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A B S T R A C T   

The goal of this study is based on the determination of the half-metallic ferromagnetic features of V-doped Cu2O 
alloys (Cu2(1-x)V2xO (x = 0, 0.25, 0.50, 0.75 and 1)) using both GGA + U and TB-mBJ-GGA approximations (GGA: 
the generalized gradient approximation) within the accurate full potential linearized augmented plane wave plus 
local orbitals (FP-LAPW + lo) method implemented in the WIEN2k package. The structural properties are 
computed by using the GGA approximation in order to find the equilibrium structural parameters of each alloy, 
such as: lattice parameter, bulk modulus and its first-pressure derivative. The electronic properties calculated by 
TB-mBJ-GGA and GGA + U approximations show the complete half-metallicity of Cu1.50V0.50O, CuVO, 
Cu0.50V1.50O and V2O alloys, in fact, all the half-metallic gaps (EHM) of the compete half-metals are given in this 
study. The magnetic properties of the studied alloys show that the majority of the total magnetic moment (MTot) 
comes from the V atom with small contributions from Cu atom and the interstitial zone. The N0α and N0β 
exchange-splitting constants are given in order to analyze the contributions to conduction and valence bands 
during the exchange and splitting process. Furthermore, the hybridization between the 2p-O and 3d-V states (p- 
d hybridization) is the cause for the appearance of feeble magnetic moments on the non-magnetic Cu and O sites 
and the reduction of the atomic magnetic moment of the V atom.   

Introduction 

During this decade, half-metallic ferromagnetic materials played a 
remarkable and leading role in the manufacturing of new spintronic 
devices. A half-metallic material is a compound that exhibits semi
conductive behavior in only one spin direction and metallic behavior in 
the other direction, leading 100 % spin-polarization at the Fermi level 
[1]. Since the Groot’s prediction on the electronic structure of PtMnSb 
and NiMnSb half-Heusler alloys [2], much recent works on half- 
metallicity have been carried out in different families of magnetic ma
terials, such as; in the double perovskite family like: robust half-metal
lic ferromagnet in doped double perovskite Sr2TiCoO6 by rare-earth 

elements [3], half metallic ferromagnetism, and transport properties 
of vacancy ordered double perovskites Rb2(Os/Ir)X6 (X = Cl and Br) for 
spintronic applications [4], demise of half-metallicity upon increasing of 
disorder in the double perovskite Sr2-yLayFeMoO6 [5], and room tem
perature half metallic ferromagnetism due to Os/Ir(5d) in double
perovskites [6]; in the pinctides and chalcogenides doped with 
transition metal family [7] like: density functional theory investigation 
of half-metallic ferromagnetism in V-doped GaP alloys [8], first princi
ples study of half-metallic ferromagnetism in Cr-doped CdTe [9], high 
Curie temperature and half-metallic ferromagnetism in Cr- and V-doped 
ZnSe in wurtzite phase [10] and theoretical investigation of electronic, 
magnetic and optical properties of ZnSe doped TM and co-doped with 
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MnTM (TM: Fe, Cr, Co) [11]; and in the Heusler alloys family like: 
experimental and first-principles investigation on magnetic properties 
and electronic structure in half-metallic MnCoVAl Heusler alloy [12], 
investigation of half-metallic properties of full-Heusler alloys of O2BaX 
(X = Na, K, Rb, and Cs) [13] and half metallic Heusler alloys XMnGe (X 
= Ti, Zr, Hf) for spin flip and thermoelectric device application [14]. 
Furthermore, the half-metallicity property has appeared recently in the 
doping of Heusler alloys [15–19]. 

The Cu2O material has a semiconductive behavior with a direct 
band-gap about 2.17 eV [20]. It is more and more attractive in opto
electronic, photo-detection and photovoltaic applications because it has 
important intrinsic features and a high absorption coefficient [21–24]. 

