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Abstract 

This work reports on a newly developed Aurivillius-type BiCrVOx series 

(Bi2CrxV1-xO5.5-x, 0.05 ≤ x ≤ 0.20), focusing on its phase stability and 

photocatalytic behavior under visible light irradiation. The samples were 

synthesized via an ethylene glycol–citrate sol–gel method, followed by 

microwave-assisted calcination. X-ray diffraction (XRD) and differential 

thermal analysis (DTA) indicated the stabilization of three crystalline 

phases, α-monoclinic, β-orthorhombic, and γ-tetragonal, at room 

temperature. XRD refinement revealed that an increase in chromium content 

led to lattice expansion owing to the substitution of smaller V5+ ions (0.54 

Å) with larger Cr3+ ions (0.755 Å). The direct band gap energy (Eg), 

determined by UV–Vis spectroscopy, achieved values ranging from 1.64 to 

2.68 eV. The photocatalytic performance was assessed through the 
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degradation of methylene blue (MB) under visible- light irradiation with λ > 

400 nm. The highest performance was observed for the γ-tetragonal phase at 

x = 0.15, with an apparent first-order rate constant (kapp) of 13.22 × 10-3 

min-1. The enhanced activity is attributed to band gap narrowing caused by 

disordered oxygen vacancies at equatorial sites. In contrast, a decline in 

performance at x = 0.20 is likely due to vacancy ordering associated with 

apical oxygen positions. Overall, the results demonstrate that BiCrVOx is an 

effective photocatalyst for the removal of recalcitrant organic pollutants 

from industrial wastewater. 68 

Keywords: BiCrVOx, Photocatalytic degradation, MB, XRD, Aurivillius.    
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Introduction 

Synthetic dyes are a key component of industrial effluents, as they are 

emitted in massive quantities by several manufacturing sectors. The 

environmental consequences of these dyes are quite concerning due to their 

potentially carcinogenic properties [1–3]. Recently, various treatment 

approaches have been developed and employed to eradicate these dyes from 

wastewater. The methods encompass adsorption, ultrafiltration, reverse 

osmosis, coagulation, and ion exchange [4–6]. Nevertheless, these 

techniques do not facilitate the actual destruction of the dye molecules [7,8]. 

Consequently, considerable emphasis has been placed on identifying 

alternatives to conventional approaches. One of the promising alternatives is 

advanced oxidation processes (AOPs), which rely on the chemical, 

photochemical, or photocatalytic generation of highly reactive species, 

particularly hydroxyl radicals (•OH). These radicals are recognized as strong 

oxidizing agents capable of degrading a wide range of organic dyes [9]. 

Consequently, AOPs have been widely reported to achieve high degradation 

efficiencies and, under optimized conditions, can lead to significant 

mineralization of pollutants while operating under relatively mild 

temperature and pressure conditions [10,11]. Numerous metal oxides, 

including TiO2, ZnO, ZrO2, among others, have been extensively studied 

within AOP frameworks for the photodegradation of synthetic dyes present 

in wastewater [12,13]. Nevertheless, the high band-gap energy of these 

materials restricts their activation to ultraviolet light [14], which in turn 

constrains their commercial use in water and wastewater treatment. To 

address this limitation, there is a necessity for visible light-induced 

photocatalysts to enhance the efficiency of AOPs and to effectively degrade 

these dyes utilizing accessible solar energy. 

Our previous studies focused on the electrical properties of oxide–ion 

conductors, particularly BiMeVOx materials. In this composition, Bi 

represents bismuth, Me denotes the dopant metal ion, V refers to vanadium, 

Ox indicates oxide, and y corresponds to the dopant concentration. These 

compounds are derived from the partial substitution of Me for V in the 

parent compound Bi2VO5.5, which possesses a layered Aurivillius-type 

structure. The results demonstrated that many Bi2VO5.5-based materials 

exhibit semiconducting behavior at temperatures below 300 °C [15–17]. 
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The first attempt to employ these materials as photocatalysts under visible 

light was reported by Thakral and Uma [19]. They investigated how 

Bi2VO5.5 and its modified forms, BiAlVOx and BiGaVOx, perform under 

visible-light irradiation, and their study focused on the breakdown of 

methylene blue (MB) in water-based solutions. These investigations 

indicated a moderate efficacy for MB photodegradation, demonstrating 

analogous activities between the Bi2AlVO7 and Bi2GaVO7 photocatalysts. A 

subsequent investigation examined the BiNiVOx analogue for the 

degradation of a synthetic azo dye [20,21]. This material demonstrated 

remarkably strong photocatalytic performance. Notably, this high efficiency 

was achieved even though the compound was prepared using a conventional 

solid-state synthesis route. Furthermore, a potential mechanism for 

photocatalytic degradation was proposed and articulated with clarity. 

