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ABSTRACT 

Methyl orange (MO) is an anionic azo dye commonly used in food, textile, leather, and 

paper industries. However, its discharge into the environment causes serious concerns 

due to its toxicity, mutagenicity, carcinogenicity, and high stability, which make it 

difficult to degrade by conventional methods. Among various alternatives, 

photocatalytic degradation has emerged as an effective approach for removing MO. 

Silver carbonate (Ag₂CO₃) has demonstrated excellent photocatalytic activity due to its 

abundant active sites, but the rapid recombination of photogenerated electron–hole pairs 

limit its efficiency. To overcome this, the construction of Z-scheme heterojunction 

systems has been proposed, offering improved charge separation and strong redox 

potential. Cadmium sulfide (CdS), with its suitable band gap energy, is a promising 

candidate for coupling with Ag₂CO₃ to form such heterostructures. Therefore, this study 

focuses on synthesizing CdS-loaded Ag₂CO₃ photocatalysts via a facile precipitation 

method and evaluating their photocatalytic performance in the degradation of methyl 

orange.In addition, the modified photocatalyst were characterized by using X-ray 

diffraction (XRD), Field Emission Scanning Electron microscopy (FESEM), Transmission-

electron Microscopy (TEM), X-ray Photoelectron spectroscopy (XPS), Photoluminescence 

(PL), Fourier Transform Infrared (FTIR), and Ultraviolet-visible Diffuse Reflectance 

Spectroscopy (UV-Vis DRS). The mass ratio of CdS was varied from 5 to 15 wt% and 

denoted as x-ACD, namely 5 ACD, 10 ACD and 15 ACD. XRD and FTIR analyses the 

confirmation of the successful preparation of the Ag₂CO₃/CdS composite, where CdS 

incorporation alters peak intensities due to good dispersion and strong interaction between 

components, especially evident in the 10ACD sample. In addition, the FESEM mapping 

and TEM image reveals the same pattern which the Ag₂CO₃/CdS composite exhibits well-

dispersed Cd and S elements on Ag₂CO₃ with modified morphology, where the 10ACD 

sample shows optimal distribution leading to higher active sites and improved surface 

accessibility. With the good dispersion of both photocatalyst, 10ACD exhibits the lowest 

PL intensity that illustrates the effective electron hole recombination. Hence, the 

photocatalytic performance of MO over different ratio loaded on silver carbonates were in 

following order: 10ACD (94.38%) > 15ACD(83.28%) > 5ACD (80.56%) while Ag2CO3 

and CdS obtained 75.22% and 81.61% respectively. The optimum performance was 

ascribed to the 10 ACD with the higher photocatalytic activity and appropriate band gap 

energy at 2.05 eV as reported with UV-Vis DRS. As the proposed mechanism for the 

MO, it successfully illustrated that hydroxyl radical on the surface was the main active 

species in the reaction which align that CdS has lower negative valence band (VB)  and 

endow more hole with high oxidizing ability. Moreover, XPS analysis revealed that the 

binding energies of 10ACD were blue shifted compared Ag₂CO₃ highlights the function 

of electron donor while CdS acts as electron acceptor simultaneously due to the 10ACD 

showed the reduced binding energy than the pure CdS. As a conclusion, this study 

elucidates the synergistic interfacial interaction between Ag₂CO₃ and CdS in 

constructing an efficient Z-scheme heterojunction photocatalyst, leading to enhanced 

photocatalytic degradation of organic pollutants in wastewater, in alignment with the 

Sustainable Development Goal of clean water and sanitation (SDG 6). 
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CHAPTER 1  

INTRODUCTION 

1.1 Research Background 

The world is facing a critical problem  for the good water quality that can affect 

the living organism. Generally, the waters cover around 70% of the earth’s surface 

which always be abundant but the quality of clean water in the environment is 

deteriorating. In this regard, UNESCO has reported in the International Initiative for 

Water Quality (IIWQ) that the limited source of clean water results from large amounts 

of untreated or inadequately treated wastewater that has been released into rivers, lakes, 

aquifers, and coastal waters (Glassmeyer et al., 2023). Recent research by Shetty et al., 

(2023), the rapid industrialization, urbanization, and large population growth in 

developing countries, is the biggest cause of the accumulation of toxic environmental 

pollution. As a consequence, Water Scarcity statistically demonstrated that the clean 

water is inaccessible to around 1.1 billion people globally, and water is deficient for at 

least one month of the year for a total of 2.7 billion. This emphasized that the critical 

need to balance human well-being and environmental hazards associated with exposure 

to contaminants in water. 

Among the various contaminants, dyes and heavy metals are the most persistent 

in water, their synthetic source and complex structure lead to the biodegradation 

problem (Raninga et al., 2023). Textile, ceramic, refining, chemical, pharmaceutical, 

and many other industries produce effluents containing heavy metals such as mercury, 

copper, lead, chromium, and dyes likes methylene blue, methyl orange, methyl red, 

naphthalene black, and many others. According to Khan et al., (2023), dye molecules 

consist of chromophores which give them colour while auxochromes helps to enhance 

the dye's colour. The wavelength of light absorbed by the chromophores and 

auxochromes contributes to the various colours produced by the dyes. Most of synthetic 

dyes are highly hazardous, carcinogenic and discovered will increase the biochemical 

oxygen demand (BOD) and chemical oxygen demand (COD) levels which risk to 

human health. Therefore, most of researchers have studied several approaches including 

chemical, biological and physical treatment to solve the wastewater treatment issues.  
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Methyl orange (MO) is one of the most popular dyes and extensively utilized in 

dyeing and textiles industries (Kishor et al., 2021; Liu et al., 2020). In untreated textile 

effluents, the concentration of MO dye can reach up to 500 ppm, which may severely 

pollute various water ecosystems due to its carcinogenic and mutagenic nature. 

Specifically, MO dye is an anionic azo dye and a part of xenobiotic substance that can 

poses to the major ecological impact even at low concentrations exposure (Aljuaid et 

al., 2023). In addition, MO dyes also non-biodegradable because of its complex 

aromatic structure and xenobiotic characteristics. As a result, it is difficult for MO dyes 

to degrade by using biological treatments or conventional techniques such as 

coagulation–flocculation, adsorption, and membrane filtration under ambient 

conditions because these methods would accumulate the contaminants rather than 

degrade the MO dyes. Therefore, advanced oxidation processes (AOPs) have been 

recognized as one of the most effective treatment options, as they not only achieve high 

degradation efficiency but also consider the practical considerations such as time and 

cost constraints.  

Advanced oxidation processes (AOPs) are relatively new technologies that have 

been increasingly demonstrated to be effective for the degradation of pollutants through 

reactions with hydroxyl radicals (•OH). AOPs comprise six main approaches, namely 

electrochemical oxidation, Fenton-based reactions, radiation, photolysis, 

photocatalysis, and ozone-based technologies (Liu et al., 2023). Although their potential 

is well recognized, large-scale application is sometimes limited by factors such as 

energy requirements and operational costs. In the research by Kumar and Shah, (2021), 

all six types of AOPs have been reported to be efficient, as they degrade organic 

compounds into simpler and stable inorganic compounds such as water, carbon dioxide, 

and mineral ions with slight sludge production. The presence of hydroxyl radical (•OH) 

will acts as oxidizing agent in this reaction up until 2.80V as represented in Table 1.1. 

which assist to increase the enhancement of degradation of pollutant and produce water 

(H2O) and carbon dioxide (CO2). This oxidizing agent with oxidation power has been 

explored and proved by the Brillas, (2025) that the presence of hydroxyl radical (•OH) 

give the great attention and effective for the photocatalytic degradation application due 

to their very high oxidation potential, non-selectivity, and ability to mineralize 

pollutants completely. In practical applications, the system is simplicity, low cost, and 

wide applicability are often prioritized over maximum effectiveness to ensure feasibility 

and scalability especially in wastewater degradation and hydrogen (H2) generation. 
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Table 1.1  

Oxidation agent with oxidation power (Krupińska, 2020) 

Kulkarni et al., (2023) reported that photocatalyst are compounds that have high 

ability to enhance the chemical reaction exposed to the light. Photocatalyst based 

semiconductor capable to be effective if it is enough light absorption and small band 

gaps which lower than 3eV. Recently, photocatalyst based semiconductor such as silver 

carbonate, titanium dioxide, zirconium dioxide, zinc oxide, zinc sulphide, cadmium 

sulphide, bismuth tungstate, and ferric oxide have been explored as excellent 

photocatalyst in order to degrade contaminants in wastewater (Kumari et al., 2023). 

Ag2CO3 is an outstanding photocatalyst due to unique characteristics which non-

metallic p block elements. The hybrid of Ag4d orbitals with O2p orbitals introduced to 

the unoccupied s, p states of p block elements could effectively tune potentials of 

conduction band of Ag-based oxides. Therefore, despite its promising photocatalytic 

performance, Ag₂CO₃ suffers from several limitations such as poor photostability and 

rapid recombination of photogenerated charge carriers, which restrict its practical 

application. To overcome these drawbacks, modification through the formation of 

heterojunction with suitable semiconductors has been widely explored to enhance its 

stability and photocatalytic efficiency.  

