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Abstract 

           We study the electronic structure and transport properties of the half-Heusler alloy PrNiBi 

using Density functional theory (DFT) based Full-Potential Linearized Augmented Plane 

Wave Method (FLAPW) within generalized gradient approximation (GGA) and generalized 

gradient approximation including Hubbard U-parameter (GGA + U) for the exchange 

correlation term of the effective Hamiltonian. Our results show that this alloy crystallizes in 

C1b structure with lattice parameter (𝑎=6.6236Å) and maintains half metallic ferromagnetic 

character for a variable range of lattice parameter (6.40Å ≤ 𝑎 ≤ 6.80Å) for GGA and 

(6.69Å ≤ 𝑎 ≤ 6.76Å) for GGA+U calculation. Calculation of thermoelectric properties 

were carried out using semiclassical Boltzmann transport theory, in the framework of 

constant relaxation time approximation. It was found that the highest value of the figure of 

merit (ZT) correspond to carrier concentration of 2.06 per unit cell volume. 

Key Words Half-Heusler, DFT, FPLAPW, electronic structure, transport properties.  

1. Introduction 

Rare earth (RE) containing half-Heusler (hH) alloys with chemical formula XYZ where X is a rare 

earth element, Y is transition metal and Z is an sp element have attracted the attention of researchers 

for the last decades due to their interesting thermoelectric properties along with their tunable crystal 

structures [1, 2]. Some of the most important properties that this family of alloys exhibit are 
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superconductivity [3–4], thermoelectric behavior [5], various magnetic orderings [6,7] and 

topological band properties [7].  

Moreover, the ongoing research on half metallic ferromagnetic Heusler and half Heusler alloys have 

revealed that this family of alloys enjoys various functional properties with important technological 

application such as magnetic shape memory properties, super elasticity induced by the effect of 

magnetic field and large strain-induced changes in the magnetization.  Such properties have attracted 

the attention of researches in both science and technology [8,9]. Experimental investigation on 

Heusler alloys of the type Ni–X–Ga, where X is a transitional element have unveiled the existence 

of an important effect known as ferromagnetic martensite's which is the major effect underlying the 

magnetic shape memory technology 

Due to their unique magneto-mechanical characteristics with high efficiency, the hH alloys are 

considered potential candidate for different applications in magnetic sensors, magnetic recording, 

information storage, etc. And therefore, expected to underly promising properties for application in 

the emerging field of spintronics. Theoretical and NMR based studies on Bi containing hH alloys 

such as LnPtBi, LnPdBi and LnAuBi have indicated these compounds to be none magnetic with s-

p band inversion at time reversal of momentum, whereas, ab-initio  investigations indicted that  the 

their ground states result from spin orbit coupling and therefore antiferromagnetic [10]. The 

electronic structure and magnetic properties of PrNiBi were studied by L. Mikaeilzadeh et al [11] 

using 𝜎GGA+ U approach to account for the local electron-electron interaction. The system ground 

state turned to be antiferromagnetic in contrast to local magnetic moment estimated by Slater-

Pauling rule, this antiferromagnetism was attributed to localized 4f-electrons of the Pr atom. 

Furthermore, the occurrence of band inversion upon increasing the magnitude of effective Hubbard 

U parameter was observed.  One of the most important physical problems that has been subjected 

to extensive investigation is the local as well as bulk magnetism of these materials. Concentration 

of conduction electrons along with the bonding character are the most decisive factors affecting the 

magnetic properties of hH alloys.    

 The effect of chemical bonding and electronic density of conduction electrons on magnetic ordering 

of full and half Heusler alloys containing transitional element have been investigated by many 

researchers. An important example for such studies is the one carried out by Deb,et. al, where the 

localized magnetism found in Cu2MnAl alloys is strongly related to spatial distribution of d-orbitals 

of Mn toms [12].  
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Ziebeck and Webster [13] have conducted neutron diffraction, X-ray diffraction and saturation 

magnetization measurements on a series of found Co containing Heusler alloys. Results of their 

measurements show itinerant magnetism where the change in magnetic phase strongly depends on 

change in valence electron concentrations. 

Half-metallic Heusler ferromagnets (XYZ) with energy gap in the minority spin bands and 

conduction electrons at the Fermi level (E) show 100% spin polarization and can be used as spin-

polarized electron sources along with metal oxides and III–V group semiconductor nature [14]. It is 

known that the full-Heusler alloys such as Co2MnZ with Z = Si, Ge demonstrate half-metallic 

behavior also. The magnetic properties of the Heusler alloys are very sensitive to the local geometry 

and chemical composition [8].  

