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Abstract: The thermoelectric properties of 

TiRhSn were analyzed using Boltzmann 

transport theory within the constant relaxation 

time approximation to evaluate its potential for 

thermoelectric applications. At an optimal 

carrier concentration of -7.48 × 10²² cm⁻³, the 

power factor achieved a maximum of 17.0273 

W/msK², while the figure of merit (ZT) reached 

its highest value of 17.0814 at 800K, 

confirming strong thermoelectric efficiency 

under elevated thermal conditions. The 

electronic fitness function (EFF) was highest 

for p-type TiRhSn at 800K, with values 

exceeding 0.95, while n-type TiRhSn exhibited 

a rising trend from 300K to 500K, 

demonstrating the material’s versatility under 

different doping conditions. Electrical 

conductivity increased with carrier 

concentration, with p-type TiRhSn exhibiting 

2.67 × 10⁵ S/m at 300K, which enhances its 

efficiency in heat-to-electricity conversion. 

Employing Perdew-Burke-Errnzerhof for 

solids (PBEsol) by means of Density 

Functional Theory (DFT), with the foundation 

of Generalized Gradient Approximation 

(GGA), lattice constant 6.1094Å, volume 384. 

2894 a.u3 and an indirect semiconductor type 

with band energy gap of 0.4eV were calculated 

for both structure and electronic attributes.The 

material’s band gap of 0.4 eV supports its 

semiconductor behavior, aligning with Seebeck 

coefficient trends, while the Fermi energy of 

14.0938 eV facilitates efficient charge carrier 

transport. The bulk modulus of 19.5 GPa 

indicates moderate compressibility, 

contributing to phonon scattering and 

improved thermoelectric efficiency. These 

results suggest that TiRhSn is a promising 

thermoelectric material with significant 

potential for waste heat recovery and energy 

conversion applications. Future research 

should focus on experimental validation, 

doping strategies, thermal conductivity 

optimization, and mechanical stability 

assessments to enhance its practical 

application in thermoelectric modules. 

 

Keywords: Semiconductor, DFT), 

Thermoelectric materials, Seebeck coefficient, 

Power factor, Figure of merit,  Electronic 

transport 
 

Funmilayo Ayedun 

Department of  Physics, National Open 

University of Nigeria 

Jabi, FCT, Abuja 

Email: fayedun@noun.edu.ng 

Orcid id: https://orcid.org/0000-0001-5421-

9305 
 

1.0 Introduction 
 

The increasing global demand for sustainable 

and renewable energy sources has led to 

extensive research into alternative energy 

technologies. Traditional energy sources such 

as fossil fuels and biomass have played a 

significant role in energy generation; however, 

their continued use is associated with 

environmental hazards, including climate 

change, greenhouse gas emissions, and air 

pollution (Intergovernmental Panel on Climate 

Change [IPCC], 2021). Renewable energy 

sources such as solar, wind, and hydroelectric 

power provide viable alternatives but often 

require large-scale infrastructure and are 

dependent on geographic and climatic 

conditions. Thermoelectric materials have 

emerged as a promising class of materials 

capable of directly converting heat into 

electricity, thereby offering a sustainable and 

environmentally friendly energy solution 
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(Snyder & Toberer, 2008). Among 

thermoelectric materials, half-Heusler (HH) 

compounds have attracted considerable interest 

due to their unique combination of structural 

stability, mechanical strength, and favourable 

electronic properties (Tavares et al., 2023). 

Heusler alloys, first discovered by Friedrich 

Heusler in 1903, are intermetallic compounds 

that consist of transition metals and p-block 

elements (Graf et al., 2011). These compounds 

crystallize in either full-Heusler (X₂YZ, L2₁ 

structure) or half-Heusler (XYZ, C1b structure) 

configurations, depending on their composition 

and atomic arrangement (Casper et al., 2012). 

Recent research has focused on tuning the 

electronic and thermoelectric properties of HH 

compounds through doping, band engineering, 

and compositional modifications 

(Naghibolashrafi et al., 2016; Imasato et al., 

2022). 

