
Theorytical Study Of Physical Properties Of Co2vz (Z= Si, Ge) And Covz (Z= Si, Ge)  

Compounds Using First Principle Method  Section A-Research paper 
 

Eur. Chem. Bull. 2023, 12(Special Issue 13), 1341-1351                             1341 

THEORYTICAL STUDY OF PHYSICAL PROPERTIES OF Co2VZ 

(Z= Si, Ge) AND CoVZ (Z= Si, Ge) COMPOUNDS USING FIRST 

PRINCIPLE METHOD 
 

Pardeep Kumar Jangra1,2, Sitender Singh1, Sukhender3 
 

Article History:  Received:  28.08.2023         Revised: 11.09.2023           Accepted: 29.09.2023 

 

Abstract: 

Using first principles approaches, the structural, electrical, elastic, and magnetic characteristics of L21 

structured Co2VZ (Z= Si, Ge) complete Heusler alloys with space group Fm-3m and half-Heusler CoVZ (Z= 

Si, Ge) compounds with space group F-43_m were examined. The full potential linearized augmented plane 

wave (FP-LAPW) approach, as implemented in WIEN2k, is used here. Co2VSi exhibits zero band gaps in 

both the majority and minority spin channels, whereas Co2VGe exhibits a finite band gap of 0.668 eV in the 

minority spin channel and zero band gaps in the majority spin channel around the Fermi level implemented in 

the WIEN2k code, exhibiting 100% spin polarization. As a result, Co2VGe is discovered to be perfectly half-

metallic ferromagnetic (HMF), whereas Co2VSi is metallic in nature. In both spin channels, CoVZ (Z= Si, 

Ge) compounds exhibit semiconducting behavior. Co2VZ (Z= Si, Ge) compounds have computed magnetic 

moments of 3.04 and 3.01 B, respectively, whereas CoVZ (Z= Si, Ge) compounds have zero magnetic 

moment. Here, we see that the code's and Slater-Pauling rule's estimated results have good tuning. Pugh's 

ratio B/G values are more than 1.75 for all ductile compounds except CoVGe, which is brittle in nature. 

Because a positive value of Cauchy pressure (CP = C12 - C44) indicates ductile nature and a negative value 

indicates brittle nature, we can conclude that all compounds are ductile except CoVGe, which is brittle. 

Pugh's ratio and Cauchy pressure both produce similar results. 
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INTRODUCTION: 

Numerous analysts and researchers have 

demonstrated in their research on the investigation 

of clever and multi-utilitarian materials that may 

be used for various purposes such as sensors, 

optoelectronics, spintronics, thermoelectric, and 

other environmentally friendly power applications. 

We are looking for materials that can be used as 

photovoltaics and thermoelectric generators. By 

using photovoltaics, a massive amount of sunlight-

based energy may be consumed and converted into 

valuable electrical energy, whereas the utilization 

of distributed heat with thermoelectric generators 

can gain improved energy maintainability [1-6]. 

This idea also addresses the need for 

environmentally sustainable power energy 

resources. Many materials have been used as 

potential photovoltaic and thermoelectric devices, 

including chalcogenides, cross breed perovskites, 

oxide perovskites, natural mixes, skutterudites, 

triple point metals, and Half-Heuslers [7-14]. 

Many researchers have been drawn to half-Heusler 

materials because of their wide range of 

applications, simple glasslike structure, and 

captivating properties such as high liquefying 

point, attraction, half metallicity, piezoelectric 

semiconductors, optoelectronic, topological 

protectors, semimetals, and thermoelectricity [15-

25]. Aside from potential thermoelectric 

applications, Half-Heusler can also be used as a 

potential candidate for superconductors, 

spintronics, heat transfer, the production of high-

temperature acoustical devices, and protection for 

strong radiation, photovoltaic application, and 

laser diodes [26-32]. Heusler materials appeared 

following Fredrich Heusler's discovery of Heusler 

amalgams in 1903 [33]. Half Heusler and Full 

Heusler are the two major types of Heusler 

materials. Half Heusler materials are F-43m space 

bunch materials that can be classified into two 

types based on their VEC. VEC 8 is present in 

some materials, while VEC 18 is present in others. 

