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Abstract
Molecular structures of a series of metal-complexes molecules of bipyrimdine have interesting features in various
applications such as industrial and scientific. The transition through metal complexes at molecular structures has a
significant role in the metal-bridges interactions. Hence, the bipyrimdine's complex molecules were used to show the
effect of the metal atoms on the electronics, electrical, and thermoelectric properties and to identify the π-conjugated
system in all attempts before/ or after replaced one carbon with nitrogen atoms in one or two the pyridine rings.
SIESTA code, and GOLLUM code programs were used in our calculations. The results showed that the energy gap
decreased significantly with the type of metal atoms, which appear in electronic applications at various LUMO-HOMO
energy gaps. The electrical and thermal results have confirmed the effect of metal-complexes center atoms in the
transmission and Seebeck coefficients. From the position of the Fermi energy (E-EF=0 eV), the conductance and the
thermopower values are determined, and thus the specificity figure of merit ZTe was computed. Therefore, we found
the ZTe be a high value for bipyridine molecule about 1.7, which is several order of magnitude higher than of the set
molecules. Whereas a low value of ZTe for Cr-metal-molecule.
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Introduction
The thermoelectric of single molecules linked to
metallic electrodes is being studied to learn more
about the basics of quantum transport and to design
future molecular-scale devices and circuits
(Manrique et al., 2015; Chen, 1999; Reed et al 1997;
Smit et al, 2002; Jia & Guo, 2013; Xiang et al, 2013).
Quantum interference (QI), that can be destructive
or constructive, causes molecules to deviate from
regular electrical circuit principles, opening up new
possibilities for exploiting their electrical
properties. It has been achieved in a variety of
molecules as multi-or monolayer films layered
between pairs of conductors or as single molecules
bridging through nanoelectrode leads (Naghibi et al,
2019; Ismael et al, 2017). A great deal of work is now
being put into improving the effectiveness of these

effects and determining the factors that influence
the thermoelectric performance of materials and
devices. Although inorganic thermoelectric
materials are the most prevalent, organic
thermoelectric materials are gaining interest,
mainly because many frequently used inorganic
thermoelectric elements are toxic, costly to produce,
and have limited worldwide supply (Al-Galiby et al,
2019).
Designing and construction of organometallic
molecules is an active field of research due to their
possible application to information technology, in
particular, the form of molecular-scale electronics
devices, the biological environment, and
complementing all views of the transition of metal
complexes applications as in medicine.
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The study of molecular-scale electronics has been
driven by fundamental interest and by potential
practical applications the highly interdisciplinary
subject is a meeting place for synthetic chemists,
physical chemists, and experimental physicists
(Ballhausen & Gray, 1980). In this work, the
Bipyridine (Bpy) and metal-complexes bipyrimdine
(Bpyrim) molecules were studied due to intensely
observes their wavelengths in the visible part of the
spectrum. Therefore, the thermoelectric transport is
attributed to metal-ligand charge transport. As well
as, these components of molecular electronics and
metal complexes were having electrochemically
switchable characteristics are of interest (Ie et al,
2011; Kamenetska et al, 2010).

around was 34o (Venkataraman et al, 2006; Artacho
et al, 2008). In our DFT calculations, the torsion
angle was found about 40o. However, the torsion
angle of bipyrimdine molecule is 0o due to the
overlap between the pi-orbitals which increases
when the rings are rotated perpendicular to each
other as shown in table 1, and the electrical
transport follows a cos2θ (Landauer, 1957). For
X(CO)4-bipyrimdine molecules, the angle between
the two rings was found 0o because a metal linked
atom (W, Mo, and W) via two pyridine rings in those
structures.

