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The effect of vanadium (V) doping with various concentrations (x= 12.50%, 25%, 50%, 

75%) on the physical properties ofBaTiO3perovskite is examined using the spin polarized 

theory.The electronic band structure (BS) for both states reveal that all Ba0.875V0.125TiO3, 

Ba0.75V0.25TiO3,Ba0.5V0.5TiO3 and Ba0.25V0.75TiO3 compounds are half-metallic 

ferromagnetic (HMF) materials. The results showed that V play a significant role in the 

HMF behavior ofBa1-xVxTiO3compound. In addition, the magnetic characteristics confirm 

the integer values of magnetic moment of all mentioned compounds. In optical properties, 

reflectivity R (ω), optical absorption α (ω), dielectric function ɛ (ω), extinction coefficient 

k (ω), and refractive index n (ω) are also calculated. The complete set of optical 

parameters suggests the use of mentioned material in the visible-ultra violet 

optoelectronics devices. Based on the half metallic (HM) results of V doped BaTiO3 is 

capable for spintronics applications. 
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1.Introduction 
 

During the last decade, HMF materials have been attained main interest because of their 

use in tunnel junctions, optoelectronics and magnetic devices. Moreover, HMF materials play an 

important part in spintronics, as these materials comprise two spin states, one spin version exhibit 

metallic behavior and other spin state behave like semiconductor or insulator. The HMFM 

compounds such as PtMnSb and NiMnSb Heusler alloys were initially reported de Groot et al [1-

4].  

Meanwhile, perovskite materials have been widely studied due to their low temperature 

phase transitions [5]. Since 1945, the main focus of researchers has been on the discovery of 

ferroelectric properties in a single structure called as ABO3perovskites crystals that have several 

technical applications [6-8]. Barium titanate is of great importance in the microelectronics industry 

as it has superb ferroelectric and piezoelectric properties, low current loss and high dielectric 

constant [9-11]. Some useful procedures such as doping were used extensively to improve 

electronic and dielectric properties of barium titanate [12]. CdTe and ZnTe (Cr, Mn and V doped), 

metal oxides for example CrO2 and Fe3O4, perovskite alloys La0.7Sr0.3MnO3, Sr2FeMoO6 have been 

explored hypothetically to study their HMF behavior through DFT. In addition, A2FeBO6 (A=Ba, 

Ca,Sr and B=Mo,Re) also demonstrate the HM behavior [13-15]. Renet al. probed the yttrium 

doped BaTiO3 solubility combining with the electron compensation, which is synthesized by solid 
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state process technique. Alshoaibi et al. have examined the effect of Y doping at A and B sites (Ba 

and Ti) of BaTiO3 by first principle calculations. The outcomes exhibit the enhancement of 

dielectric properties [16].Sanna et al. computationally examined the electronic, thermodynamic 

and optical characteristics of cubic and tetragonal phases of BaTiO3by using GW approach. The 

results predicts the disappearance of ferroelectric ordering [17]. 

In this article, the physical characteristics of Ba1-xVxTiO3 (x= 12.50%, 25%, 50%, 

75%)have been examined by full potential linearized augmented plane wave method (FP-LAPW) 

executed in WIEN2K code [18].The outcomes suggest the use of this compounds for optical and 

spintronic gadgets. 

 
 

2. Computational Method 
 

The WIEN2k code based on FP-LAPW scheme within framework of DFT is used for 

calculating the physical properties of Ba1-xVxTiO3(x= 12.50%, 25%, 50%, 75%)[19].To calculate 

the exchange correlation potential, the PBE-GGA has been used [20]. The electronic configuration 

for Ba, Ti, O, V, is taken as 6s
2
,3d

2
4s

2
, 2s

2
2p

4
 and 3d

3
4s

2
, respectively. In FP-LAPW method, the 

crystal unit cell contains two sections: interstitial local and muffin tin portion. In the interstitial 

part, the potential is extended via the plane wave orbitals, however, in the muffin tin area the 

premise set comprises of the spherical harmonics like nuclear orbitals. In both region potential is 

given as: 

 

𝑉(𝒓) = {
∑ 𝑉𝐿𝑀𝐿𝑀 (𝑟)𝑌𝐿𝑀 (ȓ)inside sphere

∑ 𝑉𝐾𝑒і𝐾.𝑟
𝐾  outside sphere

   (1) 

 

The unit cell of BaTiO3 contains unit formula along Wyckoff positions of atoms Ba 

(0,0,0), Ti (1/2,1/2,1/2), O (0, 0.5, 0.5), (0.5, 0, 0.5), (0.5, 0.5, 0).The atomic radii for V, Ba, Ti 

and O is 1.34, 2.68, 2.15, and 1.52Å, respectively. The values of muffin tin radii for Ba, Ti, V and 

O are 2.3, 2.3,1.75 and 1.75 (bohr), respectively. The plane-wave development is constrained by 

setting RMT× KMAX= 7. In addition, 1000 k points are selected in the irreducible Brillouin zone 

(BZ) [21,22].Inside the angular momentum expansion lmax= 10 is selected, while the energy cut off 

is chosen as - 6.0 Ryd, that divide the core and valence state. 

