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Abstract 

Chromium (Cr)-doped strontium titanate (SrTiO3, STO) photocatalysts with 

compositions of SrTi1-xCrxO3 (x = 0, 5, and 10%) were prepared via the 

coprecipitation method. This study aimed to investigate the effects of Cr doping 

on structural, morphological, and optical properties. Furthermore, this work 

aimed to examine the photocatalytic performance of pure and Cr-doped STO 

against methylene blue (MB) degradation under ultraviolet (UV) and sunlight 

exposure. X-ray diffraction confirmed the formation of the cubic STO phase and 

the insertion of the Cr dopant in the STO structures. Furthermore, Cr doping 

reduced the lattice constant, crystallite size, and average particle size and 

narrowed the band gap from 3.2 (STO) to 2.9 eV (STO:Cr10%). Photocatalytic 

evaluation via methylene blue degradation revealed contrasting behaviors under 

different irradiation sources. Under UV irradiation, STO:Cr10% exhibited the 

highest degradation efficiency (57.23%), whereas under natural sunlight, pure 

STO showed superior activity (97.15%) compared with Cr-doped samples. 

These findings indicate that while Cr doping enhances UV-driven photocatalytic 

activity by modifying the structure and morphology characteristics and narrowing 

the band gap, pure STO performs more efficiently under sunlight irradiation, 

possibly because of the absence of dopant-induced recombination centers. 
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Introduction 

Owing to their remarkable features and broad appli-

cations in sensors, solar cells, fuel cells, energy storage 

tools, memory devices, and photocatalysis, perovskite-

based materials have become a massive concern for 

researchers worldwide (DuBose and Kamat, 2022; 

Huang et al., 2024; Sharma et al., 2024). The materials 

construct the ABO3 perovskite structure, where the A-

sites and B-sites are 12-fold coordinated and 6-fold 

coordinated cations, respectively, and the O-sites are 

the oxygen located in the face center of the unit cell 

(Irshad  et al., 2022; Nkwachukwu and Arotiba, 2021). 

Owing to their stable crystal structure, adjustable 

bandgap, and thermal and photochemical stability, 

perovskite oxides have been extensively used as 

photocatalyst materials in photocatalysis applications 

(DuBose and Kamat, 2022; Nkwachukwu and Arotiba, 

2021; Nkwachukwu et al., 2023). Photocatalyst-based 

perovskites play a significant role in the photocatalytic 

process, as they assist in light absorption, electron‒

hole generation, and redox reactions and further faci-

litate the degradation of organic pollutants, water splitting, 

CO₂ reduction, and hydrogen evolution (Irshad et al., 

2022; Jagadeeswararao et al., 2023; Jiang et al., 2020;  

Ordoñez et al., 2024). 
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Strontium titanate (SrTiO3 or STO) is among many 

perovskite-structured semiconductors with a cubic 

structure and has been extensively investigated for its 

high potential in photocatalytic processes (Chen et al., 

2022; Ordoñez et al., 2024). STO has been reported to 

be an effective photocatalyst material for dye degrada-

tion, water splitting, CO₂ reduction, etc. (Elkodous et 

al., 2023; Kaiya et al., 2024). However, its wide bandgap 

(3.2 eV) results in poor visible-light absorption and high 

insulating nature, limiting its photocatalytic performance 

(Hussain et al., 2020; Kafeshani et al., 2022; Nakamoto 

et al., 2023). To overcome this drawback, metal doping 

has been employed to tailor the structural and elec-

tronic properties of STO, leading to a reduced bandgap, 

improved charge separation, and enhanced surface 

activity. Previous studies have explored various dopants, 

such as Al (Abdikarimova et al., 2024; Iriani et al., 2024a), 

Mn (Iriani et al., 2022; 2023), La (Lestari et al., 2025), 

Fe (Ardi et al., 2024), Mg (Nakamoto et al., 2023), Ni 

(Kafeshani et al., 2022), La (Iriani et al., 2024) , V (Xu 

et al., 2025), and Cr (Lopez-Juarez 2025; Qin et al., 

2024; Wang et al., 2006), in STO, all of which have 

demonstrated improved photocatalytic efficiency. 

Although extensive studies have reported metal-

doped STO photocatalysts, investigations focusing on 

chromium (Cr)-doped STO remain relatively scarce, 

particularly in the context of dye degradation under 

different irradiation sources. Previous studies on Cr-

doped STO have focused primarily on visible-light 

activation or water-splitting performance, whereas 

systematic comparisons between UV and natural sun-

light irradiation are rarely discussed. Moreover, the dual 

role of Cr dopants as bandgap modifiers and potential 

recombination centers has not been sufficiently clarified. 

