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Abstract: The physical properties of functional oxides can be fine-tuned by an appropriate 

dopant in the A and B sites of the perovskite lattice structure. In this study, cobalt (Co) was 

used as a dopant to investigate its influence on the structural, electronic, and optical properties 

of BaSnO3 using density functional theory (DFT) within WIEN2K-code based on the 

generalized gradient approximation (GGA) and the modified Becke-Johnson exchange 

potential (mBJ). Calculations were performed for BaSn1-xCoxO3 oxide with x = 0, 12.5, 25, 

37.5 and 50 %. Analyses of the studied materials have revealed that the lattice parameter has 

linearly decreased from 4.171 Ǻ (x = 0 %) to 4.069 Ǻ (x = 50 %) upon increasing Co-doping 

concentration. Pure BaSnO3 has an indirect energy bandgap (R–Γ) of 2.6 eV, while the 

valence band maximum (VBM) and the conduction band minimum (CBM) were both located 

in the Γ point of the Brillouin zone implying a direct energy bandgap for the Co-doped 

BaSnO3. Additionally, the optical energy bandgap was reduced by 46 % for x = 50 %. 

Moreover, the absorption coefficient has increased from around 1×105 cm-1 (x = 0 %) to a 

maximum of about 6×105 cm-1 in the UV band and 2.5×105 cm-1 at the beginning of the 

visible band upon Co-doping (x = 50 %). The present study, therefore, shows that Co-doped 

BaSnO3 is a very interesting material for the performance enhancement of oxides dedicated to 

photovoltaic and optoelectronic devices. 

Keywords: Perovskites, BaSnO3, Electronic properties, Structural properties, optical 

properties and DFT. 
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1. Introduction  

Lead-free oxide perovskite materials have been the centre of attention for various applications 

such as photocatalysis, electrocatalysis, supercapacitors, and photovoltaics [1]–[4]. 

Particularly, the exceptional properties make it a more feasible class of materials for the 

fabrication of photovoltaics. This is primarily attributed to their inherent properties such as 

oxygen stability, transparent to visible light with good electrical conductivity and high 

electronic mobility [5]–[8]. Among many perovskite structured materials, Barium 

Stannate, BaSnO3 (BSO) is considered as one of the promising materials for catalysis [9]–

[11], temperature stable capacitors [12] and photovoltaics [13], [14]. BaSnO3 perovskite 

crystallizes in a cubic structure at room temperature. BaSnO3 ceramic is n-type semiconductor 

with a large bandgap between  3.1 and 3.4 eV due to the large difference in electronegativity 

between oxygen and metallic ions , it is being considered as an alternative for the widely used 

binary oxide, TiO2  [13], [15]–[17]. Although TiO2 provides good optical transparency, its 

poor electron mobility limits its application in solar cells. Recently, BaSnO3 oxide is 

emerging as a transparent oxide conducting (TCO) layer for the solar cells [13]. 

Further, in order to improve the efficiency of BaSnO3 in technological aspects, doping is one 

of the most reliable strategies. Thus, many works have been reported so far by doping with 

some elements such as La [18]–[21], Gd [22], [23], Nb [24], Sb [15], [25] and Ge [26]  to 

improve its properties for the transparent conducting oxide-based devices. Nevertheless, all 

these reported doping elements led to an increase in the bandgap energy of BSO material. 

However, the use of doping elements to reduce the bandgap has not yet been widely explored. 

Goa et al. [27] demonstrated experimentally that cobalt doping can lower the bandgap energy 

of BaSnO3. When the cobalt dopant concentration was increased, the lattice parameter and 

bandgap energy of BaSn1-xCoxO3 (x = 0, 0.05, 0.10, 0.20, 0.35, and 0.50) thin films 

decreased. Recently Rajamanickam et al.[28] have studied the effect of cobalt on structural 

and optical properties of BaSnO3, and they reported that the cobalt-doping can improve the 

photovoltaic performance of BaSnO3. 

