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Abstract  
Photocatalytic hydrogen production represents a sustainable approach to 

addressing energy demands while simultaneously mitigating 

environmental pollution. In this study, activated carbon-supported 

LaFeO3 (AC-LaFeO3) was synthesized and applied as a photocatalyst 

for hydrogen evolution from the oxytetracycline (OTC) solution as a 

model pollutant and sacrificial agent. Comprehensive characterization 

techniques, such as SEM, BET, X-ray diffraction (XRD), and 

photoluminescence (PL) spectroscopy, confirmed the morphological and 

optical properties of AC-LaFeO3. It demonstrated enhanced 

photocatalytic performance under visible light irradiation, attributed to 

the synergistic effects between LaFeO3 and activated carbon, including 

improved charge separation and increased surface area. The hydrogen 

evolution rate reached a maximum of 142 mmol/h under optimized 

conditions after 4 h of reaction duration. The results highlight the 

potential of AC-LaFeO3 in simultaneously addressing wastewater 

treatment challenges and sustainable hydrogen production, providing a 

dual-purpose solution for environmental remediation and clean energy 

generation. 
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1. Introduction 

Hydrogen energy is widely recognized 

as a promising alternative to conventional 

fossil fuels, offering a clean and 

sustainable energy source. Among the 

various methods for hydrogen generation, 

photocatalytic water splitting under visible 

light irradiation has emerged as one of the 

most efficient and environmentally 

friendly approaches. The performance of 

photocatalysts is influenced by critical 

factors such as light absorption, charge 

separation efficiency, and surface area, all 

of which directly impact their hydrogen 

production capabilities (Arabacı et al., 

2024; Bakır and Orak, 2024; Bakır et al., 

2024; Haste et al., 2024; Horoz et al., 

2024; Orak, 2024b; Orak et al., 2024). 

Recently, perovskite oxide-based 

photocatalysts, such as LaFeO3, have 

gained considerable attention due to their 

excellent stability, non-toxicity, and 

potential for efficient photocatalytic water 

splitting. However, the inherent limitations 

of LaFeO3 in terms of low electron 

mobility and poor charge separation 

necessitate the development of composite 

materials to enhance its photocatalytic 

performance (Orak and Yüksel, 2021; 

Orak and Yüksel, 2021; Orak and Yüksel, 

2022b, 2022a; Orak and Yüksel, 2022). To 

address these challenges, the development 

of composite materials has become a focal 

point of research. Activated carbon (AC), 

with its high surface area, abundant 

porosity, and excellent electrical 

conductivity, has been widely used as a 

support material in various catalytic and 

photocatalytic applications (Batur et al., 

2022; Batur et al., 2023; Batur et al., 

2023). By combining AC with LaFeO3, the 

photocatalytic efficiency of LaFeO3 can be 

enhanced through improved charge 

transfer, increased surface area, and the 

formation of synergetic effects (Monser 

and Adhoum, 2009; Ribas et al., 2020). 

Therefore, this combination leverages the 

strengths of both materials, positioning the 

activated carbon supported LaFeO3 (AC-

LaFeO3) composites as promising 

candidates for photocatalytic applications. 

In parallel, the management of 

pharmaceutical pollutants in water bodies 

has emerged as a pressing global concern. 

Oxytetracycline (OTC), a broad-spectrum 

antibiotic widely used in veterinary and 

human medicine, is one such pollutant 

frequently detected in wastewater. Due to 

its high solubility and stability, OTC 

persists in aquatic environments, posing 

risks to ecosystems and contributing to the 

development of antibiotic resistance (Orak, 

2024a; Orak and Ersöz, 2024). 

Conventional wastewater treatment 

methods often fail to effectively degrade 

such complex organic compounds, 

necessitating advanced approaches for 

simultaneous degradation and resource 

recovery (Ren et al., 2020; Esmaeili et al., 

2023; Li et al., 2024). Photocatalytic 

processes offer a dual-purpose solution to 

these challenges by enabling the 

degradation of OTC while concurrently 

generating hydrogen as a clean energy 

source. In this context, AC-LaFeO3 

composite have emerged as efficient 

photocatalysts, capable of utilizing visible-

light energy for both OTC degradation and 

hydrogen production. This study aims to 

develop and evaluate an AC-LaFeO3 

composite for photocatalytic hydrogen 

production using OTC solution as both a 

model pollutant and a sacrificial agent. By 

investigating the structural, optical, and 

catalytic properties of AC-LaFeO3, this 

research seeks to establish a 

comprehensive understanding of its 

potential for addressing the dual challenges 

of energy sustainability and environmental 

remediation. 

