (a)
and δy

n (b) at various times are shown. The inset shows the
charge density distribution along the chain at t = 160 fs.

ones (denoted by “a”) have antisymmetric wave functions.
Furthermore, along with the localized lattice deforma-
tion, there appear two localized electronic states Sa(ε244)
and Ss(ε159). However, in contrast to that in a single poly-
acetylene chain where the localized soliton states are in
the midgap, these two localized states are split due to the
strong interchain coupling so that one (Sa) goes up with
the up-shift conduction band (Ca) and the other one (Ss)
goes down with the down-shift valence band (Vs). Besides
the soliton energy levels, there are other two localized
states, one at the bottom of valence band (ε1) and another
at the top of conduction band (ε402). This is similar as the
case of trans-polyacetylene [34]. The formation and evolu-
tion of these localized electronic states could be seen easily
through the variation of their degree of localization, γi, as
shown in Figure 4. We can find that the formation of these
localized states as well as the interchain coupled soliton is
at around t = 400 fs.

3.2 Dynamics of excitation induced by charge injection

Now, taking the lattice configuration at the ground state
of a pristine polyacene obtained in the above section, we
investigate the dynamics after the injection of an electron
(or a hole), e.g., by doping or injection from the electrode.
For that, we add one extra electron into the lowest unoccu-
pied molecular orbital (LUMO) at time zero. In this case,
the lattice is not stable any longer, it will relax toward
the lower energy state. Figure 5 illustrates how the elec-
tron self-consistently distorts the lattice and is localized
in the deformation (Only the bond parameters in chain 1
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Fig. 6. The degrees of localization of eigenstates vary
with time for a singly charged polyacene chain. Solid line
for ε159 (ε244); dash line for ε201 (ε202); dot line for ε156 (ε247);
dash-dot line for ε1 (ε402); dash-dot-dot line for ε2 (ε401).

are plotted, which is identical to those in chain 2). In the
chain direction, as time progresses, the width of the soliton
increases gradually, then a polaron-like distortion in the
center of the soliton is formed at about 150 fs. At the same
time, in the direction vertical to the chain, the distortion
of cross bonds becomes wider with the width of soliton
stretched. Finally, one can find that the cross bonds cor-
responding to the polaron part are longer than those to
the neutral soliton part. This could indicate that the cou-
pling between the polarons is weaker than that of solitons.
It should be stressed that the extra electron is localized
in the middle polaron region of the chain, as shown in the
inset of Figure 5, which indicates the interchain polaron
is one of the charge carriers in polyacene chain. Another
dynamical characteristic is that, in contrast to the single
polyacetylene case [25], there is less lattice vibration ap-
pearing in the relaxation. This can be understood as that
less electronic energy has been transferred into the lat-
tice in the process due to the smaller band gap. However,
a similar vibrational behavior of polaron amplitude has
been found [35].

For a singly charged polyacene chain, ten localized
electronic states are found, their variations of localization-
degree with time are shown in Figure 6. Among them, two
(ε159 and ε244) are the soliton levels similar as those in a
neutral pristine polyacene, however, their degrees of lo-
calization decrease comparing with those in neutral case;
Along with the formation of interchain polaron, four ex-
tended electronic states become localized ones (two (ε201

and ε202) appear in the gap while the other two (ε156

and ε247) are located near the bottom of Ca and the top
of Vs, respectively); For the four localized levels located at
the top of conduction band and the bottom of the valence
band, respectively, two (ε1 and ε402) have been found in
the neutral case, only their localization-degrees decrease,
the other two (ε2 and ε401) emerge when the coupled po-
laron is formed. The schematic representation of energy
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Fig. 7. Schematic representation of the energy spectrum of a
singly charged polyacene chain.

spectrum of a singly charged polyacene and the positions
of localized electronic states are plotted in Figure 7.

3.3 Dynamics of photoexcitations

Another way to excite a polymer to generate elemen-
tary excitations is through photoexcitation. In a previ-
ous work [22], we have discussed the absorption spectrum
of the ground state of polyacene chain, i.e., the neutral
pristine polyacene chain, and three main absorption char-
acteristics have been found. According to the symmetries
of wave functions for the two chains in polyacene, one
can find that the transitions between the bands with the
same symmetry, i.e. Va → Ca and Vs → Cs, are dipole-
allowed for light polarized parallel to the chain, while the
transitions between bands with different symmetries, e.g.,
Va → Cs, are dipole-forbidden, on the other hand, for
light polarized perpendicular to the chain, the dipole se-
lection rule is just reversed. As shown in Figure 3, there
are two main features for light polarized parallel to the
chain, one arises from the soliton levels (solid line (a)),
another is the continuous absorption edge arises from the
transition of Va → Ca and Vs → Cs (solid line (b)). For
the light polarized perpendicular to the chain, the lowest
energy absorption is the continuous absorption edge arises
from the transition of Va → Cs (dash line (c)). Following
these absorption features, we will investigate the lattice
dynamic relaxation of photoexcitation states for the fol-
lowing three cases.

