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1. Project Title:  Solar-induced antibiotic degradation and highly selective CO2 

reduction by a bifunctional photocatalyst materials 

2. Principal Investigator:  Dr. Naresh Mameda 

3. Designation:   Assistant Professor 

4. Department:   Chemistry  

5. Broad Subject:   Catalysis 

6. Duration in months: 12 

7. Total cost of the Project:  Rs. 4,00,000/- 

8. Date of Birth: Sex (M/F): M 

9. Telephone and e-mail:  +91-7671026830 and nareshmameda@kluniversity.in  

10. Co-Investigator:   NA 

11. Designation:   NA 

12. Department:   NA 

13. Date of Birth: Sex (M/F):NA 

14. Telephone and e-mail:  NA 

15. Project summary: The goal of the project is to develop a bifunctional S-scheme hybrid 

photocatalyst comprised of CdS nanorods and BiOIO3 (BIO) nanosheets for efficient antibiotic 

degradation and sacrificial reagent-free CO2 reduction. Combining visible light-responsive one-

dimensional (1D) CdS and UV-light-responsive 2D BIO results in a CdS/BIO hybrid 

photocatalyst with effective 1D/2D (line) interfacial contact and a broadened optical absorption 

range. Notably, the CdS/BIO hybrid exhibits exceptional diclofenac degradation, mineralization, 

and outstanding CO2 reduction activity for CO production, with 95.4% CO selectivity over H2 

production. The exceptional performance of the hybrid catalyst is primarily attributed to the 

accelerated photoexcited charge transfer caused by the 1D/2D line interfacial contact and the 

high charge separation, both of which stem from the effective S-scheme charge transfer process. 

In addition, photo corrosion of CdS is substantially mitigated, resulting in the high photocatalytic 

performance of the hybrid catalyst even after repeated test runs.  

16. Keywords (maximum 6): CdS; BiOIO3; Bifunctional photocatalyst; S-scheme mechanism; 

Antibiotic degradation; CO2 reduction 

17. Technical details: 

17.1. Origin of the proposal: Carbon dioxide (CO2) levels in the atmosphere have increased 

dramatically over the past few decades due to the widespread utilization of fossil fuels for 

energy, indisputably the leading cause of global warming. However, CO2 can be converted into 

hydrocarbons used as fuels or feedstocks in other industries, resulting in a win-win scenario for 

the global carbon balance [1,2]. With this paradigm in mind, substantial research has been 

conducted to identify techniques for simultaneously reducing atmospheric CO2 levels and 

increasing CO2 utilization. On the other hand, the rapid expansion of new industries has led to 

the release of various pollutants that harm the ecosystem [3,4]. Photocatalysis, which mimics 

natural photosynthesis, is the most promising method for addressing the rising CO2 

concentration in the atmosphere and eliminating harmful industrial pollutants [5–9]. It uses 

abundantly available solar energy to convert CO2 and water into hydrocarbon fuels while 

simultaneously helping to mitigate the use of fossil fuels [10]. However, CO2 photoreduction 

reactions require significant energy to break the C=O bond in the linear CO2 molecule due to the 

former's high enthalpy (750 kJ mol–1) [11]. In pollutant degradation processes, photocatalyst 
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poisoning by intermediate degradation products and highly reactive oxidative species is a major 

concern [12]. For the practicability of this photocatalytic technique for CO2 reduction and 

pollutant elimination, the development of bifunctional photocatalysts with high efficiency, 

stability, and significant solar energy harnessing potential is paramount. 

17.2. Objectives:  

The objectives of this project are to: 

 Develop a novel bifunctional photocatalyst material, i.e., 2D BIO nanosheets and 1D CdS 

nanorods, capable of efficiently degrading antibiotics under solar irradiation (Fig. 1).  

 Characterize the newly synthesized materials' structural, optical, and photocatalytic 

properties.  

 Enhance the selectivity and efficiency of the same bifunctional photocatalyst under solar 

illumination.  

 Evaluate the mechanism behind the simultaneous antibiotic degradation and CO2 

reduction processes.  

 

Fig. 1. Antibiotic degradation and highly selective CO2 reduction by bifunctional 

photocatalyst materials. 