In this work, Cr doping levels of 5% and 10% were 

selected to represent moderate and relatively high 

substitution regimes at the Ti site, where defect forma-

tion and electronic structure modification are expected 

to be significant. By directly comparing the photocata-

lytic activity under UV and sunlight irradiation, this study 

reveals an activity inversion phenomenon, providing 

insight into how dopant-induced defect states influence 

the charge carrier dynamics under different spectral 

conditions. This approach offers a more nuanced under-

standing of dopant–light-source interactions in perovskite 

photocatalysts than conventional bandgap narrowing 

methods. 

To clearly position the present work within existing 

studies, Table 1 summarizes representative reports on 

Cr-doped SrTiO₃ photocatalysts for dye degradation 

under various irradiation conditions. Compared with 

previous studies, this work uniquely demonstrates a 

clear inversion in photocatalytic performance between 

UV and natural sunlight irradiation for Cr-doped SrTiO₃. 

 

While most earlier reports focused on visible-light acti-

vation or water-splitting reactions, this study highlights 

the critical interplay between dopant-induced defect 

states and the irradiation spectrum, providing insight 

into why bandgap narrowing alone does not guarantee 

improved solar-driven photocatalysis. 

Additionally, recent studies employing sludge-derived 

magnetic photocatalysts, TiO₂- and Fe₃O₄-based com-

posites, and biophotocatalytic systems have demonstrated 

that dye degradation performance is governed by a 

combination of light absorption, surface adsorption, 

and radical-mediated oxidation pathways rather than 

bandgap engineering alone (Rastgar et al., 2022; 2023; 

2024; 2025; Zamani et al., 2023a; b). These findings 

highlight the importance of carefully interpreting the 

photocatalytic results obtained using dye model pollu-

tants. 

 

Materials and methods 

1) Materials  

The raw materials included strontium nitrate (Sr(NO3)2), 

titanium tetra butoxide (Ti(C4H9O)4), and chromium(III) 

nitrate nonahydrate (Cr(NO3)3·9H2O) as the sources of 

Sr, Ti, and Cr, respectively. Other materials used were 

oxalic acid (C2H2O4) and isopropyl alcohol ((CH3)2CHOH). 

All chemical reagents used in this study were of analy-

tical grade and were used without further purification. 

 

2) Synthesis of pure and Cr-doped STO 

Pure and Cr-doped STO, with the formula SrTi1-xCrxO3 

(x = 0, 5, and 10%), was synthesized via the coprecipi-

tation method. For pure STO, oxalic acid and isopropyl 

alcohol were initially mixed by stirring for 20 minutes at 

a speed of 250 rpm. Moreover, titanium tetrabutoxide 

was separately mixed with isopropyl alcohol via the 

same method. The solution was then added to the 

oxalic solution and continuously stirred, and strontium 

nitrate was added after 20 min. Afterwards, the solution 

was titrated for 1 hour with distilled water, after which it 

was allowed to precipitate for 24 hours. The sample 

was washed simultaneously with ethanol and distilled 

water and then dried at 100 °C for 10 hours. The 

powdered sample was crushed and sintered at 900 °C. 

Finally, the powder sample was reground to obtain 

more homogeneous particles and was ready to be 

characterized. 

For the Cr-doped STO (SrTi0.95Cr0.05O3 and SrTi0.90 

Cr0.10O3), the procedures used were the same. However, 

in this process, chromium(III) nitrate nonahydrate was 

added immediately after the titanium tetrabutoxide and 

oxalic acid solutions were added. All samples were 

labeled STO, STO:Cr5%, and STO:Cr10%, correspond-

ing to Cr dopant concentrations of 0%, 5%, and 10%, 

respectively. 
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Table 1 Comparative results of Cr-doped STO studies  

Study Synthesis 

method 

Cr content Bandgap (eV) Light source Target pollutant/ 

reaction 

Main findings 

Wang et al. (2006) Solid-state 0.5–5 at.% ~2.7–3.0 Visible Water splitting Cr introduces mid-gap states; high Cr 

increases recombination 

Lopez-Juarez (2021) Microwave-

hydrothermal 

1–5 mol% ~2.8 UV–Vis RhB degradation Improved visible-light response but stability 

not discussed 

Jiang et al. (2020) Hydrothermal 1–3 at.% ~2.6 Visible H₂ evolution Enhanced absorption; performance sensitive 

to Cr level 

Qin et al. (2024) Solid-state 

reaction 

0.5–3 at.% ~2.7 Visible Overall water splitting Defect–charge delocalization critical for 

activity 

Ichihara et al. (2019) Sol–gel 1–10 at.% ~2.6–3.0 UV–Vis Charge carrier dynamics High Cr accelerates recombination (TAS 

evidence) 