The whole Heusler compound has a space group of 

(225) Fm-3m. Because of its unique approach in 

Spintronics [34-35], the half metallic 

ferromagnetic behavior of Heusler alloys intrigues 

new researchers. If one spin channel has a band 

gap and the other has a zero band gap at the Fermi 

level, the Heusler compounds have 100% spin 

polarisation [36-40]. De Groot discovered half 

metallic ferromagnetic in the year 1983 in a half 

Heusler compound NiMnSb [41-43].  Heusler has 

piqued the curiosity of researchers due to its high 

Curie temperature and spin magnetic moment. 

Zerrouki et al. [44] investigated various actual 

boundaries of NbCoSn and NbFeSb half-Heusler 

materials and concluded that they are precisely 

stable, flexibly anisotropic, and vulnerable to 

versatile disfigurement, and that these materials 

can act as promising thermoelectric and 

photovoltaic competitors. Asfour [45] investigated 

the characteristics of Cr2Ta-Ge1-xSnx quaternary 

Heusler compounds in various x configurations. 

These varieties of configurations have been seen to 

be perfectly stable and to exhibit half-metallic 

behavior, and are likely to be a candidate for 

optoelectronic applications. Mostari et al. [46] 

calculated several actual properties of RuVAs 

under tension and discovered that this material gets 

temperamental when strain is increased by more 

than 40 GPa. Similarly, the metallicity of these 

materials increases with increasing pressure, and at 

40 GPa, it enters complete stage advancement. 

Javed et al. [47] investigated the mechanical 

dependability and electronic structure of CrVZ (Z 

S, Se, and Te) and discovered that they are exactly 

and vibrationally stable against variable 

deformities. These magnetically stable materials 

can be seen as a promising candidate for 

spintronics applications. We will use the WIEN2k 

code within the Generalized-gradient 

approximation (GGA) for exchange correlation 

functions to examine the properties of Co-based 

full Heusler compounds Co2VZ (Z= Si, Ge) and 

Half Heusler compounds CoVZ (Z= Si, Ge). 

 
COMPUTATION DETAILS: 

Full-potential linearized augmented plane wave 

(FP-LAPW) [48] approach implemented in 

Wien2k code [49] was used to calculate the 

physical fundamental parameters of full Heusler 

alloys and half Heusler compounds. We select a 

reasonable Perdew, Burke, and Ernzerhof (PBE) 

approximation [50-51] for regulating the exchange 

and correlation potential energy. Generalized-

gradient approximation (GGA) [52] was utilized to 

optimize parameters such as RKmax, K-Point, 

lattice constant, and optimized energy. The 

exchange-correlation function was authorized. All 

computations were performed with the spin orbit 

coupling effect in mind. WIEN2k solids code 

accurately does electronic structure calculations. 

The energy between these two states (cut off 

parameter) was adjusted to -6.0Ry when core 

states are considered relativistically and valence 

states are considered semi-relativistically. This 

code has 1000 k-points in the first Brillouin zone. 

However, we must specify the number of k-points 

to be employed in the computation of optical 

characteristics, and the new value of k-points is 

10000. The size of the basis sets is determined by 

the convergence or cutoff parameter, which has the 

value Rmt Kmax set to 7.0. The lowest radius of a 

muffin-tin sphere in a plane wave is denoted by 
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Rmt, while the maximum modulus for a reciprocal 

lattice vector employed in the elaboration of a flat 

wave function is given by Kmax. 0.0001Ry was 

chosen as the energy convergence criterion. The 

value of angular momentum maximum (lmax) is 

selected as 10 to enlarge the spherical harmonics 

in the atomic sphere. The charge density and 

potential in the centre region were developed as a 

cheerier series with wave vectors up to Gmax=10. 