Nonetheless, Chen and co-workers [22] explored the photocatalytic activity 

of hierarchical Bi2VO5.5 hollow microspheres synthesized via a 

solvothermal route for rhodamine B (RhB) degradation. They found that 

these microspheres showed higher activity than Bi2VO5.5 powders prepared 

by conventional methods. Despite several studies reporting the visible-light 

photocatalytic activity of Bi2VO5.5-based and doped BiMeVOx systems, 

these investigations are typically limited to isolated compositions or specific 

properties, such as band-gap tuning or dye degradation efficiency. However, 

a systematic and quantitative correlation between phase stability, 

compositional variation, and photocatalytic performance (e.g., rate constants 

and band-gap energies) across a defined doping range has not been clearly 

established [23,24].   

Accordingly, this work introduces a new member of the BiMeVOx 

family, namely BiCrVOx (Bi2CrxV1–xO5.5–x), which is evaluated for the 

photocatalytic degradation of MB under visible-light irradiation. In this 

context, the study systematically investigates the BiCrVOx system over a 

controlled compositional range, aiming to elucidate the influence of metal 

doping on phase stability and photocatalytic properties, while establishing 

direct correlations between phase evolution, optical characteristics, and 

photocatalytic performance under identical experimental conditions. 

Furthermore, particular emphasis is placed on clarifying the relationship 

between enhanced photocatalytic efficiency and the porosity of the 
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nanostructured BiCrVOx phases. The α-monoclinic, β-orthorhombic, and γ-

tetragonal phases of BiCrVOx were obtained through an ethylene glycol-

citrate sol-gel synthesis, which was subsequently followed by microwave-

assisted calcination. In this study, a range of advanced characterization 

methods was utilized, including X-ray diffraction (XRD), differential 

thermal analysis (DTA), Fourier transform infrared (FT-IR) spectroscopy, 

nitrogen adsorption analysis, and UV-Vis absorption spectroscopy. 

Experimental  

Preparations of samples   

Preparation of BiCrVOx (Bi2CrxV1–xO5.5–x) series; 0.05≤ x ≤ 0.20   

Analytical-grade bismuth(III) nitrate pentahydrate (Bi(NO3)3·5H2O), 

ammonium metavanadate (NH4VO3), and chromium(III) chloride 

hexahydrate (CrCl3·6H2O) were used as the precursor chemicals in this 

work. Individual 0.1 M stock solutions were prepared by dissolving 

precisely weighed amounts of each compound in deionized water. Citric 

acid (C6H8O7), acting as a chelating agent, was prepared at a concentration 

of 0.2 M using a deionized water and ethylene glycol mixture in a 3:1 

volume ratio. Besides, a 0.5 M ammonia solution (NH3) was employed to 

adjust the pH. The precursor solutions were mixed in a volumetric ratio of 

2:x:(1−x) (Bi:Cr:V) and combined with the citric acid solution to obtain 

sols. The ratio of citric acid solution to the total concentration of metal ions 

was fixed at 1.5:1. The pH of the obtained sol systems was precisely 

regulated to around 7 using NH3 solution. Subsequently, the sol solutions 

were heated to 80 °C with continuous stirring for two hours, leading to the 

formation of a noticeable gel. The wet gels were further subjected to 

dehydration in an oven at 90 °C for 12 hours to eliminate excess moisture 

and yield dried xerogels. The xerogel was first finely ground in an agate 

mortar to ensure homogeneity. It was then calcined using a microwave-

assisted method for 55 minutes in a modified oven operating at 2.45 GHz 

and 100 kW.  

