
JURNAL SAINS MATERI INDONESIA (JUSAMI) 
ISSN: 1411-1098 (print), 2614-087X (online) 
VOL.	27,	ISSUE	1,	2026	
DOI:	https://doi.org/10.55981/jsmi.2026.13450  

 
  

 
*CORRESPONDING	AUTHOR	|	S. N. Khoiria |		*	salsanurulkhoiria@student.uns.ac.id	 117	
	

ORIGINAL ARTICLE 

Characteristics and Photocatalytic Performance of Coprecipitation 
Praseodymium (Pr)-doped Strontium Titanate for Methylene Blue Degradation  
S. N. Khoiria1, D. K. Sandi2, F. Nurosyid1, R. Suryana1, Y. Iriani1* 
1Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Sebelas Maret, Indonesia 
2Study Program of Energy Conversion Engineering, Department of Mechanical Engineering, Semarang State Polytechnic, Indonesia 
 

ABSTRACT – Strontium titanate (SrTiO₃ or STO) is a perovskite material with promising 
photocatalytic properties for wastewater degradation. Doping with rare-earth elements such as 
praseodymium (Pr) can enhance its performance by modifying structural and electronic characteristics. 
In this study, Pr-doped STO (Sr1-xPrxTiO3, x = 0%, 2%, and 4%) was synthesized via the coprecipitation 
method. X-ray diffraction (XRD) confirmed a single-phase perovskite structure with high crystallinity, 
while Fourier transform infra-red (FTIR) analysis verified the formation of Sr–Ti–O bonds. Particle size 
analysis (PSA) and surface area analysis (SAA) with the Brunauer-Emmett-Teller (BET) method 
revealed that higher Pr concentrations reduced particle size and increased surface area. Photocatalytic 
activity was evaluated using methylene blue (MB) degradation under ultraviolet (UV) irradiation for up 
to 5 hours. The Sr0.98Pr0.02TiO3 sample exhibited the best performance, achieving 73.08% MB 
degradation after 5 hours, demonstrating the effectiveness of moderate Pr doping in enhancing 
photocatalytic activity. 
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INTRODUCTION 
The textile industry is a major contributor to environmental pollution, primarily due to the use of synthetic dyes such as 
methylene blue (MB). These dyes are stable, difficult to biodegrade, and accumulate in aquatic ecosystems, posing serious 
environmental and health risks [1]–[3]. Therefore, effective wastewater treatment methods are needed to address this problem. 

Photodegradation has been widely studied as a promising technique for wastewater treatment [2], [4], [5]. It can mineralize 
hazardous organic pollutants into non-toxic products such as carbon dioxide (CO₂) and water (H₂O) without generating 
secondary waste [3], [4]. Various semiconductor materials have been developed for this application, one of which is strontium 
titanate (SrTiO3 or STO), known for its high thermal stability, environmental friendliness, and potential as a photocatalyst 
[6], [7]. However, pure STO is only active in the ultraviolet (UV) region due to its relatively wide bandgap of approximately 
3.20 eV, severely limiting its use in visible light [8], [9]. 

To overcome this limitation, several modification strategies have been proposed, including metal/non-metal doping, 
surface modification, and heterostructure formation. Among these, rare earth ion doping is an attractive approach because it 
can change the energy band structure, form intermediate energy levels, and improve the efficiency of electron-hole pair 
analysis [10]–[12]. Song et al. have demonstrated doping STO with various rare-earth ions (Y3+, La3+, Ce3+, Pr3+, Nd3+, Sm3+, 
Eu3+, Gd3+, Tb3+, Dy3+, Ho3+, Er3+, Tm3+, Yb3+, and Lu3+), with Gd-doped STO showing the highest efficiency (~99%), while 
dysprosium (Dy) doping exhibited the lowest performance [12]. Besides, a perovskite-based material, Sr2La0.5R0.5FeMnO7 (R 
= Nd, Sm, Gd, Dy), achieved 97–99% MB degradation efficiency in just 50 minutes, with gadolinium (Gd) doping showing 
the best results [10]. Furthermore, a CeO2/SrTiO3 heterojunction-based photocatalyst reached nearly 100% degradation in 40 
minutes due to efficient radical generation and porous structure[13].  

