
16
EAST EUROPEAN JOURNAL OF PHYSICS. 1. 16-25 (2022)

DOI:10.26565/2312-4334-2022-1-03             ISSN 2312-4334

© D. Radouan, B. Anissa, B. Benaouda, 2022

 
 
 
 

AN INSIGHT INTO THE ELECTRONIC, OPTICAL AND TRANSPORT PROPERTIES 
OF A HALF HEUSLER ALLOY: NiVSi† 

 
Djelti Radouana,*, Besbes Anissab, Bestani Benaoudab 

aTechnology and Solids Properties Laboratory, Mostaganem University (UMAB) – Algeria 
bSEA2M Laboratory, Mostaganem University (UMAB) – Algeria 

*Corresponding Author: Radouane.djelti@univ-mosta.dz, djeltired@yahoo.fr 
Received November 17, 2021; accepted February 14, 2022 

 
The half-Heusler alloy NiVSi is investigated theoretically by using first-principles calculations based on the density functional theory 
(DFT). For a better description of the electronic properties, the TB-mBJ potential is used for exchange-correlation potential. The 
structural, electronic, magnetic, optical and thermoelectric properties was calculated by WIEN2k software. The negative cohesive and 
formation energies found reveal that the NiVSi is thermodynamically stable. Electronically, the NiVSi is a half-metal with an indirect 
band gap of 0.73 eV in the spin-down channel whereas the spin up channel is metallic. The total magnetic moment is of 1. Optically, 
the obtained high absorption coefficient in ultraviolet wavelength range, make the NiVSi useful as effective ultraviolet absorber. 
Thermoelectrically, a high figure of merit in the p- and n-type region was obtained, what makes this compound very functional for 
thermoelectric applications. The generation of a fully spin-polarized current make this compound unsuitable for spintronic applications 
at room temperature, a doping may be a satisfactory solution to improve this property. 
Keywords:  DFT; mBJ approach; half-metallic; ultraviolet; merit factor. 
PACS: 71.20.-b, 72.15.Jf, 72.25.Ba, 73.50.L, 52.70.Kz 

 
The notion of half metallic ferromagnets was established for the first time by de Groot et al. [1]. Since then several 

researchers paid particular attention to the magnetic half-Heusler (H.H) compounds due to their good physical properties 
[2-7]. The H.H exhibit fascinating optical and thermoelectric functionalities, those, which present high absorption 
coefficient and low reflectivity, have become promising candidates for highly efficient solar cells [8-10], while those with 
high figure of merit (ZT), have gained increasing popularity and are among the new energy resources [11-13]. Numerous 
studies carried out on H.H compounds have revealed the very good optical, thermoelectric and mechanical performance. 
The optical investigation conducted by R. Majumder and al., [14] shows that the LuPtBi compound has a good absorption 
in low energy region and good reflection in vacuum UV region, it exhibit dielectric response even at zero energy. 
A. Zakutayev [15] synthesized a new half-Heusler compound TaCoSn, which is indicated to possess favorable optical 
absorption coefficient and high electrical conductivity. According to recent study effected by R. Ahmad and N. Mehmood 
[16], the NiFeZ, half-Heusler compounds show a half-metallic behaviour with indirect small band gaps and their optical 
properties are more active at lower energy spectra. Hai-Long Sun et al., [17] have found for the BCaGa, a remarkably 
high ZT of 7.38 at 700K in the n-type region, while Wendan et al., [18] give a ZT value of 2.43 at 1100 K for the Zr-doped 
TiPdSn. S.M. Saini [19] shows that the LuNiSb exhibits its best thermoelectric performance at low temperature where 
the ZT is around 1 at 50K. A. Arunachalam et al [20] give a theoretical analysis of half metallicity and ferromagnetism 
in NiCrZ (Z = Si, Ge, Ga, Al, In, As), and show that compounds exhibit magnetic interaction and promising figure of 
merit in magnetic memory element. H.B. Ozisik et al [21] explored the effect of pressure on the electronic properties of 
half-Heusler NiXSn (X = Zr, Hf) compounds via the GGA approach, they found that both compound are semiconductor 
with a narrow-band-gap. Beyond a critical pressure of 161 GPa and 229 GPa for NiZrSn and NiHfSn respectively, the 
compounds become metallic. P. Hermet et al [22] studied the temperature effect on the mechanical properties of NiTiSn 
half-Heusler. The authors shows that the compound is very useful when a large temperature fluctuations occurs  because 
it remains ductile and robust at 700K and even conserves its very good mechanical properties up to 1500 K. According 
to this brief bibliographic review, we can conclude that depending to their composition, the Ni based half-Heusler alloys 
exhibit a wide variety of magnetic, thermoelectric, optical and mechanical properties, which allows them to be believed 
as very promising half metallic ferromagnetic materials for several technological application. The main objective to this 
study is to investigate the structural, electronic, optical and thermoelectric behaviour of the NiVSi half-Heusler 
compound. This research is arranged as follows. Details of computation are given in Section “Computational method”. 
Results and discussion are presented in Section “Results and discussion”. A summary of the results is given in Section 
“Conclusion” 