Preparation of MB dye solution 

A stock solution of MB (0.01 M) was prepared by dissolving exactly 

3.1985 g of MB in 1 L of deionized water. Subsequently, a 1.0 × 10-5 M 

solution was produced by diluting 1.0 mL of this stock to 1 L.  
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Structural characterization   

X-ray powder diffraction (XRD) 

XRD patterns were recorded using a Philips PW 1050/30 diffractometer 

with CuKα radiation (λ= 1.54060 Å). These measurements were used to 

identify the stabilized phases present and to determine their crystallite sizes 

and densities. Data were collected in Bragg–Brentano geometry over a 2θ 

range of 10° to 90°, with a step size of 0.15° and a counting time of 1.3 

seconds per step. The unit cell parameters were refined using the X’Pert 

Plus software.  

The average crystallite size(D) was estimated from peak broadening 

using the Scherrer equation: D = 0.89λ/(Bcosθ), where λ denotes the 

wavelength of CuKα radiation (λ= 1.54060 Å), B is the the full width at half 

maximum (in radians), and θ is the diffraction angle. 

Thermal analysis 

Thermal behavior of the catalyst phases was investigated through 

differential thermal analysis (DTA) using a Perkin–Elmer instrument. 

Approximately 20 mg of the dried BiMeVOx oxide sample was placed in an 

α-alumina crucible, and measurements were carried out under a flowing 

nitrogen atmosphere. The gas flow was fixed at 20 ml min-1, while the 

temperature ranged from ambient temperature to 1000 °Cat at a heating rate 

of 10 °C min-1. Thermogravimetric analysis (TGA) thermograms of the 

sample xerogels were obtained under identical conditions.  

Fourier Transform – Infrared (FT-IR) Spectrometry 

FT–IR spectroscopy was utilized as a methodological approach to 

elucidate the decomposition processes of xerogels. To prepare transparent 

pellets, the processed xerogels were mixed with potassium bromide (KBr) at 

a proportion of 1.5 wt.%. The resulting mixture was then compacted using 

isostatic pressing under a pressure of 240 Mpa. FT–IR measurements were 

performed on selected samples after calcination at different temperatures 

using a Perkin Elmer spectrophotometer. The spectra were recorded in 

transmittance mode over the wavenumber range of 4000 to 400 cm-1.  

Optical Characterization 

The optical band-gap energy (Eg) of the sintered photocatalyst samples 

was assessed from their UV–VIS absorption spectra. Measurements were 
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carried out at room temperature (RT) using a Shimadzu Scan UV–VIS 

spectrophotometer (UV-2450 model), covering wavelength interval of 200–

800 nm. The direct Eg values were estimated by extending the linear portion 

of the absorption edge until it intersected the baseline corresponding to zero 

absorbance (A = 0) [25,26]. The wavelength at the band-edge (λg) was 

employed to compute Eg utilizing the equation: 

𝐸𝑔 =
1240

𝜆𝑔
              (1) 

Adsorption Measurements 

The specific surface areas of the BiCrVOx photocatalyst samples were 

determined through nitrogen adsorption–desorption isotherm performed at a 

temperature of 77 K using an Autosorb-1 instrument (Quantachrome). 

Adsorption isotherms were recorded over a relative pressure (P/Po) range of 

0.01 to 0.99 under nitrogen. The BET (Brunauer–Emmett–Teller) model 

was applied to the adsorption data to calculate the specific surface area 

(SBET), reported, in m2 g-1. 

Kinetics of Photocatalytic Degradation 

A 250 mL of MB (1.0 × 10-5 M and pH 10.0) was placed in a 450 mL 

photoreactor equipped with a magnetic stirring and water refrigeration 

system. A 100 mg portion of the BiCrVOx photocatalyst was accurately 

weighed and added to the dye solution. The resultant suspension was 

magnetically stirred in the dark environment for 40 minutes to achieve 

adsorption–desorption equilibrium. A 300-W xenon lamp fitted with an 

optical glass cut-off filter was used as the visible-light source, providing 

irradiation with wavelengths above 400 nm. The irradiation source was 

situated 25 cm above the surface of the liquid in the photoreactor. The 

temperature of the reaction system was maintained at 25 °C through the 

circulation of cool water to mitigate any thermal catalytic reaction effects. 