This work Coprecipitation 5 & 10% 3.20 → 2.90 UV & Sunlight MB degradation Activity inversion: Cr enhances UV activity 

but suppresses sunlight performance due to 

recombination effects 
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3) Characterization 

The prepared samples were characterized via various 

techniques and instruments. X-ray diffraction (XRD) 

(Bruker D8 Advanced with a Cu source Kα of 1.5406 Å) 

was performed to determine the structural properties. 

Fourier transform infrared spectroscopy (FTIR) (Shimadzu 

A21004802518) was used to examine the functional 

groups of the samples. FTIR spectra were recorded in 

transmittance mode over the wavenumber range of 

350–4,000 cm-1. Scanning electron microscopy (SEM) 

with energy dispersive X-ray (EDX) analysis (Quanta 

250/450/650) was used to observe the morphological 

features and elemental compositions of the samples. 

UV‒Vis diffuse reflectance spectroscopy (UV‒Vis DRS) 

(Lambda 365+ from PerkinElmer) was used to examine 

the optical properties of the samples over a wavelength 

range of 200–700 nm. 

 

4) Photocatalytic performance evaluation 

The photocatalytic performance of the prepared 

pure and Cr-doped STO was evaluated through the 

photodegradation of methylene blue under a 25-watt 

UV lamp and direct sunlight exposure. First, 0.05 g of 

the prepared samples were dissolved in 50 mL of 10 

ppm MB solution. 

The first photodegradation experiment was conducted 

in a dark room for 30 minutes to establish adsorption 

equilibrium. For UV irradiation, the solution was kept in 

a dark room and irradiated with a UV lamp. Five milliliters 

of irradiated solution was collected every 60 minutes for 

a total duration of 240 minutes. Moreover, for sunlight 

irradiation, the equilibrium solution was exposed to 

direct sunlight, and 5 mL of each exposed solution was 

collected every 30 minutes for a total duration of 180 

minutes. Both UV-irradiated and sunlight-irradiated 

samples were then centrifuged and tested via a UV‒Vis 

spectrophotometer (HITACHI UH530) to investigate the 

absorbance profiles in the wavelength range of 400–

800 nm. 

The absorbance data were then exploited to estimate 

the % degradation of methylene blue through Eq.1. 

where C0 and Ct are the initial concentration (before UV 

irradiation) and the concentration after t  UV irradiation, 

respectively. The photodegradation kinetics were also 

determined via Equation 2. By plotting 𝐥𝐧(𝐀𝟎 𝐀𝐭⁄ ) vs. t, 

the kinetic rate of photodegradation (k) by each 

prepared photocatalyst sample can be determined 

from the slope of the graph (Sandi et al., 2025).  

 

     %MB degradation =  [(A0 − At) A0⁄ ] × 100%   (Eq.1) 

 

ln(C0 Ct⁄ )  = kt              (Eq.2) 

 

 

 

 

Results and discussion 

1) Structural property 

 Figure 1(a) shows the XRD patterns of the pure and 

Cr-doped STO samples. All peaks were identified with 

the International Center for Diffraction Data (ICDD) and 

agreed with database number 201257 from ICDD#84--

0444. The peaks were confirmed to belong to the cubic 

STO phase with space group Pm3m and planes (100), 

(110), (111), (200), (210), (211), and (220). The symbols 

(*) in the XRD patterns of STO and STO:Cr5% denote 

the impurities SrCO3 and TiO2 resulting from the syn-

thesis process. Nevertheless, there was no significant 

change in the peak position of the Cr-doped samples. 

Nevertheless, slight right shifts were detected in the 

doped samples (Figure 1(b)), indicating that the doping 

had been appropriately performed. This shift indicates 

a modification in the crystal lattice induced by Cr doping, 

as presented in Figure 1(c) (Xu et al., 2025).  

 Figure 1(c) displays the lattice strains and crystallite 

sizes of the pure and Cr-doped STO samples obtained 

with the Debye–Scherrer formula (Tsaviv et al., 2024). 

The crystallite size of the prepared samples clearly 

decreases with increasing Cr dopant concentration. 

