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Abstract: Cobalt (Co) doped barium stannate, i.e. BaSn1−xCoxO3 with x = 0.05, 0.10 and 0.15 were 
prepared by mechanical mixing in agate mortar followed by sintering at 1350 °C for 2 hours. X-ray 

diffraction analysis (XRD) of the sample confirmed the cubic perovskite structure, crystallite size by 
Scherrer’s formula 50 nm, 49 nm respectively and planes of orientation (110), (111), (200), (211), 

(220) along the major peaks. Absorption spectra obtained due to symmetric and asymmetric 

stretching of M–O coordinated bond formations were determined by Fourier Transform Infrared 
Spectroscopy (FTIR). Band gap analysis of the sintered samples evaluated using Tauc relation was 

obtained from UV-VIS spectral analysis while luminescence by PL spectra. Morphological analyses 

were carried out by SEM while EDX was done to know the presence of required elements in the 
samples. Particle sizes of the samples were in the range of 50–100 nm obtained by HRTEM analysis. 

SAED pattern was also obtained for synthesized material indicating polycrystalline nature. Higher 

Co doping on barium stannate leads to decrease in dielectric constant due to possible lower ionic 
polarization at B site of perovskite.  
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1. Introduction  

Barium stannate is a ceramic material which has ABO3 perovskite structure having cubic unit 

cell [1,2]. It behaves as an n type semiconductor with wide band gap of 3.4 eV and is 
thermodynamically stable at higher temperature [3]. BaSnO3 has a structural similarity with the 

alkaline earth titanates like BaTiO3 [2]. It can be used as a thermally stable capacitor and to fabricate 

ceramic boundary layer capacitor [2,4,5]. Barium stannate based ceramic has important application 
in semiconductor gas sensor device at elevated temperatures [1]. Optical properties and 

microstructure of the doped barium stannate exhibits many interesting and useful properties [1,6]. 

BaSnO3 can be utilized for photoelectrochemical applications because of its band gap (3.1 eV to  
3.4 eV) which is similar to important materials such as TiO2, ZnO, SrTiO3 (hydrogen photocatalyst, 

semiconductors) [7]. The material is observed to be thermodynamically stable at temperature up to 

1273 K and higher above the mentioned one [5,7]. Inspite of higher sintering temperature required 
for solid state synthesis, the sample sintered above 1600 °C is observed to have porous 

microstructure [1,8]. BaSnO3 is a dielectric material which has high dielectric constant and low loss 

characteristics [9]. 
There are limited research papers on Co doped BaSnO3 having focus on the structural and 

optical properties of the material but synthesis routes used are quite complex and costly. In the 

present article Co doped barium stannate is prepared by agate mortar, pestle assisted mixing 
followed by sintering. The detail phase studies are carried out by XRD for phase identification. TEM 

confirms nanocrystalline morphology and SAED pattern ring for the nanocrystalline equimolar 

composite. Optical properties (band gap and fluorescence), dielectric properties of undoped and Co 
doped BaSnO3 are measured and analysed. 

2. Materials and Methods 

Co doped BaSnO3 with variable percentage of Co (BaSn1−xCoxO3, where x = 0.05, 0.10 and 0.15) 

were prepared by mechanical mixing followed by sintering method. Stoichiometric amounts of BaO, 
SnO2 and Co3O4 were mixed using agate mortar, pestle for 3 hours having pure BaCO3, SnO2 and 

Co3O4 (Merck India, Ltd) as staring precursors. Initially BaCO3 was decomposed at 1250 °C to 

obtain pure BaO. The powders were then mixed dry (molar ratio) and sintered at 1350 °C for 2 hours 
in tubular furnace maintaining air as atmosphere. The sintered samples were characterized by X-ray 

diffractometer (Rigaku, Ultima III) using Cu source having wave length λ = 1.54 Ǻ having scan 

speed of 5 °/min within the scan range of 10–80°. Crystalline size was determined using Scherrer’s 
relation t = 0.9λ/cosθ where t is the crystallite size, λ is the wavelength used. The sample 

composition was analyzed by EDX (using ultra Dry Silicon Drift Detector from Thermo Scientific) 

to clarify doping of Co within barium stannate by identifying the elemental peaks of Co, Ba, Sn and 
O. Morphological studies were carried out by FESEM (Hitachi, S-4800). HRTEM analysis (Jeol, 
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2001) was done at accelerating voltage of 200 KV to confirm the morphology obtained from FESEM, 

in addition to interplanar fringes and the SAED pattern of the synthesized nanomaterial. For HRTEM, 
sample was prepared by dispersing in ethanol medium with a sonicator for 1 hour and then dropped 

it over the carbon coated copper grid for analysis. Stretching and vibration of absorption bands were 

characterized by FTIR (FTIR Shimadza, IR-21 prestige) within scan range of 5000–400 cm−1. For 
FTIR analysis, sample was mixed with KBr and pellets were formed in steel die having diameter of 