First principle DFT based techniques provide a powerful tool for investigation and understanding 

of crystallographic, electronic, thermoelectric and transport properties of these materials. As for 

many Heusler alloys such as Ni2MnGa these properties are highly sensitive to structural variation 

and disorder [15]. Many approaches have been employed to theoretically investigate Ni2MnGa, in 

particular augmented spherical-wave method,[15] full-potential linearized augmented-plane-wave 

method,[16] pseudopotential plane-wave approach,[17] etc.  

Investigation of XMnSb (X=Pt, Ni) hH alloys was conducted by Youn et. al.[18] using the local 

spin density approximation (LSDA) have reveal a strong similarity in terms of half metallicity and 

magnetic properties. 

Electronic structures and thermoelectric properties of rare earth containing hH alloy GdNiSb were 

investigated by Saini [19] Using the DFT based LSDA+U method together with classical transport 

theory. It was found in that the total Seebeck coefficient (S) increases linearly with temperature and 

attains a maximum value of 80 μV K−1 at 800 K. The S value of 60 μV K−1 at 380 K is in good 

agreement with the experimental value, 58 μV K−1, at the same temperature. However, it was found 

that all the values of the thermoelectric parameters of GdNiSb indicate a good candidate for 

thermoelectric applications.   

The major aim of this study is to investigate the electronic structure and subsequently the magnetic 

and transport properties of PrNiBi alloy. Since the literature on thermoelectric properties of this 

alloy is relatively meagre, we expect this study to pave the way for further understanding of its 

behavior and to establish essence for subsequent experimental and theoretical research on this and 

similar rare earth containing alloys. On the other hand, continuous search for materials with potential 

thermoelectric as well as spintronic application has motivated us to deploy DFT based techniques 
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as a powerful tool for estimating relevant properties. However, the LSDA method is well known for 

some shortcomings, in the sense that it undervalues the lattice parameters and total magnetic 

moments, therefore, in this work we employ the relatively more accurate GGA and GGA+U 

technique for our FP-LAPW investigation as implemented in WIEN2K DFT based code [20].  

Quite a limited number of studies on electronic and structural properties of PrNiBi are encountered 

in the literature we have survived so far, while almost none has been found dealing with its 

thermoelectric properties. However, we have endeavored to investigate electronic and 

thermoelectric properties of PrNiBi, motivated by the fact that it is a hH alloy that contains rare 

earth together with transitional element atoms where half-metallic ferromagetism may be sought 

along with transport properties appropriate for thermoelectric application.  

2. Materials and Methods:  

In this work, first-principles calculations are carried out using the full potential linearized augmented 

plane wave method (FPLAPW) within generalized gradient approximation (GGA)  as implemented 

in Vienna Ab-initio Simulation Package (WEIN2K) [20]. The generalized gradient approximation  

based on Perdew, Burke and Ernzerhof [21] parameterization is used to treat the electron exchange-

correlation interaction part of the effective Hamiltonian. A total of 12 atoms in the unit cell with 

C1b structure comprising four Pr, four Ni, and four Bi atoms are considered for the self-consistency 

calculations. The valence electron configurations treated in calculations are 6𝑠ଶ 4𝑓ଷ for Pr, 3𝑑଼4𝑠ଶ 

for Ni and 6𝑠ଶ 6𝑝ଷfor Bi. The total number of plane waves employed in the calculation was 

determined by taking the cut off energy value corresponding to R* K୫ୟ୶ = 7.0 (R being the 

atomic radius according to muffin-tin approximation and K୫ୟ୶  is the maximum amplitude of lattice 

vector taken for plane wave). Plane wave calculations are applied to a k-space mesh of 10×10×10 

k-points in the irreducible Brillouin zone. The self-consistent cycle is considered converged when 

the total energy of the material is stable within 1.0×10−4 R୷ . 

we also consider the Hubbard U-correction (GGA + U) in electronic structure calculations. The 

effective Hubbard U parameter is defined asUୣ= U-J where U indicates the Coulombic part and J 

the exchange part of the Hubbard U energy. Uୣwas determined by an optimization process where 

Uୣ is varied until reaching the value that yields the correct magnetic moment per unit cell that is 

consistent with slater- Pauling rule.  

 Following the above-mentioned process, the optimum values of Uୣ is 0.11 R୷ for Pr f-orbitals. 