 
COMPUTATIONAL METHOD 

First-principles calculations based on DFT have been conducted to research the structural, electronic, optical and 
thermoelectric properties of NiVSi half-heusler. Exchange-correlation effects were treated with TB-mBJ potential [23]. 
The valence electrons for the NiVSi primal cell are 4s2 3d8 of Ni, 4s2 3d3 of V and 3s2 3p2 of Si. The muffin tin radius 

 
† Cite as: D. Radouan, B. Anissa, and B. Benaouda, East. Eur. J. Phys. 1, 16-25 (2022), https://doi.org/10.26565/2312-4334-2022-1-03 

https://orcid.org/0000-0002-0762-5818
https://orcid.org/0000-0002-1104-0900
https://doi.org/10.26565/2312-4334-2022-1-03
https://portal.issn.org/resource/issn/2312-4334
https://periodicals.karazin.ua/eejp/index


17
An Insight into the Electronic, Optical and Transport Properties of a Half Heusler Alloy...          EEJP. 1 (2022)

(RMT) values of 1.85, 2.1 and 2.5 Bohr were used for Ni, V and Si respectively. Other parameters such as RMT × wave-
vector kmax (KMAX), k-point mesh and the maximum value of angular momentum (lmax) were selected to 7.0, 16×16×16 
and 10 respectively. The optical constants are derived from the complex dielectric function [24-26]. The semi-classical 
Boltzmann approach [27] as given in the BoltzTraP code was used to investigate the thermoelectric response of NiVSi 
compound. A fine grid mesh (46×46×46) was used. 
 

RESULTS AND DISCUSSION 
Structural properties 

The half-Heusler (H.H) is intermetallic compound with general formula XYZ, where X and Y are transition metals 
and Z a p-block element. The H.H crystallize in the face-centered cubic structure (space group F-43m). The Ni, V and Si 
atoms are positioned according to one of the three types displayed in Table 1. 
Table 1. Wyckoff position of atoms in the unit cell of cubic half-Heusler alloy NiVSi 

Type Ni V Si 
I 4b (0.5, 0.5, 0.5) 4c (0.25, 0.25, 0.25) 4a (0, 0, 0) 
II 4b (0.5, 0.5, 0.5) 4a (0, 0, 0) 4c (0.25, 0.25, 0.25) 
III 4c (0.25, 0.25, 0.25) 4b (0.5, 0.5, 0.5) 4a (0, 0, 0) 

 
We have carried out the structural optimization in ferromagnetic (FM) and non-magnetic (NM) configuration for 

the three possible types of arrangement. From Figure 1 and Table 2, we can see that the ferromagnetic state of the type 
III arrangement is the most stable among the six possible configurations because it has the lowest energy. 
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Figure 1. Calculated total energy of NiVSi compound as functions of the unit cell volume for the FM and NM states 
in each possible atomic arrangement

Table 2. The calculated equilibrium lattice constant a0, the ground state energies E0, the bulk modulus B, its pressure derivatives B’, 
the cohesive energy EC and the formation energy Ef of cubic NiVSi alloy. 

