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Abstract: In this work, we have studied the structural, electronic, and 
thermoelectric properties of the half-Heusler compound ZrSiPt using first-
principles density functional theory calculations. Our calculations show that 
ZrSiPt is a semiconductor with a small band gap. Its electronic states near 
the Fermi level are mainly contributed by Zr-d and Pt-d orbitals. Phonon 
dispersion confirms that the compound is mechanically and dynamically 
stable, as indicated by the absence of imaginary phonon modes. Boltzmann 
transport calculations within the constant relaxation time approximation 
show the highest Seebeck coefficient of 1569 μV/K at 300 K. The highest 
electrical conductivity per relaxation time is 5.048 × 10²⁰ S m⁻¹ s⁻¹ at 300 K. 
Further, the highest power factor reaches 1.14 × 10¹² W m⁻¹ K⁻² s⁻¹ at 300 
K, indicating promising thermoelectric performance. Our results show that 
moderate tuning in ZrSiPt will enhance the thermoelectric performance, 
which is beneficial for future thermoelectric applications.  

1 Introduction 

Thermoelectric materials, which can directly convert heat into electrical energy and vice 
versa, have attracted considerable attention due to their potential for waste heat management 
and solid-state cooling applications. The efficiency of a thermoelectric material is commonly 
evaluated using the dimensionless figure of merit, defined as 𝑍𝑍𝑍𝑍 = 𝑆𝑆2𝜎𝜎𝜎𝜎

𝜅𝜅 , where ′𝑆𝑆′ denotes 
the Seebeck coefficient, ′𝜎𝜎 ′ the electrical conductivity, ′𝜅𝜅′ the total thermal conductivity, and 
′𝑇𝑇′ the absolute temperature [1-4].  A high thermoelectric figure of merit can only be obtained 
when a strong Seebeck coefficient and efficient electrical transport are achieved. In this 
respect, half-heusler compounds are of particular interest, as they combine excellent thermal 
and mechanical stability with electronic characteristics that can be effectively tailored 
through compositional control. These intermetallic compounds, with the general formula 
XYZ, typically exhibit narrow band gaps and high Seebeck coefficients, which are favourable 
for thermoelectric energy conversion.  Among different thermoelectric materials, half-
Heusler compounds have attracted significant attention due to their excellent thermoelectric 
performance at high temperatures, thermal stability, mechanical robustness, and low toxicity 
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[5,6].  In recent years, Zr-based half-heusler alloys have gained interest due to their excellent 
thermoelectric performance. Ai et. al. reported that ZrNiSn-based half-heusler 
thermoelectrics can be fabricated using reactive sintering benefit from microstructural 
hierarchy, resulting in reduced lattice thermal conductivity while retaining efficient carrier 
transport. The optimised ZrHfNiSSb alloy achieved an enhanced ZT = 1.33 at 873 K [7].  
Ranjan et. al. theoretically predicted that entropy-stabilised mixed half-heusler alloys such 
as ZrHfCoNiSnSb exhibit an enhanced thermoelectric performance, with a predicted ZT ≈ 
1.0 at 1100 K [8]. Issaad et. al. studied Li-based half-Heusler alloys using first-principles 
density functional theory to analyse their electronic, elastic, magnetic, and thermoelectric 
properties. They reported that LiCrSi and LiCrP are stable compounds with half-metallic 
behaviour and show promising thermoelectric performance [9]. Shastri et. al. studied Fe₂ScX 
(X = P, As, Sb) full-Heusler compounds using DFT and found a suitable band gaps and 
promising thermoelectric performance at high temperatures [10]. Vaitesswar et. al. carried 
out a machine-learning-based study to identify promising thermoelectric materials; however, 
a detailed understanding of the underlying structural, electronic, and thermoelectric 
properties remains limited [11]. In this study, we have reported the detailed structural, 
electronic and thermoelectric properties of ZrSiPt using first principles density functional 
theory. 

2 Computational Details 
The electronic structure calculations were conducted using density functional theory as 
implemented in the QUANTUM ESPRESSO package [12]. Exchange–correlation effects 
were incorporated using the Perdew–Burke–Ernzerhof (PBE) parametrisation within the 
generalised gradient approximation [13,14]. A plane-wave basis set with a cutoff energy of 
35 Ry was used, and the Brillouin zone was sampled on an 8 × 8 × 8 Monkhorst–Pack mesh. 
Convergence of the total energy was ensured by imposing a threshold of 10-4 Ry. Transport 
and thermoelectric properties were then obtained by applying the semiclassical Boltzmann 
transport formalism under the constant relaxation-time approximation, employing the 
BoltzTrap code [15]. 

3 Structural Properties  

Figure 1 shows the crystal structure of bulk ZrSiPt optimised using DFT calculations. ZrSiPt 
is a half-heuslar alloy crystallised in the cubic F-43m space group. Table 1 shows the 
optimised lattice constant and atomic positions with Wyckoff positions of bulk ZrSiPt.  

 
Fig. 1. Crystal structure of ZrSiPt 
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The calculated lattice constants are optimised using first-principles calculations as 
implemented in Quantum Espresso. 

 
Table 1 optimised lattice constant and atomic positions with Wyckoff positions of 

bulk ZrSiPt. Optimised lattice constant: a = b = c = 6.03 Å 
 

Atom x y z Wyckoff Position 
Si 0.000 0.000 0.000 4a 
Zr 0.500 0.000 0.000 4b 
Pt 0.250 0.250 0.750 4d 

 

 

Fig. 2. Phonon dispersion spectra of ZrSiPt 

The phonon dispersion of ZrSiPt is presented in Figure 2. The absence of imaginary phonon 
modes throughout the Brillouin zone indicates the dynamical stability of the system, 
validating the robustness of the optimised crystal structure. 