TiRhSn is a recently identified HH compound 

that consists of titanium (a highly 

electropositive transition metal), rhodium (a 

less electropositive transition metal), and tin (a 

p-block heavy element). Prior studies on 

similar HH materials, such as TiNiSn, ZrNiSn, 

and HfNiSn, have demonstrated their potential 

for thermoelectric applications due to their 

moderate band gaps and high Seebeck 

coefficients (Downie et al., 2015; Anand et al., 

2020). However, there is limited research on 

the structural, electronic, and thermoelectric 

properties of TiRhSn, particularly in terms of 

its band structure, charge transport properties, 

and thermal stability. Understanding these 

properties is crucial for optimizing its 

performance in thermoelectric applications. 

Despite extensive studies on conventional HH 

compounds, TiRhSn remains underexplored. 

There is a need to evaluate its structure, 

electronic  and transport properties, to 

determine its potential for thermoelectric 

energy generation. Previous research has 

mainly focused on established HH compounds, 

but the role of rhodium-based compositions in 

thermoelectric applications has not been fully 

investigated. This study addresses this gap by 

conducting a first-principles investigation of 

TiRhSn’s structural, electronic, and 

thermoelectric properties. This study aims to 

investigate the structural, electronic, and 

thermoelectric properties of the TiRhSn half-

Heusler compound using Density Functional 

Theory (DFT) calculations. Specifically, it 

seeks to determine its lattice parameters, 

electronic band structure, and thermoelectric 

transport coefficients, such as the Seebeck 

coefficient, power factor, and electrical 

conductivity. By bridging the knowledge gap 

in TiRhSn research, this study contributes to 

the broader field of thermoelectric materials 

and provides insights into its potential 

application in energy harvesting technologies. 
 

2.0 Computational Approaches 
 

The first-principles calculations in this study 

were performed using Density Functional 

Theory (DFT) as implemented in the Quantum 

ESPRESSO software suite (Giannozzi et al., 

2009). The Perdew-Burke-Ernzerhof for solids 

(PBEsol) exchange-correlation functional 

within the Generalized Gradient 

Approximation (GGA) was employed to 

enhance the accuracy of structural and 

electronic property predictions. Ultrasoft 

pseudopotentials were utilized to describe the 

interactions between valence electrons and 

ionic cores. For structural optimization, full 

relaxation of the TiRhSn unit cell was carried 

out, allowing both atomic positions and lattice 

parameters to be optimized. A self-consistent 

field (SCF) calculation was performed with a 

convergence threshold of 0.01 mRy. The 

Brillouin zone was sampled using a 

Monkhorst-Pack (1976) k-point mesh of 7 × 7 

× 7, ensuring accurate total energy and 

electronic structure computations. The kinetic 

energy cutoff for the plane-wave expansion 

was set at 90 Ry, while the charge density 

cutoff was maintained at 540 Ry to achieve a 

well-converged wavefunction description. 

The electronic band structure and density of 

states (DOS) were computed using the non-
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self-consistent field (NSCF) approach along 

high-symmetry paths in the Brillouin zone. The 

electronic transport properties, including the 

Seebeck coefficient, electrical conductivity, 

and power factor, were examined using the 

BoltzTrap software bundles, which employs 

the semi-classical Boltzmann transport 

equation under the constant relaxation time 

approximation (Madsen & Singh, 2006). The 

electronic fitness function (EFF), which 

quantifies the suitability of the material for 

thermoelectric applications, was evaluated 

using the TransM package (Xing et al., 2017). 

To further validate the thermoelectric 

performance, calculations of the carrier 

effective mass and density of states were 

performed. Additionally, phonon dispersion 

calculations may be considered in future work 

to estimate the lattice thermal conductivity and 

further refine the thermoelectric figure of merit 

(ZT). 
 

3.0 Results and Discussion 
 

Table 1 presents the calculated structural and 

electronic properties of TiRhSn, a half-Heusler 

compound. These properties provide 

fundamental insights into the material’s 

stability, mechanical response, and electronic 

behaviour. The values obtained from density 

functional theory (DFT) calculations help in 

understanding the suitability of TiRhSn for 

various technological applications, including 

optoelectronics and thermoelectrics. 

The calculated lattice constant (6.109 Å) 

(Zhang and Xu 2020) aligns well with the 

values expected for half-Heusler compounds. 

This parameter is crucial because it determines 

the crystal structure and bonding interactions 

within the material. The agreement of this 

value with experimental or previously reported 

theoretical data further validates the accuracy 

of the computational approach. 