 

RESULTS AND DISCUSSIONS: 

Structural Study: The whole Heusler compound 

has a space group of (225) Fm-3m. The chemical 

formula for complete Heusler is X2YZ (X = Co, Y 

= V, and Z = Si, Ge) with an L21 structure, 

indicating a 2:1:1 composition.  Three penetrating 

FCC-lattices with atomic locations at X1 (1/4, 1/4, 

1/4), X2 (3/4, 3/4, 3/4), Y (1/2, 1/2, 1/2), and Z (0, 

0, 0) compose its structure. Where the atoms X and 

Y are transition metals and the atom Z is a main 

group metal or semimetal [53-54]. Half-Heusler 

compounds crystallize in the face-centered cubic 

structure with the structural classification C1b and 

the space group F-43_m. These compounds are V 

with Co, Mn with Ru, Fe, Ni, and Pd produce zinc 

blend sublattic organized in a primitive cell at 

Wyckoff positions (0, 0, 0) and (1/4, 1/4, 1/4), 

whereas NaCl sublattice is formed by V and Z in 

CoVZ compounds, and Y and Z in MnXY 

compounds at (1/2, 1/2, 1/2). The equation of state 

given by Murnaghan [55] gives the value of total 

energy & pressure as a function of volume is stated 

as: 

𝐸(𝑉) = 𝐸𝑂 + [
𝐵𝑉

𝐵𝑃
(

1

(𝐵𝑃 − 1)
(

𝑉𝑂

𝑉
)

𝐵𝑃

+ 1)

−
𝐵𝑉𝑂

(𝐵𝑃 − 1)
] 

𝑃(𝑉) =  
𝐵

𝐵𝑃
{(

𝑉𝑂

𝑉
)𝐵𝑃 − 1} 

Where, Pressure (𝑃) = −
𝑑𝐸

𝑑𝑉
 , 𝐵𝑃 = −𝑉

𝑑𝑃

𝑑𝑉
= 𝑉

𝑑2𝐸

𝑑𝑉2 

 

E0 is the minimal energy at T = 0K, B is the bulk 

modulus, BP is the pressure derivative of the bulk 

modulus, and Vo is the equilibrium volume in the 

preceding equations. Figure 1 depicts the results of 

the operation volume optimization for stable 

structure. In compared to the others, the compound 

Co2VGe has the highest value of bulk modulus. 

Table 1 shows the calculated values of the 

optimized lattice parameter, equilibrium energy, 

and pressure derivative. 

 

Table 1: Lattice Parameter, Bulk modulus, Equilibrium energy and Pressure derivative for Co2VZ (Z= 

Si, Ge) and CoVZ (Z= Si, Ge) 

Compound Lattice Constants 

a0 (Å) 

Bulk modulus 

(GPa) 

Equilibrium 

Energy  (Ry) 

Pressure 

derivative (GPa) 

Co2VSi 5.685 234.369 -8052.753 5.406 

Co2VGe 5.776 266.241 -11670.772 10.221 

CoVSi 4.44 193.97 270.85 4.42 

CoVGe 6.30 176.87 283.89 10.77 

 

  

Fig. 1. Volume optimization for the lattice parameters (continued on next page) 
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Fig. 1. (continued)   Volume optimization for the lattice parameters 

 

Electronic and magnetic properties: 

The magnetic moment of a substance can change 

due to the spin of an electron. The band structure 

and density of state of the Heusler compound are 

used to study the change in magnetic moment. At 

the Fermi level, a compound is characterized as 

half metallic ferromagnetic if it exhibits metallic 

behavior in one spin channel and semiconducting 

or insulating behavior in the other spin channel. 