3.3.1 Electron transition from HOMO to the soliton level

When one electron is excited from the valence band edge
state εn(n = 201 in our case) to the soliton level Sa(ε244)
(a symmetric case is Ss(ε159) → ε202), an electron-hole
pair is created. The electron in the soliton level is relatively
stable, and will not induce further lattice distortion, which
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Fig. 9. The charge density distribution in chain for the case
that one electron is excited from HOMO to the soliton level.

is similar as that in polyacetylene, where only the neutral
soliton becomes charged one. However, the hole left in ε201

is not stable, and will result in lattice relaxation, at last,
a polaron-like deformation is formed. As expected, this
lattice relaxation process should be very similar as that
for one electron injection. Figure 8 shows the staggered
bond parameters, δx

n and δy
n, at various times. Compar-

ing Figures 5 and 8, one can find that the amplitude of
the polaron distortion is smaller than that in charge injec-
tion case, moreover, it shows a larger vibration of polaron
amplitude. At the same time, δy

n also shows a different
feature. This maybe arises from the different occupation
of electrons on the eigenstates.
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Fig. 10. The degrees of localization of eigenstates vary with
time for the case that one electron is excited from HOMO to the
soliton level. Solid line for ε159 (ε244); dash line for ε201 (ε202);
dot line for ε156 (ε247); dash-dot line for ε1 (ε402); dash-dot-dot
line for ε2 (ε401); short dash line for ε65 (ε338).

The evolution of charge distribution is shown in Fig-
ure 9. Initially, the electron is localized in the soliton level
and the hole is located in the extended state. Then, the
polaron-like distortion is formed at around 120 fs, and the
extended state becomes localized one. At the same time,
the soliton is stretched, the electron localized in the soli-
ton region shifts away from the center of chain. It is very
interesting that the centers of the electron and the hole are
separated. This indicates that they could be easily sepa-
rated by external electric field to become free charge car-
riers in this process, because the interaction between the
soliton and the polaron is weak. Similarly, Köhler et al. has
found the electron and the hole are spatially separated in
some higher-lying excited states of poly(p-phenylene viny-
lene)s (PPVs), and the charge separation is facilitated in
these states [36]. However, this structure is not the most
stable, after several tens of femtoseconds, both δx

n and δy
n

modulate slightly, and it shows an oscillation of the width
and depth of polaron. Accompanying the oscillation, the
charge density distribution varies with time.

In this case, twelve localized electronic states are
found, their variations of localization-degree with time are
shown in Figure 10. Besides ten of which have been found
in a singly charged chain, see Figures 6 and 7, there are two
new localized states (ε65 and ε338) located at the bottom
of Va and the top of CS , respectively. Comparing Figures 6
and 10, one can find that the localization-degrees of po-
laron energy levels (ε201 and ε202) are smaller than those
in singly charged polyacene chain, but the degrees of local-
ization of the soliton levels (ε159 and ε244) are larger than
those in a singly charged polyacene chain. This also im-
plies that the amplitude of polaron distortion in this case
is smaller than that in a singly charged polyacene chain,
as shown in the evolution of bond parameters, Figures 5
and 8. Furthermore, the localization-degrees of the energy
levels located at the bottom of the valence band (ε1 and
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n for the case
of electron-hole pair excited at continuum absorbtion edge for
light polarized parallel to the chain. The inset is charge density
distribution at t = 130 fs.

ε2) and the top of the conduction band (ε401 and ε402)
are also smaller than those in a singly charged polyacene
chain. The schematic representation of energy spectrum
and the positions of localized electronic states are plotted
in Figure 11.

3.3.2 Electron-hole pair excited at continuum absorbtion
edge for light polarized parallel to the chain

After the polyacene chain absorbs a photon polarized par-
allel to the chain to create an electron-hole pair between
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0.08

0.10

i

time (fs)

Fig. 13. The degrees of localization of eigenstates vary with
time for the case of electron-hole pair excited at continuum
absorbtion edge for light polarized parallel to the chain. Solid
line for ε159 (ε244); dash line for ε201 (ε202); dot line for ε200

(ε203); dash-dot line for ε156 (ε247); dash-dot-dot line for ε155

(ε248); short dash line for ε1 (ε402).

HOMO (ε201 in our case) and the conduction band edge
state (ε248 in our case) (the same as that for ε155 → ε202

due to the electron-hole symmetry), the lattice relaxes
constantly to form two polaron-like distortions besides the
initial neutral soliton, The staggered bond parameters δx

n

and δy
n are shown in Figure 12. The soliton in the cen-

ter of the chain is still neutral, not affected almost by the
excitation, the electron and hole are localized in the two
regions of polaron-like distortions. The inset of Figure 12
shows the final charge density distribution. It is the most
interesting that the centers of the electron-hole localized
in the polarons do not coincide but separate each other
about 10 lattice constant. The reason is that the electron
localized in the polaron state near Ca distributes on the
odd sites, while the hole localized in the gap-polaron state
distributes on the even sites. Apparently, this results from
the strong interchain coupling, since it has been known
that the charge distributes on both even and odd sites
in the polaron state for single polyacetylene chain case.
As discussed in the case that one electron is excited from
HOMO to the soliton level, the electron and hole separa-
tion is facilitated in this process.