Type State a0 (Å) E0 (Ry) B (GPa) B’ EC (Ry) Ef (Ry) 

I 
FM 5.61 -5520.352411 138.3670 4.15  
NM 5.61 -5520.352477 138.6531 4.15 

II 
FM 5.57 -5520.403317 145.3527 4.97 
NM 5.56 -5520.390198 152.2824 4.60 

III 
FM 5.49 (5.47) [32] -5520.452380 167.3817 4.54 --1.417 -0.304(-0.316)[32] 
NM 5.48 -5520.448458 174.6848 4.85  

 
To ensure the structural stability in the ground state and also to estimate the chemical stability and see a possible 

synthesis of NiVSi, we have calculated the formation energy (∆𝑯𝒇) and cohesive energy (𝑬𝑪𝒐𝒉). The formation enthalpy 
is defined as [28]: 

 ∆𝑯𝒇 = 𝑬𝑵𝒊𝑽𝑺𝒊𝑻𝒐𝒕𝒂𝒍 − 𝑬𝑵𝒊𝒃𝒖𝒍𝒌 + 𝑬𝑽𝒃𝒖𝒍𝒌 + 𝑬𝑺𝒊𝒃𝒖𝒍𝒌  (1) 

Where 𝑬𝑵𝒊𝑽𝑺𝒊𝑻𝒐𝒕𝒂𝒍 , is the total energy of the NiVSi alloy, 𝑬𝑵𝒊𝒃𝒖𝒍𝒌, 𝑬𝑽𝒃𝒖𝒍𝒌 and 𝑬𝑺𝒊𝒃𝒖𝒍𝒌  are the total energy per atom of Ni, V, and 
Si in their bulk stable states, respectively. The cohesive energy (𝑬𝑪𝒐𝒉) per formula unit have been calculated using the 
relation [29]: 

 𝑬𝑪𝒐𝒉 = 𝑬𝑵𝒊𝑽𝑺𝒊𝑻𝒐𝒕𝒂𝒍 − 𝑬𝑵𝒊𝒊𝒔𝒐 + 𝑬𝑽𝒊𝒔𝒐 + 𝑬𝑺𝒊𝒊𝒔𝒐  (2) 𝑬𝑵𝒊𝑽𝑺𝒊𝑻𝒐𝒕𝒂𝒍 , is the total energy of the NiVSi alloy at equilibrium lattice and 𝑬𝑵𝒊𝒊𝒔𝒐, 𝑬𝑽𝒊𝒔𝒐, 𝑬𝑺𝒊𝒊𝒔𝒐 are the total energies of the isolate 
atomic components. The negative value of ∆𝑯𝒇 and 𝑬𝑪𝒐𝒉 (Table 2) confirm the structural and chemical stability of our 
half-Heusler NiVSi in the type III atomic arrangement with FM state. The crystal structure of NiVSi alloy in the type-III 
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(FM) given in Figure 2 was plotted by the CrystalMaker 2.7 software [30]. The structure is formed by three 
interpenetrating fcc sublattices, which are occupied by Ni, V and Si elements. 

Figure 2. Crystal structure of half-Heusler compound NiVSi  

 
Electronic properties 

Fig. 3 shows the spin polarized band structures of the NiVSi half-Heusler alloy. The choice of TB-mBJ approach 
for this calculation is to obtain an accurate half-metallic gap. 

Figure 3. Band structures of NiVSi for both spin channels with mBJ approach 

The spin-up () channel, shows a metallic characteristic because the 3d-V band cross the Fermi level. In the spin-
down () channel, Fermi level lies inside the forbidden gap, an indirect band gap (between X and Γ points) of about 
0.73 eV was observed so confirming the semiconducting nature. This coexistence of metallic nature in spin-up () channel 
and semiconducting nature in the spin-down () channel leads to the half-metallic nature of NiVSi compound. The origin 
of the half-metallicity might be due to the strong hybridization between Ni-3d and V-3d states. The calculated band 
structure presents 100% of spin polarization at the Fermi-level; this can generates a spin-polarized current in the half-
metal, only at absolute zero or a temperature very close to zero. According to Fig.3, the Fermi energy is very close to the 
bottom of conduction band of down spin, that make this compound unsuitable for spintronic applications at room 
temperature. On the other hand, the 100% of spin polarization at the Fermi-level is very useful to maximizing the 
efficiency of magneto-electronic devices [31]. In order to study the arrangement of the orbital’s in the electronic band 
structure as well as the electrons involving in the shaping of the band gap, the total and partial density of states 
(TDOS/PDOSs) of the NiVSi was plotted between -10 and 10 eV Fig. 4(a-b). The dashed line shows the Fermi energy 