Oxidant Oxidation Power (V) 

Iodine 0.54 

Bromide 1.09 

Oxygen (molecular) 1.23 

Chlorine dioxide 1.27 

Chlorine 1.36 

Hypochlorite 1.49 

Hydrogen peroxide 1.78 

Ozone 2.07 

Oxygen (atomic) 2.42 

Hydroxyl radical 2.80 
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Apart from that, CdS is recognized as a promising photocatalyst candidate that 

can absorb visible light and narrow band gap (Sinar Mashuri et al., 2023). As a result, 

it has been used in a variety of applications, including solar cells, hydrogen generation, 

photodetectors, photodiodes, and capacitors. Since that, researchers have demonstrated 

CdS as the potential composite photocatalyst with other semiconductor. Due to the 

energy levels of CdS and Ag2CO3 are compatible, it highlights to be one of effective 

composites photocatalyst that can enhance photocatalytic activity and prevent the 

charge recombination (Elkodous et al., 2023). Additionally, CdS has a more negative 

conduction band edge than H+ to H2 reduction potential, a higher flat-band potential, 

and better electrochemical performance, making it an excellent electron donor material. 

Hence, based on the suitable band gap energy alignment between CdS and 

Ag2CO3, it is a great combination of these two semiconductors which expected to form 

an efficient Z-scheme heterojunction system that able to improve the charge separation 

and remain the strong redox ability during the photocatalytic reaction. The synergistic 

interaction between CdS and Ag2CO3 would not only minimize the electron hole 

recombination but increase the visible light absorption range leads to the superior 

photocatalytic performance. Consequently, in this study CdS loaded Ag2CO3 were 

synthesized via simple precipitation method to prepare a novel and efficient 

photocatalyst for the degradation of methyl orange. Additionally, this work aims to 

provide the valuable insight by characterize and evaluated the synthesized material with 

the various advanced instrumental analysis as well as the parameter study such as effect 

of catalyst dosage, initial concentration and pH. Thus, this research is significant where 

it is designing the sustainable photocatalytic system for wastewater treatment aligned 

with the Sustainable Development Goal 6 (SDG6) Clean Water and Sanitation. 

 

1.2 Problem Statement 

Water pollution has become a critical environmental issue due to the continuous 

discharge of industrial effluents containing toxic organic dyes and hazardous pollutants 

into aquatic systems. These contaminants not only threaten aquatic life but also pose 

serious risks to human health due to their persistence and non-biodegradable nature. 

Therefore, the development of efficient and sustainable treatment technologies is 

urgently required to address this issue. As a new photocatalyst, Ag2CO3 has narrow 

band gap energy theoretically around ~2.32eV which has high degradation of various 
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dyes and good efficiency of redox reaction in the photocatalytic performance. 

Unfortunately, Ag2CO3 displayed unstable photochemical behaviour under visible light 

due to the photo corrosion that will deactivate the photocatalytic activity. According to 

the Singh et al., (2026) claimed that unstable photochemical behaviour refers to the 

tendency of certain materials, upon absorbing light energy (UV or visible), to undergo 

rapid and often irreversible chemical changes. This results in the generation of highly 

reactive and short-lived species, as the excited molecules are unable to return to their 

original ground state. Consequently, structural modifications such as bond cleavage, 

rearrangement, or degradation may occur. 

 In addition, CdS has also been reported to act as a photocatalyst for water 

treatment processes, with an appropriate band gap of ~2.4 eV that allows excellent solar 

absorption. However, photo-corrosion is a prevalent phenomenon and one of the major 

challenges when dealing with CdS-based photocatalysts, which limits their industrial 

application. Photocorrosion refers to the deterioration of a semiconductor photocatalyst, 

such as CdS and ZnO, under light irradiation. In this process, photogenerated holes 

oxidize the catalyst itself rather than the target pollutants, leading to structural damage 

and loss of activity (Zhang et al., 2025). This phenomenon significantly limits the long-

term efficiency of photocatalytic systems. Research by Nasir et al., (2020) indicate that 

this problem occurs when sulfur ions are attacked by photogenerated holes and oxidized 

into elemental sulfur, photogenerated holes cause anodic corrosion when exposed to 

light and defects formed on the CdS surface during photocatalysis facilitate redox 

reactions on the surface under aerobic conditions. In this sense, the fabrication between 

Ag2CO3/CdS significantly to construct heterojunction photocatalyst. Heterojunction 

photocatalyst is a combination of two semiconductors that can be classified into three 

types which are type I, II and Z scheme heterojunction. Z scheme is mostly preferred 

and effectively discovered by many studies in which to retain strong redox potential 

between two semiconductors. A Z-scheme heterojunction operates through a unique 

charge transfer mechanism where the photogenerated electrons from the conduction 

band of one semiconductor recombine with the holes from the valence band of another 

semiconductor (Ghosh et al., 2024). This process preserves the highly reductive 

electrons and highly oxidative holes in their respective bands, thus maintaining strong 

redox ability. 

As consequence, the coupling between CdS and Ag₂CO₃ in this study could 

enhance the optical response to the visible spectrum, which is likely attributed to the 
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formation of a Z-scheme heterojunction. To the best of our knowledge, no previous 

work has reported the combination of silver carbonate with cadmium sulfide as a 

photocatalyst. The proposed heterojunction mechanism is supported by the band gap 

alignment of CdS (~2.4 eV) and Ag₂CO₃ (~2.32 eV), as well as the improved 

photocatalytic activity observed in the degradation of methyl orange and other organic 

pollutants. While further advanced characterization would be necessary to fully confirm 

the charge transfer pathway, the present findings strongly suggest the occurrence of a 

Z-scheme effect in CdS/Ag₂CO₃ composites.  

1.3 Research Objectives  

The aim of this study is to synthesize the Z-scheme of silver carbonate (Ag2CO3) 

with cadmium sulfide (CdS) for enhancement of photocatalytic activity for the 

degradation of methyl orange. The set of goals of this study is described as follows: 

a) To synthesize the Z-scheme Ag2CO3/CdS heterojunction via facile 

precipitation method for the photocatalytic degradation of methyl orange.  

b) To characterize the synthesize Ag2CO3 with CdS with the various advanced 

instrumental analysis for the photocatalytic degradation of methyl orange 

include XRD, FESEM, TEM, XPS, PL, FTIR, UV-Vis DRS.  

c) To evaluate the optimum ratio of the Ag2CO3 with CdS for the 

photocatalytic degradation of methyl orange such as initial pH, initial 

concentration, catalyst dosage as well as the scavenger test.  

1.4 Research Question 

i) Why does the facile chemical precipitation method influence the 

photocatalytic performance and structural properties of Ag2CO3/CdS 

composite ? 

ii) Why do advanced instrumental analyses provide insights into the structural, 

morphological, and optical characteristics of the synthesized Ag₂CO₃/CdS 

photocatalyst for the degradation of methyl orange?  
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iii) What is the optimum ratio of synthesize silver carbonate and cadmium

sulfide for the photocatalytic degradation of methyl orange?

1.5 Significance of Study 

Due to its excellent characteristics, photocatalysis holds great promise as an 

efficient and sustainable oxidation technology for wastewater treatment. In this 

research, a modified Ag₂CO₃/CdS composite is proposed owing to its low cost, high 

stability, and environmentally friendly properties. Mehra et al ., (2023), reported that a 

visible light-driven modified Ag₂CO₃ photocatalyst could form a Z-scheme 

heterojunction, thereby enhancing photocatalytic performance for the degradation of 

sodium isobutyl xanthate and o-cresol. This previous finding provides supporting 

evidence for the potential formation of a Z-scheme heterojunction in the present 

Ag₂CO₃/CdS system. 

Besides that, Z-scheme heterojunction helps to preserve the photogenerated 

electron by controlling the oxidation and reduction process. At the interface, first 

semiconductor is positively charged while second semiconductor is negatively charged. 

By that, electric field will be produced and band edge bending will be occurred. This 

would help the combination of photogenerated electron from second semiconductor to 

first semiconductor. According to Li et al ., (2022), it is worth to construct the Z-scheme 

heterojunction due to the effect of separation efficiency of electron hole recombination 

and redox ability of the modified catalyst.  

This study expected to bring benefit to wastewater industries such as 

pharmaceuticals, cosmetic formulations, automotive and others with modified 

photocatalyst, Ag2CO3/CdS nanocomposites can be more reliable, effective and eco-

friendly. Notwithstanding, the clean wastewater treatment also can be utilized 

simultaneously for the further application in industry such as hydrogen generation. It 

can consider as a new photocatalytic technology to provide insight for advancement in 

the field environment and energy as well as could financially profit the industrial sector. 