Spin polarization is the name given to these 

phenomena.  Spintronics is a particularly 

intriguing topic of research in the modern day. The 

benefits of Spintronics devices include nonvolatile 

magnetic memory, magnetic sensors, tunnel 

junctions, higher data processing speed, increased 

integration intensities, and very fast data 

processing. These devices lower the amount of 

electricity consumed and the amount of heat 

dissipated. Spin polarized computations of Co2VZ 

(Z= Si, Ge) compounds were performed using the 

Generalized-gradient approximation (GGA) full 

Heusler at optimized lattice settings. The magnetic 

moment is caused by the intrinsic spin of the 

electron. Theoretical spin polarization values can 

be computed using the formula below. 

Pn =  
n ↑ − n ↓

n ↑ + n ↓
 

If either n↑ = 0 or n↓ = 0, then Pn = 1 or -1. It 

indicates that if either up or down spin exists, spin 

polarization is 100%. These materials are referred 

to be half metals ferromagnetic [56]. If the Pn 

value is zero, the materials are paramagnetic or 

anti-ferromagnetic even below the magnetic 

transition temperature. The energy gap is the 

difference between the greatest energy occupied 

point in the valence band area and the lowest 

unoccupied energy point in the conduction band.  

The study of energy gap from DOS and band 

structure of the compounds Co2VZ (Z= Pb, Si, Sn) 

reveals that only Co2VSi does not show a band gap 

in minority spin channel using WIEN2k code, 

indicating 100% spin polarization. When the code 

for the other two specified compounds (Co2VPb 

and Co2VSn) is run in WIEN2k, the band gaps are 

0.33 and 0.54eV, indicating semiconducting 

behavior. The ATK-VNL code results demonstrate 

that all three compounds have a band gap in the 

down spin channel but no band gap in the up spin 

channel. Table 2 summarizes the obtained energy 

gap and spin polarization for the aforesaid entire 

Heusler compound. Figures 2-5 show the detailed 

results of band structures and density of states. 

 

Table 2: Energy gap and spin polarization of Co2VZ (Z= Si, Ge), CoVZ (Z= Si, Ge) 

 

Compound 

Energy gap Eg (eV) 
Spin polarization 

Up spin Down spin 

Co2VSi 0.0 0.0 Pn vanishing 

Co2VGe 0.0 0.668 100% 

CoVSi 0.663 0.680 Pn vanishing 

CoVGe 0.688 0.701 Pn vanishing 
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Fig. 3. DOS of Co2VZ (Z= Si, Ge) and CoVZ (Z= Si, Ge) 

 

 
 

 

  

Fig. 4. Band Structure of Co2VZ (Z= Si, Ge) using WIEN2K Code 
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The number of valence electrons and the spin 

magnetic moment has a linear relationship. The 

fundamental clue of the Slater-Pauling rule is this 

simple relationship. J. C. Slater [57] and L. 

Pauling [58] derive a theoretical formula for 

estimating the magnetic moment per unit cell, 

which is known as the Slater-Pauling rule. 

According to this rule, if the total number of 

valence electrons in a full Heusler compound is 

equal to 24, the compound has zero magnetic 

moment; otherwise, the difference between the 

total number of valence electrons and 24 

represents the net amount of spin magnetic 

moment per unit cell. Slater-Pauling developed 

this theoretical method for predicting magnetic 

moments.  Method for Full Heusler compound is 

given as- 

Mt = Zt – 24 

Where Mt is the total magnetic moment per unit 

cell and Zt is the total valence electron count. 

Curie temperature and spin magnetic moment have 

a straightforward relationship in full Heusler 

compounds, i.e. Curie temperature is directly 

proportional to spin magnetic moment. After 24 

hours, the Curie temperature of the ferromagnetic 

half-metallic Heusler compounds rises by 175 K 

per additional electron. The results of the codes 

WIEN2k and ATK-VNL are contrasted with those 

of the theoretical technique Slater-Pauling rule. 