At 10 min intervals during irradiation, 5 mL aliquots were withdrawn from 

the photoreactor and filtered to remove catalyst particles.  

𝑙𝑛 (
𝐴

𝐴𝑜
) = −𝑘𝑎𝑝𝑝𝑡                (2) 

where Ao and A represent the initial absorbance and the absorbance at 

irradiation time t, respectively, and kapp signifies the apparent first-order rate 

constant. 
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Results & discussion 

TGA–DTA thermograms of BiCrVOx.10 xerogel 

The TGA–DTA profiles of BiCrVOx.10 xerogel (Figure 1) reveal a two-

step thermal degradation process occurring between approximately 85 and 

420 °C. The first stage degradation is associated with an endothermic peak 

centered at ~119 °C and corresponds to a weight loss of about 10.7%, which 

can be attributed to the removal of physically adsorbed water and ammonia 

species from the xerogel matrix. Partial decomposition of residual 

ammonium citrate may also contribute to this process [26,27].  

The second stage, which occurs between 200 and 420 °C, exhibits a 

notable exothermic peak at 361 °C along with a notable weight loss 

(~39.5%). This behavior is likely related to the decomposition and 

decarbonization of the citrate-based organic matrix, along with possible 

oxidation of residual nitrogen-containing species [28]. 

 

 

                            λ (cm-1)  

 

Figure1: TGA – DTA curves of 

BiCrVOx.10 xerogel. 

Figure 2: FT–IR spectra of BiCrVOx.15 

zerogel calcinated at different 

temperatures for three hours. 
 

It is imperative to emphasize that the minor endothermic peaks observed 

in the DTA profiles (Figure 1) at temperatures exceeding 440 °C, without 

any corresponding mass loss evident in the TGA profiles, are indicative of 

phase transition phenomena within the BiCrVOx system. 

FT–IR spectra of BiCrVOx.15 xerogel 

The thermal degradation of BiCrVOx xerogels has been further 

elucidated using FT–IR spectroscopy. For comparison with TGA–DTA 
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results, Figure 2 presents the FT–IR spectra of BiCrVOx.15 xerogel 

calcined at various temperatures for three hours. The dried xerogel exhibits 

absorption bands corresponding to the precursor metal complexes and 

residual salts [28]. Specifically, bands at 1415 and 1610 cm–1 are attributed 

to the vibrational modes of the carboxylate groups, although overlapping 

contributions from nitrate species in the 1390–1415 cm–1 region cannot be 

excluded. 

A band located at approximately 1750 cm–1 is assigned to C=O stretching 

vibrations. Vibrational modes associated with metal–oxygen (M–O) bonds, 

are observed at 1060 and 520 cm–1, corresponding to V-O and Bi-O bonds, 

respectively. Additional bands at ~1240, 1185, and 1008 cm–1 are attributed 

to C–O stretching, C–H deformation, and O–H bending modes. A broad 

band centered around 3470 cm–1 indicates the presence of adsorbed water 

and residual NH3 species. The weak band near 2580 cm–1 is more likely 

related to overtone or combination vibrations rather than fundamental O–H 

stretching. With increasing calcination temperature up to 250 °C, the main 

spectral features remain largely unchanged. Howeverat 300 oC, most 

absorption bands shift toward lower wavenumbers and decrease in intensity, 

reflecting structural changes and progressive decomposition of ammonium 

citrate and nitrate species. Concurrently, the bands associated with the 

precursor complex broaden, indicating increased disorder. At 550 oC, a 

broad absorption feature appears in the low-frequency region, characteristic 

of oxide formation in BiCrVOx, consistent with previous reports for 

BiMeVOx systems [29,30]. It is noteworthy that the bands in the frequency 

regions ~1010 – 820 cm–1 and ~640–520 cm–1 are assigned to asymmetric 

stretching and deformation modes of vanadate units in the perovskite–like 

layers, while bands at ~723 and 431 cm–1 are correspond to symmetric V-O 

and Bi-O, respectively [29]. 

X-ray Crystallography 

The variations in the XRD patterns of the as-synthesized BiCrVOx 

photocatalyst series, as a function of Cr substitution, are shown in Figure 3. 