 
 
3. Results and discussion 
 

3.1.Electronic properties 

The determined spin-up and spin-down BS of Ba1-xVxTiO3 at x= 12.50%, 25%, 50% and 

75% are demonstrated in Figure 1(a-d). The determined electronic BS of Ba1-xVxTiO3 compound at 

all the mentioned doping concentrations displays HM character due to different behavior of spin 

up and spin down channels. This variation of electronic BS in both channels demonstrate the HM 

characteristics at x=12.50%, 25%, 50%, 75%. The calculated HM gaps of Ba1-xVxTiO3 compound 

display an increasing trend from 0.93 to 1.14 eV with the increasing concentration from x=12.5% 

to 75%. 
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                                     (a)                                                                           (b) 

 

 
                                        (c)                                                                          (d) 
 

Fig. 1. Spin-dependent BS of V doped BaTiO3 (a) x =12.5%, (b) x = 25%, (c) x=50%, (d) x=75%. 

 

 

The total DOS of Ba1-xVxTiO3 at x=12.50%, 25%, 50%, 75% authenticate the HM 

character, as shown in Fig. 2 (a-d).In order to find out the impact of individual orbitals on the BS, 

the partial DOS for both spins are represented in Fig. 3 and Fig. 4.  
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(a)                                                                               (b) 

 

 
(c)                                                                             (d) 

 

Fig. 2. Spin-dependent TDOS of V doped BaTiO3 (a) x =12.5%, (b) x = 25%,  

(c) x=50%, (d) x=75%. 

 

 

The PDOS is separated in three different regions, such as upper and lower conduction 

bands (CB) and valence bands (VB). At 12.5% concentration, the TDOS illustrates energy gap of 

0.93 eV in spin-upstate and overlapping in the spin-down state. The contribution of V-d and O-p 

state is maximum in spin down channel in case of VB, while Ti-d has highest contribution in CB 

for both states. At 25%, 50% and 75%, the spin up channel show metallic behavior because the  V-

d across the FE, but, spin down channel demonstrate Eg and major contribution is from O-p state 

with minor contribution of Ti-d state for both spin channels in case of VB. The CB is largely 

populated with Ti-d state with minor participation of O-p states, as shown in Figure 4 (b-d). 
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(a)                                                                            (b) 

 
(c)                                                                            (d) 

 

Fig. 3. Spin-dependent TDOS of V doped BaTiO3 (a) x =12.5%,(b) x = 25%, (c) x=50%, (d) x75% . 
 

 

 
                                        (a)                                                                            (b) 

 
                                                   (c)                                                                            (d) 

 

Fig. 4.Spin-polarizedpartial DOS of V doped (a) x =12.5%, (b) x = 25%,  

(c) x=50%, (d) x=75% . 
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3.2.Optical properties 
The optical response is described in terms of dispersion, polarization, absorption, 

reflection and conduction. The optical features of the material are revealed bydielectric function 

and electronic band structure as both are related with one another. The material collaboration to 

the incident energy is studied by complicated dielectric function, exemplified as ɛ (ω) = 

ɛ1(ω)+iɛ2(ω) [25,26].The dielectric function contains real and imaginary parts represented by ɛ1(ω) 

and iɛ2(ω), respectively. The absorption of energy capability of material is exhibited by dielectric 

function’s imaginary part. The ε2(ω) is computed by direct shift from VB towards the CB.The 

polarization of the incident light is described by ɛ1(ω). It is mostly derived by the ɛ2(ω) using the 

relation of Kramers–Krong [1]. The optical properties ofBa1-xVxTiO3 at x= 12.50%, 25%, 50%, 

75% were calculated.  

A schematic of the real part is given in Figure5a.The maximum peak of dielectric function 

lies at approximately 0.4 eV for x= 12.50%, 25% and 50%. The maximum value occur at 2 eV for 

x= 75%. The values of ɛ1(ω) fluctuate with the increment in energy and the negative value is 

approached at 7 eV. The imaginary part ε2 (ω) demonstrates the ability of material for absorption 

of the energy. The highest peaks are shown at 3.68 eV for all concentrations, which illustrate the 

large absorption in the visible-ultraviolet region, as shown in Figure 5b.  