Doping Cr in STO can inhibit crystal growth during the 

synthesis process due to lattice distortion caused by Cr 

insertion in the Ti sites in the STO lattice (Chen et al., 

2018; Khoudro et al., 2024). This is also evident from 

the increase in lattice strain due to doping, as shown in 

Figure 1(c). The difference in the atomic size of the 

donor (Cr) and receptor (Ti) induces internal strain, leading 

to increased lattice strain and reduced crystallite size 

(Khoudro et al., 2024; Stajcic et al., 2024). 

The XRD data were then processed via the Rietveld 

refinement method via GSAS software, and the results 

are shown in Table 2. The results confirm that all the 

prepared samples exhibit a cubic structure. The good-

ness of fit (GOF), x2, and R values represent the quality 

of the experimental data fitting. The results demonstrate 

that the values of these parameters were relatively low, 

indicating that the refinement process was reliable. 

Additionally, the values decreased with increasing 

amounts of the Cr dopant, suggesting that doping 

influences the STO structure due to differences in ionic 

radii, whereas the cubic crystal structure remains 

unchanged. Table 1 also presents the lattice constants 

of the prepared samples obtained from this analysis, 

showing that the values decrease with increasing Cr 

dopant concentration, which is consistent with the 

Debye–Scherrer estimation. 

The 3D visualization of the crystal structure of pure 

and Cr-doped SrTiO3 (STO) was modeled and visualized 

via VESTA software, as shown in Figures 1(d) and 1(e). 

Both structures are represented as 2×2×2 supercells to 

clearly illustrate the lattice configuration. Figure 1(d) 

shows the perovskite structure of pure STO, which 

consists of Sr atoms occupying the corners of a cubic 
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unit cell, Ti atoms positioned at body centers, and O 

atoms located at face centers. This arrangement 

corresponds to the typical ABO3 perovskite structure, 

with Sr acting as the A-site cation, Ti acting as the B-

site cation, and O acting as the anion. 

 

 

 

Moreover, Figure 1(e) depicts Cr-doped STO (STO: 

Cr10%), in which Ti atoms are partially substituted by 

Cr atoms at the B-site positions of the perovskite lattice. 

The incorporation of Cr dopants into the Ti sites demon-

strated that the doping process was successfully 

achieved without disrupting the overall cubic perovskite 

framework. Thus, this visualization confirms the struc-

tural feasibility of incorporating Cr into the STO lattice. 

 

 
Figure 1 (a) XRD patterns of pure and Cr-doped STO samples, (b) right peak shift at Cr-doped STO  

in comparison with pure STO, (c) crystalline size and lattice strain (ɛ) of pure and Cr-doped STO,  

(d) illustration of 3D visualization of the crystal structure of STO, and (e) illustration of 3D visualization  

of the crystal structure of STO:Cr10% 
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Table 2 The results of Rietveld refinement via the GSAS software 

Sample a=b=c (Å) x2 Rw (%) GOF 

STO 3.91231 1.842 7.147 1.36 

STO:Cr5% 3.90781 1.420 6.255 1.19 

STO:Cr10% 3.90712 1.356 6.180 1.16 

2) Functional group 

Figure 2 shows the FTIR spectra of the pure and Cr-

doped STO samples. The broad peaks at 3,096 cm-1–

3,456 cm-1and 3,550 cm-1–3,650 cm-1 denoted the 

presence of O–H stretching from surface hydroxyls/ 

adsorbed moisture (Asefa et al., 2024; Murthy et al., 

2024). The weak peak at 2910 cm-1 represented the 

vibration of the C–H stretching of residual organics from 

the synthesis process (Asefa et al., 2024; Iriani et al., 

2022). The band at approximately 1700–1500 cm-1 (labeled 

COOH/N–H in the figure) can be attributed to the C=O 

stretching of carboxyl/carbonate-type surface species 

and/or N–H bending from residual precursors. The bands 

at approximately 900–1,000 cm-1 corresponded to the 

typical perovskite lattice vibrations of Ti–O. In addition, 

the intense peaks at 500–800 cm-1 were associated 

with Sr–Ti–O (TiO6 octahedral) stretching/bending modes 

that are characteristic of the SrTiO₃ framework (Iriani et 

al. 2024b; Lopez-Juarez, 2021). The presence of these 

forms corresponds to the successful formation of pure 

and Cr-doped STO, which is consistent with the XRD 

data. 

Furthermore, Cr3+ ions replacing Ti4+ in the STO lattice 

slightly affected the positions and transmittance inten-

sity of the existing bonds, especially the Sr‒Ti‒O bonds. 

