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Introduction

In recent years, the diluted magnetic semiconductors (DMS) have attracted significant interest because they are a one class of half-metallic ferromagnets (HMFs) owing to their electronic structures that exhibit semiconducting character in onespin channel and metallic nature in the other direction, which make them promising materials for spin injection in spintronics [START_REF] Akbar | Origin of p-type half-metallic ferromagnetism in carbon-doped BeS: first-principles characterization[END_REF][START_REF] Lone | Half metallic ferromagnetism in gallium and zinc doped chromium phosphide: first principles calculations[END_REF][3][START_REF] Espitia-Rico | Electronic and magnetic behavior of transition metal-doped cubic gallium nitride: first-principles calculations[END_REF][START_REF] Berriah | Theoretical investigation of electronic performance, half-metallicity, and magnetic properties of Crsubstituted BaTe[END_REF][START_REF] Doumi | First-principle investigation of magnetic and electronic properties of vanadium-and chromium-doped cubic aluminum phosphide[END_REF][START_REF] Doumi | First-principles investigations on ferromagnetic behaviour of Be 1-x V x Z (Z = S, Se and Te) (x = 0.25)[END_REF] The HMFs can be extensively used in spintronics devices as spin injection, spin filters, spin valves, tunnel junctions and magneto-resistive randomaccess memory [START_REF] Zhang | Electronic, magnetic, mechanical, half-metallic and highly dispersive zero-gap half-metallic properties of rare-earth-element-based quaternary Heusler compounds[END_REF] Spintronics devices have many advantages over conventional semiconductor devices such applications ranging from catalysis to microelectronics [START_REF] Yang | Effects of epitaxial strains on spontaneous polarizations and band gaps of alkaline-earthmetal oxides MO (M = Mg, Ca, Sr, Ba)[END_REF][START_REF] Schütt | Ab initio lattice dynamics and charge fluctuations in alkaline-earth oxides[END_REF][START_REF] Oganov | All-electron and pseudopotential study of MgO: equation of state, anharmonicity, and stability[END_REF].

The barium oxide (BaO) belongs to the II-VI alkalineearth-metal binary oxides, which has a large band gap due to its high ionicity [START_REF] Yang | Effects of epitaxial strains on spontaneous polarizations and band gaps of alkaline-earthmetal oxides MO (M = Mg, Ca, Sr, Ba)[END_REF]; it is an important component for application of a thermionic electron emitter [START_REF] Khatib | Electronic structure of the BaO molecule with dipole moments and ro-vibrational calculations[END_REF] Besides, the BaO is considered a potential DMS material in various applications for spintronics and optoelectronics, such as light emitting devices and ultralowpower memory devices [START_REF] Kenmochi | Materials design of transparent and half-metallic ferromagnets of MgO, SrO and BaO without magnetic elements[END_REF][START_REF] Kemmochi | New class of high-T C diluted ferromagnetic semiconductors based on CaO without transition metal elements[END_REF][START_REF] Katayama-Yoshida | Theory of ferromagnetic semiconductors[END_REF][START_REF] Albanese | Ferromagnetism in nitrogen doped BaO: a self interaction corrected DFT study[END_REF] Recently, several studies have been carried out on the half-metallic and the magnetic properties in DMSbased II-VI such as the half-metallicity and magnetic properties of Cr-substituted BaTe [START_REF] Berriah | Theoretical investigation of electronic performance, half-metallicity, and magnetic properties of Crsubstituted BaTe[END_REF], the half-metallic ferromagnetic behavior in Sr 1-x V x O [START_REF] Berber | Investigation of electronic structure and half-metallic ferromagnetic behavior with large half-metallic gap in Sr 1-x V x O[END_REF], the half-metallic ferromagnets of Eu-doped alkaline-earth chalcogenides [START_REF] Jun | Research on new rare-earth halfmetallic ferromagnets X 0[END_REF] the magnetic properties of Zn 1-x TM x Te (TM = Mn, Fe, Co, and Ni) [START_REF] Mahmood | Study of magnetic and optical properties of Zn 1-x TM x Te (TM = Mn, Fe, Co, Ni) diluted magnetic semiconductors: first principle approach[END_REF], the magnetic characterization of nanocrystalline of Zn 1-x Co x O synthesized by combustion reaction [START_REF] Torquato | Synthesis and structural, magnetic characterization of nanocrystalline Zn 1-x Co x O diluted magnetic semiconductors (DMS) synthesized by combustion reaction[END_REF], the magnetic properties of transition metaldoped II-VI oxide semiconductors [START_REF] Shahjahan | Numerical study of magnetic states and magnetic properties of transition metal doped II-VI oxide semiconductors[END_REF] and the half-metallic ferromagnetism in vanadium-doped rock-salt SrO [START_REF] Berber | First-principle predictions of electronic properties and half-metallic ferromagnetism in vanadium-doped rock-salt SrO[END_REF].