19
An Insight into the Electronic, Optical and Transport Properties of a Half Heusler Alloy...          EEJP. 1 (2022)

level (EF). Fig 4.a, show an asymmetry between spin up (↑) and spin down (↓), this confirms the half-metallic character 
of NiVSi half-Heusler already predicted by band structure. The energy region around the Fermi level is mainly due to a 
low contribution of d-Ni states and major contribution of d-V states (Fig 4.b). 
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Figure 4. Calculated total and partial density of states with TB-mBJ for NiVSi half-Heusler 

We can see that for energies higher than 2eV, the Si-3p state is dominant and for energies lower than -5eV, the 
principal contribution is due to Si-3s state. In addition, the 3d-V state is most important in the conduction band with a 
considerable higher DOS values that Ni and Si, whereas in the valence band the 3d-Ni state is the predominant. The 
combined effect of the crystal field and atoms constituting the alloy induces magnetism. Our study show that the NiVSi 
half-Heusler possesses FM nature with a total magnetic moment (Mtotal) of 1μB, (Table. 3). The contribution of the 
interstitial site and partially filled d-states of vanadium generates this total moment. The positive value of the magnetic 
spin moment is due to vanadium, whereas the low negative value is attributed to silicon. The Mtotal found is slightly higher 
than obtained by Ma et al [32], this can be justified by the different exchange correlation functional used in the two works. 
Table 3. Individual, interstitial and total magnetic moments of NiVSi half-Heusler calculated by GGA and mBJ approximations. 

Method GGA mBJ Other work [32] 

MNi 0.0731 0.1138 0.097 

MV 0.8890 0.8981 0.841 

MSi -0.0349 -0.0406 -0.040 

Minterstitiels 0.0738 0.0286  

Mtotal 1.0011 1.0000 0.9582 
 

Optical properties 
The optoelectronic applications of a material require in-depth knowledge of their optical properties. In order to 

describe the interaction of photons with NiVSi alloy, the calculation of optical properties such as polarization, absorption, 
reflectivity, refractive index and loss energy is necessary. All the optical properties cited above derive from the complex 
dielectric function 𝜺(𝝎) (𝒆𝒒. 𝟑). 

 𝜺(𝝎) = 𝜺𝟏(𝝎) + 𝒊𝜺𝟐(𝝎) (3) 

Where 𝜺𝟐(𝝎) represents the real transition between the occupied and unoccupied states while 𝜺𝟏(𝝎) depicts the 
electronic polarizability under incident light [33]. The imaginary part of the dielectric function 𝜺𝟐(𝝎) is derived from 
the electronic band structure computations with the help of the following relation  

 𝜺𝟐(𝝎) = 𝟒𝝅𝟐𝒆𝟐𝒎𝟐𝝎𝟐 ∑ 〈𝒊|𝑴|𝒋〉𝟐𝒇𝒊(𝟏 − 𝒇𝒊)𝜹 𝑬𝒋 − 𝑬𝒊 − 𝝎 𝒅𝟑𝒌𝒊,𝒋  (4) 

Where 𝒆, 𝒎, 𝝎 and 𝑴 represent the electron charge, electron mass, photon frequency and dipole matrix, 
respectively. 𝑬𝒊 is the electron energy of the initial state, 𝑬𝒋 is the electron energy of the final state, and 𝒇𝒊 is the Fermi 
occupation factor of the single-particle state 𝒊. The real part 𝜺𝟏(𝝎) of the dielectric function derives from 𝜺𝟐(𝝎) by using 
the Kramers Kronig relations [34-36]: 
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 𝜺𝟏(𝝎) = 𝟏 + 𝟐𝝅 𝑷 𝝎 𝜺𝟐 𝝎𝝎 𝟐 𝝎𝟐 𝒅𝝎𝟎  (5) 

Where 𝑷 is the Cauchy principal value. 
Other optical parameters like the absorption coefficient 𝒂(𝝎), reflectivity 𝑹(𝝎) and refractive index 𝒏(𝝎) can be 

obtained from the calculated values of the real and imaginary parts of the dielectric function [37]: 

  𝒂(𝝎) = √𝟐𝝎𝒄 𝜺𝟏𝟐(𝝎) + 𝜺𝟐𝟐(𝝎) − 𝜺𝟏(𝝎) 𝟏 𝟐
  𝑹(𝝎) = 𝜺(𝝎) − 𝟏𝜺(𝝎) + 𝟏 𝟐

  𝒏(𝝎) = 𝜺𝟏𝟐(𝝎) + 𝜺𝟐𝟐(𝝎) + 𝜺𝟏(𝝎)𝟐 𝟏 𝟐
 

(6) 

(7) 

(8) 

As the lattice parameters are constant (cubic structure), the obtained optical properties are isotropic (same dielectric 
tensor). The variations versus energy of real part 𝛆𝟏(𝛚) and imaginary part 𝛆𝟐(𝛚) of dielectric function (𝛚) are plotted 
in Fig. 5a. 