The Cr doping slightly changed the wavelength positions 

of the Sr‒Ti‒O bonds from 571.918 cm-1 (SrTiO3) to 

576.740 cm-1 (STO:Cr5%) and 584.456 cm-1 (STO: 

Cr10%). In addition, it also reduced the transmittance 

intensity from 36.637 (SrTiO3) to 22.688 (STO:Cr5%) 

to 11.426 (STO:Cr10%). The insertion of Cr3+ ions into 

the STO lattice can create new absorption centers, 

thereby increasing the material's interaction with infrared 

light (Chen et al., 2018; Hasan et al., 2022). Overall, the 

spectral changes validate the successful incorporation 

of Cr into the perovskite lattice and its impact on the 

vibrational structure of STO. 

 

3) Morphological properties 

Morphological images of pure and Cr-doped STO 

are depicted in Figure 3. All the samples exhibited 

irregular particle shapes with several agglomerations, 

a characteristic typical of nanoparticles synthesized via 

wet chemical techniques. The particle size distributions 

obtained from Gaussian fitting are presented along with 

the SEM images. For pristine STO (Figure 3(a)), the 

particle size distribution is centered at ~156 nm, with 

most particles ranging from 120–200 nm. After Cr incor-

poration, the average particle size decreases significantly  

to ~117 nm for STO:Cr5% (Figure 3 (b)) and ~107 nm 

for STO:Cr10% (Figure 3(c)), with narrower distributions 

than those of the undoped sample. 

The reduction in particle size with increasing Cr 

content indicates that doping influences the nucleation 

and growth dynamics during synthesis. Specifically, the 

presence of Cr dopants enhances the nucleation rate 

while suppressing particle growth, resulting in smaller 

final particle sizes (Flores et al., 2024; Huo et al., 2018). 

This effect results in more uniform distributions with 

reduced average diameters as the doping level increases. 

Table 3 summarizes the average particle size and 

R2 values obtained from Gaussian fitting. The high R2 

values (0.98–0.99) confirm the reliability of the fitting 

results. Furthermore, the observed trend of particle size 

from the reduction is consistent with the crystallite size 

calculated XRD analysis. These findings support the 

conclusion that Cr doping not only alters the structural 

properties but also refines the morphology of STO 

particles. 

Figure 4 presents the results of the EDX analysis, 

which show the presence of Sr, Ti, Cr, and C in the Cr-

doped samples. The appearance of the carbon element 

is due to contamination during sample preparation for 

the SEM-EDX test. This contamination is characteris-

tically associated with the use of carbon-based adhe-

sive tape or glue to mount the samples on the sample 

holder. 

Furthermore, the results revealed the presence of 

Cr, indicating that the doping was successful. Table 4 

shows the mass and atomic percentage of each element 

in the samples. The mass and atomic percentage of Cr 

slightly increased from the STO:Cr5% to the STO:Cr10% 

samples, corresponding to the doping quantity. In 

contrast, the percentage of Ti slightly decreases because 

its position is partially replaced by Cr in the STO lattice. 

These results were as expected and consistent with the 

designed doping ratio. Overall, these EDX findings 

validate the successful incorporation of Cr into the STO 

lattice and support the previously proposed structural 

model, which is consistent with the XRD and FTIR 

analyses. 

 

Table 3 Average particle size and R-square value 

Sample Average particle size 
(nm) 

R-square (R2) 

STO 155.82 ± 0.58 0.98 

STO:Cr5% 116.95 ± 0.87 0.98 

STO:Cr10% 106.75 ± 0.39 0.99 
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Figure 2 FTIR spectra of pure and Cr-doped STO. 

 

 
Figure 3 Morphological images and particle size distributions of (a) STO, (b) STO:Cr5%, and (c) STO:Cr10%. 
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Figure 4 EDX results of (a) STO:Cr5% and (b) STO:Cr10%. 

 