10 mm under pressure of 6 tonne/cm2. For UV-VIS study, sample was sonicated in deionized water 

for about 1 hour till clear solution was observed and scanning of spectra was carried in the range of 
150−750 nm. Band gap were evaluated using Tauc relation from spectra, from UV-VIS 

spectrophotometer (Perkin Elmer, Lambda 35). For spectrophotometer emission study, sample 

preparation was similar to UV-VIS analysis where the prepared solution was put into quartz cuvette 
for spectroscopic study. Emission studies were also carried out in Spectrofluorometer (SL-174, Elico) 

having 150W Xe laser source and PMT. Pellets of undoped sample and two Co doped samples were 

prepared by pressurizing the powder samples into circular discs of thickness 1 mm or 2 mm and 
diameter 12 mm by applying a pressure of 30 kg/cm2 for 2 min in a hydraulic press. Both surfaces of 

the pellets were metalized by silver pasting. Dielectric properties were measured using 4294A 

Precision Impedance Analyzer (Agilent).  

3. Results and Discussion 

3.1. Phase Determination by XRD 

X-ray diffraction pattern of Co doped barium stannate sintered at 1350 °C for 2 hours with 
different doping percentage is shown in Figure 1(a–c). It has been observed that all the identifed 

peaks are indexed to cubic perovskite structure. Crystalline phase nucleation, growth occurs along 

(110), (111), (200), (211), (220) and (310) directional planes of minimum energy facets and peak 
position matches well with ICDD-JCPDS, PDF data (Card No. #150780) [10]. Crystallite size of the 

powder sample is determined by Debye-Scherrer formula D = 0.9λ/βcosθ where D is the crystallite 

size, λ is the wavelength of the X-rays used, β is the broadening of diffraction line measured at the 
half of its maximum intensity in radians and θ is the angle of diffraction [11]. The variation of 

crystallite size with the different concentration of Co doping BaSnO3 is very small while peak 

position of maximum intensity is also noted to have varied negligibly with higher doping 
concentration [12]. Crystallite size for undoped sample is noted to be around 50 nm while high 

intensity planes being about 2θ = 30.68° [25]. Respective position of main peak 2θ position for 5%, 

10%, 15% Co doping are 30.74, 30.75 and 30.77 respectively. The average crystallite size is noted to 
be around 49 nm and matches well with corresponding previous articles [4]. Thus strain have been 

introduced which increases with doping due to increment in variation of angle differences (higher 

doping concentrations) and differences of atomic radii between Sn4+ and Co ion. Atomic radius of 
Sn4+ is 83 pm (octahedral coordination) while that of Co ion is 75 pm. This Co ion is of high spin 

state due to transition or jump of electron from one state to another. 
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Figure 1. X-Ray diffraction pattern of (a) 5% Co doped and (b) 10% Co doped and (c) 
15% Co doped BaSnO3 powder sample. 

3.2. FTIR Spectroscopy Analysis 

FTIR absorption spectra of the sample exhibits characteristic peaks due to scan in the range 

between 400 cm−1 to 5000 cm−1 for Co doped barium stannate with different concentration as shown 
in Figure 2(a–c). It has been observed in our previous experimental research that Sn–O vibration is 

within 450–600 cm−1. For undoped sample dominant [SnO6] octahedron structure with prominent 

stretching is noted to be about 658 cm−1 [25]. In the present article, for Co doped samples, Sn–O 
stretching vibration is observed at 432 cm−1 and 641 cm−1 for lower doping concentration [13]. This 

bond is slightly found to increase with higher concentration of doping. Thus, dominant peak for all 

three dopants at about 641 cm−1 or 654 cm−1 represents [SnO6] octahedron structure which has 
symmetrical stretching vibration [12]. The small peak at 1031 cm−1 and dominant peak at 1421 cm−1 

for all three compositions attributes the C–O stretching vibration [12]. Moreover the samples have 

shown the characteristics band of BaCO3 due to presence of atmospheric carbonates and minute 
traces of unconverted carbonates [6,14]. 
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Figure 2. Fourier Transform Infrared spectrum of (a) 5% Co doped BaSnO3 (b) 10% Co 
doped BaSnO3 and (c) 15% Co doped BaSnO3. 