In view of the above and significant role played by modified photocatalyst, 

Ag2CO3/CdS it is hoped that this option can replace other conventional method that less 

effective especially wastewater industries area and synergistic with sustainable 

development goals of clean water and sanitation (SDG 6). 
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1.6 Hypothesis  

In this study, it was hypothesized that the preparation of carbonaceous materials 

like Ag2CO3 with CdS by facile chemical precipitation method was expected to create 

more defect site and more active site. It could enhance the photocatalytic performance. 

In addition, the presence of cadmium sulfide as the composite catalyst will improve the 

redox reaction efficiency and light harvesting ability due to the formation of Z-scheme 

heterojunction. As a consequence, the combination of silver carbonate and cadmium 

sulfide will have a synergistic effect between them that anticipate enhancing the 

efficiency towards the photocatalytic degradation of methyl orange. More importantly, 

the formation of a Z-scheme heterojunction between Ag₂CO₃ and CdS is anticipated to 

significantly enhance the redox reaction efficiency. Unlike conventional type-II 

heterojunctions, which often sacrifice redox potential for charge separation, the Z-

scheme configuration enables the selective recombination of low-energy charge carriers 

while preserving highly reductive electrons and highly oxidative holes. This allows the 

system to maintain strong oxidation and reduction abilities simultaneously. 

1.7 Research Scope and Limitation  

The scope of this study included the preparation and characterization of Ag2CO3 

which the parent catalyst while CdS as the composite catalyst, their photocatalytic 

enhancement of methyl orange (MO), the effect of loading for the best ratio between 

Ag2CO3 and CdS as the potential application for the efficient degradation as well as 

photocatalytic activity of MO. The details of the specific research scopes are follows:  

1. Silver carbonates were synthesized using facile precipitation method with silver 

nitrate and sodium carbonate as the precursor. Meanwhile, the cadmium sulfide 

was synthesized by using facile chemical precipitation method and cadmium 

chloride together with sodium sulfide was used as the precursor. The 

modification of photocatalyst was carried out by varying the lower 

concentrations of cadmium sulfide from 5% to 15%. The modified photocatalyst 

also prepared by using simple precipitation method with the addition of distilled 

water and dried in the oven approximately 90oC around 3 hours. 

2. The optimum photocatalyst was confirmed by the advanced analysis such as 

XRD, FTIR, FESEM-EDX, XPS, PL, UV-Vis DRS, and TEM analysis. In this 
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part, each of analysis will specifically discussed the modified photocatalyst in 

terms of structural, crystallinity, the phase studies, vibrational spectroscopy, 

surface and internal microscopic morphology, optical properties for the 

determination of optical absorption as well as the band gap energies, surface 

chemical composition and optical excitation of electron hole study.  

3. The Ag₂CO₃/CdS photocatalyst with the optimum CdS loading was identified

and subsequently subjected to further evaluation of its photocatalytic efficiency.

The screening process was conducted referred to the previous parameters in the

literature to determine the optimum conditions such as effect of pH (1-11),

catalyst dosage (0.0125 – 0.0375 g L-1) and initial concentration (10-70 mg L-

1). In addition, the kinetic study also was evaluated by using Langmuir-

Hinshelwood model to accommodate the reaction occurred at the solid-liquid

interface. The reusability was analysed by running five-time repetitions of the

experiment under same conditions. Moreover, the mechanism of photocatalytic

degradation of MO over the catalyst was tested to determine the active species

using methanol (ME), potassium chlorate (PC), potassium iodide (PI), and

isopropanol (IP) which indicated as scavenger of photogenerated electron (e-),

photogenerated holes (h+), hydroxyl radical absorbed on the catalyst

(•OHsurface), and hydroxyl radical absorbed in the bulk solution (•OHbulk).

4. Despite that, there are limitation throughout this study where the

photodegradation only focus on the methyl orange which is anionic dye rather

than various dye include cationic dye such as methylene blue, pharmaceutical

waste and real wastewater. It definitely different dyes has different conditions

include the pH, concentration, catalyst loading and others. Furthermore, this

research widely studied towards low ratio of cadmium sulfide (CdS) as the

composite catalyst between 5 % to 15%.  This is due to the characteristics of the

CdS which is photo-corrosion and high toxicity which may increase the level of

chemical oxygen demand (COD). Ultimately, the system for photodegradation

of modified photocatalyst Ag2CO3/CdS nanocomposites will be limited for

suspension mode only rather than immobilized mode. It was considered due to

the immobilization system will construct high surface area and tends to lower

photocatalytic activity.
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1.8 Research Outline  

This manuscript reports the research conducted on the synthesis of modified 

photocatalyst, Ag2CO3/CdS for the enhancement of photocatalytic degradation of 

methyl orange. This study is divided into five chapters, starting with the general 

introduction of the research background, the literature surveys from the previous 

research, followed by the results and summary from the current study. 

In Chapter 1, general introduction was discussed on the environmental issues 

towards the wastewater problems. It is crucial to emphasize the critical need of the good 

water quality and balance human well-being as it is an environmental hazard. Dyes and 

heavy metal among the complex structure which leads to the biodegradation problem. 

Methyl orange was selected as the one of the model pollutants to be studied. Several 

methods were compared and mentioned as the consideration for the removal of methyl 

orange. Besides that, the potential of silver carbonate and cadmium sulfide as the 

photocatalyst for the degradation of methyl orange was highlighted. The problem 

statements of the currents research were stated which subsequently provide a clear 

objective in this research study. Moreover, research scope along with limitation was 

described to ensure this research was significant to be studied which meet the industry 

demands.  

Chapter 2 or known as literature review highlighted the details information 

regarding photocatalysis, semiconductor based photocatalyst, methyl orange as the dyes 

contaminated in the wastewater problems, previous technology for the removal of dyes, 

modified catalyst composite morphology, expected heterojunction for the synthesize 

modified photocatalyst, Ag2CO3/CdS as well as the mechanism. All the findings in this 

chapter are accentuated and relevant along with the theoretical framework.  

Chapter 3 covers the methodology which describes the chemicals and materials 

used in the research works, advance instrumentation used, the catalyst preparation. In 

addition, the details setup of catalyst characterization was mentioned as well as the 

experimental system, photodegradation analysis and several parameters study. Besides 

that, the procedure for the analysis calculations also included and discussed.  

Chapter 4 thoroughly discussed the experimental results of the study which 

respect to the research objective. The performance of various ratio towards the 

synthesize modified photocatalyst, Ag2CO3/CdS was analysed.  Physiochemical 

properties of all synthesize photocatalyst was explained by advanced instrumentation 
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such as XRD, FTIR, FESEM EDX, UV-Vis DRS, PL, XPS and TEM. After that, few 

parameters study was examined as the evidence for the modified Ag2CO3/CdS even at 

different conditions. The parameter study that has been explored include effect of 

concentrations, pH,catalyst loading, scavenger test and reusability.  

Ultimately, chapter 5 consists of the conclusion and summarization of the study 

along with the future recommendations for the next research.  
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Environmental Issue 

Water and environmental sustainability are crucial for all living organisms and 

the Earth's future. All organisms of the ecosystem are interconnected, hence any 

degradation in one part affects the entire system. Water, being essential for life and 

irreplaceable stands out among environmental components. Preserving water and 

safeguarding it from pollutants is vital. Water pollution occurs when hazardous 

substances, usually chemicals or microorganisms contaminate a water stream, river, 

lake, ocean, aquifer, or other body of water, deteriorating the water quality and 

rendering it toxic to humans or the environment. Contaminated water sources pose 

risks to human consumption and agriculture, leading to scarcity for humans and the 

ecosystem. Research by Verre et al., (2026) has mentioned that UNESCO has 

mentioned that most of the significant challenges faced by humanity today are due to 

water scarcity and quality issues. As stated by Camara et al., (2019), water quality 

assesses for water use such as drinking, industrial, agricultural, recreational, and 

habitat include in physical, chemical, and biological criteria. Thus, water quality plays 

an important role for all living species, drawing attention from scientists, researchers, 

and water resource management to encounter these issues. 

To address the water pollution, maintaining the water quality is a challenge 

task that needs to understand where the sources of pollution coming from whether 

point sources or nonpoint sources (J. Yang et al., 2020). Point source pollution refers 

to contamination that comes from a single source such as wastewater that released 

legally or illegally such as manufacturing, oil refinery, or wastewater treatment 

facility, as well as contamination caused by leaking septic systems, chemical and oil 

spills, and unlawful dumping (Arif et al, 2020). Research by Lin et al., (2022), it 

describes that non-point sources are refers to contamination that originates from 

dispersed sources. These may include agricultural or rainfall runoff, as well as debris 

blown into streams from the land. In Malaysia, Department of Environment (DOE) 

was responsible to monitor the water quality as the sampling frequency between four 

to six time a year. In situ measurement were conducted along the monitoring and it 
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needs to be aligned with the quality index which consider few parameters such as pH, 

temperature, dissolved oxygen, turbidity, conductivity, salinity and more as depicted 

in Figure 2.1.  