The Cu2O compound is marked by many attractive features such as: 
wide availability, good sensing of photon, specific stability, and non- 
toxicity [25]. Numerous experimental and theoretical works on the 
cubic compound Cu2O are available in the literature throughout this 
decade, like: granular protruded irregular Cu2O catalysts for efficient 
CO2 reduction to C2 products [26], the Cu2O layer effect on feature 
properties of n-CdS/p-Cu2O heterojunction [27], nanostructured Cu2O 
deposited on TiO2 nanotube arrays for ultra-sensitive non-enzymatic 
cholesterol electrochemical biosensor [28] and theoretical studies of the 
adsorption and dissociation of two no molecules on Cu2O (111) surface 
[29]. In this approach, we studied the electronic and magnetic proper
ties of V-doped Cu2O alloys in order to show the half-metallic 

Fig. 1. Optimization of total energy versus unit-cell volume of Cu2(1-x)V2xO alloys ((a) for x  = 0.25, (b) for x  = 0.50, (c) for x  = 0.75 and (d) for x  = 1).  

Table 1 
Calculated equilibrium lattice constants a0 (in Å), bulk modulus B0 (in GPa) and the first-pressure derivative of the bulk modulus B’ of the equilibrium Cu2(1-x)V2xO 
alloys (x = 0, 0.25, 0.50, 0.75 and 1) in paramagnetic (PM) and ferromagnetic (FM) phases, using PBE-GGA approximation.  

Alloy Phase Lattice constant a0 (Å) Bulk modulus B0 (GPa) B’   

This Work Cal. Exp. This Work Cal. Exp. This Work Cal. Exp. 

Cu2O PM phase 4.308 4.2916 a 4.2670 c, d 112.07 – 112 e 5.145 – –    
4.2805 a   –   –     
4.30 b   108 b   –     
4.26 f –  136.1 f   4.672 f   

Cu1.50V0.50O PM phase 4.1501 – – 147.68 – – 5.513 – –  
FM phase 4.1579 – – 136.24 – – 5.359 – –  

CuVO PM phase 4.1423 – – 165.88 – – 4.7623 – –  
FM phase 4.1476 – – 169.4 – – 5.1148 – –  

Cu0.50V1.50O PM phase 4.1253 – – 190.29 – – 4.8538 – –  
FM phase 4.1252 – – 191.13 – – 4.9991 – –  

V2O PM phase 4.1482 – – 197.81 – – 3.6435 – –  
FM phase 4.1528 – – 192.84 – – 4.3595 – – 

a Ref. [42], b Ref. [43], c Ref. [44], d Ref. [45], e Ref. [46], and f Ref. [47]. 
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ferromagnetic character which reigns within these alloys. 
This research was essentially carried out to prove the half-metallic 

nature of these new V-doped Cu2O materials in order to show their 
wide potential use for applications in the field of spintronics (manu
facture of new spintronic devices based on magnetic materials for stor
age of information). 

The following of this article is organized as fellow: the simulation 
method is detailed in Section 2. Results of the structural, electronic and 
magnetic properties of V-doped Cu2O alloys are given in Section 3. In the 
end, Section 4 brings together the main conclusions according to this 
approach. 

Simulation detail 

Within the framework of density functional theory (DFT) [30], the 
calculations in this study were carried out using the precise method of 
full-potential linearized augmented plane wave with local orbitals (FP- 
L/APW + lo) [31,32], which is integrated into the WIEN2k package 
[33]. The generalized gradient approximation (GGA) of Per
dew–Burke–Ernzerhof [34] is selected to describe the exchange and 
correlation (XC) potential. The structural properties of these studied 
alloys are determined during this approach using the PBE-GGA 
approximation, while their electronic and magnetic properties are 
done by applying both the GGA + U (U is the Hubbard term that treats 
the delocalized orbitals (d and f electrons), as well as estimating the 
Coulomb repulsion energy) [35] and TB-mBJ-GGA (the Tran-Blaha 
modified Becke-Johnson potential) [36,37] approximations. The U 
value of vanadium atom (V) in this prediction is taken as 2.73 eV 
[38,39]. The radii of the muffin-tin spheres of the O, Cu, and V atoms are 
selected to be 1.53, 1.78, and 1.73 a.u., respectively. In this approach, to 
define the matrix size in order to acquire the energy eigenvalues 
convergence and the expansion of the plane waves, it is necessary that 
the RMT × KMax be fixed at 8; RMT indicates the weakest radius of muffin- 
tin, whereas KMax denotes the large reciprocal vector modulus, which 

