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 This study aims to examine the electronic and thermoelectric properties of sodium 4-[(4-
dimethylamino) phenylazo] benzene sulfonate (SE), an organic semiconducting compound 
with promising applications. While previous research has focused primarily on the optical 
behavior of this molecule, the impact of structural modifications, particularly the 
incorporation of amino groups on its thermoelectric performance, remains underexplored. 
Density Functional Theory (DFT) and Time-Dependent DFT (TD-DFT) methods were 
utilized to analyze five SE derivatives differing in the number of amino substituents. The 
results indicated that elevation of the number of amino groups would enhance charge 
transport, raise the Seebeck coefficient, and improve thermoelectric efficiency. Notably, 
the SE-5 derivative demonstrated the highest performance indicators. These enhancements 
are attributed to molecular structure variations and electronic interference effects, 
suggesting that SE derivatives hold potential for future thermoelectric and nano electronic 
applications. 
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1. INTRODUCTION 
 

The rising demand for flexible and efficient energy 
conversion systems has led to growing interest in organic 
thermoelectric materials. These materials offer advantages, 
including low-cost synthesis, structural tunability, and 
mechanical flexibility, making them suitable for advanced 
energy-harvesting technologies. Among various classes of 
organic semiconductors, molecules with conjugated systems 
and donor–acceptor characteristics have presented promising 
thermoelectric behavior through controlled manipulation of 
their frontier molecular orbitals and charge transport 
properties [1]. 

Sodium 4-[(4-dimethylamino) phenylazo] benzene 
sulfonate (SE) is one organic semiconductor chemical 
belonging to the class of nonpolymeric semiconducting 
materials. It is characterized by its unusual capacity to change 
hue in response to pH variations and typically manifests as 
orange powdery crystals [2]. The electrical response of sodium 
4-[(4-dimethylamino) phenylazo] benzene sulfonate to several 
outside factors was explored in an investigation by De Oliveira 
and colleagues [3]. They focused on how these stimulus types 
cause changes in the dye's molecular structure. SE molecules 
were incorporated into a solid film matrix as part of the study, 
allowing controlled testing as well as observation of the 
material's characteristics under different circumstances. 

The process by which the energy of light promotes an 
alteration in the atoms' arrangement within a molecule, leading 
to different structural configurations or isomers, is known as 
photo-isomerization. This characteristic is particularly useful 

in fields where materials with the ability to change how they 
react in reaction to light are highly desired [4, 5]. Numerous 
studies have indicated how thoroughly the spectroscopic and 
optical characteristics of SE molecules have been examined in 
the literature [6-8]. These studies elucidated the emission 
properties of SE molecules as well as their electronic 
transitions along with absorption spectra. Nevertheless, there 
is still a great deal to learn about their thermoelectric and 
electrical characteristics, in spite of the abundance of 
information available for their optical activity. Since they can 
transform temperature variations into electrical voltage or vice 
versa, thermoelectric materials are critical for converting 
energy applications. This work seeks to close this gap through 
examining the impact of both the position and the number of 
groups of amines on the thermoelectric properties of SE-based 
molecular junctions. 

This study attempts to clarify the complex interactions 
between molecular structure and quantum mechanical 
phenomena that control the performance of SE molecules in 
energy conversion applications, while also addressing current 
knowledge gaps about their thermoelectric features. 

 
 

2. COMPUTATIONAL DETAILS 
 
This study utilized the Gaussian09 software package, in 

conjunction with the IESTA programs, to perform gas-phase 
molecular simulations. Gaussian09 is particularly well-known 
for its capacity to perform quantum mechanical calculations 
on molecular assemblies, allowing it to explore electronic 
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structures as well as predict molecular behavior with 
remarkable accuracy. 

Gauss View 5.0.8 was employed to help create input files 
for Gaussian09 and effectually view molecular orbital 
structures. This graphical user interface ameliorates user 
interaction with Gaussian09 by offering simple tools for 
generating molecules in addition to ascertaining 
computational outcomes. 

The hybrid functional B3LYP was utilized owing to its 
well-established performance in modeling the electronic 
structure of organic and organometallic systems. The B3LYP 
approach, which integrates Becke’s three-parameter exchange 
functional with the Lee–Yang–Parr correlation functional, 
provides a good balance between computational efficiency and 
accuracy, especially in systems where electron delocalization 
and π-conjugation play a significant role [9, 10]. 