Beyond STO, praseodymium (Pr) doping has shown promising effects in other oxide systems. For example, Pr-doped 
titanium dioxide (TiO2) improved crystallinity, light absorption, and dye conversion [14], [15]. Fe–Pr co-doping on TiO2 
decreased the band gap and increased the number of oxygen vacancies, thereby synergistically enhancing the photocatalytic 
activity [16]. Pr-doped ZnO nanoparticles have been proven to enhance methyl orange and organic pollutants degradation due 
to less electron-hole recombination and improved optical response [17], [18]. These findings suggest that Pr is a promising 
dopant for improving the photocatalytic performance of semiconductors. 

Despite these advances, research on Pr-doped SrTiO3 remains very limited compared to other rare-earth dopants such as 
La, Nd, Ce, and Gd. Moreover, most existing studies employed sol–gel or solid-state methods, which are energy-intensive, 
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complex, and less scalable. In contrast, the coprecipitation method offers a simpler, cost-effective, and environmentally 
friendly approach capable of producing highly homogeneous particles with controlled sizes [9], [19]. However, reports on Pr-
doped SrTiO₃ synthesized via coprecipitation are still scarce. Furthermore, the relationship between Pr concentration, 
structural and morphological modification, and photocatalytic efficiency in MB degradation under visible light remains 
insufficiently understood. 

Based on these gaps, this study aimed to synthesize Sr1-xPrxTiO3 (x = 0; 0.02; 0.04) via the coprecipitation method and to 
investigate the influence of Pr doping on the crystal structure, morphological, optical properties, and photocatalytic activity 
in MB degradation. The outcomes are expected to provide new insights into the role of Pr in tailoring the photocatalytic 
performance of SrTiO₃. Besides, the results are expected to demonstrate coprecipitation as a feasible method for producing 
efficient and eco-friendly photocatalysts for textile wastewater treatment. 

EXPERIMENTAL METHOD 
Preparation of Sr1-xPrxTiO3 

The synthesis of Sr1-xPrxTiO3 (x was the praseodymium (Pr) mole concentrations: 0, 2%, 4%) was carried out using the 
coprecipitation method. The chemicals used included strontium nitrate [Sr(~NO3)2] (Sigma-Aldrich, ≥ 99%), titanium(IV) 
butoxide [Ti(C4H9O)4] (Sigma-Aldrich, 97%), oxalic acid [C2H2O4] (Sigma-Aldrich, ≥ 99%), and praseodymium(III) acetate 
hydrate [Pr(OOCCH3)3·H2O] (Alfa Aesar, 99.9%) and 2-propanol [(CH3)2CHOH] (Sigma-Aldrich, ≥ 99%). 

C2H2O4 was dissolved in isopropanol (IPA) and stirred using a hotplate stirrer for 20 minutes at 250 rpm to form solution 
A. Individually, Ti(C4H9O)4 solution was mixed with IPA, and the mixture was added to Solution A and stirred for 20 minutes 
at the same speed. Next, Sr(NO₃)₂ and the doping agent [Pr(OOCCH3)3·H2O] were added simultaneously to the mixture and 
stirred for 30 minutes until the solution was homogeneous. The titration process was carried out by slowly adding distilled 
water while stirring continuously at 250 rpm, and then left for 24 hours to obtain the precipitates. They were washed three 
times with ethanol and distilled water until they reached a neutral pH. 

The precipitates were then hydrolyzed by heating in an oven at 100 °C for 10 hours until all the water was removed. The 
resulting powders were ground until homogeneous. Next, the sample powders were sintered at 1000 °C for 4 hours. The final 
samples were ground for 30 minutes to obtain a more homogeneous powder. 

 
Material Characterization 

Bruker D8 Advanced X-ray Diffraction (XRD) was used to identify the crystal structure, lattice parameters, and 
crystallinity of the samples. Crystalline size analysis was performed using the Debye–Scherrer method, as Equation (1) [9]. 