According to the National Water Quality Standards (NWQS) for Malaysia, the 

classification of water quality is divided into five categories, namely Class I to Class 

V, based on several key physical, chemical, and biological parameters such as pH, 

dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen 

demand (COD), ammoniacal nitrogen, and total suspended solids (TSS). Class I 

indicates pristine water quality that requires minimal or no treatment, suitable for water 

supply and very sensitive aquatic species, while Class V represents highly polluted 

water that is unsuitable for most purposes. As the class increases from I to V, the 

concentration of pollutants such as COD, ammoniacal nitrogen, and coliform count 

rises significantly, reflecting progressive degradation in water quality. This 

classification framework is essential in assessing the status of surface water and 

provides a practical guideline for determining its potential use and the level of 

treatment needed before utilization. 

Figure 2.1 National Water Quality Standard for Malaysia 

(National Water Quality Standards and Water Quality Index - Department of 

Environment, 2021) 
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As mentioned by World Health Organization (WHO), globally the water-

related diseases affect approximately 3.4 million people every year, with children 

under the age of 5 being most susceptible (Osiemo et al., 2019). Malaysia, situated in 

Southeast Asia, is no exception. The country is fortunate to be abundant in both its 

diverse flora and fauna, as well as its rich water resources. Nevertheless, the 

incompetent management towards the water bodies and lack authoritative enforcement 

leads to the major water pollution problems. In the research by Yap et al., (2019) it 

reported on the contamination issue in Sungai Kim Kim, Johor Bahru due to the 

irresponsible activity releasing the toxic chemicals to the water bodies. DOE inspectors 

recognized the illegally dumped matter such as marine oil, which emits potentially 

hazardous methane and benzene fumes. Because of its hazardous nature, the oil is 

classified as scheduled waste and must be disposed of properly. As a consequence, 

approximately 2,000 individuals, including school students, were affected and 

required medical treatment in the Intensive Care Unit at Hospital Sultan Ismail, as 

illustrated in Figure 2.2. 

 
Figure 2.2 Water Pollution of Illegal Dumping in Sungai Kim Kim, Johor 

Bahru 

( Ben Tan., 2019) 
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To fulfill the demands of the exponentially rising global population, industries 

and economic sectors have been enlarged to increase their production rate. According 

to Halepoto et al., (2022), the textile industry is one of the oldest industrial sectors that 

significantly contributes to economic growth but simultaneously generates a 

substantial amount of water pollution.Textile effluents comprise dyes, heavy metals, 

inorganic salts, surfactants, organic pollutants, oil, and grease. Textile effluents are 

disposed of on bare land or bodies of water, contaminating the soil and water (Khan et 

al., 2023). The improper disposal of textile effluents pollutes soil and water thus 

increase the level of COD level that can cause harm towards the aquatic life as well as 

human being. As illustrated in Figure 2.3, dyes from the textile industry exhibit high 

solubility in water and various organic solvents, making them difficult to remove from 

wastewater once discharged. Conventional methods are the most commonly to handle 

the textile industry even though longer time and costly. Therefore, production practices 

and strict environmental standards need to be considered. Uddin, (2021) emphasized 

the importance for all industrial sectors to promote research and innovation aimed at 

replacing and managing toxic chemicals and dyes, in order to make the resulting 

effluents more environmentally friendly. 

Figure 2.3  Polluted water bodies by textile dyes industry 

(LaRose, 2017) 
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2.2 Wastewater Treatment Process 

The most effective purification approaches to address water pollution problems 

are those that aim to achieve decontamination goals. Water purification refers to a 

series of processes aimed at removing contaminants and impurities from wastewater 

to achieve decontamination goals. Described by Crini and Lichtfouse, (2019), a 

purification can be divided into 5 successive steps which are : (1) preliminary 

treatment ; (2) primary treatment ; (3) secondary treatment ; (4) tertiary treatment ; (5) 

treatment of the sludge. Each purification process generally undergoes conventional 

wastewater treatment technologies, which consist of physical, chemical, and biological 

processes, as well as several operations to remove solids from the effluents, as 

illustrated in Figure 2.4 (Gkika et al., 2022). As reported by Ahmed et al., (2021), the 

physical treatment process represents a straightforward technological approach for 

eliminating insoluble coarse particles while maintaining the biochemical 

characteristics of the wastewater, since no chemical or biological agents are involved. 

Screening, sedimentation, adsorption, coagulation, and flocculation are commonly 

utilized in physical treatment processes. Nevertheless, this approach has certain 

limitations, such as excessive sludge production and the necessity for pH adjustment, 

which can complicate the overall wastewater treatment process. 

Biological treatment of wastewater is considered an economical and relatively 

simple approach, operating through a combination of aerobic and anaerobic processes 

that utilize microorganisms to decompose organic pollutants effectively. According to 

Roy and Saha, (2020), biological treatment is a process that involves biodegradation 

and bleaching by using microorganisms, fungi, bacteria, yeast or algae. Despite that, 

Figure 2.4 Conventional Wastewater Processes 
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it has some limitations that decrease the efficiency due to the flexibility in design 

operation. The biological method requires a large geographical area and, a diurnal 

cycle hence it needs greater time to function. As for the degradation of dyes, the colour 

removal is hardly possible and the complex chemical structure are recalcitrant to be 

degrade. Among the aforementioned approaches, chemical treatment such as 

Advances Oxidation Process (AOPs) are the most significant and outstanding methods 

which able to eliminate complex organic and inorganic pollutants as well as biological 

pollution. Garrido-Cardenas et al., (2020) has claimed that AOPs able to remove most 

of effluent approximately up to 98% which aligned with Sustainable Development 

Goals (SDGs).  

AOPs of chemical treatments must be developed to bridge the gap between the 

treatability achieved through conventional physical and biological treatments and the 

day-to-day more stringent restrictions imposed by environmental legislation. The main 

advantage of this method compared to other conventional technologies is its ability to 

effectively degrade recalcitrant pollutants without generating additional waste. Over 

the years, the number of treatment processes has increased significantly with the 

advancement of hybrid and synergistic technologies based on various advanced 

oxidation processes (AOPs) (Goodarzi et al., 2023). The combinations of 6 types of 

AOPs, photocatalysis have helped to overcome the presence of refractory problems 

while also greatly improving the performance of AOPs (Dewil et al., 2017). 

Resultantly, photocatalysis from AOPs are the most selective by many researchers due 

to its significant outcomes.  

2.3 Photocatalysis 

Photocatalysis is the green technology process that utilizes light and 

semiconductor for wide applications such as degradation of dyes, water splitting, 

heavy metal removal and others. Successively, photocatalysis has been demonstrated 

in 1972 by Fujishima and Honda on the photocatalytic water splitting with titania or 

commonly known as TiO2. Since that, many researchers have extensively studied and 

justified that photocatalysis process is the best alternative method for the various 

application as represented in the Figure 2.6 (Porcu et al., 2022). Correspond to the 

research by Ansari et al., (2018), photocatalysis over semiconductor is an advanced 

oxidation process that includes the irradiation of light energy with greater band gap of 
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semiconductor, its results the generation of photogenerated electron and positive holes. 

There are two simultaneous reactions will occur during photocatalysis process which 

are oxidation and reduction reaction. Oxidation reaction tends to help the photo-

generated holes while the reduction reaction will help the photo-generated electrons. 

In general, photocatalysis process can be classified into two types which are 

homogeneous and heterogeneous. It is based on the reacting species and physical state 

of the catalyst. 

 
Figure 2.5   Applications in photocatalysis process 

 (Porcu et al., 2022) 

Homogeneous photocatalyst is when the photocatalyst and the reactant are in 

the same phase such as ozone and photo-Fenton system (Fe+ and Fe+/H2O2). It is 

widely applied in various applications, where the reactive species (•OH), also known 

as hydroxyl radicals, play a crucial role (Panda et al., 2022) On the other hands, 

heterogeneous photocatalyst is when the photocatalyst and the reactant are in the 

different medium phase which frequently used in photocatalytic wastewater treatment. 

According to the  (Kumar et al., 2021), it proved that for heterogeneous photocatalysis, 

semiconductors are favoured over other photocatalysts. The materials of 

heterogeneous photocatalyst are chemically stable, cost-effective, chemically and 

biologically inert, have high activity, resistant to poisoning and attrition, allow to be 

reused and are nonselective under various situation. Subsequently, the energy 

difference between valence band (VB) and conduction band (CB) or known as band 
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gap are crucial to be investigated. Specifically, the materials of photocatalysis reaction 

are restricted into three categories includes insulator (Eg<1.0 eV), semiconductor (Eg 

<1.5 – 3.0 eV) or conductor (Eg>5.0 eV), as demonstrated in Figure 2.7. 