3.3. UV-VIS Spectroscopy & PL Analysis 

For UV/VIS spectral analysis, absorption spectra of the sample is measured in the range 

between 200 nm to 700 nm for Co doped barium stannates as shown in the Figure 3(a–c). Powder 
samples are dispersed in deionized water solvent by sonication for preparing the sample solution. 

From Figure 3, it has been shown that there are prominent absorption peak in the range between  

200 nm to 300 nm which exhibit absorption in UV region than visible region [15]. Similar scan is 
carried for undoped samples having absorption peaks in the same range of wavelength [26]. Some 

previous research article revealed that band gap is in the range of 2 eV to 3.4 eV for undoped  

sample [16]. From Figure 4(a–e), it has been shown that for 5% Co doped BaSnO3, band gap energy 
of indirect transition, direct transition are 3.17 eV, 3.28 eV respectively and observed to be closely in 

correspondence with previous findings. Similarly, for 10%, 15% Co doping indirect and direct 
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transitions are about 2.76 eV, 3 eV and 2.4 eV, 3.134 eV respectively. It is found that Band gap 

energy of Co doped BaSnO3 decreases with increase in Co concentration than undoped barium 
stannate [12,14]. For undoped sample, indirect and direct transition is found to be about 2.78 eV, 

3.14 eV respectively. That causes shifting of absorption edge towards higher energy with increase in 

free electron concentration [17,18]. Tauc plot for determination of band gap is also noted for ZnO 
synthesizd by PECVD, sol-gel process [19,20]. Such change in band gap is due to generation of 

defect energy level within the band structure of the material system. Figure 5 shows the study of the 

photoluminescence (PL) spectrums measured for undoped and Co doped barium stannate sintered at 
1350 °C for 2 hours with different compositions. A room temperature PL spectrum of the perovskite 

(Figure 5a–c) is obtained after excitation at constant wavelength of 250 nm with emission peak 

around 371 nm for all three dopant concentrations. Strong emission is observed at 371 nm in the UV 
region. So nanocrystalline BaSnO3 is a photoluminescent material and a slight shift of intense 

emissions of the PL spectrums is observed due to increase of Co concentration. 

 
(a)        (b) 

 

(c) 

Figure 3. Absorption spectra of (a) 5% Co doped BaSnO3 (b) 10 % Co doped BaSnO3 (c) 
15% Co doped BaSnO3  measured in the range from 200 nm to 700 nm. 
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(a)        (b) 

   

(c)        (d) 

  

(e)        (f) 

Figure 4. Plot of (αhν)2 and (αhν)1/2
  of (a), (b) 5% Co (c), (d) 10% Co and (e), (f) 15% 

Co doped BaSnO3 nanoparticles for direct and indirect transition. 
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(a)        (b) 
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Figure 5. Photoluminescence spectrums of (a) 5% Co (b) 10% Co and (c) 15% Co doped 
BaSnO3 powder sample. 

3.4. Morphological Studies 

3.4.1. Microstructure and Morphological Studies by SEM and Elemental Analysis by EDX 

SEM micrographs of Co doped barium stannate BaSn1−xCoxO3 with x = 0.05, 0.10 and 0.15 are 
shown in Figure 6(a–c). Micrograph of all the samples shows massive agglomerations with 

interconnection among particles. All the samples of Co doped BaSn with different composition 
exhibits interconnected agglomerates with no preferred directional growth. Some interconnected 

pores are also noted amongst the agglomerate structure where the individual grains are having 

cubical to spherical morphology. The average grain size for the samples with x = 0.05 and x = 0.1 is 
less than a 1 µm [18]. Average grain size for the samples with x = 0.15 is almost 1 µm which 

indicate the variation of the grain size with different compositions of Co doped BaSnO3 which is 

found to be small. The Figure 6d shows the results of EDX spectra for elemental analysis of 
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synthesized material. The results confirmed the presence of the elements (Ba, Sn, Co and O) in the 

calculated ratio responsible for the formation of required nano-crystalline perovskite compound. 