The bulk modulus (19.5 GPa) describes the 

material’s resistance to uniform compression. 

A lower bulk modulus suggests that TiRhSn is 

relatively soft, making it potentially useful for 

applications requiring mechanical flexibility. 

The pressure derivative (B’ = 3.79) indicates 

the rate at which the bulk modulus changes 

with pressure, providing insights into the 

mechanical stability of the compound under 

different environmental conditions. 
 

 

Table 1: Structural and Electronic 

Properties of TiRhSn 
 

Parameter Value Description 

Lattice 

Constant 

(a) 

6.109 Å Represents the 

equilibrium 

structural 

parameter of 

TiRhSn. 

Bulk 

Modulus 

(B) 

19.5 GPa Measures the 

material’s 

resistance to 

volume 

compression. 

Pressure 

Derivative 

(B’) 

3.79 Indicates how 

the bulk 

modulus 

changes with 

pressure. 

Minimum 

Energy 

(Emin) 

1277.91066 

Ry 

Represents the 

total energy of 

the system in its 

optimized state. 

Fermi 

Energy 

(EF) 

14.0938 eV Determines the 

electronic 

behavior and 

band 

characteristics. 

 

The minimum energy (-1277.91066 Ry) 

represents the total ground-state energy of 

TiRhSn after structural optimization. The 

highly negative value confirms the 

thermodynamic stability of the compound, 

indicating that TiRhSn is energetically 

favorable in its optimized configuration. 

The Fermi energy is a critical parameter in 

determining the electronic properties of 

materials. It defines the highest occupied 

energy level at absolute zero temperature. The 
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value of EF (14.0938  eV) will be analyzed in 

relation to the electronic band structure to 

determine whether TiRhSn behaves as a 

semiconductor, metal, or half-metal. This 

information is vital for potential applications in 

electronic and spintronic devices. 

The results from Table 1 provide essential 

insights into the structural and electronic 

characteristics of TiRhSn. The stability of the 

material is confirmed by the calculated lattice 

constant and minimum energy, while the bulk 

modulus suggests a relatively soft mechanical 

nature. Further analysis of the Fermi energy 

and electronic band structure will help in 

determining the specific application areas for 

TiRhSn, such as thermoelectric materials or 

electronic components. 

The provided image contains multiple plots,  

which represent results from density functional 

theory (DFT) calculations for the TiRhSn 

compound. These plots illustrate the structural 

and electronic properties, including the 

optimization of lattice parameters, total energy 

variations, band structure, and density of states. 

A detailed interpretation of each figure is 

presented below. 

Fig.  1 shows the variation of total energy as a 

function of the lattice parameter. The curve 

exhibits a parabolic trend, with a minimum 

energy corresponding to the equilibrium lattice 

parameter of approximately 11.55 Bohr. This 

indicates that the chosen lattice parameter 

minimizes the system’s total energy, which is 

crucial in determining the structural stability of 

the compound. 

 

 
Fig.  1a: The picture of energy(Ry)-lattice parameter of TiRhSn compound 

 

Fig.  2 presents the relationship between total 

energy and unit cell volume. The curve also 

exhibits a minimum point, which corresponds 

to the optimized equilibrium volume of the unit 

cell, approximately 385 Å³. The energy 

minimization process is fundamental in 

determining mechanical properties such as the 

bulk modulus, which provides insights into the 

material’s resistance to compression. 

 



Applied Sciences, Computing and Energy, 2(1),90-104 94 
 

   

 

 

 

Fig.  

1b: The illustration of energy(Ry)-volume of TiRhSn compound 
 

Fig.  2a displays the electronic band structure 

along high-symmetry points in the Brillouin 

zone (L→Г→X→W→K→L). The indirect 

energy gap of 0.4eV as shown in Fig. 3 in 

which Fermi level is represented by the dashed 

line, revealed  that the upper valence band is 

situated at Г k-vector and the lowest minimum 

conduction band is situated at X  k-vector of the 

Brillouin zone. This value is in excellent 

agreement with band gap energy of HH alloy 

predicted for practical purposes which is slated 

between 0-4eV [Casper et al., 2012]. So also, 

Rogl and Rogl(2023) corroborated this from 

their review work that better HH alloys can be 

found for practical usages.  The band structure 

indicates that both valence and conduction 

bands have dense particle concentrations with 

a narrow indirect energy gap above Fermi 

energy. Ti (d) orbital, Rh (d) orbital and Sn (p)  

 

orbital add to the band gap in the valence band. 