 
              (1) 

  
Shimadzu (serial number A21004802518) Fourier transform infra-red (FTIR) spectroscopy was employed to identify 

functional groups of the samples in the wave number range 350 cm-1–4000 cm-1. Quantachrom (version 10.01) surface area 
analyzer (SAA) was performed to examine the Brunauer-Emmett-Teller (BET) specific surface area of the samples using N2 
adsorption-desorption. Malvern Panalytical Zetasizer (Ver. 8.00.4813) particle size analyzer (PSA) was employed to 
determine particle size distribution and the polydispersity index (PDI) value as an indicator of particle size homogeneity. 
PECORD 200 PLUS-223E1117F UV-Vis reflectance diffuse spectroscopy (UV-Vis DRS) was utilized to investigate the 
absorption spectra of the samples. The data were then exploited to estimate the band gap energy value using the Tauc–
Kubelka–Munk method, as Equation (2). The band gap energy was obtained by extrapolating the Tauc plot, a graph of 

 against energy  [20], [21]. 
 

             (2) 
 

Photocatalytic Test 
The photocatalytic activity of pure and Pr-doped strontium titanate (SrTiO3 or STO) samples was examined against 

methylene blue (MB). Prior to this, 10 mg of MB powder was dissolved in 1000 mL of distilled water, producing a 10 ppm 
MB solution. For the photocatalytic examination, every 10 mg of the prepared photocatalysts was dissolved in 10 mL of the 
MB solution. The mixtures were then stirred in a dark condition for 30 min to reach an equilibrium condition. After that, they 
were exposed to a ultraviolet (UV) lamp for various periods of 0, 1, 2, 3, 4, and 5 hours. The exposed solutions were taken at 
the specific times, and the absorbances were measured using a HITACHI UH5300 UV-Vis spectrophotometer in the 
wavelength range of 400–800 nm. The absorbance data were then utilized to compute the MB degradation level through 
Equation (3). In this equation,  and  are the absorbances before and after UV exposure at the specified  periods, 
respectively [3], [19]. 

                     (3) 
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RESULT AND DISCUSSION  
The diffractograms of the pristine and Pr-doped strontium titanate (SrTiO3 or STO) samples are shown in Figure 1. All 

the main peaks can be indexed and are in accordance with the ICDD database number #84-0444. This confirms that all 
prepared materials possess a cubic perovskite crystal structure with the space group Pm3m, corresponding to the STO system. 
In addition, additional peaks (marked with * and • symbols) were detected, indicating the formation of secondary phases in 
the form of SrCO3 and TiO2, according to the ICDD database No. #84-1778 and #86-0147, respectively. The presence of 
SrCO3 can be related to the interaction of the synthesized SrO3 with CO2 during the reaction process. Meanwhile, TiO2 was 
formed due to the tendency of Ti⁴⁺ ions to undergo hydrolysis under humid conditions, thus crystallizing as the TiO2 phase. 

 

 
Figure 1. (a) Diffractograms of pure and Pr-doped STO samples corresponding to the SrTiO3 system based ICDD database, 

and (b) the peaks magnification at (220) planes showing a shift due to Pr doping 
 

Table 1. Calculated lattice constant, crystallite size, and crystallinity of pure and Pr-doped STO 

Samples Crystallinity 
(%) 

Crystallite 
size (nm) 

Lattice constants 
a=b=c (nm) 

SrTiO3 50.77 37.55 0.39069 
Sr0.98Pr0.02TiO3 57.42 31.04 0.39067 
Sr0.96Pr0.04TiO3 51.57 28.59 0.39066 