In this study, we have investigated the doping effect of chromium (Cr) impurity on the structural parameters, electronic structures and the half-metallic ferromagnetic properties of Ba 1-x Cr x O at various compositions x = 0.25, 0.5 and 0.75. We have used in our calculations the first-principle methods of density functional theory [START_REF] Hohenberg | Inhomogeneous electron gas[END_REF][START_REF] Kohn | Self-consistent equations including exchange and correlation effects[END_REF] based on full-potential linearized augmented planewave approach within generalized gradient approximation functional of Wu and Cohen [START_REF] Wu | More accurate generalized gradient approximation for solids[END_REF].

Methodology and Details of Calculations

The bulk BaO has conventional rock-salt NaCl (B1) structure with space group (F m 3m) No. 225, which the Ba and O atoms are located respectively at the (0, 0, 0) and (0.5, 0.5, 0.5) sites. We have performed the Ba We have investigated the structural, electronic, and magnetic properties of Ba 0.75 Cr 0.25 O, Ba 0.5 Cr 0.5 O, and Ba 0.25 Cr 0.75 O supercells by using the full-potential linearized augmented plane-wave (FP-LAPW) method as GGA-PBE 5.58 [START_REF] Nejatipour | Excitonic effects in the optical properties of alkaline earth chalcogenides from first-principles calculations[END_REF] GGA-PBE 5.604 [START_REF] Cinthia | Structural, electronic and mechanical properties of alkaline earth metal oxides MO (M = Be, Mg, Ca, Sr, Ba)[END_REF] 7 5 [START_REF] Cinthia | Structural, electronic and mechanical properties of alkaline earth metal oxides MO (M = Be, Mg, Ca, Sr, Ba)[END_REF] 4 . 1 [START_REF] Cinthia | Structural, electronic and mechanical properties of alkaline earth metal oxides MO (M = Be, Mg, Ca, Sr, Ba)[END_REF] GGA-PBE 5.478 [START_REF] Santana | Cohesive energy and structural parameters of binary oxides of groups IIA and IIIB from diffusion quantum Monte Carlo[END_REF] 82.36 [START_REF] Santana | Cohesive energy and structural parameters of binary oxides of groups IIA and IIIB from diffusion quantum Monte Carlo[END_REF] 4 . 2 1 [START_REF] Santana | Cohesive energy and structural parameters of binary oxides of groups IIA and IIIB from diffusion quantum Monte Carlo[END_REF] L D A 5.539 [START_REF] Liu | Effect of pressure on the crystal structure and the lattice parameters of BaO[END_REF] 75.6 [START_REF] Park | Temperature dependence of the bulk modulus of BaO single crystals[END_REF] 5 . 6 7[ 44] Experimental 5.525 [START_REF] Kaneko | Optical properties of alkaline-earth chalcogenides. I. Single crystal growth and infrared reflection spectra due to optical phonons[END_REF] implemented in WIEN2K code [START_REF] Blaha | WIEN2K, an Augmented Plane Wave plus Local Orbitals Program for Calculating Crystal Properties[END_REF] based on density functional theory (DFT) [START_REF] Hohenberg | Inhomogeneous electron gas[END_REF][START_REF] Kohn | Self-consistent equations including exchange and correlation effects[END_REF]. The exchange correlation potential is treated by the use of generalized gradient approximation functional of Wu and Cohen (GGA-WC) [START_REF] Wu | More accurate generalized gradient approximation for solids[END_REF]. We have selected the average of the muffin-tin spheres radii of Ba, O, and Cr atoms in such a way that the muffintin spheres do not overlap. We have expanded the wave functions in the interstitial region to plane waves with a cutoff of K max = 9.0/R MT , where the R MT is the average radius of the muffin-tin spheres and the K max is the magnitude of the largest K vector in the plane wave. The charge density was Fourier expanded up to G max = 14 (a.u.) -1 , where G max is the largest vector in the Fourier expansion, whereas the maximum value for partial waves inside the atomic sphere was l max = 10. We have used the cutoff of -6

