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Abstract— The discovery of high-efficiency organic 

thermoelectric materials has the potential to pave the path for 

various energy-gathering innovations and the development of 

translucent, pliable thin-film materials for Peltier coolers. Our 

study involves a comparison of the electrical and 

thermoelectric characteristics of five zinc porphyrin 

configurations. The results show that changing the linker 

between zinc diner units has an essential effect on the electrical 

conductance and thermopower values of these structures. 

Consequently, the thermoelectric figure of merit ZT will 

change which means the thermoelectric efficiency change. We 

also observed a notable augmentation in the Seebeck 

coefficient when the linker connecting the Zinc porphyrin 

dimers is either (C - N) or (C - C). The augment in the Seebeck 

coefficient can be ascribed to a variety of factors. One plausible 

reason for this phenomenon is the dissimilarity in the 

electronic structure and energy levels between the zinc 

porphyrin molecule and the carbon-hydrogen linker. This 

dissimilarity has the potential to induce a modification in the 

density of states in the vicinity of the Fermi level, ultimately 

leading to an amplified thermopower. 
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I. INTRODUCTION  

Waste heat electricity generation has garnered significant 
attention, with a particular focus on exploring the 
thermoelectric attributes and identifying novel materials 
with enhanced thermoelectric efficiency [1, 2]. The 
fundamental concept of thermoelectricity is rooted in the 
Seebeck effect, which was initially proposed in the early 
nineteenth century [3, 4]. This phenomenon involves the 
generation of an electrical voltage gradient from a 
thermal gradient and aims to harness the wasted heat in 
specific physical systems, such as automotive exhausts, 
or the excess heat produced by various industrial 
processes, to enhance electrical current production [5, 6]. 
The field of molecular electronics has experienced a 
surge of interest since the pioneering work of Aviram and 
Ratner, who introduced the concept of a molecular diode 

for downsizing electronic components [7-10]. Molecules, 
being the smallest building blocks capable of performing 
specific electrical functions, offer structural versatility 
that can be tailored and modified. Aromatic organic 
molecules, due to their high chemical stability and 
conjugation, hold significant promise in the realm of 
molecular electronics [11, 12] . Among various metal 
complexes, porphyrins and their derivatives exhibit a 
remarkable array of optical and electronic properties that 
render them indispensable in diverse fields, including 
biochemical processes, catalysis, electronics, photonics, 
nonlinear optics, and more. The porphyrin structure can 
be described as a planar aromatic system with a central 
cavity capable of hosting various metals like Co, Zn, Fe, 
and others, forming metalloporphyrins. In recent years, 
there has been extensive experimental and theoretical 
[13-17] research on porphyrins and metalloporphyrins, 
emphasizing the need to investigate the fundamental 
relationships between their structure and electrical 
properties at the single-molecule level to construct 
molecular devices. In order to discover more about the 
electrical transportation characteristics of individual 
molecules, a variety of techniques for forming molecular 
junctions and assessing their conductance have been 
designed [13, 18]. Various investigations have been 
carried out to date to design and control electronic 
molecules [13, 19]. These developments are geared 
toward future applications in nanoelectronic circuits, 
such as molecular wires [20] electrodes [21] wiring 
circuits [22] magnets [23] quantum dots [24] switches 
[25] and biological systems [26]. Recently, there has 
been a strong emphasis on fine-tuning the parameters that 
govern thermoelectric characteristics, especially 
concerning device architectures and molecular materials 
[6]. ZT, or the thermoelectric figure of merit, is a crucial 
measure of the efficiency of thermoelectric materials. It 
may be computed using the formula ZT=S

2
GT/κ, in 

where S stands for the Seebeck coefficient, G for 
electrical conductance, T for temperature, and κ for 
electronic thermal conductivity. Low (κ), high (G), and 
high (S) materials are therefore in demand. Additionally, 
studying the thermoelectric characteristics of 
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metalloporphyrins attached to gold electrodes has shown 
that different types of linkers can adjust molecular energy 
levels in relation to the electrodes' Fermi energy (EF), 
which in turn can adjust the thermoelectric properties of 
metalloporphyrins [27, 28]. This discovery makes 
metalloporphyrins even more appealing for molecular-
scale thermoelectric devices. Hence, an exploration of 
their transport properties is anticipated to shed light on 
how alterations in the horizontal bonding of porphyrin 
molecules affect charge transfer distributions and 
subsequently influence their thermoelectric properties. 
Consequently, our research aims to contribute to the 
theoretical advancement of studies focused on the 
thermoelectric properties of dimer zinc porphyrin 
junctions for potential high-efficiency thermoelectric 
devices, the results indicate that various linker types can 
indeed alter the electrical and thermoelectric properties, 
emphasizing the necessity of theoretical modelling in the 
study of electron transport in various molecules. 