Table 4 Mass and atomic percentage of the elements in the Cr-doped samples 

Element Mass (%) Atoms (%) 
STO:Cr5% STO:Cr10% STO:Cr5% STO:Cr10% 

C 3.20 ± 0.05 4.43 ± 0.06 9.74 ± 0.16 13.10 ± 0.17 

O 21.23 ± 0.20 21.12 ± 0.19 48.54 ± 0.46 46.88 ±0.42 

Ti 28.44 ± 0.45 28.36 ± 0.43 21.73 ± 0.35 21.03 ±0.32 

Cr 1.07 ± 0.17 1.12 ± 0.42 0.75 ± 0.12 0.76 ± 0.11 

Sr 46.06 ± 0.44 44.97 ± 0.42 19.23 ± 0.19 18.23 ± 0.17 

 
4) Optical properties 

Figure 5 shows the reflectance curves of the pure 

and Cr-doped STO samples, along with the corres-

ponding Tauc plots presented in the inset. The graph 

shows significant reflectance peaks at wavelengths of 

approximately 360 nm and 700 nm, where the area 

approximately 360 nm corresponds to the region of 

bandgap transition. This region underwent a slight 

redshift due to Cr doping, indicating a modification of 

the bandgap energy. Furthermore, the reflectance signi-

ficantly decreased in the Cr-doped samples. The decreased 

reflectance intensity of the Cr-doped samples indicates 

enhanced light absorption due to the incorporation of 

Cr into the perovskite lattice. This further creates new 

energy levels in the energy band gap and reduces the 

reflectance (Ikram et al., 2023; Miran et al., 2023; Xu et 

al., 2025).  

In terms of optical properties, the estimation of the 

bandgap energy is crucial. The optical bandgap values 

were determined via the Kubelka–Munk function and 

Tauc plot method by extrapolating the linear portion of 

the (αhν)2 versus hν curve to the energy axis (inset of 

Figure 6). The estimated bandgap values were 3.20, 

3.00, and 2.90 eV for SrTiO3, STO:Cr5%, and STO:Cr10%, 

respectively. The results indicate that the pure STO 

obtained in this study has a bandgap of 3.20 eV, which 

is consistent with the theoretical value reported in the 

literature. Furthermore, Cr doping could effectively narrow 

the bandgap values from 3.00 eV (STO:Cr5%) to 2.90 

eV (STO:Cr10%). This reduction is attributed to the 

changes in the crystallites and particle sizes of the 

samples, which are influenced by Cr doping. The reduced 

crystallite and particle sizes due to Cr doping can induce 

a narrowed band gap in the samples (Iriani et al., 

2024b; Talanov et al., 2024).  

 

5) Photocatalytic performance 

The photocatalytic performance of Cr-doped STO 

was successfully assessed. However, it should be 

noted at the outset that the present study focused on 

correlating structural, morphological, optical, and 

photocatalytic performance data. Direct experimental 

evaluation of charge carrier dynamics, such as recom-

bination rates, trap-state distributions, and charge 

transfer resistance, was not conducted because of the 

absence of transient absorption spectroscopy (TAS), 

photoluminescence (PL), and X-ray photoelectron spec-

troscopy (XPS) measurements. Therefore, discussions 

related to charge transport and recombination behavior 

are based on indirect evidence and supported by 

previously reported studies on Cr-doped SrTiO3 systems. 
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Figure 6 shows the UV‒Vis absorbance spectra of 

MB solutions irradiated with UV light and sunlight in the 

presence of pure STO and Cr-doped STO photocatalysts. 

The inset photographs display the corresponding color 

changes of the MB solutions at various irradiation 

times. Under UV irradiation, no substantial visual color 

change was observed; nevertheless, the absorbance 

intensity at ~664 nm decreased progressively over the 

irradiation period from 0--240 minutes. In contrast, under 

sunlight irradiation, noticeable fading of the MB solution 

was observed, which was consistent with a decrease in 

absorbance over the 0–180-minute period. These findings 

indicate that the photocatalytic degradation efficiency 

increases with irradiation time, with a more pronounced 

effect under solar exposure. 

The degradation efficiencies after 240 minutes of 

UV irradiation and 180 minutes of sunlight irradiation 

are summarized in Table 4. Under UV irradiation, STO: 

Cr10% exhibited the highest degradation efficiency, 

followed by pure STO, while STO:Cr5% showed the 

lowest activity. In contrast, under sunlight irradiation, 

pure STO achieved the highest degradation performance, 

followed by STO:Cr10% (78.71%) and STO:Cr5% 

(65.20%). These results confirm that the photocatalytic 

activity of STO is strongly influenced by both the dopant 

concentration and the type of light source. 

Although Cr doping reduces the crystallite size and 

particle size and narrows the bandgap, higher doping 

levels may also introduce defect states and the 

possibility of nonuniform dopant distributions, which act 

as recombination centers, thus reducing the number of 

effective charge carriers (Ichihara et al., 2019; Sharma 

et al., 2024). In addition, sunlight, with its broader spec-

trum and higher photon flux, is sufficient to activate 

pure STO without giving a chance for recombination, 

making it more efficient for solar-driven photocatalysis 

(Galloni et al., 2022; Navalon et al., 2023; Okunaka et 

al., 2024). These results indicate that the effect of Cr 

doping is highly dependent on the irradiation source. 