For the composition with x = 0.05, the diffraction pattern can be indexed to 

the characteristics akin to the distinctive α-phase. This is confirmed by the 

splitting of the (022)/(220) reflections at 2θ ≈ 32°, and the (026)/(606) 

reflections at 2θ ≈ 46.2°, which are indicative of monoclinic symmetry 
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(space group Ab2) [31]. For compositions with x = 0.07 and 0.10, the 

diffraction correspond to the β-phase as evidenced the splitting of the 

(020)/(200) reflections at 2θ ≈ 32°, along with a single (220) reflection at 2θ 

≈ 46.2°, characteristic of orthorhombic symmetry (space group Acam) [6]. It 

is noted that x = 0.10 lies near the β/γ′ phase boundary. For higher 

compositions (0.10 < x ≤ 0.20), the diffraction patterns can be indexed to the 

γ'-BiCrVOx phase with tetragonal symmetry (space group of I4/mmm), as 

evidenced by the appearance of a singlet (110) reflection at 2θ = 32° [32]. 
 

 

Figure 3: XRD patterns of as– synthesized BiCrVOx photocatalysts. 

The The refined unit cell refinement, average crystallite size, and 

crystallographic density are summarized in Table 1. An increase in lattice 

parameters, particularly along the a and c axes, is observed with increasing 

Cr content, resulting in an overall expansion of the unit cell volume. This 

behavior is attributed to the substitution of V5+ ions (≈0.54 Å, CN=6) by 

larger Cr3+ ions (≈0.755 Å), leading to lattice expansion within the 

perovskite-like vanadate layers [33,34]. A slight decrease in crystallite size 

(in μm) is observed with increasing Cr concentration. The variation in 

crystallographic density is primarily governed by changes in lattice 

parameters and unit cell volume rather than crystallite size.  
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Table 1.  

Refined unit cell parameters, phase stabilizations, average crystallite sizes and 

crystallographic densities of as– prepared BiCrVOx series. 

x 
Unit cell parameters Phase stabilization Crystallite parameters 

a (Å) b (Å) c (Å) V(Å3) Phase Space group D (μm) dXRD (g cm–3) 

0.05 5.533 5.628 15.281 475.84 α Ab2 3.91 6.87 

0.07 5.539 5.613 15.323 476.39 β Acam 3.87 6.74 

0.10 5.582 5.578 15.591 485.45 β Acam 3.88 6.79 

0.13 5.616*  15.898 501.41 γ' I4/mmm 4.02 6.84 

0.15 5.632*  15.887 503.93 γ' I4/mmm 3.93 6.78 

0.20 5.651*  15.905 507.91 γ' I4/mmm 4.17 6.82 

*The tetragonal lattice parameter (aγ) was converted into the mean orthorhombic 

dimension (aβ) using the relation, aβ = aγ√𝟐   

Differential Thermal Analysis 

The thermal stability of the BiCrVOx system and the enthalpy associated 

with phase transitions were investigated using DTA thermograms (Figure 

4). For the composition with x = 0.05, two distinct endothermic peaks are 

observed during heating, corresponding to the sequential α→β and β→γ 

phase transitions, consistent with typical behavior reported for BiMeVOₓ 

systems. For the composition x = 0.07, a single endothermic peak is 

observed at 482.73 °C, which is ascribed to the β→γ transition. Similarly, 

the BiCrVOₓ (x = 0.10) sample exhibits a single endothermic peak at 466.3 

°C indicating that this composition lies near the β/γ phase boundary. The 

presence of a single transition peak in these compositions suggests the 

absence of the α-phase at higher Cr substitution levels.  
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Figure 4: DTA thermograms of as–synthesized BiCrVOx photocatalysts. 

The variation of transition temperature (Tt) with increasing Cr content 

demonstrates an overall increasing trend, which can be attributed to 

enhanced ordering of oxygen vacancies within the perovskite vanadate 

layers [35,36]. This phenomenon is consistent with the lattice expansion 

observed in the XRD results. Furthermore, the transition enthalpy (ΔHt) 

decreases with increasing Cr concentration. This reduction in enthalpy 

change suggests a gradual stabilization of the high-temperature phases. In 

particular, compositions with x ≥ 0.13 where the γ′ phase is stabilized, 

exhibit lower ΔHₜ values, indicating reduced structural changes during phase 

transitions and improved thermal stability of the γ′-BiCrVOx phase [37,38]. 

