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Abstract: 

In this work, it was highlighted synthesis strategy and fundamental characterization of the 

pure and Ce doped Ba2TiMoO6 with different Ce concentrations were presented. It was 

investigated its thermal stability by using the Thermal Gravimetric Analysis and Differential 

Thermal Analysis. The crystal structures and the purity of the compounds were analyzed by X-ray 

diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy. The Surface morphology 

was examined by using Scanning Electron Microscopy (SEM), Transmission Electron Microscopy 

(TEM) and surface area analysis. The optical properties were examined by using the UV-Vis 

diffuse reflectance and photoluminescence (PL) spectroscopies. The prepared Ba2TiMoO6 

nanopowders are characterized by band gap of 3.413.6 eV and violet emission of  426.67 nm 

wavelength. The degradation efficiency was found approximately 16% of Methyl Blue (MO) after 

120 min duration. Our results will predicate new Perovskites materials, which can be used for 

future environmental applications. 
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1. Introduction  

 

The main cause of environmental pollution are cosmetics, pesticides, pharmaceuticals, 

personal and household care products, and toxic heavy elements. These synthetic chemicals have 

a broadly used and are essential for the modern erea [1, 2]. Among different pollutants, Synthetic 

dyes are played a key role in environmental pollutants, with an adverse effect direct or indirect on 

human and aquatic life [3, 4]. Among different pollutants, Synthetic dyes are played a key role in 

environmental pollutants, with an adverse effect direct or indirect on human and aquatic life. 

Synthetic Dyes mainly concern with water pollution, as colored effluents are released from 

industries sectors (textile, leather, and pharmaceutical). Dye-polluted water can mix into the food 

cycle of living creatures to cause phenotypic and genotypic disorders in humans, plants, and 

animals [5, 6]. According to a recent survey, more than a hundred types of organic dyes are 

available in the market, with an annual production of 7×105 tons. Among the different dyes, 

besides these dyes, Methyl Blue (MB)Dyes are frequently used in the different industrial 

sectors[7]. The utilization of MB-contaminated water is the main cause of different human 

diseases, such as diarrhea, jaundice, agitation, tachycardia, vomiting, and paralysis, etc.[8]. Due to 

these negative impacts, the removal of dyes from contaminated water has received more 

consideration. For this purpose, different strategies and techniques have been Examined to 

eradicate dyes (e.g., electron oxidation, ozonation, electro-kinetic coagulation with ions, 

membrane filtration, and microbial degradation)[9-13]. Among these techniques, photocatalytic 

degradation has been widely used for contaminated water treatments due to its eco-friendly nature 

and low cost[14, 15]. Numerous catalyst have been investigated for dye degradation such as 

TMDSc-graphene, polyethylene-TiO2, Hollow cobalt NPs,Si/Six core shell nanowires, Sns nano 

particles, silver nanoparticles etc.[16-20]. However, these compounds have some disadvantages 

e.g., limiting by its UV activation, or complexity in synthesis process, however these compounds 

have some disadvantages e.g., limiting by its UV activation, or complexity in the synthesis process, 

consequently new compounds (i.e., Perovskites materials) recently developed to overcome these 

difficulties, and widely used for environmental pollution. Perovskites materials constitute the main 

family of crystalline oxides described for the first time in 1830 by the geologist Gustav Rose who 

named it in honor of a great Russian mineralogist, Count Lev Aleksevich von Perovski. It is made 

of alkaline earth cation (A) and transition cation (B) and oxide anions constituting material of 
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chemical formula ABO3 [21]. The perovskite double oxides known since 1960s of chemical 

formula A2BB'O6 [22], Its unit cell consists of two merged perovskite oxide ABO3 and has a 

variety of crystalline structures at room temperature, e. g. cubic (Fm3̅m) as the Ba2FeMoO6 [23, 

24], monoclinic (P21/n) as the Ca2FeMoO6 [24, 25], and tetragonal (I4/m) as the Sr2CoWO6 [26]. 