Ry to determine the separation between the valence and the core states. For the Brillouin-zone integration, we have used the Monkhorst-Pack mesh [START_REF] Monkhorst | Special points for Brillonin-zone integrations[END_REF][START_REF] Pack | Special points for Brillouin-zone integrations"-a reply[END_REF] of (4×4×3) k-points for Ba 0.5 Cr 0.5 O and (4×4×4) k-points for BaO, Ba 0.75 Cr 0.25 O, and Ba 0.25 Cr 0.75 O. The self-consistent was achieved when the total energy convergence was set at 0.1 mRy.

Results and Discussions

Structural Properties

We have computed the structural parameters by the use of the empirical Murnaghan's equation of state [START_REF] Muranghan | The compressibility of media under extreme pressures[END_REF] that describes the total energies as a function of equilibrium volumes. The obtained structural parameters such as the lattice constants (a), bulk modules (B), and its pressure derivatives (B ) for the BaO and the Ba 1-x Cr x O at various concentrations, and other theoretical [START_REF] Yang | Effects of epitaxial strains on spontaneous polarizations and band gaps of alkaline-earthmetal oxides MO (M = Mg, Ca, Sr, Ba)[END_REF][START_REF] Nejatipour | Excitonic effects in the optical properties of alkaline earth chalcogenides from first-principles calculations[END_REF][START_REF] Cinthia | Structural, electronic and mechanical properties of alkaline earth metal oxides MO (M = Be, Mg, Ca, Sr, Ba)[END_REF][START_REF] Santana | Cohesive energy and structural parameters of binary oxides of groups IIA and IIIB from diffusion quantum Monte Carlo[END_REF] and experimental [START_REF] Liu | Effect of pressure on the crystal structure and the lattice parameters of BaO[END_REF][START_REF] Kaneko | Optical properties of alkaline-earth chalcogenides. I. Single crystal growth and infrared reflection spectra due to optical phonons[END_REF][START_REF] Park | Temperature dependence of the bulk modulus of BaO single crystals[END_REF][START_REF] Chang | Elastic properties of oxides in the NaCl-structure[END_REF] results are summarized in Table 1.