 
Peak shift analysis (Figure 1(b)), particularly on the (220) plane, shows a shifted peak to a smaller 2θ angle, indicating a 

decrease in crystallite size due to Pr doping [16]. Table 1 summarizes the crystallite size, lattice parameter, and crystallinity 
of the samples. The undoped SrTiO₃ has a crystallite size of 37.55 nm with a lattice parameter of 0.39069 nm and a crystallinity 
of 50.77%. After Pr doping, the crystallite size decreases to 31.04 nm (Pr 2%) and 28.59 nm (Pr 4%), accompanied by a 
gradual decrease in the lattice parameter. This phenomenon can be explained by the difference in ionic radii between Sr2+ 
(1.18 Å) and Pr³⁺ (0.99 Å), where substitution of Sr2+ by Pr3+ causes shrinkage of the crystal lattice [21]. Furthermore, the 
crystallinity level increased at 2% doping (57.42%) and slightly decreased at 4% doping (51.57%). This indicates that 
moderate Pr doping can improve structural order, but excessive doping tends to introduce crystal defects that decrease 
crystallinity [22], [23]. These findings demonstrate that Pr doping successfully interacts within the SrTiO3 lattice, 
characterized by changes in crystal size, shrinkage of the lattice parameter, and variations in crystallinity, although secondary 
SrCO3 and TiO2 phases are still present in the sample. 

The Fourier transform infra-red (FTIR) spectra of pure and Pr-doped STO samples are shown in Figure 2. In general, all 
samples exhibit the main absorption bands typical of SrTiO3. Differences in Pr doping concentrations cause an insignificant 
slight wavenumber shift within the observed functional group range [18]. The strong absorption band located in 570.95–
575.78 cm⁻¹ was associated with the vibrations of the Sr–Ti–O bond in the perovskite structure [19]. The intensity of this 
band tends to decrease with increasing Pr doping concentration, indicating lattice distortion due to the substitution of Sr2+ by 
Pr3+. This is consistent with the results of X-ray diffraction (XRD) analysis, which showed changes in the lattice parameter 
and crystallite size. In addition, several other absorption bands were also identified at bands of 1514.19–1516.11 cm⁻¹, 
2313.71–2314.16 cm⁻¹, and 3423.76 cm⁻¹, corresponding to C–H, C–O–O, and O–H stretching vibrations, respectively [20]–
[22]. The presence of these bands generally originates from residual organic contaminants, carbonates, or water molecules 
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adsorbed on the sample surface during the synthesis and storage process. The yields confirm the XRD findings that Pr doping 
successfully affects the local structure of SrTiO3. 

 

 
Figure 2. FTIR spectra of pristine and Pr-doped SrTiO3 exhibiting the main absorption bands typical of SrTiO3 and an 

insignificant slight shift in wavenumber due to different Pr doping concentrations  
 
The morphological surfaces of all samples with varying Pr mole concentrations are presented in Figure 3. Pure STO 

exhibits a relatively even particle agglomeration, with grain sizes ranging from nanometers to sub-micrometres. The surface 
structure appears dense, with small pores scattered among the agglomerates. With the addition of 2% Pr doping, the surface 
morphology reveals increased agglomeration and a more diverse grain size distribution. At Pr 4% doping (Sr0.96Pr0.04TiO3), 
particle agglomeration becomes more pronounced, with grains appearing larger and denser than those in Sr0.98Pr0.02TiO3 and 
pure STO. This indicates that the addition of Pr dopant at higher concentrations can accelerate grain growth, potentially 
affecting the specific surface area of the samples [15], [22], [24]. In general, scanning electron microscopy (SEM) results 
confirm that Pr doping affects the surface morphology of SrTiO3₃, particularly in terms of particle size distribution and degree 
of agglomeration. These changes align with the structural and functional group analyses, which indicate lattice distortion due 
to the substitution of Sr2+ by Pr3+ [20], [25], [26]. 

 

 
 

Figure 3. Morphological images of (a) pristine STO, (b) Sr0.98Pr0.02TiO3, and (c) Sr0.6Pr0.04TiO3. The images demonstrate 
agglomeration and grain growth affected by different Pr doping concentrations. 