Several methods were used to synthesize Perovskite materials, i.e. Zhang et al used the 

hydrothermal method to synthesize the R2MnNiO6 (R=Pr, Sm, and Ho) perovskite in aqueous 

potassium hydroxide[27], Xu et al. used the sol-gel method to synthesize the A2NiWO6 (A = Ca, 

Sr) nanorods[28], and the solid-state reaction method for the preparation of A2FeMoO6 (A=Ba, Sr, 

Ca) in vacuum-sealed silica bulb, with precursors BaO/SrO, Fe2O3, MoO3, and metallic Mo mixed 

stoichiometrically by performing heat treatments ranging from 900 to 1000 ºC with intermediate 

grinding[23-25, 29]. These materials had various technological applications such as magneto-

electronic devices because of their giant magnetoresistance (GMR)[30] used in the heads of hard 

disk drives [31], solar cells [32], solid oxide fuel cells [26, 33], and membranes with selective 

permeability [34]. Due to their unique properties, perovskite-based photocatalysts promising 

candidate for photocatalytic degradation for different dyes. Peng et al synthesized 

LaFeO3/montmorillonite nanocomposites for photocatalytic dye degradation of rhodamine B 

under visible light irradiation, their degradation rate approximately 99.35% [35] and 

La0.7Sr0.3MnO3 nano-perovskites used for photocatalytic degradation of methyl orange 

(MO)[36] and LaFeO3 perovskites/Reduced graphene composites prepared for methylene blue 

under visible light irradiation[37]. Furthermore, the catalytic behavior of double perovskite 

structures depends on metals. Thus, the photocatalytic properties of the double perovskite structure 

can be boosted by the doping of different types of metals in the lattice structure[38, 39]. In this 

work, we reported double perovskite oxide (Ba2TiMoO6) was synthesized by the solid-state 

reaction method and doped cerium element (Ce3+) with different concentration (1%,3%,5% and 

7%) and investigated experimentally by using Scanning Electron Microscopy, Transmission 

Electron Microscopy, X-Ray Diffraction, Fourier transform infrared spectroscopy to study the 

evolution of its structural properties as a function of the Ce doping percentage. The optical 

properties were determined by studying the optical reflection, the band gap energy, the refractive 

index, the Urbach energy and the photoluminescence and the photocatalytic activity. 
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2.  Experimental Section 

2.1. Chemicals and materials 

Barium oxide (BaO) and Methyl Blue were bought from Sigma-Aldric. Titanium dioxide (TiO2), 

Molybdenum trioxide (MoO3), hydrogen peroxide (H2O2) and Cerium oxide (CeO2) were 

purchased from Kanto Chemical Co., Daejung Chemicals & Metals Co., respectively. All the 

chemicals were no need further purification. 

2.2. Synthesis method  

A series of Ba2TiMoO6 doped with cerium element (Ce3+) of different atomic percentage 

x=0, 1, 3, 5, 7% were synthesized by solid-state reaction. Pure commercial barium oxide (BaO) 

(Sigma-Aldrich, 99.99%), titanium dioxide (TiO2) (Kanto Chemical Co, 99.1%), Molybdenum 

trioxide (MoO3) (Daejung Chemicals & Metals Co., 99.5%), and Cerium oxide (CeO2) (Kanto 

Chemical Co, 99.99%), were ground thoroughly in high-energy ball milling apparatus (Retsch, 

Emax) with 1000 rpm speed.  The obtained homogeneous powders were pelletized and heated 

gradually under air atmosphere to 1000 °C at a ramp speed of 20 °C/min and annealed for 60 min 

duration at 1000 °C and cooled to room temperature gradually in the furnace with a cooling rate 

of 5 °C/min and ground for 1 hour to obtain fine powder. The annealed pellets were grounded 

manually for 1 hour, pelletized and undergone second annealing operation according to the same 

thermal previous cycle to homogenize the powder before calcination. Finally, the nano powders 

formed in a quasi-uniform shape were calcined at 600 °C for 2 hours and, prepared samples are 

labeled cb0, cb1, cb3, cb5 and cb7 respectively. 