2. Materials and Methods 

2.1 Synthesis of AC-LaFeO3 composite 

AC-LaFeO3 composite catalyst with 10 

wt% LaFeO3 was synthesized using a sol-

gel citrate method. Specifically, 0.35 g of 
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La(NO3)3·6H2O, 0.32 g of 

Fe(NO3)3·9H2O, and 0.5 g of citric acid 

were dissolved in 100 mL of distilled 

water. AC (1.8 g) was introduced into the 

solution, followed by 30 min of sonication 

to disperse the carbon particles. The 

solution was then stirred and heated at 80 

°C until a gel formed. This gel was dried at 

120 °C for 3 h. Afterward, the dried 

material was ground into a powder and 

calcined at 300 °C for 3 h to obtain the 

AC-LaFeO3 composite. 

2.2 Characterization 

The structural properties of the LaFeO3 

and LaFeO3/AC composite were analyzed 

using X-ray diffraction (XRD, Rigaku X-

ray diffractometer) to confirm the 

crystalline phase. Their surface 

morphology was observed using scanning 

electron microscopy (SEM, FEI QUANTA 

250 FEG). Surface areas were determined 

using BET (NOVA 2200E BET Surface 

Area Analyzer) analysis. The optical 

properties were studied using the 

photoluminescence (PL, Edinburgh 

Instruments FLSP920 Fluorescence 

Spectrometer) spectroscopy.  

2.3 Photocatalytic hydrogen evolution 

The photocatalytic hydrogen evolution 

was carried out using OTC solution (20 

ppm, 200 mL) under visible light 

irradiation using a 300 W xenon lamp. In 

this context, the impact of key reaction 

parameters (pH (3-7) and catalyst amount 

(0-0.5 g/L) was investigated. The amount 

of evolved hydrogen during the 

experiments was measured using a gas 

chromatograph (GC) equipped with a 

thermal conductivity detector (TCD). 

3. Results and Discussion 

3.1. Characterization study 

SEM images were obtained to evaluate 

the morphology of the LaFeO3 and AC-

LaFeO3 composite. Figure 1a shows the 

SEM image of LaFeO3, which consists of 

irregularly shaped nanoparticles with a size 

range of 30–50 nm. In contrast, the AC-

LaFeO3 composite (Figure 1b) exhibits a 

uniform distribution of LaFeO3 on the 

surface of AC. The high dispersion of 

LaFeO3 on AC is expected to enhance its 

photocatalytic efficiency by increasing the 

surface area and providing more active 

sites for hydrogen evolution. Similar 

results were reported in the literature 

(Iervolino et al., 2016; Shabbir et al., 2006; 

Acharya et al., 2020). 

 

 

Figure 1. SEM images of LaFeO3 (a) and AC-LaFeO3 composite (b)

In addition, the BET surface area of 

LaFeO3 and AC-LaFeO3 composite were 

analyzed, and the surface area of pure 

LaFeO3 was found to be 29.8 m2/g, 

whereas AC-LaFeO3 composite exhibited 

significantly higher surface area (198.2 
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m2/g). This increase in the BET surface 

area is due to the porous structure of AC, 

which provides additional active sites for 

the photocatalytic reaction. The XRD 

patterns of pristine LaFeO3 and the AC-

LaFeO3 composite are shown in Figure 2. 

The diffraction peaks at 2θ = 22.63°, 

32.22°, 39.73°, 46.21°, 57.45°, 67.42°, 

72.12°, and 76.69° correspond to the 

characteristic reflections of the LaFeO3 

perovskite structure (Yang et al., 2007; 

Abazari and Sanati, 2013; Rusevova et al., 

2014; Xu et al., 2020). No significant shift 

in the peaks of the AC-LaFeO3 composite 

was observed, indicating that the 

crystalline structure of LaFeO3 was not 

significantly altered by the incorporation 

of AC. Additionally, no peaks from AC 

were observed, suggesting that the AC 

support did not interfere with the 

crystalline phase of LaFeO3. 