Semiconductors can conduct electricity in the presence of light even at ambient 

temperature, which renders them ideal as photocatalysts (Ameta et al., 2018). Thus, 

semiconductor-mediated heterogeneous photocatalysis is a potentially 

environmentally friendly technology. 

Figure 2.6 Types of materials that suitable for photocatalysis reaction 

(Pavlović et al., 2024) 

2.3.1 Semiconductor Photocatalyst 

The phrase photocatalyst is a combination of two words: photo, which refers 

to photons, and catalyst, which is a chemical that changes in its presence. Hence, 

photocatalysts are materials that when exposed to light it undergoes the changes in rate 

of a chemical reaction (Chimmikuttanda et al., 2022). Photocatalyst must be a 

semiconductor, as it has appropriate band gap that leads to the photo-excitation 

phenomenon, which allows a cross transition leading to the formation of an electron 

in the conduction band and a hole in the valence band. 
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To develop an efficient semiconductor photocatalyst capable of harnessing 

sustainable and safe solar energy, several key criteria must be satisfied. These include 

a low band gap for enhanced solar absorption, long-term stability characterized by 

non-toxicity and chemical inertness, high mobility of photogenerated charge carriers, 

and well-aligned conduction and valence band potentials relative to the redox 

potentials of water. Photocatalyst based semiconductor as like metal oxide has 

attracted the attention of many researchers recently. In the studied by (Vaya and 

Surolia, 2020), commonly titanium dioxide (TiO2) and zinc oxide (ZnO) widely used 

due to their characteristic which are chemically inert, non-toxicity and construct high 

photocatalytic activity especially in the degradation of wastewater treatment. Besides 

that, sulfides photocatalyst also widely demonstrated to be efficient such as cadmium 

sulfide (CdS), zinc sulphide (ZnS), cadmium selenide (CdSe) and others. Figure 2.8 

and Table 2.1 represented the common semiconductor that extensively used in wide 

application include degradation of dyes. 

Figure 2.7  List of photocatalyst semiconductor that extensively used 

(Liao et al., 2021) 

Table 2.1  

List of photocatalyst and their band gap (Mo et al., 2026) 

Photocatalyst Band Gap (Ev) 

CdS 2.4 

Ag2CO3 2.3 

Ag2SO4 3.0 

Ag2PO4 2.43 

g-C3N4 2.7 
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Generally, the general mechanism of photocatalysis has represented in the 

Figure 2.9, which based on the photoexcitation of semiconductor due to the absorption 

of electromagnetic energy under UV/visible light. According to the Saravanan et al., 

(2017), when the light energy in the form of photons fall on the surface of a 

semiconductor and irradiated with the equivalent or more than the bandgap energy of 

the semiconductor, the valence band electrons are excited and stimulated to the 

conduction band of the semiconductor. Along with the photogenerated electrons, holes 

will leave in the valence band of the semiconductor and oxidize donor molecules. 

Then, the holes will combine with water molecules to generate hydroxyl radicals 

which has strong oxidizing power that plays the important roles for the degradation of 

pollutants. Superoxide ions are formed when conduction band electrons combine with 

dissolved oxygen species. Redox reactions are initiated by the electrons. To produce 

the appropriate products, these holes and electrons might undertake successive 

oxidation and reduction processes with any species that might be adsorbed on the 

surface of the semiconductor (Mandade, 2021). Equation 2.1 to 2.5 summarized the 

photocatalytic mechanism that occur in an activated photocatalyst. 

Figure 2.8 General mechanism of photocatalyst process 

(Langa et. Al., 2023) 

Photocatalyst + hv  → e- + h+  (2.1) 

O2 + e-  
→ •O2

- (2.2) 

•O2
- + H2O → HO2

• (2.3) 

H2O/OH- + h+ → •OH  (2.4) 

Organic pollutant + •O2
- / HO2

• /•OH → CO2 + H2O    (2.5) 

Anyhow, Zhu et al., (2023) has stated that if the photocatalytic degradation 

towards the pollutants is decrease as expected, this is due to the electrons was 

accumulated in the conduction band (CB) which leads to the high recombination of 
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charge carriers. Therefore, specific scavengers or selective semiconductor are crucial 

to reduce the rates of recombination together increase the photocatalytic activity. 

Kumar et al., (2021) explored that the excitation of photogenerated electron and holes 

towards the specific crystal facets of semiconductor enhances the reaction efficiency 

or rates of the photocatalyst. During the degradation process, selectivity is one of the 

most demanded towards the photocatalysts. The selectivity of photodegradation 

depends on several parameters, including appropriate band gap of the photocatalyst 

(Eg = 1.5–3.0 eV), the initial pollutant concentration, solution pH, light intensity, pore 

size, and surface charge. These factors influence the attraction, adsorption, and 

mineralization phases of photocatalysis and have been systematically studied (Ahmed 

and Mohamed, 2022).  

The charge distribution and exposed surface area of photocatalysts play a 

crucial role in determining their selectivity towards pollutants of different polarities. 

In particular, pollutants bearing positive or negative charges interact with the 

photocatalyst surface primarily through Coulombic forces, which significantly affect 

adsorption efficiency and subsequent degradation pathways. This highlights the 

importance of tailoring the surface charge and morphology of photocatalysts to 

optimize selective adsorption and reactivity. Among the various candidates, silver 

carbonate (Ag₂CO₃) and cadmium sulfide (CdS) have attracted considerable attention 

because of their unique electronic structures and favorable band gaps, which not only 

facilitate efficient photodegradation of organic pollutants but also promote hydrogen 

evolution reactions. Previous studies have demonstrated that these materials can 

achieve enhanced photocatalytic activity by simultaneously offering strong light 

absorption, efficient charge separation, and selective interactions with pollutant 

molecules (Mehra et al., 2023; B. Tang et al., 2023). 

 

2.4 Silver Oxosalts  

Recently, the development of novel photocatalysts has gained increasing 

interest, with particular focus on metal halides and metal oxosalts due to their 

promising optical and electronic properties (Azami et al., 2022a; Ghazi et al., 2023a; 

He et al., 2019). Surprisingly, silver oxosalts such as silver carbonates (Ag2CO3), silver 

phosphate (Ag2PO4) and silver sulfate (Ag2SO4) exhibit well for the photocatalytic 

activity under light irradiation. It drawn intense study for silver oxosalts due to the 
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good oxidation photocatalyst related to the low negative valence band, which could 

contribute to the strong oxidation species for the photocatalytic efficiency. The 

different oxosalt groups can be term as XOy (X = C, P, S, As, and other p-block 

elements; y = 3, 4), which may couple to form other semiconductor networks with 

various metal ions, presenting a chance to produce unique as well for the effective 

photocatalysts. As studied by Jiang et al., (2017); M. Li et al., (2023); Teng et al., 

(2024), the silver oxosalts shown to be potential photocatalyst in the application of 

water splitting and photodegradation of organic pollutants. Likewise, due to their 

different crystal and electronic structures, which effect the energy band structure and 

charge carrier transfer efficiency, these photocatalysts have excellent photophysical 

performance and photocatalytic activity (Raeisi-Kheirabadi and Nezamzadeh-Ejhieh, 

2020). Nevertheless, most of silver oxosalts photocatalyst have low stability due to the 

absence of sacrificial agent that can cause photocorrosion (Rafaie et al., 2023). 

Therefore, this silver oxosalts photocatalyst are hardly to be recycle which tends to 

increase the operating cost. 

2.4.1 Silver Carbonates (Ag2CO3) 

Silver carbonate (Ag2CO3) is a new photocatalyst that been discovered recently 

with the simple synthesize reaction between AgNO3 and Na2CO3. It exhibits excellent 

responsiveness to visible light due to its narrow bandgap approximately around <2.3 

eV. Represented in the Figure 2.10, the crystal structure of Ag2CO3 is monoclinic 

based on JCPDS 26-0339. However, despite the potential of Ag2CO3 for photocatalytic 

degradation under visible light, Ag2CO3 faces challenges in practical applications. It 

tends to be unstable and decompose under light irradiation because the photogenerated 

electrons reduce Ag+ to Ag⁰ (Murcia et al., 2020). Research by Lv et al., 2021 reported 

that Ag2CO3 was less study due to the low separation efficiency towards the 

photoinduced electron and holes and recyclability of long term catalytic activity. This 

would limit the photocatalytic application especially degradation of organic materials 

and toxic chemicals. To address this issue, constructing a heterojunction with other 

semiconductors offers a promising solution. Indeed, the construction of heterostructure 

semiconductors incorporating Ag₂CO₃ composites has been demonstrated to facilitate 

photo-carrier charge separation and significantly enhance photocatalytic performance. 
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Table 2.2 demonstrates the current research towards the heterostructure semiconductor 

with Ag2CO3 composites which the performance of degradation nearly 100%.  