2.3. Characterization techniques 

The surface morphology prepared compound was analyzed via scanning electron 

microscope (20 kV SEM, FEI, Inspect S50) and Transmission electron microscope (80 kV TEM, 

FEI, Morgagni 268). Thermal stability and degradation were investigated in thermal gravimetric 

and differential thermogravimetric (Shimadzu DTG-60H), instrument in the rang 20-600 ºC at a 

rate of 12 °C/5 min under air atmosphere.  The crystal structures were carried out using an X-Ray 

diffractometer (XRD-7000, Shimadzu) at 40 kV and 30 mA with Cu-Kα radiation (λ=1.5406 Å) 

in the 2θ range from 20° to 70° with a scanning speed of 0.02°/s. An infrared Fourier transform 

spectrophotometer (IRAffinity-2, Shimadzu) in the 400-4000 cm-1 wavenumber range with 2 cm-

1 resolutions, was used to specify the intramolecular bonds. UV–VIS–NIR spectrophotometer 

(3700, Shimadzu) was used to accomplish diffuse reflectance spectroscopy in the 200–900 nm 
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wavelength range. Spectrofluorometer 8500 (Fluorolog FL3-iHR, HORIBA Jobin Yvon) was used 

to accurate the photoluminescence (PL) emission spectra. UV-Vis double beam PC 8 scanning 

auto cell spectrophotometer (UVD-3200) was used to measure the photocatalytic efficiency in the 

range 400-800 nm wavelength with 15W halogen lamp for UV-light source. 

2.4. Photocatalytic activity 

To investigate the photocatalytic activity properties of the prepared samples, photocatalytic 

degradation of methane blue dye (MB) was used with the aid of hydrogen peroxide (H2O2) under 

controlled conditions of visible light irradiation. The MB solution was prepared by dissolving 1mg 

Methylene Blue powder in 50 ml hydrogen peroxide (0.3%) and stirred 10 min in ultrasonic bath 

at room temperature. 2 mg prepared compound was homogeneously dispersed in the MB solution 

and stirred for 10 min in the ultrasonic bath at room temperature. After the dispersion, the prepared 

(MB, photocatalyst) solution was stirred magnetically and exposed to visible light irradiation 

provided by a halogen lamp. UV-Vis double beam PC 8 scanning auto cell spectrophotometer 

(UVD-3200) was used to measure the photocatalytic activity. Samples were collected every 15 

min and then centrifuged for 5 min to Eliminate any suspended particles.  All samples were 

irradiated for 120 min. 

3. Results and Discussion 

3.1. Structur and morphological investigation  

The crystal structure and composition of pure and the Ce-doped Ba2TiMoO6 samples were 

characterized by using XRD measurement. Fig.1 shows the XRD patterns which affirms the 

tetragonal structure with the space group symmetry P4/mmm of pure and Ce-doped Ba2TiMoO6. 

The peaks around 2θ of 29.08o, 31.80o, 41.64o, 45.32o, 51.56o, 60.91o and 68.31o, which can be 

indexed to the characteristic peaks of (110), (103), (114), (105), (115), (116) and (206) 

respectively. Moreover, the factor of tolerance of perovskite was determined to be 1.04. The rate 

at which angles shift and become higher was carefully looked at in the main (110) peak, and it 

showed that the lattice shrunk caused by the substitution occurring in the cerium of A-site cation 

(Ba-site). On the other hand, the peak of (110) slightly shifts towards a lower angle, which could 

be caused by the presence of the smaller Ce4+ (CN = 6, rCe
4+ = 0.87 Å ) in the place of Ti4+ (rTi

4+ = 

0.605 Å, CN = 6 at B-site [40]. The doping of Ce is very effective when there is no alteration of 

the structure of the crystal of the parent Ba2TiMoO6. However, an observation on the effect of the 

diffraction intensity peaks for the Ce-doped Ba2TiMoO6 is weakened with an increasing Ce 
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content. There was an indication of some changes occured in the crystal sizes. Fig.2 illustrates the 

overall morphology of the prepared sample obtained by Scanning Electron Microscopy which 

exhibits the grains spread randomly and distribute themselves in different positions within the 

matrix. Also, the grains show irregular shapes, which appear to be grouped. 