 

II. METHOD 

        In Figure 1, SIESTA was utilized to optimize the 

geometrical structure of each zinc porphyrin molecule 

wedged between two gold electrodes [29]. Density 

functional theory is implemented using a double-polarized 

basis set and a generalized gradient functional 

approximation for the correlation and exchange functionals. 

The quantum transport code Gollum combined with the 

underlying mean-field Hamiltonian (H) [30] by using each 

ground state structure's DFT mean-field Hamiltonian [19]. 

The transmission coefficient should be determined. The 

Landauer formula may be used to obtain the electrical 

conductance G formula, which is G= G0. ∫  
 

  
    (E-

    
          

       

  
 , was then used to calculate the 

conductance using the estimated transmission coefficient, 

where f (E, T) is the fermi distribution function and G0 = 

2e
2
/h is the quantum of conductance. Moreover, the capacity 

of a thermoelectric material to transform heat into electricity 

is defined by the formula S = −ΔV/ΔT. Here, ΔV stands for 

the voltage that is produced when a temperature differential 

of ΔT is developed between the junction's two ends. 

 

 Fig: 1 depicts the molecular structures under investigation, encompassing 
the monomer zinc structure M, a dimer zinc structure with strong coupling 

labeled as D0, and a dimer with moderate inter-porphyrin coupling, 

encompassing D1(   ), D2 (   ), and D3 (   ), connected 

between gold electrodes [31]. 

III. RESULTS AND DISCUSSION 

        Despite all these structures being constructed, from 

ZnP, this research highlights the crucial role of molecular 

design. Figure 1 illustrates various structures of zinc 

porphyrin (ZnP) examined in this study all these structures 

have been optimized Four Zn-triphenylporphyrin (TriPP) 

complexes meso–meso linked by two-atom bridges , 

namely, C2H2 , C2, CH=N, and N2, were investigated, for 

comparison of electrical and thermoelectric properties . The 

initial structure represents a ZnP monomer M. Also, we 

explore Zinc porphyrin dimers in two families, one 

exhibiting strong inter-porphyrin coupling and the other 

demonstrating moderate coupling. Stronger coupling is 

achieved through the direct connection of the dimer 

porphyrin units, creating structure D0, while moderate 

coupling is attained using double triple-bond linkers in 

structure D1. Modifications to the linker type C-N in D2 and 

C-N in D3 are also investigated. 

For a comprehensive and clear comparison, Figure 2a shows 

transmission curves for all structures (monomer and 

dimers), plotting the transmission coefficient as a function 

of energy. Notably, Clearly D0 has a far higher transmission 

coefficient than the other structures. In Figure 3b, we 

observe that D0 and M exhibit distinct electrical 

conductivity values in the vicinity of the Fermi energy, with 

D0 displaying higher values. While, D2 exhibits the lowest 

electrical conductance values among the structures. 

 

 

 
Fig: 2 display two plots: (a) illustrates the total transmission 

coefficient as a function of energy, while (b) presents the electrical 

conductivity of every structure under examination at room 

temperature. 

 

To explore the thermoelectric properties of these structures, 

we calculated the Seebeck coefficient (S). Our results 

revealed that both the magnitude and sign of (S) exhibit 

sensitivity to the linker of the junction. In Figure 3a, we 

observe that the M, D2, and D3 structures exhibit higher 

thermopower values compared to the other structures. 

Figure 3b shows the relationship between thermal 

conductivity and energy. Notably, there is a substantial 

variation in the thermal conductivity across the five 

configurations, with the M and D0 structures displaying the 

highest values, particularly around the Fermi energy. 
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 Fig: 3 shows the, Seebeck coefficient (thermopower) S (a), and the 
electronic contribution to thermal conductance for all structures (b). 

 

In Figure 3a, the structure M exhibits a notably higher 

Seebeck coefficient, resulting in a greater ZT value 

(approximately ZT≈ 0.4). In Figure 4b inset figure shows 

closer view of the differences in the ZT values However, 

Fig. 4 demonstrated that the variations of linker lead to 

significant differences in the figure of merit. Among the 

dimer structures, D2 demonstrates the highest ZT value, 

follow by D1. On the other hand, the D0 structure shows the 

lower value of ZT around Fermi energy. This is due to the 

fact that electrical conductance and electronic thermal 

conductance, being interrelated, effectively negate each 

other in the ZT equation. 

 Fig: 4a shows five zinc porphyrin structures of merit (ZT) at different 
Fermi energies. b: ZT around window  ( -0.03 to 0.03). 
 

IV. CONCLUSION 

       Overall, our study involved a comparison of the 

electrical and thermal characteristics of five distinct zinc 

porphyrin structures placed between pair of gold. The 

results demonstrated that the zinc monomer consistently 

exhibited the highest ZT value when compared to the dimer, 

In dimer case the results show that the changing of the 

linker between zinc dimer units has an essential effect on the 

room temperature electrical conductance G and 

thermopower S values of these structures. Which in turn the 

figure of merit ZT will change which means changing in the 

thermoelectric efficiency of these structures. 
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