describes expansion of the wave function. The term of Fourier expansion 
which translates the charge density and the expansion of the wave 
function is chosen to be GMax = 12 (Ry)1/2. The angular momentum the 
muffin-tin spheres is given in its largest value as lMax = 10. The in
tegrations in the irreducible Brillouin zone of the tetragonal 
Cu1.50V0.50O and Cu0.50V1.50O alloys were performed on the mesh of 12 
× 12 × 6, where 63 special k-points are generated, while those of the 
cubic CuVO and V2O alloys were carried out on the mesh of 10 × 10 ×
10 which generates 35 special k-points. The valence electrons of O, Cu 
and V atoms are selected as: O (2s22p4), Cu (3d104s1) and V (3d34s2). 
Furthermore, the self-consistent iterations process continues until the 
total energy convergence is greater than 10-4 Ry. 

Results and discussion 

Structural properties 

Crystal structure 
The Cu2O material crystallizes in the cubic structure corresponding 

to the space group Pn3m (no. 224) [20,25]. In this structure, O and Cu 
atoms are located in the following Wyckoff positions (0, 0, 0) and (¼, ¼, 
¼), respectively. 

For the Cu2(1-x)V2xO system, we can distinguish two cases: for x  =
0.75 and 0.25, the crystal structure becomes a tetragonal system, where 
the vanadium atoms are located at the following Wyckoff positions (½, 
0, ¼) and (0, 0, 0), respectively; for x  = 0.50, the crystal has a cubic 
structure, and the vanadium atoms are positioned at the (0, 0, 0) and 
(½,½, 0) positions. 

Lattice parameters at the equilibrium 
The Birch-Murnaghan’s equation of state (EOS) [40,41] has been 

applied in this approach to proceed with the minimization of the total 
energy of the Cu2(1-x)V2xO alloys at x  = 0, 0.25, 0.50, 0.75 and 1, taken 
in ferromagnetic (FM) and paramagnetic (PM) phases. The EOS equation 
is given in the following relation: 

E(V) = a+ bV − 2/3 + cV − 4/3 + dV − 6/3 (1)  

Where, V denotes the unit-cell volume; whereas, a, b, c and d coefficients 
present the fitting parameters. 

The E-V curves of all Cu2(1-x)V2xO alloys are depicted in Fig. 1. From 
Fig. 1, PBE-GGA calculations show that the stable ground state of Cu2 

(1-x)V2xO alloys (x = 0.25, 0.50, 0.75 and 1) is reported in ferromagnetic 
configuration, confirming that all Cu1.50V0.50O, CuVO, Cu0.50V1.50O and 
V2O alloys are magnetic materials. The computed equilibrium lattice 
parameters such as: lattice constant (a0), bulk modulus (B0) and its first- 
pressure derivative (B’) for the studied compounds are given in Table 1. 
For the case of Cu2O compound, both calculated lattice constant and 
bulk modulus are in good agreement with those determined experi
mentally, with a deviation of 0.96 % and 0.066 %, respectively. On the 
other hand, the evolutions of the obtained values for bulk modulus (B0) 
of the studied compounds as a function of doping concentration (x) are 
depicted in Fig. 2; we notice that B0 increases with x concentration from 
0 to 1; this means that the increasing concentration of V doping in the 
system improves its hardness. 

Fig. 2. Variation of equilibrium bulk modulus versus x concentration of Cu2 

(1-x)V2xO alloys (x = 0, 0.25, 0.50, 0.75 and 1). 

Table 2 
Calculated total energy E0 (in Ry) of the equilibrium Cu2(1-x)V2xO alloys (x = 0, 0.25, 0.50, 0.75 and 1) in their stable ground state, individual energies of Cu, V and O 
atoms (in Ry) taken in their stable phase, and the formation energy of these alloys Ef (in Ry).  