The images reveal porous materials constituted of fine, mostly spherical-shaped and 

irregularly distributed grains. The morphology of samples shows no significant changes apart from 

the size of the particles [41, 42]. After the Ce doping, the grouped grains gradually began to reduce 

in size. Finally, introducing Ce additives can reduce grain grouping and size while improving their 

dispersity [43]. Fig.3 (a-e) shows transmission electron microscopy (TEM) that further certify the 

morphology and shape of the pure and Ce-doped Ba2TiMoO6 after heat treatment at 1000 °C. Fig.3 

(a) indicates that the pure Ba2TiMoO6 particles are seen to have dark image compounds that are 

almost quasi-spherical shaped and highly agglomerated. Fig.3(b-c) shows that after modification 

with cerium ions, the samples show similar nanostructures to the pure Ba2TiMoO6. Fig.3 (d-e) 

reveals that different particle aggregates are of different shapes size, which is not homogeneous in 

size. Using the image J software, the average size particle approximately 8-22 nm, which showed 

a good distribution on the smooth surface [44]. Moreover the total surface area of the prepared 

compound was determined by using the Brunauer, Emmet and Teller (BET) theory. It consists to 

measure the amount of certain gas such as hydrogen which is adsorbed on the whole surface at 

very low temperature (-1960C), and the total surface area can be estimated according to:  

                            S = Xm·N·Am·10-20 (m2.g-1)                                                    (1) 

where Xm is the monolayer capacity (moles per gram of solid), N is Avogadro’s constant 

(6.023·1023 molecules per mole) and Am is the molecular cross-sectional area of the adsorbate, 

i.e., the area which an adsorbed molecule occupies on the surface of the solid in a complete 

monolayer (Å2). The obtained results are listed in Table 1. It shows that the surface area increases 

with the Ce percentage from 1.552 m2. g-1 for the pure Ba2TiMoO6 to 2.229 m2.g-1 for that Ce 

doped 7% indicating that the grain size decreasing with Ce percentage.  

Fourier Transform Infrared Spectroscopy (FTIR) analysis use for functional groups and 

characterizing covalent bonding information of the prepared compound. Fig.4 investigated the 

FTIR spectra of pure Ba2TiMoO6 and Ce doped Ba2TiMoO6 samples in the range 4000–400 cm−1. 

A broad absorption peaks between 438 and 1031 cm-1 are ascribed to the metal oxides of M-O 

along the polar c axis of their octahedral structure due to the elongation mode of the Ti-O, Mo-O, 
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and Ba-O bond ubiquitous in the specimen. The other vibrations are overlapped by the Ti–O 

stretching vibrations in the range 438 to 886 cm−1. The O-Ti- bending vibrations of TiO6 results 

in the bands observed at 438 cm-1 for all prepared composites respectively.  On the other hand, 

Mo-O bending vibrations characteristic of MoO6 result in the bands observed at 886 and 1031 cm-

1. The resultant bands are affiliated with the octahedral in the perovskite structure [45]. The 

vibration 438 cm-1, can be denoted in all the curves. As a result, in the Ti–O–Mo bond, the 

vibrations can be associated with its asymmetric stretching and bending that leads to the formation 

of the Mo/TiO6 octahedral structure. Ba-O-Ba bending can be inferred from the strong peak 

centered at 886 cm-1. In the spectra, the absorption bands show at 1436 cm−1 the bound originate 

from the C-O stretching vibration. The stretching modes of vibrations are both asymmetric and 

symmetric for C=O bonds. In pure samples, the O–C–O bond may exist in forms such as 

segregated phases of carbonates, formed during the calcination [46]. The existence of CO2 

molecules in the air is assigned to the absorption band 2340 cm−1 [47]. The exposure of 

perovskites to environmental humidity results in the broad peak range of (2952 - 3687 cm−1), which 

gives an inference to the O-H stretching vibration of water. Thermo-Gravimetric Analysis (TGA) 

technique used for the investigations on the thermal stability of pure Ba2TiMoO6. The broad 

exothermic peaks observed in the DTA curves are attributed to the decrease in weight of 