In order to accurately describe the molecular system 
containing both light elements and heavy atoms such as gold, 
a dual-basis strategy was adopted. The LANL2DZ basis set 
was applied to gold atoms. This basis set includes effective 
core potentials (ECPs) which simplify the treatment of inner-
core electrons and account for relativistic effects, which are 
non-negligible for heavy transition metals [11, 12]. 

For the lighter atoms (C, H, N, O, and S), the 6-31G(d) basis 
set was selected. This split-valence basis with polarization 
functions has been widely validated for organic molecules and 
is appropriate for describing electronic polarization, lone-pair 
interactions, as well as geometrical flexibility in conjugated 
systems [13]. 

This computational framework has been successfully 
adopted in previous studies addressing charge transport in 
molecular junctions involving gold electrodes and thiol-
terminated organic molecules [14, 15]. Thus, the selected 
combination of functional and basis sets is well-suited for 
capturing the electronic features essential to the quantum 
interference and charge transport behavior examined in this 
work. 

 
 

3. RESULTS AND DISCUSSION 
 
The study's findings revealed that the transmission 

coefficient T(E) is heavily affected by the electronic 
configuration of SE, namely the number and placement of 
amine groups. The calculated T(E) values demonstrate that 
specific topologies for amine substitution can result in better 
electron transport properties, which enhance thermoelectric 
performance. The goal of the study was to determine how the 
quantity and placement of amino groups would impact the 
molecular characteristics of the following five compounds of 
the SE chemical-based:  

1. SE-1, with no amino groups, acts as a baseline in this 
study. This absence enables us to appraise the basic properties 
of the base structure. 

2. SE-2 adds a single amino group to its structure. The 
presence of this group starts to alter the solubility and 
electrical characteristics, revealing how even a single 
substitution can affect molecular behavior. 

3. SE-3 has two amino groups, which increases the 
possibility of hydrogen bonding and modifies the molecule's 
steric properties.  

4. SE-4 contains three amino groups, which 
considerably raises the possibilities for intermolecular 
interactions and may affect its stability as well as solubility 

when mixed with different solvents. 
5. SE-5, with four amino groups, is a highly 

functionalized version with potentially unique redox 
characteristics caused by its augmented electron-donating 
ability. 

According to Figure 1, incorporating heteroatoms such as 
oxygen, nitrogen, and sulfur boosts their utility as redox 
indicators compounds that can experience oxidation or 
reduction reactions and exhibit modifications in the chemical 
environment. Exploration of these molecules provides 
valuable insights into how structural modifications can tailor 
their chemical properties [9]. 

 

 
 

Figure 1. Sodium 4-[(4-dimethylamino) phenylazo] benzene 
sulfonate (SE) compounds 

 
The data presented in Figure 1 and Table 1 indicate a 

significant trend in the molecular structure of the compounds 
under investigation, specifically highlighting an increase in the 
number of amino groups from zero in molecule SE-1 to four 
in molecule SE-5. The amino group, characterized by its 
functional group formula (-NH2), is recognized for its role as 
a radical species owing to the presence of an unpaired electron. 
This unique electronic configuration contributes to the high 
reactivity of amino groups, making them critical in various 
chemical reactions and biological processes [16, 17].  

 
Table 1. The number of amino groups (N), molecular length 
(l), theoretical electrode separation (Z = dAu..Au-0.25), and 

electrode snapback at 0.25 nm 
 

Molecule N l (nm) d (nm) Z (nm) 
SE-1 0 1.55 2.116 1.866 
SE-2 1 1.51 2.148 1.898 
SE-3 2 1.48 2.21 1.96 
SE-4 3 1.46 2.206 1.956 
SE-5 4 1.44 2.2 1.95 