The effect of spin-orbit coupling was ignored in all our calculation since its effect has turned out to 
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be so marginal, even though the alloy contains rare earth together with heavy atom element (Bi). 

We have adopted GGA and GGA+U approximations according to Perdew, Burk and Ernzerhof 

parameterization [22]. 

3. Results and discussion  

3.1. Structural properties 

In general, the half-Heusler compounds XYZ crystallize in a zinc-blende structure where the 

octahedral sites are occupied, forming a face-centered cubic sub-lattice with the space group F4ത3m. 

In half-Heusler compound X, Y, and Z atoms occupy the lattice fractional (0,0,0), (1/4,1/4,1/4), and 

(1/2,1/2,1/2) sites respectively while the (3/4,3/4,3/4) site is unoccupied [23]. Unit cell volume 

optimization was conducted by fitting energy versus unit cell volume data to Birch – Murnaghan 

equation of state. The values of cubic lattice parameter (𝑎) hence obtained were  𝑎 = 6.6236Å for 

GGA approximation while for GGA +U approximation it was found that 𝑎 = 6.6483Å which is in 

a good agreement with the results of Mikaeilzadeh et. al [11] while yielding a 2.15% error with 

respect to the result obtained by Casper and Felser [23] using XRD-measurement. 

 Table.1 Cubic lattice parameter 𝑎 in units of Å 

 Current 

GGA 

Current 

GGA+U 

Mikaeilzadeh 

et. al. [11] 

Casper 

& 

Felser 

[23] 

Current 

study 

6.6236 6.6483 6.6443 6.5080 

 

 

 

 

 

 

 

Figure.1 fcc unit cells of the half-Heusler alloy PrNiBi  



36 
JQUS: Vol. 2, Issue 1, 13 - 05  

3.2 Electronic properties  

Electron density denotes the nature of the bonds among different atoms. In order to predict the nature 

of chemical bonding and the charge transfer in PrNiBi compounds, the 2D charge-density 

distributions have been determined for various crystal plane. Figures 2(a) and 2(b) illustrate the 

charge density contours for the (100) and (110) planes, respectively. Large difference (∆) in 

electronegativity (𝜌) is responsible for charge transfer among different atoms resulting in ionic bond 

nature. 

For each atom in PrNiBi we have 𝜌(Pr) =1.33, 𝜌(Ni)=1.91 and 𝜌(Bi)=2.02 which indicate large 

values of  ∆(Pr-Ni) and ∆ (Pr-Bi) hence giving rise to (Pr- Bi) and (Pr-Ni) ionic type of bonding. 

This type of bonding is clearly noticed form the curvatures of contour lines and the relative 

magnitude of charge density in the respective interstitial regions in the tow figures while the (Ni- 

Bi) bond is obviously covalent and seem relatively weak due to low electron occupation in the 

interstitial region between atoms.  

 

Figure.2 Spatial change density distribution in PrNiBi for (a) the (100) and (b) the  (110) surfaces. 
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Figure.3 Band structure for PrNiBi at equilibrium lattice constant for (a) spin up (b) spin down 

panels and (c) total densities of states, as calculated using GGA approximation.       

Band structures are calculated along the path WLGXWK of high symmetry points in the first 

Brillouin zone and presented together with total DOS in figure 3, where part (a) of the figure 

represents the spin majority band structure and (b) the spin minority, while the total DOS is 

represented in part (c). The importance of representing total DOS lies in the fact that the symmetry 

of the spin up and spin down DOS for spin polarized systems describes the magnetic state of the 

material. It is clear from figure.3.c that the total DOS is not symmetric, whether near of far from 

fermi level, suggesting that the ground state of the alloy is ferromagnetic. A band gap of about (≈ 

0.75 eV) is observed in the spin down panel whereas no gap is there in the spin up panel, since it is 

clear that the Fermi level is crossed by some band as we can see in figure 4.b that this is the band 

formed by 4f-electron of Pr atoms. The existence of band gap in one spin direction and its absence 

in the other while the fermi energy level lies in the middle of that gap is an important phenomenon 
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called half metallicity. It is clear that the ground state of PrNiBi is a half metallic ferromagnetic. It 

may be noted here that we have considered the ground state corresponding to optimized lattice 

parameter 𝑎. This assertion of half metallicity is supported by band structures for both spin states 

displayed in parts (a) and(b) of figure.3., as Figure.3b shows an indirect band gap between the 

valence band maximum (VBM) at (Γ) point and the conduction band minimum (CBM) near the (X) 

point in the first Brillouin zone BZ.   