Computational Method
To calculate the electrical and thermal properties of
the molecular structures under study, the relaxed
molecules were found by using SIESATA code (Li et
al, 2006). DFT-based SIESTA code was carried out to
get completely optimized structures of the gas
phase molecules. In addition, it has been used a
double-zeta polarized (DZP) which is the basis set
for all molecules, and also the generalized gradient
approximation (GGA) for the exchange and
correlation functional (Tan et al 2011). As well as, on
a real-space grid formed by a plane-wave cutoff of
250 Ry, the Hamiltonian and overlap matrices were
computed. The transmission coefficient of electrons
passing through the molecule from the left lead to
the right lead is then calculated by using GOLLUM
code (Ferrer et al, 2014). The electrical conductance
G was computed from the Landauer formula (Sert et
al, 2016; Oftadeh, Naseh & Hamadanian, 2011).
∞
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Where 𝑓(E) is the Fermi function:
𝐷𝐹𝑇

𝑓(E) = [𝑒 𝛽(𝐸−𝐸𝐹 ) + 1]−1
(2)
EF is the Fermi energy and β=1/kBT,
Seebeck coefficient of a material is calculated from
equation (Al-Khaykanee et al, 2018)
𝑆=
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Geometry of Studied Molecules
To study the electrical and thermoelectric
properties for set molecular structures, and after
relaxing all isolated molecules, they were attached
through two gold leads as shown in figure 1. As in
the experimental results the angle of bipyridine
molecule approximates between the two rings to be
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Figure 1. Molecular structures of a set of Bpy, Bpyrim, and X(CO)4Bipyrimdine molecules between two gold leads at different metal centre
(Cr, Mo, W) complexes

The possible path of the electron is designated as a
cross-plane path either through the backbone of
molecule and this is clear shown in the transmission
curve for Bpy and Bpyrim molecules or through
metal(CO) group to the end of molecule, and then to
the electrodes leads as shown in Figure 2.

www.neuroquantology.com

NeuroQuantology | May 2022 | Volume 20 | Issue 5 | Page 343-348 | doi: 10.14704/nq.2022.20.5.NQ22179
Ayed F. Mushir et al / Influence of Central-Metallic Atoms of Molecular Junction on Electrical and Thermal Transport

Figure 2. Simple carton shows for (a) the electrons path through bpy
structure and (b) there are more electrons path through X(CO)4-bpyrim
structure

Results and Discussion
The electrical characteristics were calculated of a
family
of
bipyridine,
bipyrimdine,
and
X(CO)4-bipyrimdine molecules using DFT-based
GOLLUM code to compute T(E). Geometrical
optimizations have carried out using DFT SIESTA
code. All molecules studied in this chapter were
freely relaxed in isolation to yield optimized
geometries. For each molecular structure, the
transmission coefficient of electrons T(E), which
describes the propagation of energy of electrons
from one electrode to the other was calculated by

a

first calculating the Hamiltonian from SIESTA code,
and then using GOLLUM code to compute T(E),
electrical conductance was calculated at room
temperature using the equation 1. The optimized
distance between anchor group N and the gold
electrodes was 0.23 nm. The transport coefficient,
T(E) is characterizing the passage of electrons with
energy E from the left to the right electrode for two
gold leads, the transmission coefficient was
computed for each relaxed junction structure by
first deriving the relevant Hamiltonian and overlap
matrices using the DFT-based SIESATA and
GOLLUM codes.
To understand more about the thermoelectric
devices, DFT simulations were performed to see
how the electrical conductance of molecular
structures changes with the type of each molecule
under study. As mentioned previously, the gold
lead/molecule/gold
lead
were
linked
perpendicularly to the plane of the molecules, and
the planar geometries of the molecules were
studied. The mechanics of the transport calculations
was represented the transmission coefficients of
bipyridine and X(CO)4 bipyrimdine molecules that
were appeared various results around Fermi energy
EF as shown: for bipyridine and bipyrimdine
molecules without metal complexes, the findings
exhibited bipyridine molecule was lower than
bipyrimdine about twice as shown in figure (3-a).
This difference is due to the chemical structure
between molecules, as well as the effect of the
molecular conformation.

b

Figure 3. Theoretical calculation of transport coefficient as a function of the Fermi energy for a) Bpy and Bpyrimdine b) X(CO)4-bipyrimdine
molecular junctions

From figure 4, it is clearly seen that the electrical
conductance of five molecules was various values at
Fermi energy (EF), which leads to appear the
resonances are close to Fermi energy for Cr, Mo, and
W central metal atoms to show the important role of
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those complexes, in particular the quantum
interference concept in single-molecule junctions.
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Figure 4. Electrical conductance values at room temperature as a
function of energy for Bpy (red), Bpyrim (blue), Cr-metal (green),
Mo-metal (black), and W-metal (pink)