Surface and Optical Characteristics of BiCrVOx Photocatalysts 

Figure 5 illustrates the UV-VIS absorption spectra of the BiCrVOx across 

different compositions. The absorption edges of the doped samples are 

shifted relative to that of undoped Bi2VO5.5, indicating that Cr substitution 

influences the optical properties and enhances visible-light absorption [39]. 

Among the studied compositions, the samples with x = 0.13 and x = 0.15 

exhibit relatively higher absorbance values. 
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 The estimated Eg, along with their corresponding correlation coefficients 

(R2), are summarized in Table 2. The band-gap energy initially increases 

with ascending Cr content up to x = 0.10, followed by a decrease to 

approximately 1.851 eV (x = 0.13) and 1.64 eV (x = 0.15) before increasing 

again to 2.68 eV for x = 0.20. The reduction in the Eg at intermediate 

compositions is likely associated with the stabilization of the γ′ phase and 

the presence of defect states, such as oxygen vacancies, which introduce 

localized energy levels within the band gap. At higher Cr concentrations (x 

= 0.20), the increase in Eg may be attributed to increased structural ordering 

or reduced defect density. A semi-quantitative estimation of relative 

crystallinity was performed using the ratio of peak intensities: 

𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 (%) =
𝐼(0.15)

𝐼(0.20)
× 100              )3(  

where I(0.15) and I(0.20) correspond to the intensities of (103) reflection 

for γ′-BiCrVOₓ (x = 0.15) and (x = 0.20), respectively. Significantly higher 

intensities of the (103) and (110) reflections, characteristic of the γ′-

tetragonal phase, are observed for the x = 0.15 sample compared to x = 0.20, 

indicating improved crystallinity and structural ordering.  
 

  

Figure 5: UV–VIS absorption 

spectra of the BiCrVOx 

photocatalysts. 

Figure 6: Photocatalytic activities of 

the BiCrVOx catalyst series for the 

degradation of MB dye solution 

under visible light irradiation. 

 

The BET surface areas (SBET) values listed in Table 2 are relatively 

similar across all compositions, suggesting that surface area is not the 

dominant factor governing photocatalytic performance. Instead, the 



                 

 

33 
 

 Afraah Alfaatesh, et al.                                    Aurivillius type BiCrVOx -Catalyzed... 

enhanced activity is more likely associated with modifications in electronic 

structure and defect chemistry induced by Cr substitution.  

Furthermore, adsorption of MB dye onto the catalyst surface is facilitated 

by the electrostatic interactions between positively charged dye molecules 

and negatively charged oxygen sites or vacancies in the BiCrVOx structure. 

The layered Aurivillius-type structure provides accessible active sites, 

contributing to improved photocatalytic performance.  

Photocatalytic Efficiency of BiCrVOx Photocatalyst Series 

The photocatalytic activity of the synthesized BiCrVOx compositions was 

systematically evaluated through the degradation of MB under visible-light 

irradiation using equal catalyst loadings. The degradation kinetics follow a 

pseudo-first-order kinetics, as illustrated in Figure 6, where the linear fits 

indicate good agreement with experimental data. The corresponding 

apparent rate constants (kapp) and R² are summarized in Table 2. 

The variation in photocatalytic activity across compositions reveals two 

regions of relatively lower performance, observed at x = 0.10 (β-phase) and 

x = 0.20 (γ′-phase). For the β-BiCrVOₓ (x = 0.10) sample, the lowest 

degradation rate (kapp = 6.91 × 10⁻³ min⁻¹) is obtained despite its relatively 

high surface area. This reduced activity is primarily associated with its 

larger band gap (~2.65 eV), which limits visible-light absorption and charge 

carrier generation. Similarly, the γ'- BiCrVOₓ (x = 0.20) sample exhibits a 

low degradation rate (kapp = 6.82 × 10⁻³ min⁻¹), which can be attributed to its 

relatively large band gap (~2.68 eV) and possible changes in defect 

structure. In contrast, enhanced photocatalytic performance is observed 

within the γ′-phase region, particularly for BiCrVOₓ (x = 0.15), which 

exhibits the highest kapp value. This improvement is associated with its 

lower band gap and the presence of a higher concentration of oxygen 

vacancies. These vacancies introduce localized energy levels within the 

band structure, which promote charge separation and suppress electron–hole 

recombination, thereby enhancing photocatalytic activity [39].  
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Table 2.  