 
The entire length (l) of the molecule is affected by this 

torsional strain, as observed in Table 1. For instance, SE-1, the 
longest molecule analyzed, measured 1.55 nm in length. In 
contrast, the molecule SE-5 is shorter, measuring 1.44 nm. The 
lengths of the molecules SE-2, SE-3, and SE-4 are 1.51 nm, 
1.48 nm, and 1.46 nm, respectively. These variations in 
molecular length are caused by the altered numbers of amino 
groups in each molecule as well as their belongings on steric 
hindrance and electronic interactions within the molecular 
structure [18, 19]. 
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The presence of amino groups (–NH2) in organic molecules 
significantly enhances their reactivity owing to the 
nucleophilic nature of the nitrogen atom. This elevated 
reactivity is not the only consequence of incorporating amino 
groups; it also introduces a new parameter linked to molecular 
conformation, specifically the twisting or torsional strain 
within the molecule [20]. As depicted in Figure 2, the 
introduction of additional amino groups contributes to a rise in 
inherent strain, subsequently leading to greater twisting of the 
molecular structure. 

The observed outcomes can be explained by the twisting of 
the molecular structure, which occurs as the amino groups 
number grows from 0 to 4. This is attributed to the structural 
as well as electronic effects that arise from the addition of 
these functional groups, leading to alterations in the 
conformation of the molecule. In order to construct a 
theoretical model of the molecular junctions, 8 layers of (111)-
oriented bulk gold were utilized, with individually layer 
comprising six atoms. 0.235 nm was kept as the interlayer 
spacing, which is in accordance with the usual metallic 
bonding in gold. 

These layers were continuously repeated to generate gold 
electrodes that could maintain a constant current flow, 
approximating the perfect conditions for electrical conduction. 
Two pyramidal (111)-oriented gold tips were incorporated into 
each electrode's design and attached to the molecular structure 
under study. This arrangement facilitates electron transfer 
processes through permitting the electrodes as well as the 
molecule to have the best possible contact. It should also be 
noted that within this conceptual framework, once the atoms 
in each electrode have made contact with the molecule, they 
are allowed to relax even more. Any possible strain or 
distortions brought on by interactions at the interface between 
the electrodes as well as the molecular junction are taken into 
account by this relaxation process.  

Methyl molecules are essential anchor groups that aid 
molecules adhere to gold electrodes. Effective electronic 
coupling requires a close engagement, as evidenced by the 
2.56 Å measurement between the methyl-contacted groups as 
well as the apex of each of the pyramid-shaped model gold 

electrodes. Density Functional Theory (DFT) techniques were 
employed to comprehend the structural characteristics along 
with the interactions of these methyl molecules with gold 
electrodes. In particular, the B3LYP level of theory was 
applied for the main optimization of gas-phase molecules [21, 
22]. 

This optimization technique made use of the 6-31G** basis 
set, which is ideal for researching organic compounds and has 
polarization functions on heavy atoms. The SIESTA (Spanish 
Initiative for Electronic Simulations with Thousands of 
Atoms) technique, which employs localized basis sets to 
enable effective computations on huge systems, was utilized 
for additional inspection. In order to guarantee a precise 
depiction of their interactions, every possible combination of 
gold with molecular orbitals was geometrically optimized in 
this context. For advancing the accuracy of the computations, 
a double-ζ polarized (DZP) basis set was selected, with a real-
space grid produced with a 250 Ry energy threshold. 

This choice reestablishes a balance between computational 
efficiency as well as accuracy in capturing electronic 
properties [23, 24]. The generalized gradient approximation 
(GGA) was employed to describe the exchange and correlation 
function within DFT calculations. This method accounts for 
non-local effects in electron density distributions, making it 
suitable for systems involving metallic surfaces such as gold 
[25, 26]. In order to ensure that all configurations reached a 
state of stability, geometry optimization was performed for 
each molecule structure under analysis until forces acting on 
atoms were reduced to less than 20 meV/Å. Figure 3, 
displaying these processes, provides visual representations of 
both the molecular structures involved and their interactions 
with gold electrodes, highlighting the significance of methyl 
anchoring in facilitating electronic connections. The electronic 
characteristics of each molecule in the gas phase were 
scrutinized using DFT-based techniques to gain a deeper 
understanding of their transport behavior. This analysis was 
undertaken at the B3LYP level of theory, employing the 6-
31G** basis set, which is widely recognized for its balance 
between computational efficiency as well as accuracy in 
predicting molecular properties. 