 
Figure 2.9   Simplified Unit Cell of Ag2CO3 ( Ag – red ; C – dark grey ; O – 

grey ) 

Table 2.2 overview the recent research related to the Ag2CO3 based composite 

photocatalyst for the various model pollutant with the different conditions include the 

initial concentration and different light . Several synthesize method  for the preparation 

the modified photocatalyst include in-situ precipitation, ion exchange and simple 

precipitation. The synthesis method is a crucial factor that directly affects the 

crystallinity, morphology, and surface area of the photocatalyst. These parameters 

strongly influence the separation of charge carriers and, consequently, the overall 

photocatalytic efficiency. Ag2CO3  based composite photocatalyst were compared with  

methyl orange (MO), rhodamine B (RhB), ethyl paraben (EP) and tetracyline  (TC) at  

varying concentrations , light sources such as xenon lamp and visible light under  

different intensities with the irradiation time ranging from 10  to 100 minutes. Notably,  

the graphitic carbon nitride  (g-C3N4) and CdS modifications were helps to promote 

the photocatalytic performance. The findings highlight Ag2CO3  based composite 

photocatalyst, particularly can increase the efficiency by coupling the semiconductor 

with other semiconductor   to improve the charge separation as well as improve the 

light absorption.
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Table 2.2  

Current Research towards Ag2CO3 composites photocatalyst for the photodegradation of model pollutant 

Photocatalyst Preparation 
Model Pollutant & 

Concentration 
Operating Condition Photocatalytic performance Ref 

Sulfate modified  Ag2CO3 Simple precipitation Orange G (10 mg L-1) 
Vol = 25 mL; Visible 

Light 13W ; 0.0025g 
94% OG removal after 30 min 

(Ghazi et al., 

2023a) 

Ag2CO3 Simple precipitation Ethyl paraben (5 mg L-1) 
Vol = 25 mL; Xenon 

Lamp 100W; 0.0075g 
90% EP removal after 30 min (Petala et al., 2020) 

g-C3N4/ Ag2CO3/graphene

oxide 
In-situ precipitation Tetracyline (10 mg L-1) 

Vol = 50 mL;  Xenon 

Lamp 300W  ; 0.0030g 

81.6% TC removal after 60 

min 
(Liu et al., 2019) 

BiOCl @CdS/ Ag2CO3 In-situ precipitation Rhodamine B (15 mg L-1) 
Vol = 50 mL;  Xenon 

Lamp 1000W  ; 0.025g 

99% RhB removal after 100 

min 
(Fang et al., 2017) 

g-C3N4/ Ag2CO3/AgBr Ion exchange method 
Rhodamine B (10 mg L-1) 

Methylene Blue (10 mg L-1) 

Vol = 100 mL;  Xenon 

Lamp 350W  ; 0.040g 
99% RhB , 98% MB, 90% 

MO removal after 15 min 
(Tang et al., 2017) 

BiOCl/ Ag2CO3 In-situ precipitation Methyl Orange (10 mg L-1) 
Vol = 50 mL;  Xenon 

Lamp 1000W  ; 0.040g 

97% RhB removal after 100 

min 
(Fang et al., 2016) 

g-C3N4/ Ag2CO3 In-situ precipitation Methylene Blue (10 mg L-1) 
Vol = 50 mL;  Xenon 

Lamp 500W  ; 0.050g 
81% MO removal after 20 min (Tian et al., 2015) 
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2.4.2 Silver Phosphate (Ag3PO4) 

Theoretically, Y. Liu et al., (2012) declare that the crystal structure of Ag3PO4 

is a body-centered cubic (BBC) comprised of numerous isolated, regular PO4 

tetrahedral unit cells. The P-O bond distance is approximately 1.539 Å. Ag3PO4 belongs 

to the P4-3n space group and has a lattice parameter of around 6.004 Å. Greater 

application has been evolved especially for the wastewater treatment process includes 

degradation of phenol, dyes, pharmaceuticals waste and more. Researchers are 

increasingly focusing on Ag3PO4, which is regarded as a significant advance in the field 

of visible light responsive photocatalysts. Ag3PO4 has good photooxidative capability 

with a shorter wavelength approximately less than 530nm (Luo et al., 2014). In addition, 

as mentioned by Chen et al., (2015), the narrow band gap energy of Ag3PO4 is around 

+2.9eV vs normal hydrogen electrode (NHE, pH = 0) serve as an efficient for the strong 

oxidizing property as illustrated in the Figure 2.11. However, the high oxidation activity 

of Ag3PO4 can only be attained in the presence of electron sacrifice agents but the photo 

corrosion phenomenon will significantly limit the reuse efficiency of Ag3PO4 (C. Yu et 

al., 2022). Numerous of researcher has indicated that the Ag3PO4 exhibit good 

photocatalytic degradation towards the organic pollutant and photocatalytic for water 

splitting in both oxygen and hydrogen production.
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Table 2.3  

Current Research towards Ag3PO4 composites photocatalyst for the photodegradation of model pollutant 

Photocatalyst Preparation 
Model Pollutant & 

Concentration 
Operating Condition Photocatalytic performance Ref 

Ag3PO4/Fe3O4/Chitosan 
Ultrasonic assisted 

Precipitation Method  
Methylene Blue (10  mg L-1) 

Vol = 50 mL;  Sunlight 

Irradiation  ; 0.0300g 

95% MB removal after 150 

min 

(Somasundaram et 

al., 2024) 

Ag3PO4@g-C3N4 
Workable Liquid Phase 

Deposition 

Rhodamine B (100 mg L-1) 

Methyl Orange (20 mg L-1) 

Vol = 50 mL;  Xenon 

Lamp 1000W  ; 0.0010g 

97.95% RhB, 98.34% MO 

removal after 120 min 

(G. Huang et al., 

2024) 

Ag/ Ag3PO4/AgPMo 
Hydrothermal & UV 

Reduction Method 

Chromium(VI)- (0.08  mg L-1) 

Tetracyline (30  mg L-1) 

Methyl Orange (0.1 mg  L-1) 

Phenol (10  mg L-1) 

Rhodamine B (10 mg L-1) 

Vol = 50 mL;  Xenon 

Lamp 300W  ; 0.0500g 

100% Cr (VI) ,97% TC, 

92.7% MO, 47.6% RhB, 

71.4% Phenol of removal after 

90 min 

(Fu et al., 2023) 

Ag3PO4/CdS/Fe doped  

C3N4 

Precipitation- 

Deposition Method 
Phenol (50  mg L-1) 

Vol = 100 mL;  LED 

35W  ; 0.0050g 

80% Phenol removal after 120 

min 
(Khan et al., 2021) 

Pt- Ag3PO4/CdS/chitosan 
Facile precipitation 

method 
Methylene Blue (40  mg L-1) 

Vol = 50 mL;  Xenon 

Lamp 1000W  ; 0.0010g 
92% MB removal after 90 min (Kiani et al., 2020) 

AgBr–Ag3PO4/MWCNT 
Chemical Precipitation 

Method 

Basic Fuchin (20 mg L-1) 

Basic Red 9 (20 mg L-1) 

Vol = 50 mL;  Xenon 

Lamp 500W  ; 0.050g 

97.8% BF, 98.8% BR9 

removal after 60 min 

(S. Wang et al., 

2014) 
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In order to precisely explain the remarkable photocatalytic performance of 

Ag₃PO₄, (Li et al., 2019) conducted a detailed analysis and ascribed its superior activity 

to several key factors, which are outlined as follows. Firstly, the structure and 

distribution of conduction band minimum (CBM) of Ag3PO4 are important towards the 

electron transfer. Tetrahedral unit of PO4 cause CBM to be dominated by Ag states in 

Ag3PO4. This will helps to completely occupied the d state in the valence band 

maximum (VBM). In addition, Ag3PO4 has a relatively isotropic distribution of CBM, 

which reduces the possibility of encountering photoinduced holes as compared to 

semiconductors with anisotropic distribution. Second, the inductive effect of PO4
3− 

promotes the separation of electron-hole pairs. When the electron clouds are high and 

overlapping the PO4
3− ions, it tends to draw the holes and reject electrons. This 

phenomenon effectively suppresses the recombination of photogenerated electron–hole 

pairs and consequently enhances the photocatalytic activity. Ultimately, native defects 

like Ag vacancies which effects the photocatalytic activity. These defects may cause to 

the photo corrosion phenomenon due to the Ag vacancies acts as shallow acceptor and 

contain high concentration in Ag3PO4. By functioning as capture traps for 

photogenerated holes, it can prevent charge carrier recombination, hence increasing the  

photocatalytic performance of Ag3PO4.  