 
Average particle sizes, polydispersity index (PDI) indexes, and Brunauer-Emmett-Teller (BET) specific surface area of 

pristine and Pr-doped STO are presented in Table 2. The average particle size of the pure STO was 331.6 nm with a PDI value 
of 0.233, indicating a relatively narrow particle distribution. At 2% Pr doping, the average particle size increased to 375.1 nm 
with a higher PDI (0.440), denoting a wider particle size distribution due to agglomeration [27], [28]. Conversely, at 4% Pr 
doping, the average particle size decreased to 285.7 nm with a PDI of 0.197, representing a more uniform distribution [28]. 
Although not a Pr-doped sample, a similar study also reported that the dopant addition could affect polydispersity and 
agglomeration, especially increasing particle size & PDI values [29]. 

 
 
 
 

(a) (b) (c) 

1 𝝶m 1 𝝶m 1 𝝶m 
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Table 2. Average particle sizes, PDI, and BET specific surface area of pristine and Pr-doped STO 

Samples Average particle 
sizes (nm)  PDI BET specific 

surface area (m2/g) 
SrTiO3 331.6 0.233 3.914 

Sr0.98Pr0.02TiO3 375.1 0.440 6.447 
Sr0.96Pr0.04TiO3 285.7 0.197 5.291 

 
Additionally, pristine STO had a surface area of 3.914 m²/g, while Sr0.98Pr0.02TiO3 produced the highest value of 6.447 

m²/g. This can be attributed to increased agglomeration and particle size heterogeneity at this concentration [30]. The 
maximum surface area observed in Sr0.98Pr0.02TiO3 is consistent with literature reports that rare earth substitution in SrTiO3 
can alter the local structure and particle growth, resulting in non-monotonic changes in particle size and surface area depending 
on the synthesis conditions; the increase in PDI and broader size distribution at low doping are generally associated with 
agglomeration and hence with changes in the measured BET values [31]. The surface area of Sr0.96Pr0.04TiO3 declined to 5.291 
m²/g, likely due to the growth of larger grains, as observed in the morphological feature (Figure 3 (c)). Overall, these results 
indicate that variations in Pr concentration influence the particle size, distribution, and surface area of the material [31]–[33]. 
The largest surface area at Sr0.98Pr0.02TiO3 has the potential to provide more active sites for surface reactions, beneficial in 
photocatalytic applications. 

The band gap values of pure and Pr-doped STO samples, obtained from the Tauc plots in Figure 4, showed a decrease 
from 3.16 eV for pure STO to 3.13 eV for Sr0.98Pr0.02TiO3 and 3.10 eV for Sr0.96Pr0.04TiO3. This decrease indicates that the 
substitution of Pr3+ ions on Sr2+ sites changes the electronic structure of SrTiO3, resulting in a narrower band gap. Similar 
trends have been reported in theoretical and experimental studies, which confirm that rare earth (RE) doping, especially with 
Pr, introduces energy levels within the band gap, reduces the band gap energy, and enhances visible light absorption [20], 
[34], [35]. 

 

 
Figure 4. Tauc Plots for band gap estimations: (a) SrTiO3, (b) Sr0.98Pr0.02TiO3, and (c) Sr0.96Pr0.04TiO3, shows the bandgap 

energy values declined due to Pr doping 
 
The band gap narrowing in Pr-doped SrTiO3 is due to Pr3+ substitution at Sr2+ sites, as confirmed by lattice shrinkage and 

peak shifts in XRD, as reported in [23]. This heterovalent substitution induces oxygen vacancies and defect states near the 
band edges, narrowing the bandgap [36]–[38]. Although higher Pr content (x = 4%) causes increased agglomeration and 
compaction of the grains, quantum confinement effects can be ruled out because the particle size remained in the hundreds of 
nanometers, leaving surface irregularities and defects as the dominant factors [21], [39], [40]. Particle size analysis (PSA) 
results showed reduced particle size and improved uniformity at x = 4%, while surface area analysis (SAA) exhibited the 
highest surface area at x = 2%. Nonetheless, the lowest band gap occurred at x = 4%, highlighting that electronic structure 
modification from Pr doping, rather than surface area, plays a major role, with minor secondary phases contributing 
insignificantly [40], [41]. 

