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1. Introduction

Molecular electronics were first identified in 1971 during investigations into
the interactions between fatty acids and cadmium salts by two German
chemists. As a modern branch of nanotechnology, this field aims to overcome
dimensional limitations in nanoelectronics and reach the molecular scale.
Since then, numerous studies have focused on designing and constructing
electronic circuits at the molecular level using active organic molecules.
Although several advantages have been reported for using such molecules at
the nanoscale, establishing effective connections between them and metal
electrodes remains one of the primary challenges. This research focused on
polyphenylene (C¢H4)n-based molecular electronic wires that have a current
density ten times that of carbon nanotubes by employing Density Functional

Theory (DFT). We consider the effect of electrodes in molecular circuits.

2. Methodology
Recent studies have examined the conductivity of small molecules such as
polyphenylenes and their performance as molecular wires or switches.
Continuing in this direction, the present research analyzes the electron
transport characteristics of the benzene-based structures containing donor and
acceptor functional groups such as -NH2 and -NO2 in heterogeneous
configurations. These structures align with the molecular rectification model
proposed by Aviram and Ratner. In this study, electronic wires based on
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polyphenylenes (C6H4) »,, which have been reported to exhibit higher current
densities than carbon nanotubes, were selected and simulated by using the ab-
initio code based on the Density Functional Theory as well as the non-
equilibrium Green's function (NEGF) computational methods. In these
simulations, three types of molecules were placed in the central region of the
circuit and connected to gold or platinum electrodes via sulfur anchoring
groups (Figure 1). In circuit (a) two polyphenylene molecules are connected
to gold electrodes with sulfur clips (2DTB-Au), in circuit (b) two
polyphenylene molecules are connected to platinum electrodes with sulfur
clips (2DTB-Pt), in circuit (¢) two polyphenylene molecules with -NO2
(nitrobenzene C6H5NO2) and -NH2 (aniline COHSNH?2) with an acetylene
between them are connected to gold electrodes with sulfur clips (NB-An-Au),
and in circuit (d) two nitrobenzene and aniline molecules with an acetylene
between them are connected to platinum electrodes with sulfur clips.
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Fig. 1 Introduction of the studied configurations.

First, the structure of polyphenylene (CsHa4)n, nitrobenzene C¢HsNO,, and
aniline C¢HsNH» molecules were created and relaxed using the SIESTA code.
Then, the circuits were simulated and relaxed by using sulfur alligator-clips
with two different types of gold or Platinum electrodes. The effect of these
two types of electrodes on conductance was investigated, and due to
experimental limitations, theoretical approaches were adopted as analytical
tools to predict device behavior. The passing flow through each circuit was
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calculated in the voltage range from -2V to +2V to investigate the probability
of rectification. The calculations considered the spin polarization effect of
electrons (spin mode), and also without considering this effect (non-spin
mode). We employed the TranSIESTA code to investigate the electronic
transfer properties. Calculations were performed using the Generalized GGA-
PBE approximation for the exchange-correlation function in the electron-
electron interaction. SZP molecular orbitals were assumed for carbon atoms,
and DZP molecular orbitals were assumed for hydrogen, sulfur, nitrogen, and
oxygen atoms. The cutoff energy was set to 200 Ry. A vacuum layer of 20 A
was used to optimize the structure, and also to calculate the electronic density
of states (DoS). The structure was relaxed to the point where the interatomic
forces were reduced to 0.05 Ang/eV. In Figure 2, we presented a three-
dimensional view of the studied configurations.

Fig. 2 Three-dimension view of studied structure.

3. Results and Discussion

After structural relaxation, current-voltage (I-V) analyses, transmission
functions, and rectification ratios were obtained for each circuit. It was
observed that the type of electrode significantly impacts the conductivity; gold
electrodes led to reduced electrical resistance compared to platinum (Figure
3). As we see in this figure, at large bias, almost a linear behavior is observed
for all 4 structures, then at low bias, only the 2DTB-Pt structure shows a linear
behavior.
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Fig. 3 I-V characteristic without considering spin effects for Studied Structures.

4. Conclusion

Based on the results, structures involving nitrobenzene and aniline connected
to gold electrodes exhibited the best performance in terms of conductivity and
rectification. In contrast, a significant decrease in current intensity was
observed in the presence of platinum electrodes. These findings suggest that
electrode selection can play a critical role in the effective design of molecular
diodes. Examination of the spin polarization, in terms of upper and lower
spins, showed that there was no significant difference in the conduction of
electrons with up or down spins.

Keywords: Polyphenylene Devices, Molecular Electronics, Density
Functional Theory, Electronic Transport, SIESTA & TranSIESTA.
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