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Polycyclic rhombus type conjugated systems from a small 4 hexagonal rings to 25 ring graphene flake are considered as candidate devices
for electron transport, where electric field is applied along both diagonals to simulate potential difference. The electronic response to external
electric field is analyzed via two types of deformation densities: the conventional electronic deformation originated from the electric field,
and asymmetric deformation that reflects the way electrons and holes are distributed over the entire molecule. Conventional deformation
density analysis shows even distribution of electrons and holes as mirror images. On the other hand, asymmetric analysis shows a wave-like
texture for distribution of electrons and holes all over the molecule, however electrons tend to occupy apices and edges, while holes are

localized in the central area.
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INTRODUCTION

Polycyclic systems, characterized by their multiple fused
aromatic rings, exhibit delocalized m-electron clouds that
facilitate charge transport [1,2]. When an electric field is
applied, these delocalized electrons and their corresponding
holes (the absence of an electron) redistribute, giving rise to
interesting phenomena [3,4]. This redistribution is governed
by a complex interplay of factors, including the molecular
structure, the strength and direction of the electric field,
temperature, and the presence of impurities or defects [5-7].
Understanding the behavior of charge carriers, namely
electrons and holes, within these systems under the influence
of an electric field is important for optimizing such devices’
performance.

The movement of electrons and holes under an electric
field, is quantified by their mobility, which reflects how
easily they can move through the material [8-10]. Higher
mobility translates to better charge transport and improved
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device performance, and is influenced by electronic structure
properties of the molecular-scale devices. While application
of an electric field induces polarization in the polycyclic
system leading to the alignment of molecular dipoles, the
dielectric constant as a measure of a material’s ability to store
electrical energy is related to the polarization; and affects the
electrons and holes distribution within the material [11-13].
When the electric field is applied, electrons and holes
experience a force that drives them towards opposite ends of
the molecule, that results in a non-uniform charge
distribution, creating regions of higher electron density and
regions of higher hole density.

While symmetric molecules often exhibit uniform charge
distribution, asymmetry imposes by the applied electric field
can lead to an uneven distribution of electrons and holes
[14,15]. The field induced response, breaks the symmetry of
the molecular orbitals, leading to an uneven distribution of
electron density. Consequently, the system’s response to the
external stimuli, such as light or electric fields, becomes
anisotropic, exhibiting direction-dependent behavior.
This asymmetry has profound implications for various
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applications, including organic electronics, photovoltaics,
and nonlinear optics. Replacing carbon atoms with
heteroatoms like nitrogen, oxygen, or sulfur also introduces
differences in electron density distribution within the
molecule [16-18]. Attaching electron-donating or electron-
withdrawing groups to the polycyclic core can also
significantly perturb the electron density distribution [19-22].
Electron-donating groups increase electron density in the
conjugated system, while electron-withdrawing groups
decrease it. Deviations from planarity, such as bending or
twisting of the polycyclic structure, can also lead to
asymmetric charge distribution [23,24]. These distortions can
arise from steric hindrance between substituents or from
interactions with the surrounding environment.

Asymmetric charge distribution results also in a
permanent dipole moment, making the molecule polar. This
polarity influences inter- and intra-molecular interactions,
and can affect the molecular electronic structure and
properties, e.g., as a device in molecular electronics
technology. The asymmetric distribution of charge carriers
can also affect their mobility and transport properties [25-27].
For example, localized charge densities can act as traps,
hindering charge transport, while directional charge transfer
can be enhanced in specific directions [28,29].

While there exist too many publications on production of
field-induced electron and hole, there exist few researches on
symmetry of their distribution. In this respect, the present
work aims at inspection of how electric field nests distinct
area for electrons and holes in polycyclic conjugated systems.

COMPUTATIONAL DETAILS

Electronic wavefunctions are calculated at B3LYP/6-
31G* level of theory [30,31], where C-C bond lengths
are kept frozen to avoid geometrical deformation due to
the applied electric field [14,15]. Electron density difference
may not be a useful quantity, unless position of the
nuclei share the same Cartesian coordinates in both states,
which correspond to field-free and field-applied states in the
present work. Therefore, molecular geometries are
constrained to those geometries where no electric field exists.
In order to simulate 1 V potential difference, electric field
vector is applied along diagonals obeying E = V/d, where E
and d denote magnitude of electric field and distance,
respectively. The concept of electron deformation orbitals
(EDOs) and eigenchannels [32-36] are used for response
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analysis of polycyclic systems to electric field, and
asymmetric deformation density analysis [14,15] is used for
determination of hole/electron asymmetry. Gaussian16 [37]
is used for wavefunction calculations, Densitizer [38] is
employed as a post-processing software for EDO and
asymmetric deformation density analyses, and isosurfaces
are plotted with the help of GaussView program [39].

RESULTS AND DISCUSSION

In this section, asymmetric deformation density analysis
is performed on four aromatic polycyclic systems, containing
4,9, 16, and, 25 aromatic hexagons and saturated by terminal
hydrogens. These structures are shown in Fig. 1 as S2 to S4,
where xy-coordinates is orientated in a way that x and y axes
coincide with long and short diagonals, respectively. While
S2 is a small aromatic molecule, S5 resembles a graphene
flake, and reasonable nanodevice for electron transport and
molecular-scale transistors.