 

Figure.4 Partial Density of state of PrNiBi at equilibrium lattice constant (GGA). 
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Refering to figures.4 which depict the atomic as well as the orbital densities of states (usually called 

partial DOS’s), we find that, in the minority (spin down) DOS, the band directly under the Fermi 

level is occupied by Pr(f)  states. Figures.4 also show that the states responsible for half metallic 

behavior are the Ni(d) unoccupied states forming the CBM together with Pr f-electron occupying 

the VBM. Hybridization between d- electrons of Ni atoms and p or s electron of Bi atoms is yet not 

clearly visible. 

A glance at figure.4.a shows that the occupied band extending from -2.0 eV to ~ -1.0 eV is largely 

populated by Ni (d-electrons) which seem unsplit by crystal field since eg and t2g orbital are strongly 

hybridized with each other. This phenomenon is expected as these electrons may be shielded 

electrostatically by s or p electron shells of the same element. Figure.4.b unveils the fact underlying 

the existence of the large indirect band gap in the minority spin, which is that the f-states of Pr 

element together with d-states of Ni are those responsible for this band gap of which the CBM is 

formed by Pr-f states while the VBM is formed by Ni-f states, each of which exhibits a different 

irreducible representation of 4ത3m  point  symmetry group. 

From figures.3(a) and (b) together with figures.4, we can observe that the VBM is composed of 

Ni(d) electrons with no apparent hybridization with Bi(s) or Bi(p) states, this is a clear indication 

for week bonding in the alloy. The Ni(d)  states turned out to form a Γଵହ band which is 3-fold 

degenerate at Γ – point (as observed in the region under fermi level in figure.3) this band splits at 

X-point into a Γଵଶ band which is clearly 2-fold degenerate and a Γଵ that is non-degenerate. The Pr- f 

states are observed to populate the occupied valence band in the majority spin panel. These states 

are occupied in the majority but not in the minority which is the reason that 4f-electrons of the rare 

earth Pr atom are responsible for conductivity of majority spin electrons only and hence the half 

metallic behavior.    

Cubic lattice 

parameters 

6.4 6.5 6.6 6.7 6.8 

Band gap 0.38 0.39 0.34 0.33 0.17 

Half metallic 

gap 

0.01 0.15 0.14 0.08 0 

Table.2 Band gap and half metallic band gap vs. cubic lattice parameters (𝑎)  in half metallicity 

rage of PrNiBi.  
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Figure.5. Half metallic gap and band gap of PrNiBi as functions of cubic lattice parameters. 

The electronic band gap (in the spin minority) as well as the half metallic band gap which is the 

separation in the energy domain between the Fermi level and the nearest of either CBM or VBM 

are reported in table.1 and illustrated in figure.5 for the range of half metallicity which extends for 

values of cubic lattice parameter 𝑎from 6.4 Å to 6.8 Å. It has been observed from figure.5 that the 

range of half metallicity is relatively wide as it extends for ~ 6.4Å to 6.8Å and the optimized value 

of 𝑎=6.6236Å is included within this rang. It can be seen that the HMG tends to increase in the 

intermediate range close to the optimized lattice parameter. Such a finding may qualifies the alloy 

to exhibit promising half metallic characteristics indispensable for application in spintronics.  
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Figure.6 Band structure for PrNiBi at equilibrium lattice constant for (a) spin up (b) spin down 

panels and (c) total densities of states, as calculated using GGA +U approximation. 

GGA+ U calculation results of band structure and DOS are depicted in figures (3, 4 and 6) where 

the band gap (minority spin) is reduced from 0.76 to 0.62 eV while the half metallic gap is sustained 

around 0.25 eV this effect is mainly due to upper shift in the unoccupied band above fermi level or 

may be due to lowering of fermi level by exchange effects.  As far as the majority spin band structure 

with GGA + U correction is concerned, we see from figure.6 that the band composed of Ni(d) (f-

electron states crosses the fermi level in the same manner as the previous case without U correction, 

suggesting that these states are shielded in the core prohibiting exposure to exchange effect and 

interaction with the crystalline environment as whole whether exchange – correlation or electrostatic 
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(crystal field). This assumption may explain the yet unchanging magnetic character of the alloy 

which as expected for rare earth containing alloys is due RE magnetic moments in the first degree.  

In should be noted that the band gap has appeared to be a direct one at the Γ point with minor 

crossing of the Fermi level at Γ and that the occupied d states of the Ni atoms and f- states of the Pr 

atom are the states contributing to form the band gap. The minor crossing so observed is due to a 

shift in the energy position of the d- electrons. The whole picture deduced from all figure.7 is that 

hybridization of various states remains minimal or practically invisible may be due to week electron 

interaction with crystal environment. 