     

(a)      (b)       (c) 

 

(d) 

Figure 6. SEM images of BaSn1−xCoxO3 for (a) x = 0.05 (b) x = 0.10 (c) x = 0.15 and (d) 
EDS spectra of BaSn1−xCoxO3 exhibiting spectra of elements present within the material. 

3.4.2. Microstructure of HRTEM Morphology and SAED Pattern 

HRTEM image (Figure 7a–d) shows the morphology and SAED pattern ring for the 
nanocrystalline undoped and Co doped barium stannate after heat treatment at 1350 °C for 2 hours. 

The morphological nature obtained from HRTEM analysis exhibits quasi-spherical and polygonal 
type nanopaticles. The mean particle sizes of 5 percent Co doped are about 50 nm [21,22,23]. It is 

observed that particle size of Co doped BaSnO3 remain unchanged or slight changes occur with 

increasing dopants on barium stannate. SAED (Selected Area Electron Diffraction) arises from 
diffraction of interplanar spacings present in the material system follows principle of reciprocal 

lattice. The SAED pattern exhibits diffraction patterns of interplanar fringes, corresponding to 

polycrystalline nature of the synthesized nanoparticles. In undoped samples SAED pattern index has 
shown the main part of diffracted spots, information belongs to the BaSnO3 crystalline structure (5 

rings) [24]. As doping increases, there is only one diffraction ring appears. The result from SAED 

justifies the findings from XRD studies. 
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(a)        (b) 

   
(c)        (d) 

Figure 7. HRTEM morphology and SAED pattern of (a), (b) 5% Co and (c), (d) 10% Co 
doped BaSnO3 powder sample. 

3.5. Dielectric Properties 

The frequency dependence of capacitance and relative permitivity of Co doped barium stannate 

with different composition are shown in the Figure 8(a–b). Capacitance is found to decrease till  
40000 Hz and becomes constant with increasing composition of Co doped barium stannate. It is 

observed that permittivity also decreases with increasing composition of doped BaSnO3 [9]. The 

decrease in capacitance, permittivity with increase in frequency is due to space charge polarization. 
Such phenomenon arises due to inertia of effective masses of electron cloud leading to frequency lag 

with applied bias. Such behavior of dielectric constant with frequency is found to be consistent with 

previous reports on other material like Co, Ni doped Bismuth ferrite [26]. The dielectric constant 
observed for 10% Co doped barium stannate is around 80 while that of 15% Co doped sample is 

around 27. Due to doping of higher percentage of Cobalt at Sn4+ sites, partial replacements at B site 

occurs. From electronic configuration of Co2+ ions it is evident that there will 5 Bohr magneton spin 
magnetic moment. Since the magnetic character increases polarizability will decrease and hence 
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dielectric constant falls sharply at 15% Co doping. Thus, the present percentage indicates a sharp 

change in electronic behavior of the material due to doping. 

 
(a)        (b) 

Figure 8. Response of relative permittivity with frequency of (a) 10 % Co and (b) 15% 
Co doped BaSnO3 powder sample. 

4. Conclusions 

Cobalt (Co) doped barium stannate, i.e. BaSn1–xCoxO3 with x = 0.05, 0.10 and 0.15 are prepared 
by mechanical mixing by agate mortar followed by sintering at 1350 °C for 2 hours. XRD reveals 

cubic perovskite type of structure having crystallite size about the range of 49 nm. Crystallite size 
variations with different percentile of Co doped BaSnO3 is very small. Sn–O stretching vibration,  

C–O stretching vibration bands are noted from the FTIR spectral analysis. Sn–O stretching vibration 

bond decreased slightly with increase in dopant concentrations. All three compositions have same  
C–O stretching vibration bond. From UV-VIS analysis, it have been reflected that samples absorb 

mostly in the UV region having band gap values near to semiconductor material range. PL emission 

is about 371 nm which is close to visible range. Band gap energy decreases with increasing 
composition. Morphological studies by SEM revealed nature of granular formations and it has been 

observed that grain size is less than 1 µm. EDX analysis has confirmed the presence of elements 

responsible for the cobalt doped barium stannate formations. HRTEM analysis exhibits quasi-
spherical and polygonal type nanopaticles while SAED pattern exhibits diffraction rings which 

correspond to polycrystalline nature of the nanoparticles. As doping increases, there is appearance of 

only one diffraction ring which decreases than pure sample (5 rings). From dielectric property 
analysis it has been shown that Capacitance is found to decrease till 40000 Hz and becomes constant 

with increasing composition of Co doped barium stannate.  
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