18. Review of status of Research and Development in the subject (National and 

International): Bismuth-based semiconductor materials have attracted significant attention for 

photocatalysis applications due to their remarkable physicochemical properties and distinctive 

layered structure [13,14]. Some Bi-based layered photocatalysts such as Bi2WO6, Bi2MoO6, 

BiOCl, and BiVO4 have been widely used for photocatalytic CO2 reduction and pollutant 

degradation [15]. Recently, BiOIO3 (BIO), which belongs to the Aurivillius materials family, has 

been identified as a promising photocatalyst for removing organic pollutants [16,17]. BIO has a 

layered structure composed of (Bi2O2)
2+ layers of the Aurivillius type interspersed with polar 

(IO3)
– units [18].  On the other hand, Cadmium sulfide (CdS) is a well-established semiconductor 

with a narrow bandgap that enables efficient solar absorption [21]. It is inexpensive and 

straightforward to produce. CdS is regarded as one of the most promising candidates for various 

photocatalytic applications, including the degradation of gaseous and liquid pollutants [22], the 

production of H2 [23,24], and the reduction of CO2 [25]. The performance of CdS as a 

photocatalyst is heavily influenced by its morphology, particle size, and crystal structure. It has 

been demonstrated that one-dimensional (1D) CdS nanorods possess superior photocatalytic 

properties compared to other morphologies [26]. 

19. Novelty Importance of the proposed project in the current status: The present research 

proposal is innovative in different aspects. Rationally coupled 2D BIO nanosheets and 1D CdS 

nanorods via a facile method, yielding a hybrid CdS/BIO S-scheme catalyst with a 1D/2D line 



interfacial contact. The combination of UV-light-responsive BIO and visible-light-responsive 

CdS resulted in an increased optical absorption range, thereby overcoming the primary limitation 

of solely using BIO. Moreover, the 1D/2D interfacial arrangement of the CdS/BIO hybrid 

provides a broad avenue for charge transfer, preventing the recombination of photoexcited 

charges, thereby resolving the primary limitation of CdS. The outcomes of several experiments 

conducted in this study demonstrate that the CdS/BIO photocatalyst follows an S-scheme 

mechanism, which allows for high charge separation while maintaining the strong redox capacity 

of the separated charges. 

20. Work plan 

20.1. Methodology: 

a) Material Synthesis: The project will focus on synthesizing bifunctional photocatalyst 

materials. Various strategies, such as doping, surface modification, and nanostructuring, will be 

explored to enhance their photocatalytic properties. b) Characterization: Comprehensive 

material characterization techniques, including X-ray diffraction (XRD), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), and energy-dispersive X-ray 

spectroscopy (EDS), will be employed to analyze the structure and composition of the 

synthesized photocatalysts. c) Photocatalytic Antibiotic Degradation: The photocatalysts' 

efficiency in degrading antibiotics will be assessed under simulated solar irradiation. Commonly 

found antibiotics in wastewater will be selected as target pollutants, and degradation kinetics will 

be studied. d) Selective CO2 Reduction: The photocatalysts' performance in reducing CO2 to 

valuable chemical compounds, such as methanol or ethylene, will be evaluated. Gas 

chromatography and mass spectrometry will be used to analyze the reaction products. e) 

Photocatalyst Optimization: The most promising photocatalyst compositions will be optimized 

based on the initial results. Factors like catalyst loading, reaction temperature, and pH will be 

investigated to maximize the degradation and reduction rates. 

20.2. Organization of work elements: 

Develop a novel bifunctional photocatalyst material, i.e., 2D BIO nanosheets and 1D CdS 

nanorods: 2D BIO nanosheets will be synthesized using a simple hydrothermal approach. 

Bismuth nitrate pentahydrate will be dissolved in water under vigorous magnetic stirring, and 

potassium iodate will be added. The reaction solution will be placed in a 100 mL stainless steel 

reactor and treated hydrothermally at 150 °C for 6 h. After allowing the reactor to cool naturally, 

the resulting substance will be collected and oven-dried at 60 °C. Similarly, a simple 

hydrothermal method will be used to prepare the CdS nanorods via the following synthesis 

procedure. Cadmium acetate dihydrate and thioacetamide were added to ethylenediamine, after 

which the mixture will be vigorously stirres. The resulting homogeneous suspension will be 

placed in a 100 mL stainless steel reactor and heated in a programmable oven at 200 °C for 3 h. 

The resulting yellow product will be centrifuged and repeatedly rinsed with water and ethanol 

before being dried overnight at 60 °C. Finally, the CdS/BIO hybrid is prepared using these 

subsequent steps. First, the as-prepared BIO was suspended in a 1:1 water/methanol solution 

using ultrasonication. Subsequently, CdS powder was added to the suspension, and the mixture 

was ultrasonicated. It will then magnetically agitate under ambient conditions for 12 h, followed 

by carefully evaporating off the solvents via heating. The final product is a dried powder 

containing 10 wt% CdS and designated CdS-10/BIO. The other CdS-5/BIO, CdS-15/BIO, and 

CdS-20/BIO hybrid catalysts will also be synthesized using 5, 15, and 20 wt% CdS, respectively. 