 

 
 

Figure 2. The relax structure of molecules 
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Figure 3. Theoretical model for molecular junction optimization 

 
This study has a special focus on the lowest unoccupied 

molecular orbitals (LUMO) and the highest occupied 
molecular orbitals (HOMO). All of the molecules under 
investigation had HOMOs primarily located over their 
respective backbones, indicating the distinctive π−π 
interaction pattern that is characteristic of conjugated systems. 
Strong electron delocalization inside the molecular framework 
is demonstrated by this localization, which is indispensable for 
comprehending charge transport events [27, 28]. 

Alternatively, the sodium atoms found in the molecular 
structures were the main location of the LUMOs. This spatial 
gap between HOMO and LUMO suggests that interactions 
involving these atoms of sodium may have a major impact on 
electron transport pathways [29, 30]. An orbital analysis was 
performed to examine the existence, in addition to the 
significance of charge transfer interactions, or QI, within the 
orbital structures of the molecules under study to clarify this 
aspect further. The results of this examination indicated that, 
for all molecular junctions examined, charge transfer 
interactions are primarily responsible for controlling the 
transport characteristics. It was clear from Figure 4 that 
electron flow through these junctions is heavily affected by 
Collective Charge Transfer Interactions (CQI). Lambert et al. 
[30] have established an orbital symmetry rule [31]. This 
principle serves as a cornerstone for the magic ratio theory, 
which is predicated on the usage of the exact core of Green’s 
function, defined as follows [32]: 

 
g(E) = (IE − H)−1 (1) 

 
One of the several approximations to g(E) explored in the 

literature is the strategy of solely considering the contributions 
from the HOMO and LUMO to g(E). Since the HOMO 
amplitudes on sites a and b are ψa

EH  and ψb
EH , and the LUMO 

amplitudes on the same sites are ψa
EL  and ψb

EL , the Green's 
function gba(E) can be roughly represented as depicted in Eq. 
(2) if the inputs from the remaining orbitals are ignored: 

 

gab(E) ≈
ψa

(EH)ψb
(EH)

E − EH
+
ψa

(EL)ψb
(EL)

E − EL
 (2) 

where, EH is the energy of the HOMO, and EL stands for the 
energy of the LUMO. 

In scenarios where the product of the (HOMO, denoted as 
ψb

(EH)ψa
(EH) , and the LUMO, represented as ψb

(EL)ψa
(EL) , 

reveals a similar sign to that of the product of the LUMO, it is 
anticipated that at a certain energy level E within the range EH 
≤ E ≤ EL (which corresponds to an energy level situated within 
the HOMO-LUMO gap), the right side of Eq. (2) will vanish. 
This can be interpreted as a case of destructive interference 
between the HOMO and LUMO contributions.  

In contrast, if the signs of these products are opposite, then 
the right side of Eq. (2) will persist within the HOMO-LUMO 
gap, suggesting constructive interference between the HOMO 
and LUMO. Note that destructive interference may still occur 
at other energy levels E outside this gap. Further, Eq. (2) may 
provide a limited estimate, since contributions from all other 
orbitals significantly influence gba(E) once the right side of 
the equation disappears. According to the Coulson–
Rushbrooke (CR) theorem, if both indices a and b are either 
even or odd, then the orbital products on opposing sides of Eqs. 
(3) and (4) will share identical signs. 

 
Ψa

(En)ψb
(En) = ψa

(−En)ψb
(−En) (3) 

 
ϕb

(En)ϕb
(En) = ϕb

(−En)ϕb
(−En) (4) 

 
The eigenstate corresponding to the energy level of -En is 

intrinsically linked to the eigenstate associated with the energy 
level of En. Notably, the eigenvalues ±En manifest in pairs, 
demonstrating a symmetrical relationship. While Eq. (2) 
presents efficacy in describing bipartite lattices, it can be 
reasonably posited that this equation serves as a reliable 
approximation for other types of lattices as well. Nevertheless, 
it is essential to recognize that the phenomenon of exact 
cancellation is characteristic solely of bipartite lattices. As 
highlighted by Yoshizawa and his group in their studies [33], 
the interference patterns between the HOMO and the 
LUMO—whether constructive or destructive—can be 
effectively analyzed through examining orbital colors. This 
analysis is facilitated by the fact that orbital representations, 
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such as those depicted in Figure 2, are often readily obtainable 
from DFT computations. To streamline our discussion further, 
we can reformulate Eq. (2) as follows: 

 
gab(E) ≈

aH
E − EH

+
aL

E − EL
 (5) 

 
where, 𝑎𝑎𝐻𝐻 = 𝜓𝜓𝑎𝑎

(𝐸𝐸𝐻𝐻)𝜓𝜓𝑏𝑏
(𝐸𝐸𝐻𝐻) and 𝑎𝑎𝐿𝐿 = 𝜓𝜓𝑎𝑎

(𝐸𝐸𝐿𝐿)𝜓𝜓𝑏𝑏
(𝐸𝐸𝐿𝐿). 