The objective of this study is to investigate the influence of cobalt-doping on the structural, 

electronic, and optical properties of doped-BaSnO3 using first principles calculations. The 

choice of this element for doping is motivated by the ionic radius of Co2+ (0.63 Å) is smaller 

than the ionic radius of Sn4+ (0.7 Å). Therefore, cobalt atoms can replace Sn atoms effectively 

in BaSnO3 lattice. In addition, the difference in the oxidation number of two electrons 



between the Co2+ element and Sn4+. The obtained results showed that the cobalt doping could 

reduce the band gap and ameliorate the absorption coefficient of BaSnO3.  

The first principles density functional theory (DFT) calculation is an efficient route to 

investigate the physical properties of materials. Various theoretical calculations have been 

adopted to understand the electronic and optical properties of BaSnO3 [29]–[31]. S. 

Soleimanpour and F. Kanjouri [32] calculated the electronic, structural and optical properties 

of the cubic perovskite BaSnO3 (pristine). They have used the full potential linearized 

augmented plane wave (FP-LAPW) based on density functional theory (DFT). This approach 

has been accounted for the exchange and correlation effects by a generalized gradient 

approximation (GGA) and an orbital independent modified Becke–Johanson (mBJ) potential 

as coupled with GGA. All these theoretical calculations have revealed an indirect bandgap 

nature of BaSnO3. But the calculated values are found to be widely varied depending on the 

utilized approximation. Therefore, it is essential to identify the best DFT calculation that 

could well correlate with the experimental data. Thus, we have used in this study the first 

principles calculations with Perdew – Burke –Ernzerhof (GGA-PBE) and TB-mBJ to examine 

the structural, electronic, and optical properties of BaSn1-xCoxO3 ceramics (x = 0, 12.5, 25, 

37.5 and 50 %). This approach was used in several previous works [29], [33]–[35], as it 

exhibits excellent performance in most applications and yields an accurate bandgap energy, 

optical absorbance, transmittance and reflectance properties for numerous semiconductor and 

isolators. 

2. Calculation methods 

DFT (density functional theory) is a very effective technique for studying physical 

characteristics of materials. All computations in this investigation were performed using full 

potential linearized augmented plane wave (FP-LAPW) approach, which is based on the 

density functional theory (DFT) [36]with the WIEN2k package [37]. The exchange-

correlation potential is determined using generalized gradient approximation (GGA) [38] and 

the modified Becke-Johnson (mBJ) [39]. The RMT (radius of the muffin tin) atomic spheres 

of Ba, Sn, O and Co atoms are 2.5, 2.1, 1.8 and 2.1 a.u, respectively. The cut-off energy is 

described by the separation between the core and valence states and is chosen at -6.0 Ry. 

RMTKmax equal to 7, where RMT is a minimum radius of the muffin tin spheres and Kmax is the 

largest K-vector for the basic functions in the reciprocal space. The precision of the self-

consistent parameter set at 0.0001 Ry. The number of K-points in the irreducible Brillouin 

zone (IBZ) used is 400 for pure BaSnO3 and 300 for the other compositions. We used a 



2×2×2 cubic perovskite supercell with 40 atoms (8 Ba atoms, 8 Sn atoms and 24 oxygen 

atoms) to estimate the effect of Co-doping concentration on the structural, electronic and 

optical properties of BaSnO3 material. The doped structures were constructed with Sn atoms 

replaced by one cobalt atom for 12.5 %, two atoms for 25 %, three atoms for 37.5 % and four 

atoms for 50 %. 

The optical properties of material are defined as the interaction between a solid and 

electromagnetic radiation. This response can be detailed by the complex dielectric function 

[40]:   

ε (ω) = ε1 (ω) + iε2 (ω)        (1) 

Where ε1 (ω) and ε2 (ω) are the real and imaginary parts of dielectric function, respectively.  