The lattice constant of BaO calculated with GGA-WC approach stay in good agreement with the experimental data [START_REF] Liu | Effect of pressure on the crystal structure and the lattice parameters of BaO[END_REF][START_REF] Kaneko | Optical properties of alkaline-earth chalcogenides. I. Single crystal growth and infrared reflection spectra due to optical phonons[END_REF][START_REF] Park | Temperature dependence of the bulk modulus of BaO single crystals[END_REF][START_REF] Chang | Elastic properties of oxides in the NaCl-structure[END_REF], and it is better than the theoretical calculations of refs. [START_REF] Yang | Effects of epitaxial strains on spontaneous polarizations and band gaps of alkaline-earthmetal oxides MO (M = Mg, Ca, Sr, Ba)[END_REF][START_REF] Nejatipour | Excitonic effects in the optical properties of alkaline earth chalcogenides from first-principles calculations[END_REF][START_REF] Cinthia | Structural, electronic and mechanical properties of alkaline earth metal oxides MO (M = Be, Mg, Ca, Sr, Ba)[END_REF] and ref. [START_REF] Santana | Cohesive energy and structural parameters of binary oxides of groups IIA and IIIB from diffusion quantum Monte Carlo[END_REF] found, respectively, by the generalized gradient approximation of Perdew-Burke-Ernzerhof (GGA-PBE) [START_REF] Perdew | Generalized gradient approximation made simple[END_REF] and the local density approximation (LDA) [START_REF] Perdew | Self-interaction correction to densityfunctional approximations for many-electron systems[END_REF]. This is due to the accurate performance of GGA-WC potential for determining the structural properties of solids [START_REF] Wu | More accurate generalized gradient approximation for solids[END_REF][START_REF] Sharma | First principles study of the structural, electronic, optical, elastic and thermodynamic properties of CdXAs 2 (X=Si, Ge and Sn)[END_REF][START_REF] Sajjad | The half-metallic ferromagnetism character in Be 1-x V x Y (Y = Se and Te) alloys: an ab-initio study[END_REF][START_REF] Doumi | Half-metallic ferromagnetic property related to spintronic applications in 3d (V, Cr, and Mn)-doped GaP DMSs[END_REF][START_REF] Doumi | A novel theoretical design of electronic structure and half-metallic ferromagnetism in the 3d (V)-doped rock-salts SrS, SrSe, and SrTe for spintronics[END_REF][START_REF] Addadi | Electronic and ferromagnetic properties of 3d(V)-doped (BaS) barium sulfide[END_REF][START_REF] Zerouali | First-principle calculations of electronic and ferromagnetic properties of Al 1-x V x Sb[END_REF]. For Ba 1-x Cr x O, we have found that the lattice parameter decreases with increasing concentration of Cr atom owing to a 