 

 

Figure 2. XRD patterns of pristine LaFeO3 and the AC-LaFeO3 composite 

 

The photoluminescence (PL) spectra of 

pristine LaFeO3 and the AC-LaFeO3 

composite were recorded to investigate the 

charge carrier recombination rates. Figure 

3 shows the PL spectra of pristine LaFeO3 

and the AC-LaFeO3 composite and the 

pristine LaFeO3 exhibited a strong PL 

emission peak around 550 nm, which is 

indicative of significant electron-hole 

recombination (Hussain et al., 2013; 

Rusevova et al., 2014; Iervolino et al., 

2017). In contrast, the AC-LaFeO3 

composite exhibited weaker PL emission, 

suggesting that the incorporation of AC 

effectively suppressed electron-hole 

recombination. This reduction in 

recombination is expected to improve the 

photocatalytic performance of the 

composites. 

 

 

Figure 3. PL spectra of pristine LaFeO3 and AC-LaFeO3 composite. 
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3.3 Photocatalytic hydrogen evolution 

The photocatalytic hydrogen evolution 

experiments were carried out to evaluate 

the activity of the synthesized AC-LaFeO3 

composite under different reaction 

conditions. The experimental results 

demonstrated that the hydrogen evolution 

rate is significantly influenced by pH and 

catalyst amount. The photocatalytic 

activity was examined over a range of pH 

values. The results revealed that the 

hydrogen evolution efficiency increased 

with a decrease in pH, reaching a 

maximum at acidic conditions (pH = 3). 

This behavior can be attributed to the 

enhanced photocatalytic efficiency of the 

AC-LaFeO3 composite in acidic 

environments, which promotes charge 

separation and minimizes recombination. 

However, at higher pH values, a decline in 

hydrogen evolution was observed due to 

reduced proton availability and the 

competitive adsorption of hydroxide ions. 

The catalyst amount is another pivotal 

factor in photocatalytic hydrogen evolution 

from OTC solution. Experiments were 

conducted by varying the catalyst amount 

from 0 g/L to 0.5 g/L. The results indicated 

that increasing the catalyst amount 

enhances the active surface area available 

for photocatalytic reactions, thereby 

improving hydrogen evolution. The 

highest hydrogen evolution (~142 mmol/g) 

was obtained at pH 3 using 0.5 g/L of AC-

LaFeO3 composite for 4 h. 

 

 

Figure 4. The impact of pH on photocatalytic hydrogen evolution from OTC solution 

 

 

Figure 5. The impact of catalyst amount on photocatalytic hydrogen evolution from OTC 

solution. 
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In the literature, Iervolino et al. reported 

113 mmol/g for hydrogen production from 

glucose using Ru-doped LaFeO3 under 

visible light irradiation for 5 hours, at pH 4 

(Iervolino et al., 2017). Acharya et al. 

observed 75 mmol/g for hydrogen 

evolution using LaFeO3 nanospheres with 

RGO (reduced graphene oxide) under 

visible light for 6 hours at pH 7 (Acharya 

et al., 2020a). The findings suggests that 

the AC-LaFeO3 composite provides a 

higher rate of hydrogen production under 

slightly more acidic conditions. Ribas et al. 

studied the photocatalytic hydrogen 

evolution using LaFeO3 at different pH 

levels and found that the optimal hydrogen 

evolution occurred at pH 3 (Ribas et al., 

2020), similar to this study. It shows the 

robustness of LaFeO3-based photocatalysts 

under acidic conditions. Therefore, AC-

LaFeO3 composite is effective under acidic 

conditions to produce hydrogen from OTC 

solution under visible light. 

Conclusion 

AC-LaFeO3 composite was synthesized 

via sol-gel to use photocatalytic hydrogen 

evolution from OTC solution. The results 

of characterization study proved its 

successful synthesis. AC-LaFeO3 

composite exhibits significantly enhanced 

hydrogen evolution performance compared 

to pristine LaFeO3. The improvement is 

attributed to the synergistic effects 

between LaFeO3 and AC, which increase 

the surface area, improve charge 

separation, and enhance light absorption. 

This study highlights the potential of AC-

LaFeO3 composite as efficient 

photocatalysts for hydrogen production, 

with promising applications in renewable 

energy generation. 
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