                

                
Figure 5. (a) Dielectric function, (b) absorption coefficient, (c) reflectivity and (d) refractive index) for NiVSi compound by using 

mBJ approximation. 

The light absorption by the material is described by the imaginary part of the dielectric function 𝜺𝟐(𝝎), this is 
associated to the absorption of the incident energy due to the different electronic transitions caused by the impact energies 
greater than the band-gap.  𝛆𝟐(𝛚) starts at 0eV and attain its maximum value of 12.35 in the infrared domain; domain 
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characterized by minimal dispersion of light due to the low energy. We can see also that 𝛆𝟐(𝛚) show six absorption peaks 
located at 0.28 eV, 2.35 eV, 4.03 eV, 4.31 eV, 5.59 eV and 7.39 eV. According to the total and partial density of states 
(TDOS/PDOS) (Fig 4), these peaks can be related to the inter-band transitions between Si-3p, Ni-3d and V-3d states. The 
real part of dielectric function 𝛆𝟏(𝝎) depicts the electronic polarizability under an incident light, its static value at zero 
photon energy 𝛆𝟏(𝟎) is inversely proportional to the band gap (Eg) (Penn model) [38]. 

 𝛆𝟏(𝟎) = 𝟏 + 𝐡.𝛚𝐏𝐄𝐠
𝟐
 (9) 

Where 𝛚𝐏 is the plasma frequency.  
The obtained value of  𝛆𝟏(𝟎) is 25.08. In the energy range from zero to 7.72 eV, 𝛆𝟏(𝛚) show positive values, which 

means the photons, propagate through the material, whereas in the UV range from 7.72 to 10.48 eV, 𝛆𝟏(𝛚) takes negative 
values, the compound reflects completely the incident radiation and exhibits a metallic character in this region. Beyond 10.48 
eV, the values of real part 𝛆𝟏(𝛚) fluctuate around 0. The optical absorption measures the strength of the interaction between 
light and material, its knowledge is essential for any development of opto-electronic device. The absorption coefficient was 
calculated versus radiation wavelengths in the UV-Visible-IR range. From Fig.5b we can see that the NiVSi display high 
level of interband absorption, the presence of the low energy gap in spin-down band structure spectrum, match with the 
principal peak obtained at wavelength of 154 nm (ultraviolet range).  We note that the increase of photons energy leads to a 
proportional diminution in the wavelength. The absorption is very small at low energy (Infrared range) then increases to 
reach its maximum of 1171139 cm-1 in the UV region; this means that the photons, which excite electrons of the conduction 
band, was absorbed. We can remark also that the absorption coefficient is not constant for photon energies greater than the 
gap, but depends, heavily on wavelength. The reflectivity R(ω) which describes the ratio between the reflected energy to 
total incident energy is plotted versus wavelength in Fig. 5c. The compound present two major peaks, located below 152 nm 
(UV range) and above 506 nm (visible region). The utmost values of reflectivity is mostly due to the resonance Plasmon 
[39]. The minimum value of R(ω), is observed in UV range at 241 nm, whereas in all the UV-visible domain, the value of 
reflectivity is less than 35%. The decrease in reflectivity noted from 510 nm implies that a substantial amount of photon 
energy is transmitted through the material.  It is to note that the static value of reflectivity R (0) is about 44%. The interaction 
of electromagnetic radiation with a non-uniform medium such as material causes a change in the path of the radiation by 
refraction. From Fig 5d, we can see that the index refraction n(ω) reaches its maximum value of 3.22 at 661 nm, and then 
gradually decreases. This can be explained by the fact that the NiVSi alloy absorbs high-energy photons and can no longer 
act as a transparent matter [40]. The static refractive index n(0) is 5.01, according to equation  n (0) = ε (ω), we can 
deduct the static dielectric constant ε (0) is about 25.11, which is fundamentally according with the result of Fig. 5(a). The 
refractive index remain positive in the considered range of energy, this is due to the linearity of NiVSi to the frequency of 
light [41]. Finally, as suggestion for future researches, the bandgap of NiVSi half-Heusler can be modulated or improved by 
selective doping to have a strong optical absorption, which will allow subsequently to involve this material in several 
optoelectronic  devices such as photovoltaic cells. 
 