Electronic Structures and Half-Metallic Properties

In this section, we have used the calculated lattice parameters to describe the electronic and half-metallic properties of Ba Figure 5 shows clearly that the majority and minority spins of BaO have the same band structures with direct band gap (E XX ) located between the maximum valence bands and the minimum conduction bands at X high symmetry point On the other hand, Figs. 6, 7 and 8 show that majorityspin bands are more in number than minority spin bands owing to the exchange interaction between 2p (O) and 3d (Cr) levels, and hence the half-metallic ferromagnetic (HMF) gaps (G HMF ) and half-metallic gaps (G HM ) are GGA-PBE 2.0 [START_REF] Mcleod | Band gaps and electronic structure of alkaline-earth and post-transition-metal oxides[END_REF] GGA-PBE 3.88 [START_REF] Zolweg | Optical absorption and photoemission of barium and strontium oxides, sulfides, selenides, and tellurides[END_REF] Experimental 4.1 [START_REF] Saum | Fundamental optical absorption in the IIA-VIB compounds[END_REF] 3.985 [START_REF] Kaneko | New developments in IIa-VIb (alkalineearth chalcogenide) binary semiconductors[END_REF] formed in the minority-spin bands. Our results of band gaps such as the direct band gap (E XX ) of BaO, and the HMF and HM gaps of minority-spin bands of Ba 1-x Cr x O at different concentrations with other theoretical [START_REF] Yang | Effects of epitaxial strains on spontaneous polarizations and band gaps of alkaline-earthmetal oxides MO (M = Mg, Ca, Sr, Ba)[END_REF][START_REF] Mcleod | Band gaps and electronic structure of alkaline-earth and post-transition-metal oxides[END_REF] and experimental [START_REF] Zolweg | Optical absorption and photoemission of barium and strontium oxides, sulfides, selenides, and tellurides[END_REF][START_REF] Saum | Fundamental optical absorption in the IIA-VIB compounds[END_REF][START_REF] Kaneko | New developments in IIa-VIb (alkalineearth chalcogenide) binary semiconductors[END_REF] data are given in Table 2. The HM gap of a half-metallic material is defined as the minimum of the lowest energy of the majority (minority)spin conduction bands with respect to the Fermi level and the absolute value of the highest energy of the majority (minority)-spin valence bands [START_REF] Yao | Half-metallic ferromagnetism of zinc-blende CrS and CrP: a first-principles pseudopotential study[END_REF][START_REF] Gao | Half-metallic ferromagnetism in zinc-blende CaC, SrC, and BaC from first principles[END_REF]. The calculated direct band gap of 1.884 eV of BaO is in good agreement with the theoretical calculations of refs. [START_REF] Yang | Effects of epitaxial strains on spontaneous polarizations and band gaps of alkaline-earthmetal oxides MO (M = Mg, Ca, Sr, Ba)[END_REF][START_REF] Mcleod | Band gaps and electronic structure of alkaline-earth and post-transition-metal oxides[END_REF]. For Ba 1-x Cr x O compounds, we have found that Ba 0.75 Cr 0.25 O, Ba 0.5 Cr 0.5 O and Ba 0.25 Cr 0.75 O have direct HMF gaps of 1.549, 1.277 and 1.032 eV, respectively. From minorityspin bands, we understand that the 3d (Cr) bands broaden strongly in the gap with increasing concentration of Cr impurity, leading to the decrease of HMF gap The halfmetallic gap is an important factor to determine the use of material in spintronics [START_REF] Doumi | A novel theoretical design of electronic structure and half-metallic ferromagnetism in the 3d (V)-doped rock-salts SrS, SrSe, and SrTe for spintronics[END_REF]; it is located between the minimum conduction bands and E F for Ba 0.25 Cr 0.75 O and between the maximum valence bands and E F for both Ba 0.75 Cr 0.25 O and Ba 0.5 Cr 0.5 O. The computed HM gap is 0.055 eV for Ba 0.75 Cr 0.25 O, 0.218 eV for Ba 0.5 Cr 0.5 O and 0.308 eV for Ba 0.25 Cr 0.75 O, which increases with increasing of Cr concentration. The Ba 1-x Cr x O compounds are halfmetallic ferromagnetic with HM gaps which make them potential materials for possible spintronics applications.

Magnetic Properties

The magnetism in the Ba 1-x Cr x O doping systems is induced by the 3d states of magnetic Cr impurity, which is partially filled with four electrons. According to the Hund's rule, these unpaired electrons create a total magnetic moment of 4 Bohr magneton (μ B ) per Cr atom in Ba 1-x Cr x O materials. Table 3 summarizes the calculated total magnetic moment (MM), local MM for Cr, Ba, and O atoms, and MM in the interstitial site per Cr atom for Ba 0.75 Cr 0.25 O, Ba 0.5 Cr 0.5 O, and Ba 0.25 Cr 0.75 O. The partial MM of the Cr atom for each compound is less than 4 μ B , and minor magnetic moments are induced in the Ba, O, and interstitial sites; this is due to the p-d exchange interaction between the 2p (O) and 3d (Cr) states. For all compounds, the magnetic moments of Cr and O atoms are antiparallel, implying that the valence bands interact anti-ferromagnetically with Cr magnetic spins. The positive magnetic spins of Cr and Ba atoms for Ba 0.75 Cr 0.25 O and Ba 0.5 Cr 0.5 O depict the ferromagnetic interaction between Cr and Ba sites, while the opposite sign of magnetic moments of Cr and Ba atoms for Ba 0.25 Cr 0.75 O describes the anti-ferromagnetic interaction between Cr and Ba sites.