Characterization of the synthesized photocatalysts: The surface properties of the bifunctional 

photocatalyst material prepared will be visualized using a scanning electron microscope (SEM); 

the composition of the photocatalyst material will be analyzed by X-ray photoelectron 



spectroscopy (XPS). Scanning electron microscopy-energy dispersive X-ray (SEM-EDX) 

mapping of the electrode's surface and its cross-section will be performed to analyze the structure 

of the photocatalyst material. 

Degrading antibiotics and CO2 reduction under solar irradiation by 2D BIO nanosheets 

and 1D CdS nanorods: Photocatalytic experiments for diclofenac (DCF) degradation conducted 

under simulated sunlight irradiation to evaluate the performance of the prepared hybrid CdS/BIO 

catalysts as well as their BIO and CdS components. Before the photocatalytic experiments, two 

controlled tests will be conducted: one in the dark with a catalyst and the other under light 

without a catalyst. Photocatalytic CO2 reduction will be measured on all the prepared samples 

under simulated sunlight illumination without sacrificial reagents or cocatalysts. Evaluate the 

mechanism behind the simultaneous antibiotic degradation and CO2 reduction processes: 

We will be conducted the necessary experiments to investigate the photocatalytic mechanism 

underlying the remarkable CO2 reduction and degradation performances of the developed hybrid 

photocatalyst. Ultraviolet photoelectron spectroscopy (UPS), in conjunction with a bandgap 

energy assessment, was utilized to investigate the band structure of the hybrid photocatalyst. 

dentification of highly efficient bifunctional photocatalyst materials capable of solar-induced 

antibiotic degradation and CO2 reduction. 

o Insight into the photocatalytic mechanisms involved in the degradation of antibiotics and 

CO2 reduction. 

o Optimization guidelines for practical applications of the photocatalysts. 

o A foundation for potential industrial applications in wastewater treatment and renewable 

energy production. 

o Photocatalyst Material Characterization. 

20.3. Time schedule of activities giving milestones: 

Activities Quarter 1 

(4 months) 

Quarter 2 

(4 months) 

Quarter 3 

(4 months) 

Develop a novel bifunctional 

photocatalyst material, i.e., 2D 

BIO nanosheets and 1D CdS 

nanorods.  

   

Characterize the structural, 

optical, and photocatalytic 

properties of the synthesized 

materials.  

  

Enhance the selectivity and 

efficiency of the same bifunctional 

photocatalyst under solar 

illumination.  

  

Evaluate the mechanism behind 

the simultaneous antibiotic 

degradation and CO2 reduction 

processes.  

   

Publications and Knowledge 

Dissemination 

  



21. BUDGET ESTIMATES: SUMMARY 

S. No Head Item Specifications BUDGET (in Rupees) 

1 Equipment - - 

 Major  - - 

 Minor   

2 Consumables Chemicals and photoreactors  2,50,000 

3 Others if any Characterization of catalysts 1,50,000 

 TOTAL 4,00,000 

22. Justification for the proposed equipment: NA 
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DOB: 02/09/1986 

Professional Career  
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Koneru Lakshmaiah Education Foundation (KLEF) 
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Daegu, South Korea. 
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Environmental engineering 

                    Daegu, South Korea. 

Academic Qualifications 

Jun. 2011 – Jul. 2016       Doctor of Philosophy (Ph.D.), Chemistry  

CSIR-Indian Institute of Chemical Technology, Telangana, India. 

Supervisor: Dr. N. Narender  

                                     Dissertation: Development of Zeolite Catalyzed C-C, C-N and C-O Bond 
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1. Title of the project: Solar-induced antibiotic degradation and highly selective CO2 reduction 

by a bifunctional photocatalyst materials 

2. Principal Investigator(s) and Co-Investigator(s): Dr. Naresh Mameda 

3. Implementing Institution(s) and other collaborating Institution(s): KLEF 

4. Date of commencement: 19-09-2022 

5. Planned date of completion: 18-09-2023 

6. Actual date of completion: 18-09-2023 

7. Objectives as stated in the project proposal:  

✓ Develop a novel bifunctional photocatalyst material, i.e., 2D BIO nanosheets and 1D CdS 

nanorods, capable of efficiently degrading antibiotics under solar irradiation.  

✓ Characterize the newly synthesized materials' structural, optical, and photocatalytic 

properties.  

✓ Enhance the selectivity and efficiency of the same bifunctional photocatalyst under solar 

illumination.  

✓ Evaluate the mechanism behind the simultaneous antibiotic degradation and CO2 

reduction processes.  