Thermoelectric properties 
The present thermoelectric study is motivated by the narrow band gap of NiVSi, property that allows a good diffusion 

of the phonons and which reduces in parallel the thermal conductivity of the network. The transport properties are going 
to be computed with BoltzTraP code (under a constant relaxation time approximation of the charge carriers) [27], where 
the electrical conductivity (σ/τ), thermal conductivity (κ/τ), Seebeck coefficient (S) and Merit factor (ZT) will be 
investigated as function of chemical potential (µ) in range between – 0.15 to 0.15 eV.  Semi-classical Boltzmann transport 
equations are used to calculate the number of thermoelectric coefficients, which can be represented as follows [42-43]: 

 

 𝛔𝛂𝛃(𝐓, 𝛍) = 𝟏𝛀 𝛔𝛂𝛃(𝛆) −𝛛𝐟𝛍(𝐓, 𝛆) 𝐝𝛆
 𝛋𝛂𝛃(𝐓, 𝛍) = 𝟏𝒆𝟐𝐓𝛀 𝛔𝛂𝛃𝜺(𝛆 − 𝛍)𝟐   𝛛𝐟𝛍(𝐓, 𝛆)𝐝𝛆
 𝑺 = 𝐞𝐓𝛔 𝛔𝛂𝛃(𝛆)(𝜺 − 𝝁) −𝛛𝐟𝛍(𝐓, 𝛆)𝝏𝜺
 𝐙𝐓 = 𝐒𝟐𝛔𝐓𝛋

 

(10) 

(11) 

(12) 

(13) 

 
Where  𝛀, 𝐟, 𝛍, 𝛔, 𝛋, 𝐒 and 𝐙  represents the unit-cell volume, Fermi-Dirac distribution function, chemical potential, 

electrical conductivity, thermal conductivity, Seebeck coefficient and merit factor respectively. The variation of electrical 
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conductivity (σ/τ) which depicts the fluency at which electrical charge can flow in matter is show in Fig 6.a. The starting 
points of (σ/τ) for p-type (µ < 0) and n-type (µ > 0) regions are situated at chemical potentials of -0.05 μ(eV) and 0.01 
μ(eV) respectively. Between these points, (σ/τ) is zero; while a clear, improvement observed beyond these values. A 
value peak of 2.94.1020 (Ωm)−1 is observed in p-type at 0.122 μ(eV), while  the n-type show a value peak of 7.51020 (Ωm)−1 
at 0.15 μ(eV). The (σ/τ) values are not influenced by changing the levels of temperature (300, 600 and 900K). The capacity 
of the half-heusler NiVSi to transfer heat is studied in this section through the calculation of its thermal conductivity (κ/τ). 
As show in Fig.6b, the profile of thermal conductivity (κ/τ) curves is the same to the electrical conductivity (σ/τ), except 
that here the temperature change has a significant influence on the (κ/τ) values. At 300 K, the thermal conductivity (κ/τ) 
is weak then it sudden increases with the increasing in temperature especially in the n-type region, this is due to electron-
phonon scattering [44]. Fig 6.c gives the Seebeck coefficient (S) which demonstrates the capacity to generate electric 
potential from the temperature gradient. The principal peak of Seebeck coefficient occur between -0.052 and 0.007 eV, 
outside this range, the curve tends rapidly to zero. At 300 K, the magnitude of Seebeck coefficient is about 1235 μV/K 
(-0.026eV), this value is reached in the p-type region. For temperature higher than 300 K, the Seebeck coefficient diminish 
due to the increase in the holes and in thermal energy [45]. The NiVSi compound is a promising thermoelectric material, 
exhibiting a high Seebeck coefficient due to its half-metallic character and its narrow band-gap. The scale of the 
thermoelectric efficiency is measured by the figure of merit (ZT). A high ZT value requires a high electrical conductivity 
and Seebeck coefficient and low thermal conductivity [46]. The ZT curves obtained at different temperature exhibit a 
global similarity:  the peaks are located at almost similar energies and their magnitudes decrease with increasing in 
temperature (Fig 6.d). 