For certain energy values E within the range EH ≤ E ≤ EL, 
the right side of Eq. (5) will become null if the products of the 
HOMO aH and the LUMO aL share the same sign. In other 
words, at specific energies located within the HOMO-LUMO 
gap, destructive interference occurs between these orbitals. 
Nevertheless, it should be noted that this does not necessarily 
mean that the precise function gba(E) will vanish entirely. 
Indeed, when the right-hand side of Eq. (5) approaches zero, 
contributions from other orbitals may dominate over these 
leading terms. This observation holds promise for 
characterizing qualitative properties of molecules as well as 

for detecting quantum interference effects [34, 35]. 
Numerous research studies have increasingly focused on the 

unique characteristics of SE molecules, especially their 
spectroscopic properties, which include both absorption and 
emission spectra. These spectroscopic characteristics are 
critical for understanding the behavior and applications of 
these compounds in various fields such as materials science, 
photonics, and biochemistry. In particular, Table 2 reveals that 
these SE compounds have emission spectra between 430 and 
456 nm as well as absorption spectra between 399.2 and 420.8 
nm. Molecular strains as along with conformational twisting 
brought on by the presence of amino groups within the 
molecular structure, are two possible explanations for the 
discovered asymmetry in these spectrum characteristics. It has 
been indicated that the intrinsic strain within the molecule 
grows with the number of amino groups. Significant twisting 
of the molecular structure could emanate from this strain, 
changing the structure and also spectroscopic characteristics 
[36, 37]. 

 

 
 

Figure 4. The red portion is a negative sign, while the blue portion is a positive sign, reflecting the optimized shape of every 
molecule in a gas phase. The product of the highest occupied molecular orbitals and lowest unoccupied molecular orbitals 

amplitudes is aH.aL 
 

Table 2. N, highest occupied molecular orbitals, lowest unoccupied molecular orbitals, H-L gap, AλMax, EλMax, fem, and SS 
values for the molecules under study 

 
Molecule N HOMO (eV) LUMO (eV) H-L gap (eV) AλMax (nm) EλMax (nm) Fem SS (nm) 

SE-1 0 4.14 1.7 2.44 413.2 446.8 0.0465 33.6 
SE-2 1 4.18 1.77 2.41 420.8 452.8 0.0564 32 
SE-3 2 3.9 1.52 2.38 424 456 0.0558 32 
SE-4 3 4.07 1.72 2.35 399.2 430 0.0355 30.8 
SE-5 4 3.92 1.60 2.32 401.6 430.4 0.0392 28.8 
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Figure 5. The UV/Vis emission and absorption spectra of every molecule 
 

Understanding the link between twisting effects along 
molecular strain is essential to comprehending how these 
features support the reactivity and spectroscopic 
characteristics of SE molecules. For instance, it is notable that 
amino groups are completely lacking in other forms, such as 
SE-1. When compared to other derivatives with differing 
amounts of amino groups, this lack of amino groups points to 
a different process, considering its spectral behavior as well as 
structural integrity [38-41]. The results presented in reference 
[36] align with the findings of this study. Further, as presented 
in Table 2 and Figure 5, the Stokes shift values for these 
compounds are observed to be below 50 nm, specifically 
ranging from 28.8 nm to 33.6 nm. These observations suggest 
that SE molecules may not be appropriate for applications in 
medicinal fields and cryptography.  

For enhancing the clarity and depth of understanding 
regarding electronic transitions and the impact of varying 
quantities of NH3 on electron transport, this study employed 
the Mulliken population analysis as a method to characterize 
electronic charge distribution. Mulliken population analysis 
was applied to qualitatively evaluate the charge redistribution 
between the molecule and the gold electrodes upon the 
formation of the molecular junction. This method provides a 
basic yet informative picture of electron transfer directionality 
as well as the localization of charge across the system. 