8. Deviation made from original objectives if any, while implementing the project and reasons 

thereof: No deviations 

9. Experimental work giving full details of experimental setup, methods adopted, data collected 

supported by necessary table, charts, diagrams & photographs: 

Based on a previous study, 2D BIO nanosheets were synthesized using a simple hydrothermal 

approach. Briefly, 0.485 g of bismuth nitrate pentahydrate was dissolved in 80 mL of water under 

vigorous magnetic stirring. After 30 minutes, 0.214 g of potassium iodate was added, followed 

by another 10 minutes of stirring. The reaction solution was placed in a 100 mL stainless steel 

reactor and treated hydrothermally at 150 °C for 6 h. After allowing the reactor to cool naturally, 

the resulting substance was collected, initially rinsed with water until the pH of the effluent 

reached 7, and then again with ethanol. The final product was oven-dried at 60 °C. 

Similarly, a simple hydrothermal method was used to prepare the CdS nanorods via the following 

synthesis procedure. 0.5 g of cadmium acetate dihydrate and 0.25 g of thioacetamide were added 

to 50 mL of ethylenediamine, after which the mixture was vigorously stirred for 30 min. The 

resulting homogeneous suspension was placed in a 100 mL stainless steel reactor and heated in 

a programmable oven at 200 °C for 3 h. After naturally cooling to ambient temperature, the 

resulting yellow product was centrifuged and repeatedly rinsed with water and ethanol before 

being dried overnight at 60 °C. 

Finally, the CdS/BIO hybrid was prepared using these subsequent steps. First, 90 mg of as-

prepared BIO was suspended in 50 mL of a 1:1 water/methanol solution for 30 min using 

ultrasonication. Subsequently, 10 mg of CdS powder was added to the suspension, and the 

mixture was ultrasonicated for an additional 30 min. It was then magnetically agitated under 

ambient conditions for 12 h, then carefully evaporated off the solvents via heating. The final 

product is a dried powder containing 10 wt% CdS and designated as CdS-10/BIO. 

X-ray diffraction (XRD) analysis was performed to characterize the crystal phases of the 

fabricated BIO, CdS, and hybrid CdS/BIO catalysts. UV–vis DRS was carried out to investigate 

the light absorption properties of the synthesized samples. The surface morphologies of BIO, 



CdS, and the hybrid CdS- 10/BIO catalyst was determined from scanning electron microscope 

(SEM) and transmission electron microscope (TEM) images. 

10. Detailed analysis of results indicating contributions made towards increasing the 

state of knowledge in the subject: 

The diffraction peaks of BIO are consistent with those of the orthorhombic phase of BiOIO3 

(ICDD:04–018–7220), demonstrating their impurity-free synthesis. Moreover, the high-intensity 

peaks indicate that BIO had good crystallinity. On the other hand, CdS exhibited intense 
diffraction peaks, indicating its high crystallinity, with a diffraction pattern that nicely matched 

the hexagonal phase of CdS (JCPDS: 41–1049). 
As shown in Fig. 1(b), BIO displays an absorption edge at 405 nm, reflecting that it can only 

absorb UV light, thereby revealing this fundamental limitation for harnessing solar energy. In 
contrast, CdS has an absorption edge of around 510 nm, demonstrating its exceptional capability 

to capture visible light. All the CdS/BIO hybrid samples displayed two absorption edges 
corresponding to BIO and CdS, indicating they contained both BIO and CdS. Although pristine 

BIO absorbs only UV light, hybridization with CdS significantly expanded the light absorption 
range to include visible light, thereby indicating enhanced solar energy harnessing efficiency. 

 

 
Fig. 1. (a) XRD and (b) UV–vis DRS profiles of the prepared samples. 

 

11. Conclusions summarizing the achievements and indication of scope for future work:  

The proposed project addresses environmental and energy challenges by developing efficient 

bifunctional photocatalyst materials. By harnessing solar energy, this research can contribute 

significantly to antibiotic degradation and CO2 reduction, fostering a more sustainable future in 

sustainable energy generation and environmental remediation. The optimized hybrid CdS/BIO 

catalyst outperformed its separate CdS and BIO counterparts and other previously reported 

promising catalysts regarding DCF degradation and CO production. Notably, the S-scheme 

mechanism significantly prevented photocorrosion of the CdS nanorods, and consequentially, the 

hybrid catalyst demonstrated excellent stability during repeated test cycles with no discernible 

decrease in DCF degradation or CO2 reduction. Therefore, the photostable CdS-10/BIO hybrid 

heterojunction shows great promise for applications in wastewater treatment and renewable energy 

conversion processes. 
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