Alloy E0 ECu EV EO Ef 

Cu2O  − 7221.467171 − 3309.685737 –  − 150.116889  − 451.978808 
Cu1.50V0.50O  − 6516.102488 − 3309.685737 − 1898.056931  − 150.116889  − 452.428528 
CuVO  − 5810.713834 − 3309.685737 − 1898.056931  − 150.116889  − 452.854277 
Cu0.50V1.50O  − 5105.290989 − 3309.685737 − 1898.056931  − 150.116889  − 453.245835 
V2O  − 4399.759508 – − 1898.056931  − 150.116889  − 453.528757  
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Formation energy 
Formation energy (Ef) is defined as an energy quantum necessary to 

keep the material stable at 0 K. When Ef is found in a negative sign, it 
rigorously confirms that exists a bonding connecting atoms within their 
favorable crystal [48]. The computed Ef of all the Cu2(1-x)V2xO alloys at 
x  = 0, 0.25, 0.50, 0.75 and 1 are found according to the following ex
pressions [49–53]: 

Ef (Cu2(1− x)V2xO) = E0 − (4(1 − x)ECu + 4xEV + 2EO) (2)  

E0 denotes the total energy of each compound, and EO, ECu and EV are the 
individual energies of O, Cu and V atoms in their favorable crystal 
structure, respectively. The Ef values obtained for each alloy are 

gathered in Table 2; therefore, the calculated Ef of all the studied com
pounds is found with a negative sign, increasingly confirming their 
stability. 

Electronic structure 

The TB-mBJ-GGA and GGA + U calculations of the electronic 
structure of V-doped Cu2O alloys were carried out in order to understand 
their electronic role in further spintronic, optoelectronic and magneto- 
electronic projects and also to give important information about their 
electronic functionalities. 

Fig. 3. Computed spin-polarized band structure and total density of states (TDOS) of the equilibrium Cu1.50V0.50O alloy, using both (a) TB-mBJ-GGA and (b) GGA +
U schemes. 
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Equilibrium spin-polarized band structure 
The equilibrium spin-polarized band structures of V-doped Cu2O 

alloys (Cu2(1-x)V2xO alloys at x  = 0.25, 0.50, 0.75 and 1) have been 
determined at the equilibrium employing both GGA + U and TB-mBJ- 
GGA settings, along the directions of high symmetry. Figs. 3-6 depict 
the spin-polarized total density of states and band structures of 
Cu1.50V0.50O, CuVO, Cu0.50V1.50O and V2O alloys, respectively. So, it is 
clear that is a large exchange and splitting between majority-spin and 
minority-spin states. In Figs. 3-6, majority-spin (spin-down) band 
structures of Cu1.50V0.50O, CuVO, Cu0.50V1.50O and V2O alloys exhibit a 
metallic behavior due to the overlap between valence and conduction 
bands, while their minority-spin (spin-up) band structures have a 

semiconductive character because the Fermi level falls within the energy 
gap; this means that all Cu2(1-x)V2xO alloys (x = 0.25, 0.50, 0.75 and 1) 
have a complete half-metallic nature, leading to 100 % spin-polarization 
at the Fermi level. 

The half-metallic gap (EHM) is defined as the minimum between the 
lowest energy of the majority-spin and minority-spin conduction bands 
with respect to the Fermi level, and the absolute values of the highest 
energy majority-spin and minority-spin valence bands [54,55]. On the 
other hand, the half-metallic gap (EHM) and minority-spin band-gap (Eg) 
of V-doped Cu2O alloys are computed using GGA + U and TB-mBJ-GGA 
schemes, in fact, their computed values are listed in Table 3. Impor
tantly, the larger half-metallic gap promises the possibility to achieve 

Fig. 4. Computed spin-polarized band structure and total density of states (TDOS) of the equilibrium CuVO alloy, using both (a) TB-mBJ-GGA and (b) GGA +
U schemes. 
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high Curie temperature for experimental work on V-doped Cu2O alloys. 
From the analysis of the results, we can deduce that the EHM values of 
half-metallic alloys given by the TB-mBJ-GGA parameterization are 
improved than those calculated by the GGA + U approximation. 

Electronic density of states 
For each electronic investigation on materials, it is obligatory to go 

through the calculation of the electron density of states in order to 
describe in detail their bonds and their electronic structure, and to 
predict their potential application in optoelectronic, electronic and 
spintronic devices. In this fact, the spin-polarized partial density of 
states (PDOS) spectra of Cu2(1-x)V2xO alloys (x = 0.25, 0.50, 0.75 and 1) 

were done using GGA + U and TB-mBJ-GGA approximations, where 
their curves are shown in Figs. 7–10, respectively. 