Mulliken analysis is inherently sensitive to the choice of 
basis set. To address this limitation, all population analyses 
were carried out using a consistent combination of basis sets—
6-31G(d) for light atoms (C, H, N, O, S) and LANL2DZ for 
gold atoms—throughout the entire system. This approach 
ensures internal consistency and minimizes artificial 
deviations in charge estimations owing to basis set variation 
[42, 43]. 

While absolute charge values from Mulliken analysis can be 

basis-set dependent and should not be interpreted 
quantitatively, the observed relative trends as well as changes 
in charge distribution, are considered reliable for drawing 
qualitative conclusions. To support the findings, 
complementary analysis such as molecular orbital 
visualization and electron density difference maps were also 
undertaken, reinforcing the direction and extent of charge 
transfer identified by Mulliken analysis [44]. This approach 
facilitates inspection of the number of electrons transferred 
from the molecule to the electrodes, as demonstrated in Figure 
6 and detailed in Table 3. A noteworthy finding outlined in 
Figure 6 is that the SE-1 molecule is capable of transmitting 
approximately 1.1 electrons to the electrodes, whereas the SE-
5 molecule demonstrates a significantly higher transmission of 
about 3.1 electrons. 

 
 

Figure 6. Transferred electrons number from molecule to the 
electrodes (Γ) for all molecules 
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Table 3. The values of Γ, T (E), HOMO in a junction (JHOMO); LUMO in a junction (JLUMO), and JH-L gap of the molecules 
in a junction 

 
Molecule Γ T(E) JHOMO (eV) JLUMO (eV) JH-L gap (eV) 

SE-1 1.1 4.51 × 10-5 0.78 1.58 2.36 
SE-2 1.5 4.67 × 10-5 0.72 1.62 2.34 
SE-3 2.3 6.76 × 10-5 0.59 1.96 2.55 
SE-4 2.7 7.22 × 10-5 0.53 2.01 2.54 
SE-5 3.1 7.59 × 10-5 0.46 2.48 2.94 

 
The values of the Seebeck coefficient (S) and the 

dimensionless figure of merit (ZelT) are derived from the 
slope of the temperature-dependent energy (T(E)) relationship. 
The power factor (P), together with S and ZelT, can be 
calculated by the following equations: 

 

S ≈ −L|e|T�
dln T(E)

dE
�
E=EF

 (6) 

 
The Lorenz number, denoted as L, is defined by the 

equation L = �kB
e
�
2 π2

3
= 2.44 × 10−8 . This relationship 

reveals that the Seebeck coefficient, S, is directly proportional 
to the negative of the slope of lnT(E) when ascertained at the 
Fermi energy level. Utilizing the Seebeck coefficient as a 
foundational parameter, the power factor can subsequently be 
calculated. 

 
2  P GS T=  (7) 

 
where, T = 300 K represents temperature, G and S denote 
electrical conductance and Seebeck coefficient; ZelT, which is 
the purely electronic figure of merit, is given as [45]: 

 

ZelT =
S2G
kel

T =
S2

L
 (8) 

 
where, kel = electron thermal conductance. The ZelT for this 
research has only been determined based purely on electronic 
contribution, in accordance with other studies [46-48]. The 
results exhibited in Figure 7 reflect several facts: First, the 
value of (S) is very sensitive to the position of the Fermi 
energy, as it is noted that it changes dramatically whenever the 
position of the Fermi energy changes. Further, at the 
theoretical Fermi energy (0.0 eV), the highest Seebeck 
coefficient value (36.9 μVK-1) is provided by the molecule 
SE-5. In contrast, the lowest value for the Seebeck coefficient 
(16.8 μVK-1) was found for molecule SE-1, as outlined in 
Table 4. These results may be attributed to the presence and 
number of the amino group, as the SE-5 molecule contains 
four amino groups, which in turn resulted in structural changes 
that affected the slope of the transmission coefficient curve, 
giving the highest value for the Seebeck coefficient [49, 50]. 
In this context, the order of the Seebeck coefficient is SSE-5 > 
SSE-4 > SSE-3 > SSE-2 > SSE-1. Finally, the sign of the 
Seebeck coefficient for all molecules is positive. This reflects 
the fact that the transport process is dominated by HOMO 
orbitals. The efficient conversion of an input heat to electricity 
is a well-known characteristic of the performance of 
thermoelectric materials [51, 52].  