Atomic an orbital DOS's are illustrated in figures.4,5and 7. Upon comparing these figures with 

corresponding ones obtained for the case of GGA calculation, we conclude that  

4f electron are promoted to higher values of energies by Coulombic effects which give rise to band 

splitting for both the majority and minority. Ni (d)- orbitals are promoted to higher values. The 

effect of crystal field in terms of energy separation is not yet substantial since no t2g – eg separation 

is not clearly observed.  

 



43 
JQUS: Vol. 2, Issue 1, 13 - 05  

 

Figure.7 Partial Density of state of PrNiBi at equilibrium lattice constant (GGA+U). 

 

d- orbitals of Ni(d) ions seem to occupy core states with very small hybridization with Bi(p)-orbitals 

forming a wide band extending from ~ -1.7 eV to ~ -0.5eV. U correction reveals that the exchange 

effects give rise to widening the band gap by pushing up the 4f electron which are expected to be 

responsible for that band gap.  However, in conclusion, it seems that the addition of U does not lead 

to major changes in the general electronic structure of the compound. 
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3.3.Transport properties  

The efficiency of thermo-electric (TE) materials is indicated by high values of the Seebeck 

coefficient α, and the electrical conductivity σ along with a low total thermal conductivity 𝜅, so that 

for absolute temperature T, a measure for TE efficiency that is called the figure of merit 𝑍𝑇 can be 

identified. 𝑍𝑇 is a dimensionless quantity given by the form,[24]. 

                            𝑍𝑇 =
ఈమఙ்


                                                                          (1)  

Optimization of 𝑍𝑇 can hence be carried out by varying these parameters. Such variation can be 

practically achieved by varying carrier concentration in the crystal so that so that optimum values 

of thermal properties are obtained. This process is not as easy as it sounds since these variables are 

not completely independent from one another. Therefore, obtaining high values of 𝑍𝑇 is not 

sufficiently performed by only adjusting one or two of these variables. To gain a broad insight into 

those thermo-electric properties of hH alloys, we have carried out some calculation of 𝛼, 𝜎, and 

(𝜅 = 𝜅 + 𝜅). such that 𝜅 is the electronic part and 𝜅is the lattice vibrational part of the thermal 

conductivity, respectively. The power factor (PF), and the 𝑍𝑇  are then calculated using the so-called 

constant relaxation time approximation as implemented in Boltz Trap code [25]. 

The chemical potential is the essential factor that determines the center of the Fermi-Dirac 

distribution function in energy domain. In case of electrons, the probability that a state with energy 

E is given by the Fermi-Dirac distribution function 𝑓(𝐸) = 1/(1 + 𝑒𝑥𝑝((𝐸 − 𝜇)/𝑘𝑇)), where µ is 

the chemical potential. The total number (n) of electrons per unit volume in a crystal is given the 

relation [26] 

  𝑓(𝐸) = 1/(1 + exp(𝐸 − 𝜇)) 𝐷(𝐸)𝑑𝐸                                                                          (1)   

Where  𝐷(𝐸)  is the density of states at energy 𝐸, so that the total number of electron per unit volume 

is given by  

                         𝑛 =  ∫ 𝑓(𝐸, 𝑇, 𝜇)
ஶ


𝐷(𝐸)𝑑𝐸                                                                    (2)       

In equation (2), the density of states 𝐷(𝐸) is given according to the Fermi-Dirac distribution 

function 𝑓(E, T, μ). Equation (2) determines the relation between the chemical potential and electron 

concentration for at temperature (T). For ((𝐸 − 𝜇)/𝑘𝑇) ≫ 1 which is the classical limit for Fermi-

Dirac distribution, the Boltzmann distribution function can be used so that 

𝑛 = 𝑁(𝑇)exp ቀ
ି( ாି ஜ)

୩்
ቁ                                                                                                   (3) 
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Where 𝑁 is the density of states at the edge of conduction band given by 𝑁 = ቀ
ଶగ்


ቁ

య

మ. 