Ba2TiMoO6 in the TGA curves below 250 °C. The formation of phase results in the stagnation of 

the compound’s weight between temperatures of 38.89 and 203.7 °C.  

Fig.5 shows the temperature-dependent weight loss of Ba2TiMoO6 pure, which concludes 

that evaporation is responsible for the weight loss below 250 °C (step I). Decreased oxygen content 

in the material is responsible for the sharp drop occurring around 400–700°C (step II). Prolonged 

analysis at 1000 °C (step III) shows a gradual decrease in weight implying the formation of more 

oxygen vacancies [48]. Similarly, the weight loss correlates with the discharge of oxygen atoms 

and the formation of oxygen vacancies in Ba2TiMoO6. According to the curve, the Ce doped 

Ba2TiMoO6 underwent decomposition at 600 and 720 °C (exothermic peaks) and 783.11 °C 

(endothermic peaks). After 910 °C, however, shows without weight loss is a result of the formation 

of the crystalline phase [49]. 

3.2. Optical properties  

Synthesized Ba2TiMoO6 nanoparticles properties were analyzed using UV-Vis 

spectroscopy, where the optical diffusion reflectance was performed in the spectral range 200- 800 
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nm. The information presented relative information on the band gap, refractive index, Urbach 

energy and electron transitions in materials. 

The estimated band gap energy was established Kubelka-Munk function (Eq. 1): [F(R)hυ]1 n⁄ = A(hυ − Eg)                               (2) 

F(R) represents the reflectance function calculated from the reflectance spectrum. F(R) = (1−R)22R                                                    (3) 

The symbols are represented as follows, R is the reflectance, n is equal to 1/2 or 2 which depends 

on the electron transition band gaps for both direct and indirect. Also, h is the photon energy 

expressed in eV, A is the constant parameter giving the transition probability. The transition 

probability is reflected from the valence band electron to the conduction band [50, 51]. The tangent 

intercept to the X-axis gives a good approximation to the energy band gap of the as-prepared 

samples. The curves of Fig.6 show the Kubelka-Munk plots for the direct and indirect transition 

for all the prepared samples. Fig.6 indicated that the more the concentration of cerium increases in 

Ba2TiMoO6 the more the gap energy decreases. It is not a homogeneous process because of certain 

factors: (i) The first factor is the substitution of Ce3+ ions where they occupy the B sites; (ii) some 

structural defects can appear due to the corresponding charge unbalance; (iii) distortion of the 

crystal lattice. These are associated with stacking faults that result in Ce ions having a larger ionic 

radius (1.034 Å) than Ti ions (0.605 Å). The contribution of microstructural defects (Micro-strain 

and dislocation density) and the effects of the size of the particles also play an important role in 

reducing the band gap[52]. Table 2 exhibited that, there is a decrease in the band gap values 

whereby Ba2TiMoO6 has an indirect transition. For cb0, the indirect bandgap at relatively lower 

energy 3.51 eV, as compared to the direct bandgap, 3.60 eV. The transition in the UV spectra of 

cb1 exhibited the indirect bandgap when exposed to lower energy (3.41) as opposed to a direct 

bandgap (3.63). However, for cb3, an indirect band gap is noticed at a lower energy of 3.55 eV 

than when applied to a direct band gap of 3.60 eV. The indirect transition in the UV spectra of cb5 

is 3.44 eV, so at lower energies, cb5 exhibits an indirect band gap over a direct bandgap. Also, cb7 

shows the indirect band gap at relatively lower energy, 3.41 eV, compared to the direct bandgap, 