Table 2.3 presents the recent studies towards the Ag3PO4 based photocatalyst 

for the various model pollutant with different synthesize method like chemical 

Figure 2.10  Schematic diagram and molecular structure of Ag3PO4 

(Li et al., 2019)  
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precipitation, ultrasound-assisted precipitation and hydrothermal UV reduction were 

investigated. Among those model pollutant that has been compared in this literature 

review involve basic red (BR), rhodamine B (RhB), methyl orange (MO), methylene 

blue (MB) and chromium [Cr (VII)]. The degradation efficiencies were remarkably high 

towards the Ag3PO4/MWCNT which reach until 98.8% BR removal while Ag3PO4/g-

C3N4 successfully achieve to degrade RhB at 97.6%. This table also conclude that the 

doping and hybridization such as Fe2O3 and Pt would significantly improve the 

photocatalytic activity for the potential Ag3PO4 based photocatalyst.  
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2.4.3 Silver sulfate (Ag2SO4) 

 Furthermore, silver sulfate (Ag₂SO₄) has demonstrated promising 

photocatalytic activity toward a wide range of model pollutants. However, its 

application remains relatively underexplored, as only a limited number of studies have 

been reported in the literature. As mentioned by Choo et al., (2016) , it claimed that 

Ag2SO4 has high cationic conductivity which helps to facilitate the rapid movement of 

cations. Hence, the photogenerated electron holes pairs are more effective that allows 

more charge in which reducing recombination as well increase the photocatalytic 

activity. Additionally, the core-shell structure based MSO4 , (M = metal) exhibits the 

higher photocatalytic activity than the single core due to the good optical properties. 

Research by Zarghami et al., (2015) proved the significant optical properties and higher 

photocatalytic efficiency with Ag@Ag2SO4 nanoparticles for the degradation of 

methylene blue. Despite that, the utilization of Ag2SO4 was less selective could be due 

to the wide band gap energy approximately 2.8-3.8eV possess to the low absorption of 

the visible light region and high electron hole recombination. However, the band gap 

energy of Ag2SO4 can be modified based on the different method of synthesize and 

various type of oxosalts precursor. Figure 2.12 illustrated the crystal structure of 

Ag2SO4 is SO4 based orthorhombic correlate with JCPDS 27-1403. Undeniable, 

Akhundi and Yangjeh, (2016), has successfully synthesize the novel g-C3N4/Ag2SO4 

nanocomposites and achive to degrade Rhodamine B (RhB) about 99% within 390 min. 

These findings suggest that Ag₂SO₄ represents a promising alternative photocatalyst 

with the potential to enhance photocatalytic performance. The progress and recent 

developments in Ag₂SO₄-based composite photocatalysts are summarized in Table 2.4.

Figure 2.11  Simplified unit cell of  Ag2SO4 (S – yellow, O- red, Ag-grey)  

(Shah et al., 2023) 
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Table 2.4  indicates the recent studies which focused on the  Ag2SO4 based 

composite photocatalyst. Different synthesized  was compared like microwave assisted, 

hydrothermal, impregnation and redox-precipitation  preparation in which has been 

explored to enhance the photocatalytic performance. Among the studied,  

Ag2S/Ag2SO4/Chitosan  successfully degrade 99.9% RhB which show the highest 

efficiency within 60 minutes  under sunlight irradiation. Moreover,  Ag2SO4/ZnO  also 

demonstrates  the significant photocatalytic activity by removing 99% IC and 100% of 

phenol under optimized conditions. Hence, these findings highlight the potential  

Ag2SO4   as highly efficient photocatalyst for environmental remediation specifically in 

wastewater  treatment applications. 
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Table 2.4 

Current Research towards Ag2SO4 composites photocatalyst for the photodegradation of model pollutant 

Photocatalyst Preparation 
Model Pollutant & 

Concentration 
Operating Condition Photocatalytic performance Ref 

Ag2S/Ag2SO4/Chitosan In situ Fabrication  Rhodamine B (20  mg L-1) 
Vol = 50 mL;  Sunlight 

Irradiation ; 0.0025g 

99.9 % RhB removal after 60 

min 

(Zahedifar et al., 

2024) 

Ag@ Ag2SO4 
Redox–precipitation 

reaction  

Methyl Orange (10 mg L-1)  

Rhodamine B (10 mg L-1)  

Vol = 80 mL; Xe lamp 

300 W; 0.04 g  

98% MO and RhB removal 

after 20 min  
(T. Wei et al., 2017) 

g-C3N4/ Ag2SO4 
Fast microwave-

assisted method.  
Rhodamine B (25  mg L-1) 

Vol = 250 mL; LED 

lamp 50 W; 0.1 g  

99% RhB removal after 390 

min  

(Akhundi and 

Yangjeh, 2016) 

Ag2SO4/ZnO 
Impregnation method.  

 

Indigo Carmine (IC)  

(10 mg L-1)  

Phenol (10 mg L-)  

Vol = 150mL; Outdoor 

lamp 80 W; 0.15 g  

99 % IC and 100 % phenol 

removal after 20 min and 300 

min, respectively  

(Choo et al., 2016) 

Ag@ Ag2SO4/TiO2 

Facile Microwave 

Assited 
Methylene Blue (20  mg L-1) 

Vol = 150 mL;  UV 

Lamp 30W  ; 0.0020g 

99 % MB removal after 90 

min 

(Zarghami et al., 

2015) 

Ag/ Ag2SO4/ZnO 

Facile Microwave-

Assisted Template-Free 

Hydrothermal Method  

Rhodamine B (30  mg L-1) 
Vol = 30 mL; Xe lamp 

350 W; 0.03 g  

97% RhB removal after 35 

min  
(Cao et al., 2015) 



33 

2.5 Cadmium Sulfide (CdS) 

Cadmium sulfide (CdS) as an advanced nanostructured material that has been 

manifested by many researchers and has gained significant attention as a semiconductor 

recently. This is due to the favourable band positions, effective mass, strong quantum 

size effects and impressive photocatalytic activity when exposed to sunlight (Sharma et 

al., 2020). Cadmium sulfide (CdS) is classified as an n-type semiconductor and is 

considered one of the most prominent metal sulfides due to its suitable band gap, strong 

light absorption, and efficient charge carrier mobility. These features make it 

particularly attractive for applications in photocatalytic degradation. As mentioned by 

Mohan et al., (2021), CdS is a semiconductor with a band gap approximately around 

2.42 eV and a maximum absorption peak of 514 nm wavelength, indicating that CdS 

can absorb visible and UV light wavelength. CdS is an effective photocatalyst which is 

noting that the the location of the CdS conduction band edge is lower than other 

common semiconductors such as TiO2, ZnO, SrTiO3 and more. Furthermore, CdS has 

remarkable as the great carrier transportation capability. This will enhance the 

photoinduced of electron and holes as well extend the photocatalytic performance. 

Hence, exploring the CdS and modified CdS catalytic behavior was very important to 

verify their efficiency in the field of photocatalysis and create the demand as the 

alternative for most of wastewater treatment.   

CdS has two different crystal morphologies in the stable form which are 

hexagonal wurtzite and cubic-zinc blend. As demonstrated in the Figure 2.13, both  of 

stable CdS structure, each of sulfur and cadmium ion  is surrounded by four other ions. 

Theoretically, hexagonal structure has a cone morphology while cubic crystalline 

structure demonstrated an axial morphology. Hojjati-Najafabadi et al., (2024), has 

studied and discussed the mechanisms of CdS towards the photocatalytic activity. When 

the light being penetrated on the photocatalyst, holes and electrons will be excited from 

valence band to the conduction band. Higher energy from the electron was moved 

towards the CdS photocatalyst because the holes are less mobile. This leading to the 

higher photogenerated electron holes which indicate lower photocatalytic activity and 

describe the photo corrosion phenomena. It is an irreversible reaction, in which 

oxidation at the holes permanently converts CdS into sulfur and sulfate species, leading 

to photocorrosion and loss of photocatalytic activity.The chemical reaction has clearly 

indicated in the Equation 2.6 until 2.9 explained CdS photocatalyst works.  
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CdS → e- + h+ (2.6) 

CdS + 4h+ + 2H2O + O2 → Cd2+ + SO4
2- + 4H+ (2.7) 

2O2 → Cd2+ + SO4
2- + CdS (2.8) 

CdS + 2h+ 
→ Cd2+ + S (2.9) 

 

Because of the presence of two holes and lack of oxygen, the photo corrosion of 

cadmium sulfide was altered and leads to the oxidation of sulfur. Therefore, CdS is 

appropriate photocatalyst in the visible light region due to its narrow band gap energy. 

Among the aforementioned above, CdS has extensive recombination which can retards 

the photogenerated electron holes and acute problem for the photo corrosion, this will 

affect the materials stability and recyclability. Therefore, coupling CdS with other 

semiconductors or developing CdS-based composites is an effective strategy to improve 

photocatalytic stability, while simultaneously enhancing overall photocatalytic 

performance. In consequence, the synthesized CdS with other materials have high 

chances to forms the heterojunction and the main focus of this research.  

Research by Ravikumar et al., (2023) CdS was successfully developed for the 

removal of azo dyes under UV and solar light. In this study, CdS was doped with silver 

(Ag) to encounter the photo-corrosion issue that can inhibit the photocatalytic activity. 