Figure 6. Evolution of (a) electrical conductivity, (b) thermal conductivity, (c) Seebeck coefficient, and (d) Merit factor (ZT) versus 
chemical potential at different temperatures.  

 
At the chemical potential corresponding to the Fermi level (dashed line) the computations gives a ZT values not less 

than 0.83 for all considered temperature. Around the zero chemical potential, the conduction charges are small from where 
a minimum electronic thermal conductivity, which made it possible to have these high merit factors. The maximal ZT 
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value is 0.98 (300 K), 0.93 (600 K) and 0.87 (900 K) for p-type doping, and it is 0.49 (300 K), 0.36 (600 K) and 0.29 
(900 K) for n-type doping. The values of the merit factor is higher for the negative chemical potential compared to the 
positive one, and the width of the peak in the μ < 0  region is larger than that in the μ > 0 region. The NiVSi tends to be 
a p-type semiconductor, because the holes rather than the doping of electrons gives the best thermoelectric performance. 

The obtained values of ZT are larger to those reported for many half-Heusler compounds such as PdZrGe [47], 
ZrFeSi [48], RbBaB [49], XLiSn [50], RhTiSb [51]. 

 
CONCLUSION 

We performed first principles calculations of the structural, electronic, optical and thermoelectrics properties of 
NiVSi half-Heusler compound using FP-LAPW formalism and semi-classical Boltzmann transport theory. The electronic 
investigation discloses that the NiVSi is half-metallic with indirect band gap nature, this half-metallicity suggest potential 
applications in spintronic devices. The magnetic study reveals that NiVSi is a weak ferromagnetic material with 100% 
spin polarization at Fermi level, this can produces a spin-polarized current useful to maximizing the efficiency of 
magneto-electronic devices. The optical properties computations attest that the NiVSi has a broad absorption band in the 
ultraviolet region, its high absorption coefficient of 112.104 cm-1 suggest that it can be used as ultraviolet absorber. In 
addition, the compound is transparent in the considered infrared range [780-1200 nm]. Thermoelectric computations 
disclose that the holes are the main charge carriers. At a room temperature, the obtained merit factor is about 0.98, thus 
affirming that the NiVSi is a promising material for applications in the thermoelectric domain. Finally, we suggest that to 
boost the spintronic performance of this alloy, a doping remain necessary to move the bottom of the conduction band 
away from the Fermi level. 
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ОГЛЯД ЕЛЕКТРОННИХ ОПТИЧНІ ТА ТРАНСПОРТНИХ ВЛАСТИВОСТЕЙ 

НАПІВГЕЙСЛЕРОВОГО СПЛАВУ: NiVSi 
Джелті Радуанa, Бесбес Анісса, Бестані Бенаудаb 
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Теоретично досліджено напівгейслеровий сплав NiVSi за допомогою розрахунків за першопринципами на основі теорії 
функціоналу щільності (DFT). Для кращого опису електронних властивостей обмінно-кореляційного потенціалу 
використовується потенціал TB-mBJ. Структурні, електронні, магнітні, оптичні та термоелектричні властивості були 
розраховані за допомогою програмного забезпечення WIEN2k. Знайдені негативні енергії когезії та енергії формування 
показують, що NiVSi є термодинамічно стабільним. З електронної точки зору NiVSi є напівметалом з непрямою забороненою 
зоною 0,73 еВ у каналі зі спіном вниз, тоді як канал зі спіном вгору є металевим. Загальний магнітний момент дорівнює 1. 
Оптично, отриманий високий коефіцієнт поглинання в ультрафіолетовому діапазоні довжин хвиль робить NiVSi корисним як 
ефективний поглинач ультрафіолетового випромінювання. Термоелектрично було отримано високу якість в області p- і 
n-типу, що робить цю сполуку функціональною для термоелектричних застосувань. Генерація повністю спін-поляризованого 
струму робить цю сполуку непридатною для застосування спінтронів при кімнатній температурі, легування може бути 
задовільним рішенням для покращення цієї властивості. 
Ключові слова: DFT; підхід mBJ; напівметалевий; ультрафіолетовий; фактор якості. 