For the Cu1.50V0.50O alloy, the PDOS curves performed by both GGA 
+ U and TB-mBJ-GGA approximations are mostly contributed by 3d-V 
states in the energy range around the Fermi level (EF) for spin-down 
panel (from − 1.35 to 1.47 eV), while these states (3d-V state) occupy 
the lower part compared to EF for the case of spin-up; thus, contributions 
in the energy ranges from − 6.40 eV to EF for both spin-up and spin-down 
case and from − 7.49 eV to EF for the spin-up and spin-down cases come 
from 2p-O and 3p-Cu states, respectively. Importantly, the 3d-V elec
trons are at the origin of the half-metallic behavior of this alloy, because 
they occupy the region around EF for the spin-down direction, while this 

Fig. 5. Computed spin-polarized band structure and total density of states (TDOS) of the equilibrium Cu0.50V1.50O alloy, using both (a) TB-mBJ-GGA and (b) GGA +
U schemes. 
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region is empty of the spin-up direction. 
In the case of the CuVO alloy, the 3d-V electrons occupy the region 

around EF for the majority spin case (spin-down) and the lower and 
upper regions relative to EF for the minority spin case (spin-up). More
over, the 3d-Cu and 2p-O states are the bands located in the spectra from 
− 6.43 and − 1.40 eV for the spin-up orientation and from –5.63 to 0.56 
eV for the spin-down orientation. 

In the case of the Cu0.50V1.50O alloy, the spin-down parts around EF 
and the parts below EF for the spin-up direction are occupied by the 3d-V 
electrons; the 3p-Cu orbitals belong to the spin-down and spin-up energy 
region from − 6.34 to − 1.13 eV. Furthermore, 2p-O states corresponding 
of spin-down and spin-up directions are the bands located in the energy 
region between − 6.67 and − 1.17 eV and between − 6.16 eV and EF, 

respectively. 
It is evident that there is a strong hybridization between 3d-V and 2p- 

O states along the DOS spectrum, where this hybridization is observed in 
all Cu1.50V0.50O, CuVO, and Cu0.50V1.50O and V2O cases. 

In the case of the V2O alloy, the bands that belong of spin-up energy 
region from − 6.30 to − 2.87 eV and from 1.11 to 4.99 eV arise from 3d-V 
electrons, whereas the spin-down 3d-V electrons appear in the energy 
regions between − 6.21 and − 2.40 eV and between − 1.58 and 4.97 eV, 
the 2p-O states occupy the energy ranges between − 6.25 and − 2.60 eV 
and between 1.38 and 4.92 eV for the spin-up panel, while they are 
spotted in the energy zones between − 6.25 and − 2.33 eV and between 
− 1.41 and − 2.33 eV in the case of spin-down panel. 

According to the V-doped Cu2O process, the 3d-V states involve the 

Fig. 6. Computed spin-polarized band structure and total density of states (TDOS) of the equilibrium V2O alloy, using both TB-mBJ-GGA and GGA + U schemes.  
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electronic structure of the Cu2O semiconductor by bringing the energy 
of exchange and splitting (Δx(d)), where, it presents the difference in 
energy between highest peaks of the majority and minority orientations 
[56]. Δx(d) is given as follow [56]: 

Δx(d) = Ed(↓) − Ed(↑) (3)  

Where,Ed(↑) and Ed(↓) present the energy of the highest peaks of the 
spin-up and spin-down components, respectively. Therefore, the Δx(d) 
energy of the equilibrium Cu2(1-x)V2xO alloys is calculated using GGA +
U and TB-mBJ-GGA approximations (see Table 3). The positive sign 
appearing in Δx(d) explains that the effective potential of the spin-up 
component is more and more attracted than that of the spin-down 
component. 