ε1 (ω)  represents the stored energy of a medium or material that is available to be given out, 

ε2 (ω) explains the absorption ability of this compound. The latter corresponds to transitions 

between the empty and occupied energy states explained by the following equation: 

Imε�ω� = ε2�ω� = 	
���
��� ∑ ��i|M|j���� f��1 − f��δ�E − E� − h́ω#d%k      (2) 

Where M is the dipole matrix, e and m are the charge and mass of the electron, respectively,  

ω is the frequency of the incident photon, 

f� is the Fermi distribution function of the i state,  

E� is the electronic energy of i state. 

The real part of the dielectric function (ω) can be expressed as a function of the imaginary 

part using the Kramers-Kronig relations [40]: 

Reε�ω� = ε1�ω� = 1 + �

 P � �+,���+#-�+

�+�.��
/

0          (3) 

where P is the principal value of this integral. 

From the real and imaginary parts of the dielectric function, we can determine other optical 

properties, like reflectance R�ω� and the absorption coefficient α�ω�using the following 

relationships [40]: 

α�ω� =  √2ω�4ε5�ω�� + ε��ω�� − ε5�ω��6
�              (4) 



 

R�ω� = 74,���.5
4,���857�

          (5) 

 

3. Results and discussion 

3.1 Structural properties 

BaSnO3 has been reported to crystallize in a cubic perovskite structure with experimental 

lattice parameters of a = b = c = 4.12 Ǻ and α = β = γ = 90° [15], [26], [27]. The influence of 

five different Co-doping concentrations on the structural properties of BaSn1-xCoxO3 (x = 0, 

12.5, 25, 37.5 and 50 %) has been analyzed by calculating the total energy as a function of the 

unit cell volume. This influence has been fitted with Murnaghan’s equation (6) of states to 

obtain the best optimal lattice parameters [41]. The equation is given below: 

E�V� = E0 + : ;<=
;<+ �;<+ .5�> ?B0A B1 − =<

= C + B=<
= C;<+ − 1D       (6) 

Where:  

E0, and V0 are the equilibrium total energy and the volume of the system respectively. 

B0, and B0
’ are the bulk modulus and its derivative at zero pressure respectively.  

Figure 1. (a-e) shows the calculated total energies as a function of the cell volumes for Co-

doped BaSnO3 with the different doping rates: a. 0 %, b. 12.5 %, c. 25 %, d. 37.5 % and e. 50 

% using GGA approximation. This provided an equilibrium lattice constant of 4.17 Å for pure 

BaSnO3 which is around 5 % larger than the reported experimental values [15]–[17]. Figure 1. 

(f) shows the evolution of the lattice parameter as a function of the five different Co-doping 

rates. In fact, the lattice parameter linearly decreases with increasing cobalt concentration. 

The lattice parameters obtained from this study are summarized in table 1 with both 

experimental and previous theoretical data reported in pertinent literature. According to the 

calculations, the relaxed lattice parameter for pure BaSnO3 was found to be a = b = c = 4.171 

Ǻ, which is very close to the experimental values [15]–[17] and almost similar to previous 

theoretical values [29], [32]. This confirms that the method used in the present study is 

reliable. Furthermore, the value of lattice parameter for the BaSn1-xCoxO3 linearly decreases 

to become 4.132 Ǻ for 12.5 %, 4.127 Ǻ for 25 %, 4.091 Ǻ for 37.5 % and 4.069 Ǻ for 50 % of 



Co-doping rates. This could be mostly attributed to the fact that the ionic radius of Sn element 

is greater than that of Co element [27], [42]. It is well known that the ionic radius of Sn4+ in 

ABO3 structure (coordination number: 6) is 0.830 Å, which is larger than that of Co2+ 

(0.790 Å) and Co3+ (0.685 Å). Therefore, it is highly expected that Co ions could enter into 

the BaSnO3 lattice by replacing Sn4+ ions, regardless of the valence of Co element. Recently, 

D.S. Gao et al. observed a similar trend of decrease in the lattice parameter of BaSn1-xCox O3 

(x = 0, 0.05, 0.10, 0.20, 0.35 and 0.50) films [27]. They have reported that with the increase of 

Co content from x = 0.05 to 0.50, the diffraction peak (200) of BaSn1-xCoxO3 gradually 

shifted towards the high-angle direction. This is a clear indication of the effective substitution 

of Sn atoms by Co atoms into the BaSnO3 lattice structure. 