4 Electronic Properties 
Figure 3 presents the calculated electronic band structure together with the corresponding 
density of states, which provides clear insight into the electronic nature of bulk ZrSiPt.  

 
Fig. 3. Electronic band structure along with the density of states (DOS) of bulk ZrSiPt 
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The band dispersion reveals semiconducting behaviour characterised by an indirect band gap 
of approximately 1.06 eV located near the Fermi level, indicating that the valence band 
maximum and conduction band minimum occur at different high-symmetry points in the 
Brillouin zone. Further understanding of the electronic states is obtained from the orbital-
projected density of states, which shows that the valence band region close to the Fermi 
energy is predominantly contributed by Pt-d and Si-p orbitals. In contrast, the conduction 
band is mainly composed of Zr-d orbitals, suggesting that zirconium plays a crucial role in 
the total density of states. This orbital contribution between the valence band and conduction 
band influences the electronic and thermoelectric properties of ZrSiPt. 

5 Thermoelectric Properties 
Figure 4 presents the calculated thermoelectric transport parameters of bulk ZrSiPt as 
functions of the chemical potential at temperatures of 300 K, 500 K, and 700 K. The variation 
of the Seebeck coefficient with chemical potential at different temperatures is shown in 
Figure 4(a). At 300 K, the Seebeck coefficient reaches a maximum value of 1569.2 µV K⁻¹. 
With an increase in temperature to 500 K, this maximum value decreases slightly to 1556.6 
µV K⁻¹, and a further reduction to 1550.7 µV K⁻¹ is observed at 700 K.  
 

 
Fig. 4: Thermoelectric properties as a function of chemical potential at 300K, 500K and 700K (a) 
Seebeck coefficient (b) Electrical conductivity per unit relaxation time (σ/τ) (c) Electronic thermal 
conductivity per unit relaxation time (κe/τ) (d) Power factor per unit relaxation time (S2σ/τ). 

This gradual decline in the Seebeck coefficient with the elevation of temperature can be 
attributed to enhanced thermal excitation of charge carriers, which leads to a more symmetric 
distribution of electrons and holes around the chemical potential. As a result, the net 
asymmetry in carrier transport responsible for generating thermoelectric voltage is reduced, 
yielding lower Seebeck values at elevated temperatures [16]. 
The dependence of electrical conductivity per unit relaxation time on chemical potential is 
illustrated in Figure 4(b) at 300 K, 500 K and 700 K. The maximum electrical conductivity 
is obtained at 300 K, with a value of 5.048 × 1020 S m⁻¹s⁻¹. Upon increasing the temperature 
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to 500 K, the conductivity decreases to 4.7 × 1020 S m⁻¹s⁻¹, followed by a further reduction 
to 4.44 × 1020 S m⁻¹s⁻¹ at 700 K. This temperature-induced decrease in electrical conductivity 
is primarily associated with stronger electron–phonon interactions at higher temperatures, 
where lattice vibrations reduce carrier mobility and consequently suppress the charge 
transport [17]. Figure 4(c) presents the electronic contribution to thermal conductivity per 
unit relaxation time as a function of chemical potential at 300 K, 500 K and 700 K. The 
lowest electronic thermal conductivity is observed at room temperature, with a value of 2.48 
× 109 W m⁻¹ K⁻¹ s⁻¹. As the temperature increases to 500 K, this value rises to 3.104 × 109 W 
m⁻¹ K⁻¹ s⁻¹, and a pronounced increase to 1.55 × 1010 W m⁻¹ K⁻¹ s⁻¹ is obtained at 700 K. The 
comparatively low electronic thermal conductivity at 300 K suggests reduced heat transport 
by charge carriers, which is favourable for thermoelectric performance. 
The calculated power factor per unit relaxation time is shown in Figure 4(d). The maximum 
power factor is found at 300 K with a value of 1.143 × 1012 W m⁻¹ K⁻² s⁻¹. As the temperature 
increases to 500 K, the peak power factor decreases to 1.038 × 1012 W m⁻¹ K⁻² s⁻¹, and a 
further reduction to 8.86 × 1011 W m⁻¹ K⁻² s⁻¹ is observed at 700 K. The overall decrease in 
power factor with temperature reflects the combined influence of reduced Seebeck 
coefficient and declining electrical conductivity at elevated temperatures. 
 

 
 

Fig. 5. Thermoelectric properties as a function of temperature at Fermi level (a) Seebeck coefficient (b) 
Electrical conductivity per unit relaxation time (σ/τ) (c) Electronic thermal conductivity per unit 
relaxation time (κe/τ). 

Figure 5 shows the variation of thermoelectric properties with temperature. Figure 5(a) shows 
that the Seebeck coefficient increases continuously with increasing temperature. Figure 5(b) 
shows that the electrical conductivity per unit relaxation time also increases with temperature 
at the fermi level due to the increase in thermally excited charge carriers. Figure 5(c) shows 
that the electronic thermal conductivity per unit relaxation time increases steadily as the 
temperature increases. 

6 Summary and Conclusions 
In conclusion, first-principles calculations were employed to systematically investigate the 
structural, electronic, and thermoelectric characteristics of the half-Heusler compound 
ZrSiPt. Phonon dispersion confirms that ZrSiPt is both mechanically and thermally stable. It 
is a narrow-gap semiconductor, with Zr-d and Pt-d orbitals dominating near the Fermi level. 
Boltzmann transport calculations show a highest Seebeck coefficient of 1569 μV/K, electrical 
conductivity per unit relaxation time of 5.048 × 1020 S m⁻¹ s⁻¹, and a power factor of 1.14 × 
1012 W m⁻¹ K⁻² s⁻¹ at 300 K, indicating good thermoelectric performance and shows the 
applications for room temperature thermoelectric devices. 
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