Magnetic properties 

Exchange-splitting constants 
The N0α and N0β exchanges-splitting constants are important pa

rameters to describe the contributions to the conduction and valence 
bands during the exchange and splitting process, respectively. N0α de
notes the s-d exchange constant, while N0β denotes the p-d exchange 
constant, where N0 is the concentration of the cation. The N0α and N0β 
constants are expressed in the following relations according to Kondo’s 
theory [57–59]. 
⎧
⎪⎪⎨

⎪⎪⎩

N0α =
ΔEC

x〈M〉

N0β =
ΔEV

x〈M〉

(4)  

and 
{

ΔEC = EC(↓) − EC(↑)
ΔEV = EV(↓) − EV(↑)

(5)  

Where, x is the transition metal concentration; 〈M〉 represents the one- 
half magnetization of the transition metal and ΔEC and ΔEV denote 
the edge splitting of the conduction and valence bands at Γ direction, 
respectively. According to the GGA + U and TB-mBJ-GGA parameteri
zations, the of N0α and N0β computed values for the equilibrium Cu2 

(1-x)V2xO alloys (x = 0.25, 0.50, 0.75 and 1) are reported in Table 3; in 
fact, N0β constant for all the full half-metallic alloys are found in positive 
sign, this means that the effective potential of the spin-up orientation 
(minority-spin states) is increasingly attracted than that of the spin- 
down orientation (majority-spin states). Furthermore, N0α and N0β 
coupling constants of all the studied alloys are found in opposite signs, 
this confirms that the valence and conduction electrons interact in 
opposite manner during the exchange-splitting process. 

Magnetic moments 
In the equilibrium Cu2(1-x)V2xO alloys at x  = 0.25, 0.50, 0.75 and 1, 

the total magnetic moment (MTot), the local magnetic moments of each 
site of the Cu, V and O atoms and the interstitial magnetic moment in the 
interstitial zones are calculated using both the GGA + U and TB-mBJ- 
GGA approximations; in fact, their calculated values are reported in 
Table 4. We can understand from Table 4 that the main contribution of 
MTot of Cu1.50V0.50O, CuVO and Cu0.50V1.50O alloys comes from the Cu 
atom, while the total magnetic moment of V2O alloy is mostly contrib
uted by the magnetic moment of the V atom. Importantly, the calcula
tions of TB-mBJ-GGA approximation show that all alloys have a total 
magnetic moment in integer value, which increasingly confirms their 
complete half-metallic feature. The atomic magnetic moments of the V 
and Cu atoms in Cu1.50V0.50O, CuVO and Cu0.50V1.50O alloys have 
opposite signs, this means that: the coupling is ferrimagnetic within 
these compounds and the valence carriers of the Cu atom interact in an 
anti-parallel manner with those of the V atom. Furthermore, the strong 
p-d hybridization between the 3d-V and 2p-O states brings local mag
netic moments in the non-magnetic sites of Cu and O atoms and reduces 
the atomic magnetic moment of the V atom with respect to its free space 
charge of 3 µB. 

Conclusions 

This approach was based on the calculations of physical properties 
(structural, electronic and magnetic properties) of V-doped Cu2O alloys 
using the FP-LAPW + lo technique within the DFT theory, where the 
GGA + U and TB-mBJ-GGA schemes were applied in these calculations 
in order to define the exchange and correlation potential. The main aim 
of this prediction is to prove the half-metallicity within these new alloys 
studied. The prominent conclusions from this study are summarized in 
the following points:  

i. The structural analysis shows that the stable ground state of 
Cu1.50V0.50O, CuVO, Cu0.50V1.50O and V2O alloys is reported in 
ferromagnetic configuration.  

ii. The formation energy of all alloys is found with a negative sign, 
increasingly confirming the stability of these compounds in their 
crystal structure.  

iii. The spin-polarized electronic calculations show that all the 
equilibrium Cu2(1-x)V2xO alloys at x  = 0.25, 0.50, 0.75 and 1 are 
full half-metals with a large half-metallic gap.  

iv. The TB-mBJ-GGA calculations are more improved than the GGA 
+ U calculations because the half-metallic gaps determined by 
the TB-mBJ-GGA approximation are wider compared to those of 
the GGA + U approximation.  

v. We found within these alloys a strong hybridization between the 
2p-O and 3d-V states.  