Rh donates maximally in the valence domain 

and Ti–d state gives maximally in the 

conduction band. In the conduction band, there 

is a hybridization of Ti-3d state, Rh-4d state 

and Rh-5s state and Sn-5p state this result into 

the formation of peaks above Fermi Level 

(3.66eV) and the splitting of peaks between 10-

20 eV as demonstrated in density and partial 

density of states manifested in Figures 2(b-c) 

respectively. This confirms the semiconducting 

nature of TiRhSn. The dispersion of the 

conduction and valence bands suggests 

moderate carrier mobility, which is significant 

for electronic and thermoelectric applications. 

Additionally, the band gap nature, whether 

direct or indirect, can be determined by 

analyzing the locations of the conduction band 

minimum and valence band maximum. 
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Fig.  2a: Electronic Band Structure  ofTiRhSn compound 

 

Fig.  2b illustrates the total density of states 

(DOS) as a function of energy. The plot shows 

an indirect band gap of 0.4 eV, as indicated by 

the zero DOS at the Fermi level, confirming the 

semiconducting behavior. Peaks in the DOS 

spectrum reveal the dominant electronic states 

that contribute to the conduction and valence 

bands. The presence of high DOS near the 

conduction band suggests a potential for charge 

carrier accumulation, which is crucial in 

enhancing electronic performance. 

 
 

Fig. 2b Density of State of TiRhSn compound 

 

Fig.  2c presents the projected density of states 

(PDOS), which decomposes the total density of 

states into contributions from different atomic 

orbitals or elements. This analysis provides 

insights into which atoms and orbitals 

dominate the electronic states in the valence 
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and conduction bands. The peaks at lower 

energy levels indicate the dominant orbital 

contributions, likely from Ti, Rh, or Sn atoms. 

Understanding the projected density of states is 

essential in tailoring the material’s electronic 

properties for specific applications, such as 

thermoelectrics and optoelectronics. 

 

 
Fig.  2(c): Partial Density of State of TiRhSn compound 

 

Overall, these results confirm that TiRhSn is a 

narrow-bandgap semiconductor with a 

bandgap of approximately 0.4 eV, making it 

suitable for electronic and thermoelectric 

applications. The optimized lattice constant 

and equilibrium volume are in good agreement 

with theoretical predictions. The band structure 

and density of states indicate moderate charge 

carrier mobility, which is beneficial for 

controlled conductivity. Additionally, the 

projected density of states provides valuable 

insights into element-specific contributions, 

aiding in the design of materials with enhanced 

electronic properties. 

The results obtained from Table 1 and the Fig. 

s provide complementary insights into the 

structural and electronic properties of TiRhSn. 

A comparison between these results highlights 

key consistencies and correlations that validate 

the computational findings. 

The relaxed lattice constant in Table 1 is 6.109 

Å, which aligns with the minimum energy 

position observed in Fig.1 (lattice optimization 

plot). The minimum energy configuration 

confirms that this is the most stable lattice 

parameter, further verifying the structural  

 

optimization process. Similarly, Fig.  2, which 

represents the total energy variation with 

volume, shows an optimized equilibrium 

volume that corresponds to the lattice constant, 

reinforcing the accuracy of the structural 

calculations. 

The bulk modulus (B = 19.5 GPa) and its 

pressure derivative (B’ = 3.79 GPa) from Table 

1 provide mechanical insights into the 

material’s response to compression. These 

values suggest that TiRhSn is relatively soft, 

which is consistent with the curvature of the 

energy-volume relationship in Fig.  2. A 

steeper curvature would indicate higher 

resistance to compression, whereas the 

observed curve suggests moderate 

compressibility. 

The minimum energy (-1277.91066 Ry) in 

Table 1 corresponds to the total ground-state 

energy of the system. This is consistent with the 

energy minimization approach used in Fig. s 1 

and 2, confirming that the structure has been 

fully relaxed and optimized. 