It is crucial to improve the electronic figure of merit (ZelT) 
and power factor (P), which rely on the Seebeck coefficient 
(S). According to Table 4 and Figure 8, molecule SE-5 
presented the highest ZelT values (0.05), while molecule SE-1 

indicated the lowest values (0.011). The ZelT was also found 
in the following order: ZelT SE-5 > ZelT SE-4 > ZelT SE-3 > 
ZelT SE-2 > ZelT SE-1. These findings not only revealed how 
the presence and quantity of amino groups improve S and ZelT, 
but also showed how the inherent strain in SE molecules plays 
a key role in altering the slope of T(E), which enhances the 
molecules' thermoelectric properties. Further, the power factor 
sequence was PSE-5 > PSE-4 > PSE-3 > PSE-2 > PSE-1 
owing to the conflict between electrical conductance and the 
Seebeck coefficient as determined by Eq. (6). These 
compounds may be viable options for thermoelectric 
applications in view of the previously described findings.  

 

 
 

Figure 7. Electronic figure of merit (ZelT) as a function of 
the Fermi energy 

 
Table 4. Electrical conductance (G); Seebeck coefficient (S); 

Electronic figure of merit (ZelT); Power factor (P) for all 
molecular junctions 

 
Molecule S μVK-1 P WK-1 × 10-20 ZelT 

SE-1 16.8 149.58 0.011 
SE-2 20 248 0.015 
SE-3 26.6 558.97 0.027 
SE-4 29.6 771.02 0.032 
SE-5 36.9 1307.14 0.05 

 

 
 

Figure 8. Seebeck coefficient (S) as a function of the Fermi 
energy 
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The current-voltage (I-V) properties of all molecular 
junctions, which are restricted to the 1st and 3rd quadrants of 
the I-V plane spanning the origin, are depicted in Table 4 and 
Figure 9. As such, they are categorized as components that use 
electricity, which is where the threshold voltage (Vth) value 
finds significance. These molecules are attractive candidates 
for electrical applications since their Vth values range from 0.4 
to 0.7 V. All molecular junctions' I-V characteristics also 
revealed a quantum staircase structure in the conductance. 
Needless to say, when the voltage rises, the electron density 
grows as well, elevating the number of occupied sub-bands. In 
this instance, dependence conductance is a collection of 
plateaus divided by height 2e2/h steps: each time the Fermi 
level coincides with one of the sub-bands, the conductance of 
molecular channels changes sequentially. Thus, the adiabatic 
transparency of spin-nondegenerate subbands of these 
molecules may be responsible for the quantum staircase 
behavior [8, 53, 54]. 

 

 
 

Figure 9. The studied molecular junctions and their current-
voltage characteristics 

 
 
4. CONCLUSION 

 
This study examined the influence of amino group 

substitution on the structural and electronic properties of SE 
molecules, with an emphasis on their potential roles in 
thermoelectric and molecular electronic applications. The 
findings indicated that the presence of amino groups induces 
significant intrinsic strain, giving rise to molecular twisting 
and a reduction in the overall molecular length. These 
structural modifications, combined with the constructive 
quantum interference (CQI) effect, lead to an enhancement of 
the transmission function T(E), contributing to improved 
electronic behavior. 

The computed high Seebeck coefficient (S) values strongly 
support the potential of these molecules for thermoelectric 
applications. Further, the observed low threshold voltages, 
along with distinct semiconductor behavior and the 
manifestation of a quantum staircase in the transmission 
spectrum, suggest that these molecules are promising for 
various organic electronic devices. 

Nevertheless, the study was primarily theoretical, relying on 
DFT and TD-DFT calculations. As such, experimental 
validation remains a crucial next step. Factors such as 
environmental stability, electrode interactions, and practical 
device performance were not examined and represent 
limitations of the current work. 

Future research should focus on experimental synthesis and 
characterization of the proposed structures, the exploration of 
alternative functional group substitutions, and the integration 
of these molecules into real devices to ascertain their practical 

performance in energy conversion and nano electronics. 
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