Table 3 is particularly useful for analyzing 

magnetic moment values from WIEN2k, ATK-

VNL code, and Slater-Pauling rule. The total 

number of valence electrons for all three Co2CrZ 

compounds (Z= In, Sb, Sn) is 27. As a result of the 

Slater-Pauling rule, the magnetic moments per unit 

cell for all three compounds are 3.0 B. WIEN2k 

and ATK-VNL now produce values of 3.00 and 

3.00, 3.02 and 2.96, 3.00 and 3.00, respectively. 

Except for a tiny change in the values of Co2VSi, 

these compiled values are identical to the values of 

the theoretical technique Slater-Pauling. As a 

result, the listed compounds show good agreement 

with Slater-Pauling behavior. The investigation of 

the results reveals that the Co and Cr position 

atoms give the majority of the magnetic moment, 

with the Z position atom contributing a little 

portion. Table 3 summarizes the calculated results 

for magnetic moments for Co2VZ (Z= Pb, Si, Sn) 

obtained using the full potential linearized 

augmented plane wave (FP-LAPW) method 

implemented in WIEN2k and the pseudo-

potentials method implemented in Atomistic Tool 

Kit-Virtual NanoLab (ATK-VNL) within the 

Generalized-gradient approximation (GGA) for 

exchange correlation functions. 

 

Table 4.Total magnetic moments of the compounds Co2VZ (Z= Si, Ge), CoVZ (Z= Si, Ge) 

Compound Zt WIEN2k Slater-Pauling 

(Zt - 24) for Full Heusler 

& 

(Zt - 18) for Half Heusler 

Co2VSi 27 3.04 3.00 

Co2VGe 27 3.01 3.00 

CoVSi 18 0.0 0.0 

CoVGe 18 0.0 0.0 
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Elastic properties: 

Elastic characteristics are the most basic qualities 

of a material that may be computed using the first 

principle method. Out of six independent 

constants, three reduced elastic constants C11, 

C12, and C44 govern cubic crystal elasticity. 

These three reduced elastic constants provide vital 

information on structure stability, mechanical 

characteristics, bond indices, and material 

anisotropy. The classical mechanical stability 

criteria of elastic constant must be met by the 

crystal. The following is the typical mechanical 

stability criterion for cubic crystal. 

C11 – C12 > 0, C11 > 0, C11 + 2C12 > 0, C44 > 0, C12 

< B < C11 [59-60] 

 

Anisotropic factor 'A' is used to calculate structural 

stability. If the value of 'A' equals one, the material 

is isotropic; if it deviates from one, the material is 

anisotropic. Isotropic material properties are those 

that do not change with orientation. 

𝐴 =  
2𝐶44

𝐶11 − 𝐶12
 

Bond index, given as CP = C12 - C44, can be used 

to determine a material's stiffness and flexibility. If 

the value is positive, the substance is metallic in 

nature; if the value is negative, the material is 

nonmetallic. Furthermore, a positive result 

indicates that the material is ductile, while a 

negative result indicates that the material is brittle. 

If the bond index value is less than 12, it indicates 

soft material, and if it is larger than 12, it indicates 

hard material [61]. Pugh's B/G ratio is also used to 

determine if a material is brittle or ductile. If the 

B/G ratio is less than 1.75, the material is brittle; if 

the B/G ratio is larger than 1.75, the material is 

ductile. The mechanical characteristics of the 

compounds are obtained by the Voigt-Reuss-Hill 

(VRH) averaging method using the Bulk modulus 

(B), Young modulus (E), Shear modulus (G), and 

Poisson ratio (v). Formulas for B, E, G, and v 

using the elastic constant are as follows: 

B =  BV =  BR =  
C11 +  2C12

3
G =  

GV + GR

2
 

GV =  
C11 − C12 +  3C44

5
GR =  

5C44 (C11 − C12)

[4C44 +  3(C11 −  C12)]
 

(V = Voigt and R = Reuss) 

Young modulus is also used to calculate material 

stiffness. This is possible in terms of B and G. 