While Cr doping increases the photocatalytic activity 

under UV light, pure STO remains superior under sun-

light because of its stable band structure and lower 

charge recombination (Namade et al., 2025; Tenzin et 

al., 2021).  

The photocatalytic behavior of Cr-doped SrTiO3 can 

be rationalized by considering the dual role of Cr3+ 

dopants in modifying the electronic structure. Substitu-

tion of Ti4+ by Cr3+ introduces localized 3d-derived mid-

gap states above the valence band of SrTiO3, which 

effectively extend light absorption toward lower photon 

energies and facilitate charge carrier excitation under 

UV irradiation (Ichihara et al., 2019; Wang et al., 2006). 

Similar Cr-induced defect states in SrTiO3 have been 

reported to enhance photocatalytic activity by promoting 

charge separation at moderate dopant concentrations 

(Lopez-Juarez, 2021; Qin et al., 2024). 

However, excessive Cr incorporation can lead to an 

increased density of defect states that act as recombi-

nation centers, accelerating electron–hole recombination 

and reducing the availability of reactive charge carriers 

for surface redox reactions (Ichihara et al., 2019; Wang 

et al., 2006). Transient absorption spectroscopy studies 

on Cr-doped SrTiO3 have confirmed that higher Cr 

concentrations significantly shorten charge carrier life-

times due to enhanced recombination via Cr-related 

trap states (Ichihara et al., 2019). These findings provide 

a mechanistic basis for the concentration-dependent 

photocatalytic trends observed in this study. 

 

Table 5 Degradation levels after 240 min (UV) and 

180 min (sunlight) of irradiation 

Sample % Degradation 

UV Sun 

STO 48.79% 97.15% 

STO:Cr5% 29.58% 65.20% 

STO:Cr10% 57.23% 78.71% 

 

Figure 5 Reflectance curves and Tauc plot (inset picture) of pure and Cr-doped STO. 
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Figure 6 (a-c) UV‒Vis spectra of UV-irradiated MB solutions with various irradiation times, (d-f) UV‒Vis spectra  

of sunlight-irradiated MB solutions with various irradiation times, (g-h) photodegradation kinetics of pure and 

Cr-doped STO samples under UV and sunlight irradiation, and (i) kinetic rates. 

 

Under UV irradiation, both pristine and Cr-doped 

SrTO3 generate electron–hole pairs that participate in 

surface redox reactions, leading to the formation of 

reactive oxygen species (ROS), such as hydroxyl radicals 

(•OH) and superoxide radicals (•O₂⁻). Similar ROS-

dominated degradation pathways have been widely 

reported in TiO2
-, Fe3O4

-, and sludge-derived photo-

catalytic systems applied for dye and wastewater 

treatment under UV or UVA irradiation (Rastgar et al., 

2023; 2024; 2025; Zamani et al., 2023a). In this context, 

Cr doping enhances UV-driven photocatalytic activity 

by improving photon absorption and charge generation 

efficiency, particularly at lower dopant levels. 

In contrast, under broadband sunlight irradiation, 

pristine SrTO3 has superior photocatalytic performance 

compared with that of Cr-doped samples. Owing to its 

broader spectral distribution and higher photon flux, 

sunlight is sufficient to activate pure SrTO3 efficiently 

without introducing significant recombination losses, 

making it more effective for solar-driven photocatalysis 

(Galloni et al., 2022; Okunaka et al., 2024; Navalon et 

al., 2023). The stable intrinsic band structure of undoped 

SrTO3 minimized defect-induced recombination, allowing 

more effective utilization of photogenerated charge 

carriers under solar irradiation (Namade et al., 2025; 

Tenzin et al., 2021). 

In addition to intrinsic charge carrier processes, the 

role of methylene blue as a photosensitizer should also 

be considered, particularly under sunlight irradiation. 

Previous studies on low-cost magnetic char, sludge-

derived photocatalysts, and biobased systems have 

shown that the MB degradation efficiency is strongly 

influenced by the adsorption behavior and dye–surface 

interactions prior to photocatalytic oxidation (Rastgar  et 

al., 2022; 2023; Zamani et al., 2023b). These findings 

suggest that the observed photocatalytic activity under 

sunlight irradiation may involve dye photosensitization 

mechanisms, where excited MB molecules can inject 

electrons into the conduction band of the photocatalyst, 

contributing to ROS formation and apparent degra-

dation efficiency (Galloni et al., 2022; Nkwachukwu et 

al., 2023). 
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Accordingly, in the present study, the superior 

sunlight-driven performance of pristine SrTO3 over Cr-

doped samples is interpreted not only as a consequence 

of band structure effects but also as the result of the 

combined influence of surface properties, defect density, 

and potential suppression of dye-sensitized pathways 

by dopant-induced recombination centers. 