Estimated special surface area, band–gap energies and photodegradation rate 

constants of MB dye by BiCrVOx series under visible light irradiation. 

x SBET (m2 g–1) R2 Eg (eV) R2 kapp ×10–3 (min–1) R2 

0.05 0.39 0.9994 2.21 0.9036 7.88 0.9984 

0.07 0.31 0.9990 2.52 0.9505 8.94 0.9862 

0.10 0.36 0.9986 2.65 0.9110 6.91 0.9874 

0.13 0.28 0.9992 1.851 0.9362 8.96 0.9895 

0.15 0.26 0.9993 1.64 0.9076 13.22 0.9108 

0.20 0.23 0.9988 2.68 0.9837 6.82 0.9877 
 

The distribution of oxygen vacancies also plays a critical role in 

determining photocatalytic performance. At intermediate Cr concentrations, 

vacancies are likely more uniformly distributed within the equatorial planes 

of the perovskite-like layers, facilitating adsorption and catalytic reactions. 

At higher Cr content, increased vacancy ordering may reduce the number of 

accessible active sites, thereby limiting photocatalytic efficiency [27]. The 

photocatalytic degradation mechanism involves both intrinsic 

semiconductor excitation and dye-sensitized pathways. Under visible-light 

irradiation, electrons are excited from the valence band (VB) to the 

conduction band (CB) of BiCrVOx, generating electron– hole pairs. 

Simultaneously, MB molecules may absorb visible light and transfer excited 

electrons to the CB of the catalyst. The photogenerated electrons react with 

dissolved oxygen to form superoxide radicals (•O₂⁻), while the holes oxidize 

water or hydroxide ions to generate hydroxyl radicals (•OH). These reactive 

oxygen species are responsible for the degradation and mineralization of 

MB dye [40, 41]. Overall, the photocatalytic performance of the BiCrVOₓ 

system is governed by a combination of band gap energy, defect chemistry, 

and vacancy distribution rather than surface area alone. Among the studied 

compositions, γ′-BiCrVOₓ (x = 0.15) exhibits the most favorable balance of 

these factors, resulting in superior visible-light photocatalytic activity.  

Conclusion 

In this study, Aurivillius-type BiCrVOx (Bi2CrxV1–xO5.5–x) photocatalysts 

were successfully synthesized via an ethylene glycol–citrate sol–gel method 

followed by microwave-assisted calcination. This approach enabled good 

phase purity-controlled composition over the range 0.05 ≤ x ≤ 0.20. 
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Structural analysis using XRD and DTA demonstrated that Cr substitution 

stabilizes the α-monoclinic and β-orthorhombic phases at low dopant levels, 

while promoting the formation of the γ'-tetragonal phase at higher 

concentrations. 

Optical studies revealed a non-linear dependence of Eg, on Cr content, 

with noticeable band gap narrowing for compositions in the γ′ phase region 

(x = 0.13 and 0.15). This behavior is attributed to structural phase evolution 

and the presence of defect states, particularly oxygen vacancies, which 

modify the electronic structure and enhance visible-light absorption. The 

photocatalytic activity toward MB was found to depend strongly on phase 

composition. Among the studied samples, γ'- BiCrVOₓ (x = 0.15) exhibited 

the highest activity (kapp = 13.22 × 10-3 min-1), which is associated with its 

relatively lower band gap and favorable defect structure. The enhanced 

performance is linked to improved charge separation facilitated by 

disordered oxygen vacancies in the γ′ phase. 

A plausible photocatalytic mechanism is in which oxygen vacancies act 

as electron trapping sites, suppressing charge recombination and promoting 

the generation of reactive oxygen species. These findings indicate that 

BiCrVOₓ materials are promising visible light-responsive photocatalysts for 

the degradation of organic pollutants. Furthermore, this study provides a 

basis for future optimization through compositional tuning and advanced 

synthesis strategies to improve photocatalytic performance.   
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