vi. The Δx(d) energy and N0β coupling constant of all alloys are found 
with a positive sign, this means that the effective potential of the 
spin-up case (minority-spin) is more attractive than of the spin- 
down case (majority-spin). 

vii. The N0α and N0β coupling constants are in opposite signs, con
firming that the conduction and valence carriers interact anti
ferromagnetically during the exchange and splitting process.  

viii. The total magnetic moment of the equilibrium Cu2(1-x)V2xO alloys 
(x = 0.25, 0.50 and 0.75) is mostly due to the magnetic moment 
of the Cu atom.  

ix. The integer value corresponding to the total magnetic moment of 
all equilibrium Cu2(1-x)V2xO alloys asserts their half-metallic 
ferromagnetic feature.  

x. The opposite signs between the local magnetic moments of the Cu 
and V atoms indicate that the valence band electrons of the Cu 
atoms interact in anti-parallel way with those of the V atom; 
hence, the coupling is ferrimagnetic in these alloys. 

Table 3 
Calculated spin-down band gap energy Eg (in eV), half-metallic gap energy EHM 
(in eV), 3d-V band exchange splitting Δx(d) (in eV) and N0α and N0β exchange 
constants of the equilibrium Cu2(1-x)V2xO alloys (x = 0, 0.25, 0.50, 0.75 and 1), 
where the GGA + U values are between brackets.  

Alloy Eg EHM Δx(d) N0α N0β 

Cu2O 0.81 – – – – 
Cu1.50V0.50O 3.2926 

(–) 
0.8523 
(–) 

0.6236 
(0.1062) 

− 6.5075 (–) 2.2728 
(–) 

CuVO 3.7824 
(2.7756) 

1.3197 
(0.1731) 

1.1143 
(0.5341) 

− 3.2836 
(− 3.4700) 

1.7596 
(0.2308) 

Cu0.50V1.50O 2.0953 
(0.4898) 

0.9416 
(0.1064) 

0.0895 
(0.1328) 

− 0.8370 
(− 0.3408) 

1.0255 
(0.0946) 

V2O 3.6191 
(2.6939) 

1.0279 
(0.1476) 

0.0678 
(0.0984) 

− 0.6853 
(− 0.1968) 

1.7275 
(1.6975)  
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Fig. 7. Calculated spin-polarized partial density of states (PDOS) of the equilibrium Cu1.50V0.50O alloy, using both TB-mBJ-GGA and GGA + U approximations.  
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Fig. 8. Calculated spin-polarized partial density of states (PDOS) of the equilibrium CuVO alloy, using both TB-mBJ-GGA and GGA + U approximations.  
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Fig. 9. Calculated spin-polarized partial density of states (PDOS) of the equilibrium Cu0.50V1.50O alloy, using both TB-mBJ-GGA and GGA + U approximations.  

M. El Amine Monir et al.                                                                                                                                                                                                                      



Results in Physics 57 (2024) 107368

12

Fig. 10. Calculated spin-polarized partial density of states (PDOS) of the equilibrium V2O alloy, using both TB-mBJ-GGA and GGA + U approximations.  

Table 4 
Calculated values of: the total magnetic moment MTot (in µB), the interstitial magnetic moment (in µB) in the interstitial zone and the atomic magnetic moment of each 
site in the equilibrium Cu2(1-x)V2xO alloys (x = 0.25, 0.50, 0.75 and 1), where the GGA + U values are between brackets.  

Alloy Magnetic moment (µB) 

MTot Interstitial Cu V O 

Cu1.50V0.50O 4.00053 (3.98058) 0.13226 (0.56206) 0.98510 (0.87275) − 0.35621 (− 0.26541) 0.63459 (0.53284) 
CuVO 2.00007 (2.00136) − 0.20364 (0.14494) 1.04003 (0.78085) − 0.41551 (− 0.13018) 0.39480 (0.30144) 
Cu0.50V1.50O 0.00005 (0.00858) 0.47242 (0.21038) 0.86283 (0.24127) − 0.49940 (− 0.16927) 0.08150 (0.03237) 
V2O 2.00442 (1.99729) 0.47678 (0.25240) – (–) 0.91719 (0.85192) − 0.07668 (− 0.03719)  
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