The methylene blue (MB) degradation absorbance spectra of pure and Pr-doped STO samples at different irradiation times 
are shown in Figure 5(a), Figure 5(b), and Figure 5(c). The decrease in MB peak intensity indicates continuous degradation, 
further supported by the calculated degradation percentage (Figure 5(d)). Among these samples, Sr0.98Pr0.02TiO3 exhibited the 
highest photocatalytic efficiency, reaching 73.08% degradation after 5 hours of irradiation. Kinetic analysis (Figure 5(e) and 
Figure 5(f)) showed that this sample also had the highest reaction rate constant (k = 0.2151 min⁻¹), while higher doping (4% 
Pr) resulted in decreased photocatalytic activity.  

These results are consistent with the structural and optical characterization. XRD confirmed that all samples retained a 
perovskite structure. At the same time, Pr doping induced slight variations in lattice parameters and crystallite size, which 
promoted the formation of defects that facilitate electron-hole separation [41]. SEM analysis revealed a more uniform 
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morphology for the 2% doped sample. In contrast, PSA and SAA measurements revealed the largest specific surface area at 
this doping level, which offers more active sites for dye interaction [42]–[44]. Furthermore, UV-Visible analysis confirmed 
that Pr doping narrowed the band gap, enhancing light absorption and charge generation [45]–[47]. Collectively, the superior 
performance of  Sr0.98Pr0.02TiO3 arises from the synergy of structural stability, favorable morphology, larger surface area, and 
optimized band gap, which enables efficient charge transfer [47]. Contrarily, excessive doping (4% Pr) introduces surplus 
defects and recombination centres, reduces the effective surface area, and alters the morphology, ultimately suppressing the 
photocatalytic activity [43], [48].  
 

 
Figure 5. Absorbance curves of degraded MB solution by (a) SrTiO3, (b) Sr0.98Pr0.02TiO3, and (c) Sr0.96Pr0.04TiO3, (d) MB 

degradation levels by pristine and Pr-doped STO corresponding to exposure times, (e) MB degradation kinetics by all 
prepared photocatalysts, and (f) kinetic rates of MB degradation for pristine and Pr-doped STO samples 

 
Based on the structural and optical analyses, the improvement in photocatalytic activity can be explained by a mechanism 

mediated by defects induced by Pr. Substitution of Sr2+ with Pr3+ introduces lattice distortions and oxygen vacancies, which 
act as shallow traps that delay electron–hole recombination. Under UV illumination, electrons are excited from the valence 
band (VB) to the conduction band (CB), leaving holes in the VB. The presence of Pr-related defect states helps charge 
separation, allowing electrons to reduce O2 into •O2⁻ radicals, while holes oxidize H2O to •OH radicals. These species are 
primarily responsible for MB degradation. A schematic band diagram illustrating this mechanism is provided in Figure 6. 

Meanwhile, for the detected minor phases of SrCO3 and TiO2, although these secondary phases are not dominant, they 
may still affect the photocatalytic activity. For example, TiO2 can act as an additional photocatalyst under UV illumination, 
potentially contributing to dye degradation [49]. However, the relatively low peak intensity of TiO2 indicates its limited 
contribution compared to the overall SrTiO3 matrix. On the other hand, SrCO3 is generally not photocatalytically active and 
may act as an impurity rather than an active phase [50], [51]. Thus, these secondary phases may have a slight effect and can 
be negligible. The performance improvement is mainly due to the incorporation of Pr into the SrTiO3 lattice. 
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Figure 6. Energy band diagram showing how Pr doping facilitates charge separation and reduces recombination in Pr-doped 

SrTiO3 
 
To reinforce the novelty of this study, comparisons with prior Pr-doped studies on other oxides are summarized. On Pr-

doped TiO2, Doğu & Gürkan [14] reported increased MB degradation efficiency depending on the dopant ratio and thermal 
conditions. They recorded an increased efficiency in TiO2 by ~25–40% compared to pure TiO2 under comparable conditions. 
On Pr-doped ZnO, Ahmad et al. [17] reported an improvement in the decomposition of organic pollutants with significantly 
increased reaction rates. This comparison indicates that Pr is generally effective in oxide semiconductor systems due to its 
ability to introduce low-energy levels and modulate oxygen concentration. 