We have employed the results of the electronic band structures to calculate the exchange coupling between magnetic impurity and valence (conduction) bands such as the s-d exchange constants N 0 α (conduction band) and the p-d exchange constants N 0 β (valence band). These two important parameters are determined from mean-field theory by the following expressions [START_REF] Sanvito | First-principles study of the origin and nature of ferromagnetism in Ga 1-x Mn x As[END_REF][START_REF] Raebiger | Intrinsic hole localization mechanism in magnetic semiconductors[END_REF]:

N 0 α = E c x s
(1)

N 0 β = E v x s (2)
where the

E c = E ↓ c -E ↑ c
is the conduction band-edge spin splittings and the

E v = E ↓ v -E ↑ v
is the valence band-edge spin splittings of Ba 1-x Cr x O at high symmetry point. The s is the half total magnetic moment per Cr atom [START_REF] Sanvito | First-principles study of the origin and nature of ferromagnetism in Ga 1-x Mn x As[END_REF], and the xis the concentration of Cr atom. Moreover we have described the attraction character in the Ba 1-x Cr x O doping materials by determining the two important p-d exchange splitting

v x (pd) = E ↓ v -E ↑ v and c x (pd) = E ↓ c -E ↑ c .
Our results of N 0 α and N 0 β exchange constants and v x (pd) and c

x (pd) p-d exchange splittings are given in Table 4 The positive sign of N 0 α and N 0 β, respectively at the concentrations (x = 0.25, 0.5 and 0.75) and (x = 0.25 and 0.5), describes the ferromagnetic coupling between 3d (Cr) states and valence (conduction) bands. In contrast, the coupling is anti-ferromagnetic between 3d (Cr) states and valence bands in the case of negative value of N 0 β for the concentration x = 0.75. On the other hand, the results of p-d exchange splitting show the negative value of v x (pd) for Ba 1-x Cr x O at concentration x = 0.75, revealing that the potential of minority spin is effective with respect to the majority spin [START_REF] Verma | Spinpolarized structural, electronic and magnetic properties of diluted magnetic semiconductors Cd 1-x Mn x Te in zinc blende phase[END_REF], which is an important feature for the spin-polarized compounds [START_REF] Verma | Spinpolarized structural, electronic and magnetic properties of diluted magnetic semiconductors Cd 1-x Mn x Te in zinc blende phase[END_REF][START_REF] Morozzi | Calculated Electronic Properties of Metals[END_REF].

Conclusion

We have employed the DFT first-principle methods with FP-LAPW approach and GGA-WC exchange potential to investigate the effect of Cr impurity on the structural, electronic, and ferromagnetic properties of Ba 1-x Cr x O at various concentrations x = 0.25, 0.5, and 0.75. The optimized structural parameters show that the lattice constant of Ba 1-x Cr x O doping compound decreases with increasing concentration of Cr impurity compared with binary BaO; this is due to the difference between Cr and Ba atomic radii. The total magnetic moments of 4 μ B and the ferromagnetic coupling between host valence bands and the 3d (Cr) states confirm the magnetic character of Ba 1-x Cr x O materials. From our findings of electronic and magnetic properties, we have predicted that the Ba 1-x Cr x O compounds are half-metallic ferromagnetic with halfmetallic gaps and spin polarization of 100%, which make them promising candidates for possible spintronics applications.

  1-x Cr x O supercells of eight atoms at concentrations x = 0.25, 0.5, and 0.75 by the substitution of one, two, and three Ba atoms by Cr impurities. For the concentration x = 0.5, we get the Ba 0.5 Cr 0.5 O compound of tetragonal structure with space group of P 4/mmm No. 123. We have obtained for x = 0.25 and 0.75, respectively, the Ba 0.75 Cr 0.25 O and Ba 0.25 Cr 0.75 O compounds, which have cubic structures with space group of P m 3m No. 221 (see Fig. 1).