Theoretical investigation into the Seebeck
coefficient S of molecular junctions using a quantum
transport method using Bpy, Bpyrim, Cr-metal,
Mo-metal, and W-metal. For the thermoelectric
coefficient, the thermoelectric structures will later

a

be used to construct molecular structures. Several
molecules have been investigated to understand
more about the factors that could the effect the sign
and magnitude of their thermopower. Therefore,
when a temperature is differential T and a voltage
variation V through a system, the thermoelectric
effect might be characterized as a conversion
between thermoelectric and electric energy. This
occurs in the passing of an electrical I and a heat Q
current via a molecular device. The Seebeck
coefficient S was calculated from the relation (3).
The results were demonstrated in Figure 5.
It can be shown that quantum interference produces
resonances in the gap between the HOMO and LUMO
resonances. The shifting of this resonance leads to
an enhancement of the thermopower S. This
behavior is dependent on the connectivity of the
molecule as a para-connected molecule produces a
constructive feature that dominates and reduces the
sensitivity to destructive interference through the
pi-orbital geometry.

b
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Figure 5. Seebeck coefficient S as a function of the temperature for a) Bpy and Bpyrim b) X(CO)4-bipyrimdine molecular junctions at Fermi energy

A more thorough comprehension of thermoelectric
properties can be represented by the Seebeck
coefficient that clearly shows its behavior at passing
the heat current from the hot side to another colder
nanowires (organic and organometallic materials)
in the presence of complex metals. In the fact, the
change of the sign of thermopower depends on
either the connection between the molecular and
the electrodes or on the pi-conjugated molecules.
Therefore, the transmission coefficient T(E) at the
Fermi level EF provided by DFT is closest to the
LUMO resonance, with a positive slope due to the
existence of pyridine anchors; however, the Seebeck
coefficient is negative, indicating that the LUMO is
moving closer to the Fermi energy.
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Figure 6 shows the value of S is proportional to the
slope of the transmission at the Fermi Energy. The
oscillator of Seebeck coefficient with electron
energy of the set molecules that were studied in this
thesis. The HUMO-dominated at the DFT Fermi
energy leads to the negative Seebeck coefficient. In
addition, to demonstrate the oscillated sign of
thermopower of metal-complexes molecules (green,
black, and pink lines) in Figure (6-b), hence appears
the role of these metals, but all these results are
various position and so far from Fermi energy EF
between (-1.173 to-0.28 eV).
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At comparing bpy and bpyrim molecules, the
findings were explained the ZTe value at room
temperature of bpy is about 1.75, whereas for
bpyrim is 0.474 which means bpy is greater than
bpyrim. For metal-complex molecules, it can be
shown W metal has a high value compared with
other metal complexes as Cr-Mo metal, which have a
low value of ZTe. On the other hand, all these results
depend on the position of Fermi energy that limits
the value of the figure of merit in all molecular
structures used here in this thesis. From Figure 7, as
mentioned the ZTe depodes on the position of the
Fermi energy, which determines the values of the
electrical conductance and thermopower. Thus, the
highest value of ZTe was for Bpy, whereas the lowest
value for Cr-metal-bpyrim molecule. The variation
of the value of the figure of merit is due to as
mentioned above the chemical structures of those
molecules and the position of the Fermi energy.

Figure 6. Thermopower S as a function of electron energy for a) bpy and
bpyrim and b) Cr-Mo-W(CO)4 bipyrimdine molecules, respectively

The electronic contribution to the figure of merit ZTe
at over a range of temperatures has been calculated
at Fermi energy EF as shown in Figures 7.

Conclusion
In this work, it can be summarized all results of
various structures as organic and organometallic
molecules that have studied through our work to
calculate the electrical and thermal properties of
family molecules using Density Function Theory
DFT. The metal-ligand chemical bond between metal
complexes with CO group and backbone of a
molecule plays more important due to change of the
behavior of molecules before and after the addition
of these structures, which led to change the value of
the electronic properties, in particular when
compared with the bipyridine molecule that used as
a basics molecule and X(CO)4-bipyrimdine. The
Seebeck coefficient of all molecules taking
advantage of steep slopes depends in transmission
coefficient, and the Seebeck coefficients are
negative. The Seebeck coefficient is an observable
magnitude that is affected by factors such structural
conformation, where S in order to as bpy > bpyrim >
W > Mo > Cr molecules.
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