3.5 eV. The Ba2TiMoO6 is classified as the indirect electronic transition material, and its refractive 

index can be calculated using the following equation n2−1n2+2 = 1 −√Eg20                                             (4) 
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The intermediary levels in the bandgap area increase because of the effect of the impurity 

and alteration of the unit cell. There is a relationship between the Urbach tail and the width of the 

defect bands. Urbach energy is illustrated through this equation involving C as a constant and EU 

the Urbach energy  ln = hυ𝐸𝑈 + C                                                    (5) 

It is possible to graph ln [F(R)] vs. photon energy, hυ. based on the absorption nature of 

the coefficient  which is proportional to absorbance A (or F(R) in DRS mode). The reciprocal 

gradient of the linear part of the plot corresponds with the EU value. The dimension of energy 

results from the relationship between the width of the localized levels and the EU which is regarded 

as a precious factor that illustrates the possible defects [53, 54]. The Urbach energy curves of entire 

samples are shown in Fig.7, which shows an increase from 106.6 meV in cb0 to 114.7 meV in cb1 

and later on, reduces to 71.1 meV for about cb3 and rises to 106.5 in cb5 which reduces to 99.4 in 

cb7. All the modifications within the structural disorder contribute to other changes in the 

bandgaps. Modifications in the Urbach tail width led to the disparity in the bandgap. The 

enhancement/reduction in atomic structural disorder is facilitated by the increase/decrease of EU 

which is associated with the decrease/increase of optical bandgap with rising Ce concentration. 

3.3. Photoluminescence analysis 

Photoluminescence (PL) emission is the result of the recombination of electrons and holes 

in photocatalysts. To understand the behavior of the aforementioned photo-generated holes and 

electrons, it is necessary to comprehend the fundamentals of the PL spectra [50]. For the 

synthesized perovskite (Ba2TiMoO6) infused with a given amount of Ce, the emission band of its 

spectrum extends from the UV to the Visible region 200 to 800 nm of the electromagnet spectrum 

as shown in Fig.7. Cerium ions have profound chemical properties (their redox chemistry is 

exceptional and their oxygen storage capacity is remarkable). As a result, they are useful ions used 

as dopants to accelerate photocatalytic activities by trapping and slowing down electron-hole 

recombination. 

The emission from more than one energy level results in an emission spectrum with a broad 

emission peak.  As shown in Fig.7, the emission spectrum has a maximum intensity at 426.67 nm 

wavelength, conserve the same for all the prepared samples; and the emitted intensity was reduced 

(extinguished) while the Ce percentage was enhanced. The observation suggests that the Ce ion 
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doping only affects the intensity of the PL spectra. As a result, it does not lead to a new light-

emitting phenomenon and the Ce-doped Ba2TiMoO6 samples exhibit lower photocatalytic activity 

compared to its pure one. 

The high intensity is ascribed to the electron transition from 5d (Ce3+ lowest energy level) 

to 2F5/2-2F7/2 manifolds split by spin-orbit coupling. The radiative recombination of a photo-

generated hole with electron results in an emission spectrum whose peak is centered at ~ 426.67 

nm known as violet emision. The photo-generated hole recouples with an electron that occupies 

various surface defects. The surface defects include oxygen vacancies, F-centers (oxygen ion void 

filled by a pair of electrons)/F-centers (oxygen ion void filled by solitary electrons)/surface states.  