𝐸 =  
9𝐵𝐺

3𝐵 + 𝐺
 

In terms of B and G, the Poisson ratio can be 

determined. For the most part, the Poisson ratio is 

between 0 and 0.5. 

𝑣 =  
3𝐵 − 2𝐺

2(3𝐵 + 𝐺)
 

The Atomistic Tool Kit-Virtual NanoLab (ATK-

VNL) programme is used here, with the Pseudo-

potential approach applied in the framework of 

density functional theory (DFT). Table 4 compiles 

all of the findings obtained from this code. 

 

Table 4: Elastic constants and bulk moduli B (GPa), shear moduli G (GPa), Young's modulus E (GPa), 

B/G values, Poisson's ratio v, and anisotropy factor A of Co2VZ (Z= Si, Ge) compounds. 

Compound 
Elastic constant 

B (GPa) G (GPa) E (GPa) B/G ν A 
C11 C12 C44 

Co2VSi 272.09 215.87 138.02 234.61 73.94 200.74 3.17 0.36 4.91 

Co2VGe 229.03 209.81 117.04 216.21 47.73 133.37 4.53 0.40 12.18 

CoVSi 294.20 134.60 89.20 187.80 85.31 222.28 2.20 0.30 1.12 

CoVGe 294.40 114.10 119.70 174.20 106.85 266.14 1.63 0.25 1.33 

 

Table 4 shows that the classic mechanical stability 

criterion C11 - C12 > 0, C11 > 0, C11 + 2C12 > 0, 

C44 > 0, C12 B C11 is satisfied for all the 

compounds Co2VZ (Z= Pb, Si, Sn). For all three 

compounds, the anisotropic constant 'A' deviates 

from one. As a result, we conclude that the 

compounds Co2VZ (Z= Pb, Si, Sn) are 

anisotropic. Poisson values range from zero to 0.5. 

Table 5 reveals that the Pugh's ratio B/G for all 

chemicals in the table is more than 1.75. As a 

result, the materials mentioned above are ductile in 

nature. Cauchy pressure (CP = C12 - C44) values 

collected from table 5 are positive for these 

compounds Co2VZ (Z= Pb, Si, Sn) and indicate 

metallic character. 

CONCLUSIONS: 

The first principle technique was used to 

investigate the structural, electrical, optical, and 

magnetic properties of Co2VZ (Z= Pb, Si, Sn) 

compounds. We use two separate codes to create 

the findings for the above attributes of the listed 

substances. The first is the full potential linearized 

augmented plane wave (FP-LAPW) method 

implemented in WIEN2k, and the second is the 

pseudo-potentials method implemented in 

Atomistic Tool Kit-Virtual NanoLab (ATK-VNL) 

within the Generalized-gradient approximation 

(GGA) for exchange and correlation function.  

According to the results of this investigation, two 

of the three compounds exhibit half metallicity and 
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100% spin polarization with L21 ordered stable 

structures, with the exception of Co2VSi in the full 

potential linearized augmented plane wave (FP-

LAPW) approach. The pseudo-potentials 

technique, on the other hand, reveals that all three 

compounds have half metallicity and 100% spin 

polarization with L21 ordered stable structures. 

Magnetic moments calculated per unit cell agree 

well with Slater-Pauling behavior. The reflectivity, 

refractive index, excitation coefficient, absorption 

coefficient, optical conductivity, and electron 

energy loss spectra of these compounds were 

studied. As the value of energy grows, so do the 

values of the absorption coefficient and the 

electron energy-loss function. According to the 

projected results, the compounds Co2VZ (Z= Pb, 

Sn) are suitable for Spintronics applications. The 

elastic characteristics of the above-mentioned 

combinations indicate that they are ductile and 

metallic in nature. 
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