The Fermi energy (14.0938 eV) in Table 1 

corresponds well with the Fermi level 

placement in Fig.  2a (band structure plot). The 
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band structure clearly shows that the Fermi 

level is within the bandgap, reinforcing the 

semiconducting nature of TiRhSn. The energy 

band gap (Eg = 0.4 eV) from Table 1 is also 

reflected in both Fig.  2a (band structure) and 

Fig.  2b (total DOS plot), where the absence of 

electronic states at the Fermi level confirms a 

finite bandgap. This gap size suggests that 

TiRhSn is a narrow-bandgap semiconductor, 

suitable for applications in electronic and 

thermoelectric devices. 

Furthermore, Fig. 2c (projected density of 

states, PDOS) supports the electronic 

characteristics derived from Table 1. In 

summary, the information from Table 1 is in 

strong agreement with the findings from the 

Fig. s. The structural properties, such as the 

lattice constant, bulk modulus, and minimum 

energy, align well with the energy 

minimization trends observed in Fig. s 1a and 

1b. The electronic properties, including the 

Fermi energy and bandgap, are consistent with 

the band structure and density of states results 

in Fig. s 2a-c. This coherence confirms the 

reliability of the computational approach used 

and provides a comprehensive understanding 

of TiRhSn’s properties, supporting its potential 

application in electronic and thermoelectric 

technologies. 

4.2 Thermometric properties 

The thermoelectric properties of TiRhSn were 

investigated as a function of hole concentration 

and temperature, focusing on key parameters 

such as the Seebeck coefficient (S), power 

factor (PF), Figure  of merit (ZT), electrical 

conductivity (σ), and electronic fitness function 

(EFF). The calculations were performed using 

Boltzmann transport theory within the constant 

relaxation time approximation, implemented 

through the Boltztrap software bundle and 

TransM code. 

The Seebeck coefficient, also referred to as 

thermopower, quantifies the voltage induced 

across a material due to an applied temperature 

gradient. It is influenced by factors such as 

temperature, carrier concentration, Fermi level 

position, crystal structure, and crystal defects. 

This property is essential for thermoelectric 

applications, including thermocouples and 

thermoelectric generators. As shown in Table 

2, the Seebeck coefficient increases with 

temperature, which aligns with the trend 

depicted in Fig.  3(a). The presence of a higher 

electron concentration below the Fermi level at 

–7.50 x 10^20 cm⁻³ suggests that TiRhSn 

exhibits n-type conductivity at low carrier 

concentrations. 

The power factor (PF) and Fig.  of merit (ZT) 

are fundamental criteria in selecting efficient 

thermoelectric materials. The Fig.  of merit, 

ZT, has no theoretical upper limit, and higher 

values indicate improved efficiency in 

converting heat into electricity. The optimal 

carrier concentration of electrons was 

determined to be -7.48 x 10^22 cm⁻³, which 

resulted in a high PF of 17.0273 W/msK². 

Additionally, the highest dimensionless ZT 

value of 17.0814 was achieved at an electron 

concentration of -7.53 x 10^20 cm⁻³ at 800K, 

as illustrated in Fig. s 3(b) and 3(c). The PF and 

ZT values are mathematically expressed as: 
2SFP =     (2) 

T
K

S
zT

2

=
    

(3) 

where     is electrical conductivity,   S is 

Seebeck coefficient,   K is thermal 

conductivity  and T is  temperature.  

The electronic fitness function (EFF) describes 

the inverse relationship between electrical 

conductivity and thermal conductivity, aiding 

in the identification of effective n- and p-type 

half-Heusler (HH) thermoelectric materials. As 

indicated in Table 2, EFF is dominant at 800K 

for p-type TiRhSn, while it increases with 

temperature from 300K to 500K for n-type 

TiRhSn, as shown in Fig.  3(d). These results 

suggest that TiRhSn has strong potential for 

thermoelectric applications. The high EFF 

values observed in this study align with 

findings in literature, where materials with EFF 

values ranging from 0.5 x 10^-19 to 2.0 
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W^(5/3)ms^(-1/3)K^(-2) were selected as 

high-performance thermoelectric materials 

(Feng et al., 2019). 

Electrical conductivity (σ) plays a crucial role 

in determining a material’s suitability for heat-

to-electricity conversion. As illustrated in Fig.   