However, the performance of Sr0.98Pr0.02TiO3 demonstrated here was still lower than that of several other rare dopants on 
STO. For example, Song et al. [12] reported that Gd-doped SrTiO3 achieved almost complete methylene blue degradation 
(~99%) within 5 h. Meanwhile, La-doped SrTiO3 by Iriani et al. [19] could reach approximately 85% under similar UV 
irradiation. Ce-based modifications, such as the CeO2/SrTiO3 heterojunction, have been shown to degrade nearly 100% of 
MB in only 40 min. [13]. 

Although its efficiency was lower than that of gadolinium (Gd) or cerium (Ce) -doped systems, the result remains 
significant by offering two main contributions. First, it presents the first quantitative benchmark for Pr-doped SrTiO3 
synthesized via coprecipitation, demonstrating that Pr addition could effectively reduce the band gap, increase the surface 
area, and enhance activity compared to pure SrTiO3. Second, it shows that although Pr improves the performance compared 
to pure SrTiO3, to achieve equivalent efficiency to Gd/Ce, further optimization, such as co-doping, heterojunction formation, 
or secondary phase control, is required. 

The kinetic constant obtained for Sr0.98Pr0.02TiO3 is also comparable with values reported for the other rare-earth-doped 
SrTiO3 systems. For instance, La-doped SrTiO3 prepared via coprecipitation achieved a rate constant of ~0.19 min⁻¹ under 
UV irradiation [19], while Gd-doped SrTiO3 exhibited higher values around 0.28–0.32 min⁻¹ depending on the synthesis 
method [12]. In addition, Pr-doped TiO2 and ZnO systems typically show rate constants in the range of 0.18–0.25 min⁻¹ [14], 
[17]. These comparisons confirm that the kinetics observed in this study align with previous findings, validating that Pr 
incorporation effectively enhances the degradation rate relative to pristine SrTiO3. 

Lastly, it is important to emphasize that the photocatalytic tests in this study were performed under UV irradiation. In this 
study, UV was deliberately chosen to allow direct comparison with previously reported doped SrTiO3 systems and establish 
a controlled proof-of-concept of the effect of Pr doping before exploring more complex visible-light modifications. Therefore, 
the enhanced activity observed here arises primarily from improved charge separation and surface reactivity under UV light 
rather than visible-light activation. This distinction is crucial, as many SrTiO3-based systems require further modification 
(e.g., co-doping or heterojunction formation) to achieve efficient visible-light response. Hence, the implication for practical 
wastewater treatment is that although Pr doping alone cannot make SrTiO3 a visible-light catalyst, Pr doping can serve as a 
basis for further strategies (e.g., coupling with narrow-bandgap semiconductors, co-doping, or constructing heterostructures) 
to extend the absorption into the visible region. 

CONCLUSION  
This study successfully synthesized pure and Pr-doped STO (2% and 4%) via the coprecipitation method and investigated 

the effect of Pr doping on their structural, morphological, optical, and photocatalytic properties. Moderate doping (x = 2%) 
achieved the best balance between lattice distortion, morphology, surface area, and band gap narrowing, resulting in the 
highest MB degradation efficiency, while excessive doping (x = 4%) decreased the activity due to defect-induced 
recombination. These findings highlight the importance of optimizing the Pr concentration, with 2% identified as the most 
effective doping level for enhancing the photocatalytic performance of SrTiO₃. Besides, these results confirm the important 
role of Pr in tailoring SrTiO₃ defects and highlight coprecipitation as an effective and environmentally friendly synthesis route 
for sustainable photocatalysts in textile wastewater treatment. Finally, for the practical implication, these findings 
demonstrated that Pr-doped SrTiO₃ is a promising material that can be optimized for industrial wastewater treatment systems. 
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The combination of scalability, structural stability, and moderate photocatalytic enhancement makes it an attractive candidate 
for future research aimed at sustainable and economically viable solar-powered water purification strategies. 
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