Equation (3) is used to determine the electron chemical potential in doped semiconductors [26] 

 

Figure.8 The figure of merit (𝑍𝑇) versus temperature for different values of the parameter 𝜹 

In Figure.8. the figure of merit 𝑍𝑇 for PrNiBi alloys is represented as a function of temperature (T) 

for different values of the difference 𝛅 between chemical potential μ and Fermi energy E . From 

this figure we can observe that 𝑍𝑇 increases with temperature in different manners depending on 

the value of 𝛅. This is of course not an unexpected behavior for a function that depends on 

interrelated quantities as we have preceded. The value of 𝛅 that continuously renders the highest set 

of value (highest curve) of 𝑍𝑇 is 𝛅 = -0.63316894 eV. 𝑍𝑇 for this value steadily increases with 

temperature to  reach a saturation limit (𝑍𝑇 ≈ 2.1) at a high temperature range of  T > 700 K. The 

value of 𝛅 is related to the carrier concentration (𝑛)  via equation (3),  where 𝜹 = µ- 𝐸ி, µ is the 

chemical potential and 𝐸ி is Fermi energy 

Optimal value of the carrier concentration (the one corresponding to 𝛅 = -0.63316894 eV) was 

calculated. It was that is 𝑛 = 2.06/Ω, where Ω is the unit cell volume. Needless to mention that the 

results so far obtained has much to do with thermal conductivity, since from (1), high values of 𝑍𝑇 

are obtained for low thermal conductivities. Figure 9 represents the variation of conductivity (𝜅) 
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with temperature. It is clearly observed thereby that the lowest thermal conductivity corresponds to 

𝛅 = −0.63316894 eV, which is the value that gives rise to high ZT. 

From figure 8 and 9, we find that at 𝛅= -0.63316894 eV, the figure of merit (𝑍𝑇) renders high value, 

while the electronic thermal conductivity 𝜅 takes the lowest set of values (lowermost curve).   

 

 

Figure.9 Thermal conductivity of PrNiBi versus temperature for different values of the parameter 

𝜹 

Another important thermoelectric property is the power factor (PF) which is defined by the relation 

PF = αଶ𝜎. PF as a function of temperature for different values of 𝛅 is represented in figure.10. By 

comparing figure.9 with 10, it is noticeable that the value of 𝛅 (-0.63316894 eV) which gives rise 

to higher curve of 𝑍𝑇 does not necessarily correspond to higher PF set of values. For this specific 

value (𝛅) the PF almost varies linearly with T, so that if the PF is the quantity to be tuned apart from 

optimal figure of merit (𝑍𝑇) the selection of 𝛅 will then depend on which operational range of 

temperature is chosen since a value of 𝛅 =2.83497834eV. Will give rise to highest PF curve in the 

range T < ~ 670  and δ= -0.63316894 eV   for T > 670 K.  
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Figure.10 The Power factor versus temperature for different values of the parameter 𝜹 

 Figure.11 show the Seebeck coefficient (α) as a function of temperature, the linear relation between 

α and 𝑍𝑇 has imposed a similar behavior in temperature range of the study so that for a high value 

of Seebeck for all temperature from 0 to 900 K the values 𝛅 = -0.633169 eV are the ones to deal 

with.   

  

Figure.11 The Seebeck coefficient versus temperature for different values of the parameter δ 
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Figure.12 The electrical conductivity (𝜎) of PrNiBi versus temperature for different values of the 

parameter δ 

Although the figure of merit is high, the value of the electrical conductivity is low for the same 

chemical potential µ- E = -0.63316894 eV, and slowly increases with temperature as is depicted in 

figure.12. Relatively small electric conductivity (𝜎) should limit the thermoelectric efficiency of the 

alloy. 

Conclusion: 

In the present work, we have investigated the structural, electronic and transport properties of the 

half-Heusler alloy PrNiBi using first-principle calculations based on the FP-LAPW method. Two 

approximations were used to treat the exchange correlation potential: GGA and GGA+U 

approximations. Variation of energy per unit cell volume was fitted to Birch-Murnaghan equation 

of state to for both ferromagnetic (FM) and nonmagnetic (NM) ground states. The structural analysis 

reveals that the ferromagnetic is the most stable ground state of the studied material. The results of 

the electronic properties unveil a half-metallic behavior for tunable cubic lattice parameter a ranging 

from [6.40Å to 6.80Å]. Thermoelectric properties (𝑍𝑇, 𝛼, 𝜎, 𝜅 and PF) were calculated for a range 

of temperature from 0 to 900 K. The values obtained indicated high figure of merit and electric 

conductivity for chemical potential (µ =0.02) for the whole range of temperature covered by the 

study. This finding gave rise to required carrier concentration 𝑛 = 2.06/Ω  that allows highest 

power factor values and consequently a better thermoelectric efficiency.  
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