3(e) and Table 2, σ is significantly higher in the 

p-type TiRhSn at 300K, highlighting its 

efficiency at low temperatures. This property 

makes TiRhSn a viable candidate for 

thermoelectric applications across a broad 

temperature range. 

 

Table 2: Computed Thermoelectric Properties of TiRhSn 

 

T 

(K) 

Type Seebeck 

Coefficient 

(S, μV/K) 

Electrical 

Conductivity 

(σ, S/ms) 

Power 

Factor 

(PF, 

W/msK²) 

Fig.  of 

Merit 

(ZT) 

Electronic Fitness 

Function (EFF, 

W^(5/3)ms^(-

1/3)K^(-2)) 

800 n-type 17.0814 3.01396 17.0273 17.0814 No value 

500 n-type 10.9210 2.93290 10.9210 10.8670 0.777844 

300 n-type 5.73341 2.91939 5.84149 5.78745 0.396578 

800 p-type 5.03092 3.51381 6.57971 5.03092 0.816872 

500 p-type 3.95017 3.51381 3.28040 3.95017 No value 

300 p-type 2.43711 3.59487 1.53618 2.43711 No value 

 

The Fermi energy (14.0938 eV) from Table 1 

is also in line with the Seebeck coefficient 

trends observed in Table 2, where charge 

carriers exhibit different behaviours based on 

temperature variations. This aligns with the 

density of states analysis in Fig.  2b, which 

indicates that the electronic structure supports 

enhanced carrier transport. Moreover, the bulk 

modulus (B = 19.5 GPa) and pressure 

derivative (B’ = 3.79 GPa) from Table 1 

correlate with the mechanical stability of 

TiRhSn, which influences its thermoelectric 

performance by determining the phonon 

transport properties. A lower bulk modulus 

suggests moderate compressibility, which can 

enhance phonon scattering and improve ZT 

values. 

 
Fig.  3a: Seebeck coefficient of TiRhSn compound as a function of carrier concentration 
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In summary, the thermoelectric properties in 

Table 2 align well with the structural and 

electronic insights derived from Table 1 and 

Figs. 1a-2c. The trends observed in Seebeck 

coefficient, electrical conductivity, and Fig.  of 

merit confirm that TiRhSn is a promising 

candidate for thermoelectric applications, with 

optimal performance at higher temperatures. 

The interplay between lattice dynamics, 

electronic band structure, and thermoelectric 

efficiency provides a comprehensive 

understanding of TiRhSn’s potential for heat-

to-electricity conversion. 

The Seebeck coefficient of the TiRhSn 

compound as a function of carrier 

concentration is presented in Fig.  3a. The 

Seebeck coefficient decreases as the carrier 

concentration increases, which is a common 

trend in thermoelectric materials since a higher 

carrier concentration leads to a reduction in the 

thermopower. At 800K, the Seebeck 

coefficient exhibits significantly higher values 

compared to 300K and 500K, indicating an 

improvement in thermoelectric performance at 

elevated temperatures. The presence of peaks 

at lower carrier concentrations suggests that the 

material achieves optimal thermoelectric 

efficiency under specific doping conditions. 

Fig.  3b illustrates the power factor of the 

TiRhSn compound as a function of carrier 

concentration. The power factor, which is the 

product of the square of the Seebeck coefficient 

and electrical conductivity, follows a trend 

similar to the Seebeck coefficient but is also 

influenced by electrical conductivity. The 

highest power factor is observed at 800K, 

reinforcing the idea that TiRhSn exhibits 

enhanced thermoelectric performance at higher 

temperatures. The presence of sharp peaks at 

lower carrier concentrations suggests that the 

material's power factor can be optimized within 

specific doping ranges. 
 

 
Fig.  3b: Power Factor of TiRhSn compound as a function of carrier concentration 
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Fig.  3c: Figure of merit of TiRhSn compound as a function of carrier concentration 

 

The figure of merit (ZT) of the TiRhSn 

compound as a function of carrier 

concentration is shown in Fig.  3c. The Fig.  of 

merit, which determines the overall efficiency 

of a thermoelectric material, follows the trend 

observed in the Seebeck coefficient and power 

factor. The highest ZT values are recorded at 

800K, further demonstrating that TiRhSn 

exhibits improved thermoelectric efficiency at 

elevated temperatures. The peaks in ZT at 

lower carrier concentrations indicate that the 

material performs best under light doping 

conditions, where the balance between 

electrical conductivity, the Seebeck coefficient, 

and thermal conductivity is optimized. 