3.2 Electronic properties 

The electronic properties such as the nature of bonds formed between the different elements, 

the energy gap type, i.e., direct or indirect, mobility of carriers and other properties can be 

studied from density of states (DOS). Figure 2a and 2b show the band structure, the total and 

partial densities of states (TDOS, PDOS) of pure BaSnO3, respectively. We have adopted TB-

mBJ approximation method in WIEN2K-code package [35] to calculate the band structure, 

the total and partial densities of states of pure and Co-doped BaSnO3 oxide, with different 

concentrations (12.5 %, 25 %, 37.5 %, and 50 %) of cobalt. The Fermi level (EF) is set to be 

located at 0 eV and match with the top of the valence band. As can be seen from Figure 2 (a), 

the valence band maximum (VBM) and conduction band minimum (CBM) are located at the 

R and Γ points of the Brillouin zone, respectively, implying that BaSnO3 is an indirect 

bandgap semiconductor. The obtained value of the energy gap is Eg = 2.62 eV. This result is 

in good agreement with other theoretical reports [29], [32], [43], [44] where Eg ranges from 

2.48 to 2.65 eV. This value is also slightly lower than reported experimental values [15]–[17] 

where Eg ranges from 3.1 to 3.4 eV. Indeed, various experimental parameters have a 

significant impact on the microstructure of the material, regardless of its form (powder, 

ceramic, or film), and hence on its electrical and optical properties. From the band structure 

constructed in fig. 2b, the total density of states can be divided into four different regions. The 

first region can be indexed to the electronic states located below -8 eV in the lower part of the 

valence band. These states mainly consist of Ba-5p and Sn-4d states. The second region can 

be indexed to the electronic states located between -4 eV and 0 eV, which are derived from 

the O-2p and Sn-5p states. Here there is a hybridization between O-2p and Sn-5p, suggesting 

that the O-Sn bond has a covalent character in the BaSnO3 oxide. The third region can be 



indexed to the electronic states located between 2.6 eV and 6 eV of the conduction band. The 

electronic states in this region could be mainly derived from Sn-5s states, while O-2s and Sn-

5p orbitals have minor contributions to the electronic states. It has been revealed that the Sn-

5s states have a lower energy than the corresponding Sn-5p orbitals, which leads to 

antibonding states at the hybridization with O-2s states. The last region is located between 6 

eV and 10 eV, which is predominantly composed by Ba-5d states along with a minor 

contribution from Ba-6s, Sn-5s, and O-2s states. All the above results are in good agreement 

with previous studies [29], [32]. 

Figure 3 (a-d) represents the band structures of BaSn1-xCoxO3 for different Co-doping rates: a. 

12.5, b. 25, c. 37.5 and d. 50 %. Unlike the pure BaSnO3 oxide, for all Co-doped BaSnO3 

compositions, the valence band maximum (VBM) and conduction band minimum (CBM) are 

positioned in the Γ point of the Brillouin zone. This indicates that the Co-doped BaSnO3 oxide 

has a direct energy bandgap. Additionally, the Fermi level enters into the valence band. The 

Co-doped BaSnO3 is therefore a p-type degenerate semiconductor [42], [45]–[47]. Moreover, 

the bandgap value decreases from 2.62 eV for pure BaSnO3 to 1.42 eV for 50 % (highest 

doping concentration) of cobalt. This decrease is significant as it represents a decrease of 

approximately 45 %. Similar kind of decrease in band gap as a function of Co doping 

concentration in BaSnO3 and SrSnO3 systems [27], [48], [49]. The different values of Eg are 

presented in Figure 4 in function of the Co concentration.  