3.4. Photocatalytic Activity Test  

To investigate the photocatalytic activity properties of the prepared samples, photocatalytic 

degradation of methane blue dye (MB) was used hydrogen peroxide (H2O2) under controlled 

conditions of visible light irradiation (with400-800 nm wavelength range). Fig.8(a, b) shows the 

obtained spectrum for all the prepared photocatalyst. It can be denoted that all the spectra are 

characterized by maximum peak at 660 nm and a shoulder peak at 614 nm. From the two 

aforementioned peaks, it was clear that their absorbance decreased with the increase in irradiation 

time. There are no new absorption bands emanated in the spectra of cb1, cb3, cb5, and cb7 

compared to that of cb0 during the photocatalytic process. The photocatalytic efficiency of the 

prepared catalysts can be estimated by measuring its degradation effect on the MB solution by the 

following expression [55, 56]: D = C0−CtC0                                                       (6) 

Where C0 indicates the initial concentration (C0 = 1) and Ct refers to the concentration after a 

certain time of reaction. The degradation rate of the prepared photocatalysts for various Ce 

percentage and irradiation durations was depicted in Table 3 and plotted in Fig.9. The experimental 

results demonstrated that MB hardly degraded within an irradiation period of 120 min. All the 

doped samples are of higher photocatalytic activity compared to the undoped one and increase by 

increasing the Ce percentage. Under visible light of 120 minutes’ irradiation duration, the 

degradation rate can reach 9%, 10.7 %, 11.9 % and 15.8% for the cb1, cb3, cb5, and cb7 

photocatalysts; respectively. 



11 
 

A further explanation of the proposed photocatalytic mechanism is given in Fig.10, which 

indicates that the catalyst absorbs light of the solar spectrum and creates photo-generated charge 

carriers (holes and electrons). Charge separation is caused by electrons transitioning from the low 

energy valence bands to higher energy conduction bands. The transition results in the formation 

of a positively charged hole. The aforementioned electrons and holes usually recombine quickly 

resulting in the decreased catalytic activity of the compound. The reduced activity implies that the 

doped compound experiences a lower photocatalytic activity compared to undoped one. Ce 4f level 

is crucial for photo-exited charge generation and transfer for the Ce-doped Ba2TiMoO6.  The Ce 

4f level also plays a key role in curtailing the recombination of electrons and holes. Ce3+ traps 

could be used as electron scavengers to trap electrons in the conduction band. Via oxidation, 

electrons trapped by Ce3+ ions are transferable to the adsorbed H2O2 through the equation:  

Ce3+ + H2O2 → Ce4+ + •OH + OH−                                                    (7) 

The transfer results in the formation of a hydroxide radical (·OH). On the other hand, the 

highly reactive hydroxyl radicals (•OH) are produced it reacts with the MB molecules allowing to 

its degeneration.  

MB+•OH→ degraded products                                         (8) 

 Therefore, increase the Ce-doping concentration enhances the number of the •OH radical 

and so the photocatalytic efficiency.  

 

4. Conclusion  

In summary, we successfully synthesized a Ba2TiMoO6 doped with cerium element (Ce3+) 

by solid-state reaction. SEM and TEM images clearly show that Ba2TiMoO6 almost quasi-

spherical shaped and highly agglomerated, XRD and FTIR spectra results show an octahedral in 

the perovskite structure and cerium element (Ce3+) successfully doped with Ba2TiMoO6. The 

photocatalytic performances Ba2TiMoO6 doped with cerium element (Ce3+) were evaluated using 

methane blue (MB). It is clearly indicated that Ba2TiMoO6 promising candidate for photocatalysis 

under visible light irradiation. This satisfactory result shows that Perovskites materials can further 

be used for environmental-related applications. 
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Figures 

 

 

Fig.1. X-ray diffraction patterns for pure and Ce-doped Ba2TiMoO6 
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Fig.2. SEM images of (a) pure Ba2TiMoO6 (b) 1 wt% (c) 3 wt% (d) 5 wt% (e) 7 wt% Ce-doped 

Ba2TiMoO6 NPs 
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Fig.3. TEM images of (a) Pure Ba2TiMoO6 (b) 1 wt% (c) 3 wt% (d) 5 wt% (e) 7 wt% Ce-doped 

Ba2TiMoO6 NPs 
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Fig.4. The FTIR spectra of pure and Ce doped Ba2TiMoO6 samples (range 4000–400 cm−1). 
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Fig.5. TGA and DTA of the pure Ba2TiMoO6 double perovskite. 
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Fig.6 (a). Kubelka-Munk plots and direct-band gap values of the Pure Ba2TiMoO6, 1% , 3%, 5% 

and 7% Ce-doped Ba2TiMoO6. 