Therefore, the observed inversion in photocatalytic 

activity under UV and sunlight irradiation reflects a 

balance between dopant-induced absorption enhance-

ment and recombination losses rather than bandgap 

narrowing alone. These results clearly indicate that the 

effect of Cr doping on SrTO3 is highly dependent on the 

irradiation source, with Cr-induced defect states enhancing 

UV-driven photocatalysis but potentially hindering 

performance under broadband solar illumination. 

Furthermore, the structural stability of the catalysts 

is supported by the preservation of the cubic perovskite 

phase after Cr incorporation, as confirmed by XRD and 

Rietveld refinement. However, cyclic stability and reusa-

bility tests were not performed in this study and should 

be addressed in future work to evaluate long-term 

photocatalytic durability. 

Overall, this study demonstrated that chromium 

doping effectively modifies the structural and optical 

properties of SrTO3; however, its influence on photo-

catalytic performance strongly depends on the irradia-

tion source. While Cr-induced defect states enhance 

UV-driven photocatalytic activity, they may also promote 

charge carrier recombination under broadband sunlight 

irradiation. The observed activity inversion highlights 

that bandgap narrowing alone is insufficient to predict 

solar photocatalytic performance, emphasizing the 

need to balance the dopant concentration with the 

spectral characteristics of the light source. 

These findings imply that the role of dopant-induced 

defect states and irradiation-dependent photocatalytic 

behavior observed in Cr-doped SrTO3 may offer broader 

insight into defect engineering strategies in perovskite-

type oxides. Similar approaches could be extended to 

other perovskite-based photocatalysts, such as BaTiO3, 

CaTiO3, and LaFeO3, where controlled dopant incorpo-

ration may be used to tune light absorption and charge 

carrier behavior. However, such extensions require 

independent experimental validation and should not be 

directly extrapolated from the present results. 

The contrasting photocatalytic trends observed 

under UV and sunlight irradiation further indicate that 

the dopant design must be carefully optimized with 

respect to the intended light source and operating 

conditions. While dopant-induced defect states can be 

beneficial for UV-driven photocatalysis by enhancing 

photon absorption and charge generation, they may 

simultaneously promote recombination losses under 

broadband solar irradiation. This observation under-

scores that bandgap narrowing alone is insufficient as 

a universal design criterion for solar photocatalysts. 

Nevertheless, this study was limited by relatively 

low Cr doping concentrations (up to 10%) and focused 

primarily on microstructural and optical correlations 

with photocatalytic activity. The electronic band structure 

and charge carrier dynamics were not experimentally 

analyzed via advanced spectroscopy methods such as 

PL, XPS, or EIS. Furthermore, only methylene blue dye 

was used as a model pollutant; thus, broader pollutant 

categories should be examined for general applica-

bility. 

Hence, future work should explore a wider range of 

dopant concentrations, codoping strategies, and compu-

tational modeling to achieve a deeper understanding of 

defect formation, electronic transitions, and charge 

carrier behavior in SrTO3-based systems. In particular, 

the combination of Cr with other dopants (e.g., La, Fe, 

or Ni) could reveal synergistic effects for visible-light-

driven photocatalysis. Additionally, long-term stability 

tests and reusability assessments are crucial for 

evaluating the practical feasibility of Cr-doped SrTO3 in 

real wastewater treatment applications. 

 

Conclusions 

 Pure and Cr-doped SrTO3 photocatalysts were 

successfully synthesized via the coprecipitation method, 

and the effects of Cr doping at 5% and 10% were 

investigated. Structural and elemental analyses confirmed 

successful Cr incorporation into the STO lattice, leading 

to reduced crystallite size, particle size, and bandgap 

energy. Photocatalytic evaluation via methylene blue 

degradation revealed contrasting behavior depending 

on the irradiation source. Cr doping enhanced the 

photocatalytic activity under UV irradiation, with STO: 

Cr10% exhibiting the highest degradation efficiency, 

whereas pure STO showed superior performance 

under sunlight. These results indicate that dopant-

induced defect states play a dual role, enhancing UV-

driven activity but promoting charge recombination 

under solar irradiation. This study highlights the importance 

of optimizing the dopant concentration in relation to the 

intended light source for photocatalytic environmental 

remediation applications. 
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