Fig. 1

 1 Fig. 1 Crystal structures of BaO and Ba 1-x Cr x O compounds at concentrations x = 0.25, 0.5, and 0.75. a BaO, b Ba 0.75 Cr 0.25 O, c Ba 0.5 Cr 0.5 O, and d Ba 0.25 Cr 0.75 O

Fig. 2 Fig. 3

 23 Fig. 2 Spin-polarized total and partial densities of states of Ba 0.75 Cr 0.25 O. The Fermi level is set to zero (vertical dotted line)
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 76543245 Fig. 4 Spin-polarized total and partial densities of states of Ba 0.25 Cr 0.75 O. The Fermi level is set to zero (vertical dotted line)

Fig. 6 Fig. 7

 67 Fig. 6 Band structures of majority spin (up) and minority spin (down) for Ba 0.75 Cr 0.25 O, showing 3d (Cr) character bands by the filled-circle mode. The Fermi level is set to zero (horizontal dotted line)

Fig. 8

 8 Fig. 8 Band structures of majority spin (up) and minority spin (down) for Ba 0.25 Cr 0.75 O, showing 3d (Cr) character bands by the filled-circle mode. The Fermi level is set to zero (horizontal dotted line)

Table 1

 1 

	Calculated lattice constant (a), bulk modulus (B)	Compound	Concentration (x)	a ( Å)	B (GPa)	B	Method
	and its pressure derivative (B )						
	for BaO and Ba 1-x Cr x O at	This work					
	concentrations x = 0.25, 0.5	BaO	0	5.507	78.59	4.91	GGA-WC
	and 0.75	Ba 0.75 Cr 0.25 O	0.25	5.303	84.64	4.68	
		Ba 0.5 Cr 0.5 O	0.5	5.056	98.64	4.65	
		Ba 0.25 Cr 0.75 O	0.75	4.759	122.64	4.35	
		Other calculations					
		BaO	0	5.594 [18]			

Table 2

 2 Calculated direct band gap E XX for BaO, half-metallic ferromagnetic gap (G HMF ) and half-metallic gap (G HM ) of minority-spin bands for Ba 1-x Cr x O at concentrations x = 0.25, 0.5 and 0.75

	Compound	Concentration (x)	G HMF (eV)	G HM (eV)	E XX (eV)	Method	Behavior
	This work						
	BaO	0			1.884	GGA-WC	
	Ba 0.75 Cr 0.25 O	0.25	1.549	0.055			HMF
	Ba 0.5 Cr 0.5 O	0.5	1.277	0.218			HMF
	Ba 0.25 Cr 0.75 O	0.75	1.032	0.308			HMF
	Other calculations						
	BaO	0			2.0 [18]		

Table 3

 3 

	Calculated total and							
	local magnetic moments per Cr	Compound	Concentration (x)	Total (μ B )	Cr (μ B )	Ba (μ B )	O (μ B )	Interstitial (μ B )
	atom (in Bohr magneton (μ B )) within the muffin-tin spheres	Ba 0.75 Cr 0.25 O	0.25	4	3.841	0.013	-0.243	0.391
	and in the interstitial sites for	Ba 0.5 Cr 0.5 O	0.5	4	3.707	0.008	-0.167	0.457
	Ba 1-x Cr x O at concentrations x = 0.25, 0.5 and 0.75	Ba 0.25 Cr 0.75 O	0.75	4	3.489	-0.004	-0.058	0.574

Table 4

 4 Calculated p-d exchange splitting v x (pd) = E constants N 0 α and N 0 β for Ba 1-x Cr x O at concentrations x = 0.25, 0.5, and 0.75

			↓ v -E v and c ↑ x (pd) = E c -E ↓		
	Compound	Concentration (x)	c x (pd) (eV)	v x (pd) (eV)	N 0 α	N 0 β
	Ba 0.75 Cr 0.25 O	0.25	0.906	0.005	1.812	0.010
	Ba 0.5 Cr 0.5 O	0.5	1.016	0.002	1.016	0.002
	Ba 0.25 Cr 0.75 O	0.75	0.633	-0.024	0.422	-0.016

↑ c and exchange