 

 

Fig.6 (b). Kubelka-Munk plots and indirect-band gap values of the Pure Ba2TiMoO6, 1% , 3%, 

5% and 7% Ce-doped Ba2TiMoO6. 
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Fig.7. Photoluminescence spectra of pure and Ce doped Ba2TiMoO6 

 

 

Fig.8. Degradation spectra of  MB with Ba2TiMoO6 catalysts for different Ce concentrations (a-

e) and without any catalyst (f). 
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Fig.9. Degradation rate of the prepared samples versus time with different Ce doping 

percentages 

 

 

Fig.10. Photocatalytic mechanism for the degradation of MB by Ce-doped Ba2TiMoO6 
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Tables 

  

Table 1. Surface area of the pure and Ce doped Ba2TiMoO6 double perovskite. 

 

 

 

 

 

 

 

Table 2. Estimated refractive index. 

Sample The refractive index 
band gap (ev) Urbach energy 

(mev) Direct Indirect 

Cb0 2.274 3.60 3.51 106.62 

Cb1 2.277 3.63 3.41 114.72 

Cb3 2.279 3.60 3.55 71.14 

Cb5 2.290 3.56 3.44 106.55 

Cb7 2.294 3.5 3.41 99.40 

       Table 3. Degradation rate of the cb photocatalysts for various Ce percentage and irradiation 

durations. 

Time (min) MB Cb0 Cb1 Cb3 Cb5 Cb7 
0 0 0 0 0 0 0 
15 0.00339 1.817 2.149 3.411 4.54 5.473 
30 0.00339 2.882 3.892 5.184 7.023 7.941 
45 0.00339 3.916 4.737 6.628 8.416 9.839 
60 0.00339 5.291 6.437 8.18 9.682 11.609 
75 0.04923 5.638 7.962 9.438 10.701 12.643 
90 0.00339 5.8642 8.657 10.039 11.303 14.227 
105 0.00339 6.291 8.853 10.352 11.687 15.095 
120 0.00339 6.766 9.117 10.729 11.884 15.794 

 

 

 

Sample ID SA (m2.g-1) 

Cb0 1.552 

Cb1 1.779 

Cb3 1.894 

Cb5 1.984 

Cb7 2.229 
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Figures

Figure 1

X-ray diffraction patterns for pure and Ce-doped Ba2TiMoO6



Figure 2

SEM images of (a) pure Ba2TiMoO6 (b) 1 wt% (c) 3 wt% (d) 5 wt% (e) 7 wt% Ce-doped Ba2TiMoO6 NPs



Figure 3

TEM images of (a) Pure Ba2TiMoO6 (b) 1 wt% (c) 3 wt% (d) 5 wt% (e) 7 wt% Ce-doped Ba2TiMoO6 NPs

Figure 4

The FTIR spectra of pure and Ce doped Ba2TiMoO6 samples (range 4000–400 cm−1).



Figure 5

TGA and DTA of the pure Ba2TiMoO6 double perovskite.



Figure 6

(a). Kubelka-Munk plots and direct-band gap values of the Pure Ba2TiMoO6, 1% , 3%, 5% and 7% Ce-
doped Ba2TiMoO6. (b). Kubelka-Munk plots and indirect-band gap values of the Pure Ba2TiMoO6, 1% ,
3%, 5% and 7% Ce-doped Ba2TiMoO6.



Figure 7

Photoluminescence spectra of pure and Ce doped Ba2TiMoO6

Figure 8

Degradation spectra of MB with Ba2TiMoO6 catalysts for different Ce concentrations (a-e) and without
any catalyst (f).



Figure 9

Degradation rate of the prepared samples versus time with different Ce doping percentages



Figure 10

Photocatalytic mechanism for the degradation of MB by Ce-doped Ba2TiMoO6