Figure 5 (a-d) represents the total and partial densities of states of BaSn1-xCoxO3 (x = 12.5, 25, 

37.5 and 50 %). From these figures, some remarks can be done: i) Co-3d states appear below 

the upper part of the valence band and at the bottom of the conduction band as well; ii) there 

is a strongly hybridized in the valence band maximum between O-2p states and Co-3d states. 

Besides, a weak hybridization between O-2p states and Sn-5p states has been observed in the 

VBM; iii) when the concentration of cobalt increases, the participation of Sn-5s in the bottom 

of the conduction band becomes less important compared to that of Co-3d, which becomes 

more dominant in the VBM and in the CBM. All of these factors contribute to understanding 

why cobalt doping lowers bandgap energy of BaSnO3. This also correlates well with 

experimental findings on BaSn1-xCoxO3, which reveal that the cobalt ions dominate 

conduction in the material[45].  

In the case of pure BaSnO3, the partial density of states (PDOS) shows that the VBM 

dominantly consists of 5s orbitals of Sn atoms and some contributions from the states of Ba 



atoms while CBM composed of overlapping orbitals. From the band structures of Co doped 

BaSnO3, it is apparent that the electronic structure of pure BaSnO3 is greatly altered with a Co 

atom doping. The alterations are the appearance of new energy lines at the bottom of the 

conduction bands and new considerable states in the valence band. These new states are 

expected to be associated with Co dopant. VBM DOS of doped BaSnO3 originates from the 

hybridization between the 2p orbitals of the O atoms and 3d orbitals of the Co atoms. These 

effects of Co atoms have already been observed on thermoelectric oxides [50]. Moreover, the 

corresponding peak is gained to be intensive in the DOS graph as the concentration of the 

dopant increases. Therefore, the strong hybridization between d-orbitals of the dopant cobalt 

and p-orbitals of the O atoms of BaSnO3 induced new band lines in VBM and CBM, leading 

to a possible conversion of the indirect bandgap of BaSnO3 to direct bandgap. Rizwan et al 

reported direct band gap converts from the original indirect band gap nature of SrTiO3 upon 

doping of a transition metal element copper as observed in the present study [51]. Also this 

kind of  conversion has been simulated on another semiconductor dedicated to optoelectronics 

[52]. Thus, the transformation from the indirect to direct bandgap will facilitate the passage of 

the electrons from the VBM to CBM with a minimum of energy and will have a good effect 

on optical transitions. This property would make this material more efficient for photovoltaic 

applications. 

We have also investigated the electron charge density of pure and Co-doped BaSnO3 material, 

with different concentrations (0%, 12.5 %, 25 %, 37.5 %, and 50 %) of cobalt using TB-mBJ 

approximation. The charge density mapping of these compositions is shown in figure 6 along 

(110) plane. For pure BaSnO3, the contour lines are overlapping between Sn and O atoms. 

This implies that the bond between Sn and O atoms is covalent, which is due to hybridization 

between O-2p and Sn-5p states. On the other hand, the contour lines are weakening between 

Ba and O atoms, indication of ionic bond between these two atoms. It is interesting to note 

that the covalent bond between Sn and O is gradually weakening upon an increasing in cobalt 

doping. Simultaneously, the cobalt is forming a covalent bonding with oxygen atoms 

significantly. Based on the electronegativity differences between Sn and O atoms and between 

Co and O atoms are found to be 1.56 and 1.48 eV, respectively. This confirms that Sn and Co 

atoms can form covalent bonding with O atom individually.   

3.3 Optical properties: 



For photovoltaic cells, verifying the effect of solar radiation on the optical properties of pure 

and Co-doped BaSnO3 is essential. Thus, we investigated parameters such as absorption 

coefficient, optical transmittance, reflectivity, and optical bandgap of pure and Co-doped 

BaSnO3 oxide using the TB-mBJ approximation approach. 