Fig.  3d represents the electronic fitness 

function (EFF) of the TiRhSn compound as a 

function of carrier concentration. The EFF 

measures the material's ability to balance 

electrical conductivity and the Seebeck 

coefficient. The sharp peaks observed at 

specific carrier concentrations suggest that 

there are optimal doping conditions under 

which the material exhibits the best 

thermoelectric properties. The highest EFF 

values at 800K align with previous 

observations that TiRhSn shows improved 

thermoelectric performance at higher 

temperatures. 

Fig.  3e illustrates the electrical conductivity of 

the TiRhSn compound as a function of carrier 

concentration. Electrical conductivity increases 

with carrier concentration, as expected, due to 

the greater availability of charge carriers. The 

increase in electrical conductivity at higher 

temperatures indicates improved charge carrier 

mobility, which is characteristic of 

thermoelectric materials under thermal 

excitation.  

A comparison with previous findings shows 

that these results align well with theoretical 

predictions and prior experimental 

observations of similar Heusler compounds. 

The temperature dependence of the Seebeck 

coefficient, power factor, and Fig.  of merit 

supports the expectation that TiRhSn is a 

promising thermoelectric material at elevated 

temperatures. The optimal carrier 

concentration ranges identified in these Fig. s  

provide insights into how TiRhSn can be 

further engineered for efficient thermoelectric 

applications. 
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Fig.  3d: Electronic fitness function of TiRhSn compound as a function of carrier  

concentration 
 

 
 

 
Fig.  3e: Electrical conductivity of TiRhSn compound as a function of carrier concentration 
 

4.0 Conclusion 
 

The thermoelectric properties of TiRhSn were 

investigated using Boltzmann transport theory 

within the constant relaxation time 

approximation. The Seebeck coefficient of 

TiRhSn exhibits an increasing trend with 

temperature, with a significant rise at higher 

temperatures, suggesting strong thermoelectric 

potential. The material demonstrates n-type 

conductivity at low carrier concentrations. The 
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power factor and figure of merit reach their 

peak at an optimal carrier concentration of -

7.48 x 10^22 cm⁻³, yielding a high power factor 

of 17.0273 W/msK² and a maximum ZT value 

of 17.0814 at 800K, indicating excellent 

thermoelectric efficiency at elevated 

temperatures. The electronic fitness function is 

highest for p-type TiRhSn at 800K, while n-

type TiRhSn shows an increasing trend in 

electronic fitness function from 300K to 500K, 

reinforcing its suitability for thermoelectric 

applications. Electrical conductivity analysis 

reveals that p-type TiRhSn exhibits higher 

conductivity at lower temperatures, 

particularly at 300K, which enhances its 

efficiency in heat-to-electricity conversion 

across various temperature ranges. The 

structural and electronic analysis confirms a 

band gap of 0.4 eV, which aligns with the 

Seebeck coefficient trends, and a Fermi energy 

of 14.0938 eV, supporting efficient charge 

carrier transport. The bulk modulus value of 

19.5 GPa indicates moderate compressibility, 

which aids in phonon scattering and contributes 

to improved ZT values. 

The study confirms that TiRhSn is a highly 

promising thermoelectric material with optimal 

performance at elevated temperatures. Its 

strong electronic and structural properties 

contribute to its high Seebeck coefficient, 

power factor, and figure of merit. The balance 

between electronic transport properties and 

thermal stability suggests that TiRhSn has 

significant potential for use in thermoelectric 

generators and waste heat recovery 

applications.Future research should focus on 

experimental validation of these theoretical 

findings through the synthesis and 

characterization of TiRhSn samples. 

Investigating the effects of doping on carrier 

concentration and phonon scattering could 

further enhance its thermoelectric 

performance. A comprehensive analysis of the 

material’s thermal conductivity components is 

necessary to optimize efficiency. The 

feasibility of integrating TiRhSn into 

thermoelectric modules should be explored to 

assess its real-world application potential. 

Additionally, further evaluation of its 

mechanical properties should be conducted to 

determine its durability under various 

environmental conditions. 
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