S

Fig. 1. Structures of the polycyclic systems along with
considered xy-coordinates. Terminal hydrogen atoms are not
shown for clarity.

To expose structures to 1 V potential difference, electric
field vector is applied along both diagonals, where longest
carbon-carbon distance in that diagonal alignment is taken
into account for calculation of magnitude of electric field. In
order to analyze how electrons and holes appear in distinct
area of the structures, both conventional and asymmetric
deformation density analyses are performed. Table 1 contains
electronic deformation density isosurfaces originated from
the electric field and the corresponding displaced charges
(An) [14,15,32]. The An values lie in the range of 0.2 to 0.5
and are stronger in y-direction electric fields. Although
distribution of electrons and holes in Table 1 as blue and
yellow area seem to be symmetric with naked eyes, deeper
look shows asymmetric distribution of these two, that can be
revealed via asymmetric deformation density analysis
[14,15].
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Table 1. Electric Field Deformation Density Isosurfaces for S2 to S5 under 1 V Potential Difference, and their Displaced
Charge (An) below the Surfaces. Blue and Yellow Colors Denote Charge Concentration and Depletion, Respectively

Field(x)

Field(y) >

0.30

Table 2. Conventional and Asymmetric Deformation Density Isosurfaces for S2 to S5 (x10-2) under 1 V Potential Difference,
and their Displaced Charge (An) below the Surfaces. Blue and Yellow Colors Denote Charge Concentration and Depletion,
Respectively

System Single-direction Asymmetric
Field (x) Field (y) Field (x) Field (y)
S2
0.93
S3
1.18
S4
1.62
S5

1.85

Table 2 displays two types of deformation densities along both of their diagonals: single-direction and
isosurfaces for S2 to S5, and their displaced charges values asymmetric deformation densities. From now on, x and y
(An), where the structures experience 1 V potential difference suffixes are added to denote orientations of which the electric
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field is applied along long and short diagonals, respectively,
and An values are multiplied by 102 For example, S2x and
S2y mean S2 exposed to 1 V potential difference along x
(long diagonal) and y (short diagonal) Cartesian axes,
respectively, and An = 1 means 0.01 e charge displacement.

With respect to single-direction deformation density
analysis entries in Table 2, An values grow with the
molecular size, while not x-direction field values are greater
than those of y-direction field (S2 is an exception in which
Any < Any). Both electron concentration and depletion
(holes), denoted by blue and yellow colors, are appeared as a
wave like texture in the isosurfaces of Table 2. Direction of
the applied electric field is also clear from appearance of
electrons and holes, as the electric field pushes charge from
one apex to the opposite one. While electron concentration is
highly concentrated around one apex, depending on the field
direction, holes are distributed more evenly in all isosurfaces
in this table. It is clear that electrons and holes do not comply
to mirror images and tendency of electrons to occupy apices
are obviously more than holes.

Table 2 also display asymmetric deformation density
analysis including isosurfaces and their corresponding
displaced charges. These analysis present asymmetric
distribution of electrons and holes in another language, where
blue and yellow colors directly point to how different apices
are occupied by electrons and holes. It is evident from
asymmetric deformation density isosurfaces that, charge tend
to occupy apices and edges, while holes are concentrated at
the center as a wave like structure. Also it can be seen that,
electrons occupy a tiny area at the center of molecules,
regardless of size and number of polygons.

Figure 2 shows occupancies of EDOs in field-free state in
vertical axes, i.e., the system is exposed to no electric field,
where EDOs are sorted with respect to their eigenvalues from
1 to 50 in the horizontal axes. In this figure, blue and orange
colors stand for EDOs responsible for charge concentration
and depletion, respectively. Asymmetric distribution of
EDO:s is also clear from the two blue and orange curves as
they are not completely mirror images with respect to
hypothetical horizontal line between the two colors. Such
asymmetric distribution is more clear in the first EDOs of S4y
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and S4x, where possess highest eigenvalues than last EDOs
at the end of curves.

SUMMARY AND CONCLUDING REMARKS

The asymmetric distribution of electrons and holes in
polycyclic systems is a fascinating phenomenon with far-
reaching consequences for the materials electronic and
optical properties. This asymmetry can be introduced and
controlled through various means, offering opportunities to
tailor the materials’ properties for specific applications.
Advances in theoretical modeling, synthetic chemistry, and
experimental characterization techniques are continuously
expanding our understanding of these complex systems,
paving the way for the development of novel materials and
devices with enhanced performance and functionalities.

The distribution of electrons and holes in polycyclic
systems under the influence of electric fields is a complex
phenomenon governed by multitude of factors. It has been
shown that, electrons and holes tend to occupy distinct
locations of polycyclic systems and obey similar pattern for
different molecular sizes, when exposed to an external
electric field in the two directions. Electrons apt to locate at
apices and edges, while holes try to be located at center and
near to edge area. Occupancies of EDOs also show how
electrons and holes are distributed asymmetrically among
decomposition spectrum.
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Fig. 2. Occupancy distribution of EDOs, where horizontal and
vertical axes stand for sorted EDO numbers and occupancy,
respectively. Blue and orange colors stand for EDOs responsible for
charge concentration and depletion, respectively.
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