Figure 7 depicts the optical transmittance spectra of BaSn1-xCoxO3 as a function of different 

Co-doping concentrations (x = 0, 12.5, 25, 37.5 and 50 %). The pure BaSnO3 has revealed the 

maximum optical transmittance of about 90 % in the band above 400 nm, while the 

percentage slightly decreases from 90 % to 85 % in the ultraviolet band, forming the 

absorption edge. However, the exchange of Sn atoms by Co has resulted in a linear decrease 

in the transmittance percentage when the Co concentration increases. The optical 

transmittance percentage slightly decreases in the band above 400 nm when the Co-doping 

concentration increases from 12.5 to 50 %. The percentages of optical transmittance were 

found to be around 85 %, 80 %, 75 % and 70 % for Co-doping concentrations of 12.5 %, 25 

%, 37.5 % and 50 %, respectively. Likewise, the reflectance percentage has decreased in the 

UV band, i.e., below 400 nm. Moreover, there was a linear blue shift in the absorption edge, 

i.e., towards the UV band between 200 and 250 nm. That could be owing to the slight anti-

reflection effect induced by the Co-doping, due to the lower refractive index nature of cobalt, 

in the BaSnO3 lattice [53]. In short, this decrease in the transmittance upon Co-doping was 

caused by the increase in light absorption capability upon Co-doping into the BaSnO3 oxide. 

A similar kind of behavior has been reported by D.-S. Gao et al. [27] on Co-doped BaSnO3 

thin films grown on MgO single-crystal substrates. 

Figure 8 depicts the absorption coefficient spectra of pure and Co-doped BaSnO3 oxides. The 

absorption coefficient was measured between 200 and 800 nm. As shown in the spectra, the 

absorption coefficient was low in the visible band, above 400 nm, for the pure BaSnO3. The 

shallow acceptor states produce enhanced absorption in the visible band with Co ions doping. 

The transmittance measurements in Fig. 7 are closely associated with this trend.  The average 

transmittance declines in the band of the visible spectrum upon Co-doping, which is in 

qualitative agreement with the absorption coefficient trend. Upon Co-doping, the absorption 

coefficient has obviously increased in both the UV and visible bands. Particularly, the 

absorption coefficient seemingly predominant in the UV band, between 200 and 380 nm. 

Additionally, there was a net improvement of the absorption coefficient at the beginning of 

the visible band. The maximum values of the absorption coefficient were of about 10, 20, 30, 

45 and 60.104/cm at around 300 nm, for x = 0, 12.5, 25, 37.5 and 50 % of Co-doping 



concentration, respectively. The maximum absorption of about 60.104 /cm in the UV band and 

25.104 /cm at the beginning of the visible band were therefore obtained for 50 % of Co-doping 

concentration. Thus, this absorption coefficient enhancement by Co-doping confirms that 

BaSnO3 can make an efficient system for optoelectronic applications. 

Figure 9 depicts the reflectance spectra of BaSnO3 as a function of different Co-doping 

concentrations. The pure BaSnO3 oxide exhibits a low reflectivity of about 8 % throughout 

the UV-visible bands (200 – 700 nm). Interestingly, the reflectance percentage was increased 

upon increasing the Co-doping concentration, with a maximum value of about 25 % around 

320 nm for 50 % Co-doping concentration. The reflectivity upon Co-doping was particularly 

enhanced in the UV band (200 – 380 nm) and at the beginning of the visible band (400 – 550 

nm). Around 300 – 350 nm, the reflectance percentage is 9 %, 10 %, 12 % and 14 % for the 

doping concentration of 12.5 %, 25 %, 37.5 and 50 % respectively. Besides, the reflectance 

percentage slightly decreased in the 350 – 500 nm band with a maximum reflectance of about 

15 % for 50 % Co-doping concentration. 

Figure 10 shows the optical bandgap of BaSnO3 as a function of different Co-doping 

concentration using mBJ correction. The optical bandgap energy (Eg) of the pure BaSnO3 

oxide was found to be 2.6 eV. The Eg value has significantly decreased upon Co-doping. 