 

 
                                        (a)                                                                            (b) 

 
                                                  (c)                                                                            (d) 

Fig. 5. (a) ɛ1(ω),  (b) iɛ2(ω), (c) n (ω) and (d) R (ω) of Ba1-xVxTiO3 (x =12.5%, 25%, 50%, 75%). 

 

 

The n (ω) defines the response of the given compounds to the incident photons. n (ω) is 

linked to the ɛ1(ω) and k (ω) is related with iɛ2(ω). When the light falls on material’s surface the 

transparency of materials is described by n (ω). If the substance is extremely translucent, n (ω) 

value becomes extremely small (nearly zero) and absorption of light is described by positive 

values of then (ω).The maximum values of n (ω) occur at 3.5 eV for 12.5%, 25%, 50% and 75% 

concentrations, as shown in Figure 5c. The value of reflectivity is computed by the equation 

 
R (ω) = [n (ω)-1]

2
+k

2
(ω) / [n (ω)+1]

2
+k

2
 (ω)(2) 
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The reflectivity values increases from the zero frequency limit R (0) and the highest value 

of R (ω) is occurred at 3.8 eV, as represented in Figure 5d. Moreover, the k (ω) defines the 

characteristics of substance to absorb light. The k (ω) is calculated by the given formula [27] 

 

k(ω) = αλ / 4π(3) 

 

The k (ω) shows highest peak at 4.0 eV for Ba1-xVxTiO3 at x= 12.50%, 25%, 50% and 

75%, as shown in Figure 6a. The highest peaks of α (ω) occuramongst8.3 eV and 9.1 eV for all 

given concentrations. The free of charge carriers are represented by the σ (ω). The highest peaks of 

σ (ω) occur at8.5 eV, 3.9eV, 3.9eV, 3.86eV for12.5%, 25%, 50% and 75%, as illustrated in Fig 6c. 

 

 
(a)                                                                            (b) 

 
(c) 

Fig. 6. (a) α (ω) (b) k (ω) and (c) σ (ω)of Ba1-xVxTiO3 (x =12.5%, 25%, 50%, 75%). 

 

 

3.3. Magnetic properties 

The total, individual and interstitial magnetic moments of Ba1-xVxTiO3 at x= 12.5%, 25%, 

50% and 75% (see  Table 1)are computed by using PBE-GGA scheme. The total μB of Ba1-

xVxTiO3 at x= 12.50%, 25%, 50%, 75% are 3.00003, 3.00007, 2.99992 and 3.00017µB, 

respectively. The highest magnetization is observed at x=75%.The contribution of Ba atoms is 

weaker as compared to V, Ti and O atoms. Moreover, the direction of the spin configuration is 

signified by the indication of μB of constituent particles. The positive symbol of μB of various 

particles demonstrates that the spins align in a similar way whereas a negative magnetic moment 

exposes ferromagnetic as well as anti-ferromagnetic collaboration. The μB of V, Ba, Ti and O has 

contrasting signs at 12.5, 25, 50 and 75% concentrations, which shows that V, Ba, Ti and O 

particles connecting ferrimagnetic state. Therefore, it is evident from the DOS and μB outcomes 

that Ba1-xVxTiO3 is a HMF compound. 
 



468 

 

Table1.The interstitials (Mint), atom resolved (MBa, MV, MTi, MO) and total magnetic moment 

of V doped BaTiO3 compound. 

 

 Mint MBa MV MTi MO Mtot 

Ba0.875V0.125TiO3 -0.30109 -0.00152 2.73138 -0.01229 0.01125 3.00003 

Ba0.75V0.25TiO3 0.29902 0.0023 2.73274 0.02508 0.03389 3.00007 

Ba0.5V0.5TiO3 0.30363 0.00208 2.75652 0.04461 0.07882 2.99992 

Ba0.25V0.75TiO3 -0.30109 -0.00085 2.73194 -0.00011 -0.00104 3.00017 

 
 
4. Conclusion 
 

In this Ba1-xVxTiO3 system, the electronic, magnetic and optical properties are analyzed by 

PBE-GGA approximation executed in WIEN2K code. The electronic properties and magnetic 

outcomes present HMF behavior of Ba0.875V0.125TiO3, Ba0.75V0.25TiO3,Ba0.5V0.5TiO3 and 

Ba0.25V0.75TiO3compounds, and vanadium is found as the major source of magnetization. The 

maximum magnetization is observed at x=75%. The optical characteristics such as R (ω), α (ω), ɛ 

(ω), k (ω), and n (ω) are also computed to probed the optical features of Ba1-xVxTiO3 for 

optoelectronic applications. The outcomes illustrate the use of this material for spintroinc and 

visible-ultraviolet optoelectronic devices.  
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