In this case, twelve localized electronic states are
found, their variations of localization-degree with time are
shown in Figure 13. Among them, two (ε159 and ε244)
are corresponding to the soliton levels similar as those in a
neutral pristine polyacene, but, their localization-degrees
decrease further; Along with the formation of the two
polaron-like deformations, eight extended electronic states
become localized ones (four (ε200, ε201, ε202 and ε203) ap-
pear in the gap while the other four (ε155 and ε156, ε247

and ε248) are located near the bottom of Ca and the top
of Vs, respectively); The other two localized levels are lo-
cated at the top of conduction band (ε401) and the bottom
valence band (ε1), which have been found in the pristine
polyacene case. The schematic representation of energy



474 The European Physical Journal B

200

203

156

247
244

159

1

402

201

155

202

248

V
s

V
a

C
s

C
a

Fig. 14. Schematic representation of the energy spectrum for
the case of electron-hole pair excited at continuum absorbtion
edge for light polarized parallel to the chain.
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Fig. 15. The staggered bond parameters δx
n and δy

n versus the
sites for the case that one electron is excited from HOMO to
LUMO for light polarized perpendicular to the chain.

spectrum and the positions of localized electronic states
are plotted in Figure 14.

3.3.3 Electron transition from HOMO to LUMO

When an electron is excited from valence band edge state
ε201 (HOMO) to the conduction band edge state ε202

(LUMO) by light polarized perpendicular to the chain,
the electron-hole pair distorts the lattice continuously and
is trapped self-consistently in the distortion. At last, in
the chain direction, three solitons are obtained, see Fig-
ure 15a; vertical to the chain, there are two deformations
at positions corresponding to the solitons at left and right
hands, see Figure 15b. For the charge distribution, in con-
trast to the cases of light polarized parallel to the chain,
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Fig. 16. The degrees of localization of eigenstates vary with
time for the case that one electron is excited from HOMO to
LUMO for light polarized perpendicular to the chain. Solid line
for ε159 (ε244); dash line for ε201 (ε202); dot line for ε156 (ε247);
dash-dot line for ε1 (ε402); dash-dot-dot line for ε2 (ε401).

where the electron and hole are located at different sites,
it shows neutral in the whole chain, which indicates the
electron-hole coincides perfectly.

Correspondingly, ten localized electronic states are
found, their variations of localization-degree with time
are depicted in Figure 16, furthermore, their positions
in the energy spectrum are shown in Figure 17. In the
gap, the two degenerate localized levels (ε201 and ε202) are
attributed to the middle soliton according to their wave
functions, and they show the most localized characteris-
tic. The degeneration implies that there is no interchain
interactions between the middle soliton pair, this feature
could also be seen in the variation of δy

n, Figure 15b. Ad-
ditionally, the electron and hole are located on the two lo-
calized states, so the electron-hole pair is localized in the
middle soliton. Four localized levels located in the valence
band (ε156 and ε159) and conduction band (ε244 and ε247)
are attributed to the two interchain solitons at the left
and right hands, similar as the case of the neutral pristine
chain, they are split due to the strong interchain coupling.
Moreover, they are neutral because ε156 and ε159 are dou-
ble occupation, and ε244 and ε247 are vacancy, which are
the same with that found in pristine polyacene chain. The
other four localized levels are located at the top of con-
duction band (ε401 and ε402) and the bottom valence band
(ε1 and ε2), respectively.

4 Summary

In summary, using a lattice dynamic model, we have inves-
tigated the dynamic formation of elementary excitations
induced by both charge injection and photoexcitations in
a polyacene chain. Their formation time is found to be
about hundred of femtoseconds. Different characteristics
of lattice distortions have been identified for various kinds
of excitations. Due to the strong interchain interactions,
both lattice deformations and the properties of electronic
states are remarkably different from those in single poly-
acetylene chain. Especially, the centers of electron and the
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Fig. 17. Schematic representation of the energy spectrum for
the case that one electron is excited from HOMO to LUMO
for light polarized perpendicular to the chain.

hole in the excited states, which are created by light po-
larized parallel to the chain, are separated, thus it should
be expected that the charge separation is facilitated in
polyacene.

In the end of the present work, we would like to dis-
cuss the effect of the Coulomb interaction between elec-
trons, which is not take into account in this work. The
reasons are followed. On one side, the role of the elec-
tronic correlations in polymers remains controversial [1].
The exciton model, where the electron-electron interac-
tion is dominant, and the band model, where the electron-
phonon interaction is dominant, compete each other in the
understanding of experimental observations. Recently, the
band model has been suggested by the experimental obser-
vations of photogenerated directly charge carriers [37–39]
and the theoretical investigation of photoexcitations based
on a tight-binding electron-phonon interacting model [40].
Thus, it is expected that our results should be valid in the
system of a weak electron-electron interactions. On the
other side, it is really a challenge to study the dynamics
of a many-electron interaction system. We leave it in the
future.
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10321003) and the State Ministry of Education of China
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