Actually, the Eg values are found to be 2.50, 2.22, 1.49 and 1.35 eV for 12.5 %, 25 %, 37.5 % 

and 50 % of Co-doping concentration, respectively. Experimental works done on Co-doped 

BaSnO3 powder for low doping rate also show a decrease of the optical bandgap energy [28], 

[48]. Effectively when the doping concentration is increased, the wave functions of the 

electrons associated with these doping atoms start to overlap [27], [42]. This overlap leads in 

turn to the formation of an energy band rather than being a discrete level. And finally, this 

additional energy band decreases the optical energy gap of the host system. Thus, it is highly 

anticipated that this red shift may be attributed to the formation of new intermediate energy 

levels due to the Co doping into the BaSnO3 host lattice. The optical absorption spectra reveal 

the interaction between the Ba–Sn–O lattice and dopant Co. The decrease in the optical band 

gap of BaSnO3 by Co dopant will assist in improving the light absorption efficiency in the 

visible band of the solar spectrum. And this more efficient absorption will in turn improve the 

performance of photovoltaic cells. 

Conclusion  



In this study, a theoretical investigation of pure and Co doped BaSnO3 oxides was developed 

to examine the influence of cobalt (Co) on the structural, electronic, and optical properties of 

BaSnO3. The lattice parameter, both electronic and optical energy bandgap of the doped 

materials decrease with Co-doping concentration. Moreover, the absorption coefficient and 

reflectivity increase upon Co-doping. Additionally, this work shows that a direct bandgap 

could be obtained by doping the BaSnO3 host with Co. The results yielded by this theoretical 

study are in good agreement with experimental and theoretical reports. The present approach 

can therefore contribute to the improvement of device performance of quasi transparent 

electronic materials, especially in the fields of photovoltaic and optoelectronic devices. 
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Table 1 

 Percentage of Co concentration 

(%) 

Lattice parameter a (Å) Reference  

Experimental Pure BaSnO3 4.12 [25]– [27] 

Theoretical Pure BaSnO3 4.157 [32] 

GGA+mBJ Pure BaSnO3 4.17 This work 

 

GGA+mBJ 

12.5 4.13  

25 4.12 This work 

 37.5 4.09  

 50 4.06  

 10 4.09  

Experimental 20 4.07 [27] 

 35 4.03  

 50 3.98  
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Table caption: 

Table 1. Theoretical and experimental lattice parameter of undoped and Co-doped BaSnO3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure captions: 

Figure 1. Calculated total energies as a function of the cell volumes for Co-doped BaSnO3 at 

(a) 12.5 %, (b) 25 %, (c) 37.5 % and (d) 50 % using GGA approximation, Evolution of lattice 

parameter of BaSnO3 as function of Co concentration (f). 

Figure 2. (a) The band structure and (b) the total and partial densities of states of pure 

BaSnO3. 

Figure 3. Band structure of BaSn1-xCoxO3 for different Co-doping rates: (a) 12.5 %, (b) 25 %, 

(c) 37.5 % and (d) 50 %.  

Figure 4. Evolution of the electronic band gap as a function of the Co concentration. 

Figure 5. Total and partial densities of Co-doped BaSnO3 with different Co-doping rates: (a) 

12.5 %, (b) 25 %, (c) 37.5 % and (d) 50 %; using TB-mBJ approximation. 

Figure 6. Electron charge density distribution of Co-doped BaSnO3 with different Co-doping 

rates: (a) 0 %, (b) 12.5 %, (c) 25 %, (d) 37.5 % and (e) 50 %; using TB-mBJ approximation. 

Figure7. Transmittance spectra of BaSn1-xCoxO3 (x = 0, 12.5, 25, 37.5 and 50 %). 

Figure 8. Absorption coefficient spectra of BaSn1-xCoxO3 (x=0, 12.5, 25, 37.5 and 50 %). 

Figure 9. Reflectivity spectra of BaSn1-xCoxO3 (x=0, 12.5, 25, 37.5 and 50 %). 

Figure 10. Optical bandgap of BaSn1-xCoxO3 as a function of different Co-doping 

concentration using mBJ correction. 

 

 

 

 