The incorporation of Ag dopants reduces the band gap and decreases the nanoparticle 

size, which in turn suppresses charge recombination and significantly enhances the 

photocatalytic degradation efficiency towards diverse organic dye molecules. It shows 

around 93% of degradation with 3 different azo dyes include Reactive Red 120 (RR 

120), Acid Black 1 (AB 1) and Direct Blue 15 (DB 15) dyes. After loading the CdS 

with Ag, the bandgap energy increased marginally from 2.30 to 2.41 eV. The bandgap 

of the Ag-incorporated material is almost enhanced and develops transitional phases in 

the energy gap. Ali et al., (2022) has validated the establishment of transitional phases 
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in the energy gap following silver replacement. As a consequence, increased electron-

hole separation leads to improved photocatalytic activity. 

Figure 2.12   Crystal Morphology of CdS Zinc-blende (cubic) and wurtzite 

(hexagonal) 

(Mao et al., 2024) 
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Table 2.5  

Current Research towards CdS composites photocatalyst for the photodegradation of model pollutant  

 

Photocatalyst Preparation 
Model Pollutant & 

Concentration 
Operating Condition Photocatalytic performance Ref 

Ni-doped CdS/ZnTe 
Facile co-precipitation 

method 

Methylene Blue (25 mg L-1) 

Methyl Orange (25 mg L-1) 

Rhodamine B (25 mg L-1) 

Vol = 100 mL;  Hg lamp 

400W ; 0.0025g  

98.74% MB, 99.71% MO and 

95.04%  RhB removal after 45 

min 

(Kamran et al., 2024) 

rGO-CdS Hydrothermal Method Naphthol Blue Black (20  mg L-1) 
Vol = 100 mL;  UV light 

; 0.0200 g 

95% NBB removal after 120 

min 
(Priya et al., 2024) 

TiO2-CdS Green synthesis 
Congo Red (25 mg L-1) 

Rhodamine B (25 mg L-1) 

Vol = 100 mL; 300 W 

xenon lamp ; 0.0015 g 

98.74% CR, 99.71% RhB 

removal after 45 min 
(Rani et al., 2023) 

CdS/ZnO 
Hydrothermal and 

Deposition Method  
Rhodamine B (10  mg L-1) 

Vol = 100 mL;  UV 

Lamp 120W  ; 0.1000g  
98.8 % RhB  after 90 min (Li et al., 2022) 

Fe3O4/BiVO4/CdS 
Modified Solvothermal 

Reaction 
Tetracyline (10 mg L-1) 

Vol = 100 mL; 300 W 

xenon lamp ; 0.0010 g 

87.37% TC removal after 90 

min 
(G. Xu et al., 2021) 

CdS/CuInS2 Hydrothermal Method Hexavalent chromium (10 mg L-1) 
Vol = 150 mL; 300 W 

xenon lamp ; 0.030 g 

100% Cr(IV) removal after 60 

min 
(F. Deng et al., 2019) 
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2.6 Type of Heterojunction  

To utilize maximum photocatalytic performance, it is highly necessary to 

modify the novel semiconductor photocatalyst, which is high photostability with the 

efficient visible light absorption. Most of the single photocatalyst such as CdS and 

Ag2CO3 will demonstrate less photocatalytic efficiency due to  rapid recombination of 

photogenerated electron-hole pairs. According to Wen et al., (2022), a single 

photocatalyst is often unable to resist strong Coulombic interactions, which 

significantly limit charge separation and ultimately reduce overall photocatalytic 

efficiency. Apart from the rapid recombination, there are few crucial characteristics for 

an excellent photocatalyst such as sufficient redox capacity and broad sunlight 

absorption. For the redox ability, high conduction band (CB) and low valence band 

(VB) position resulting in wide band gap. Meanwhile, contemplating a broad absorption 

range, narrow band gap energy of single photocatalyst is more advantageous in the 

reaction. However, this condition cannot be reconciled at the same time. Hence, 

constructing heterojunction seems to solve it.   

Heterojunction photocatalyst is when two semiconductors are joined together 

and the redox potential different archetypes are depicted in Figure 2.14A. From the 

thermodynamic standpoint, it is illustrated the reaction determines the driving force 

from the difference between the CB and VB potentials. To put it simply, the redox 

potentials energy difference is comparable to the gravitational potential energy 

difference.  
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As represented in Figure 2.14B and 2.14C, when a ball gets hit by a ball that has 

fallen from the higher altitude (refer Figure 2.14B), the initial acceleration and kinetic 

energy would be higher than when the ball get hit by a ball that falling down from lower 

altitude (refer Figure 2.14C). As a consequence, single photocatalyst perceived to have 

high redox ability which is high CB and deep CB position. It should be noted that high 

solar light absorption is required means low CB and VB location was recommended. 

Due to these two conditions, most of researchers are triggering and focusing their efforts 

on heterojunction photocatalyst (Xu et al., 2020). 

2.6.1 Type II Heterojunction 

Among the aforementioned approaches from the single photocatalyst, various 

types of heterojunctions have been garnered. Type II heterojunctions are the most 

prevalent and discovered by many researchers. Serpone et al., (1984) has successfully 

developed the electron transfer technique to avoid the charge photogenerated electron 

hole recombination. The interparticle electron transport was extended to the 

interparticle hole transfer when two linked semiconductors presented staggered band 

structures. In the presence of irradiation from both photocatalyst (photocatalyst I and 

photocatalyst II ; henceforth PC I and PC II), the photogenerated holes were transferred 

to the PC II to PC I, while the photogenerated electron were transferred from the PC I 

Figure 2.13   (A) Analogy between redox potential versus normal hydrogen 

electrode (NHE) at pH 0 ; the collision ball by another ball from (B) high 

altitude and (C) low altitude 

(Tupikina et al., 2023) 
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to PC II as represented in the Figure 2.15. Aggregate from that, electron and holes 

gathered on PC II for reduction reaction and PC I for the reactions respectively. Hence, 

the photogenerated electron and holes were spatially separated.  

 
Figure 2.14  (A) Type II heterojunction ; (B) charge repel and opposite charge attract 

(Quan et al., 2026) 

Although the type II heterojunction charge transfer mechanism is considered 

ideal and has inspired numerous investigations and discoveries, it still suffers from 

several limitations. It is due to the thermodynamic perspective; higher charge separation 

efficiency occurred with this type II heterojunction and leads to the decrease redox 

ability which is unfavourable for the photocatalytic process. As demonstrated in the 

Figure 2.15A, photogenerated holes would accumulate from VB at PC I will have high 

oxidation potential while photogenerated electron would collect from CB at PC II will 

have low reduction potential. Therefore, it may reduce the pushing force towards the 

photocatalytic activity mechanism. The reluctance process of the existing electrons in 

PC II will prevent the continuous flow of electrons from PC I in a dynamic standpoint. 

Simultaneously, repulsion process will be occur in PCI and any electron that will 

transfer from PCII will prevent the spatial charge transfer from being obtained. 

Concurrently, the electrostatic attraction between electron and holes at PC I will 

prevents the electrons from continuously moving from PCI to PCII as shown in the 

Figure 2.15B. This scenario could be the same with the charge attraction that exists in 

PCII where the holes are continuously prevent from transferred from PCII to PCI. 

Hence, the photogenerated electron holes in this type II heterojunction are challenged 

to be achieved. The repulsive electrostatic forces are more apparent than those between 

two magnetic poles. The magnetic levitation train may be suspended due to the strong 

repelling force between two poles. As a conclusion, the charge-transfer process in type 
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II heterojunctions is challenging since it fails to separate photogenerated electrons and 

holes which lower heterojunction's overall redox capacity. 

  

2.6.2 Z-scheme Heterojunction  

The mechanism of standard Z-scheme heterojunction relies on two different 

semiconductors where one for the reduction process and the other for oxidation process 

(Jiang et al., 2018). As illustrated in the Figure 2.16, the reduction photocatalyst would 

have high CB position for the significant reduction capacity, on the other hand oxidation 

photocatalyst have a lower VB position as the high ability of oxidation respectively. 

Researcher by (Shabbir et al., 2024) has declared that Z-scheme heterojunction offers 

superb photocatalytic activity with numerous advantages that demonstrate great charge 

transfer. It is include (1) the strong oxidation and reduction abilities can be maintained 

simultaneously ; (2) the active site of oxidation and reduction could spatial separate ; 

(3) high redox power with efficient photogenerated charge carrier ; (4) a wide range of 

photocatalyst for various photocatalytic reaction and (5) increased the light harvesting.  

 
Figure 2.15   Standard Redox Potential of Photocatalyst  

(Sudha et al., 2026) 

Z-scheme heterojunction can be classified into 3 categories commonly based on 

whether the charge carrier mediator is used and the type of mediator involved: (1)  

traditional Z-scheme photocatalysis in which utilized a reversible redox ion pair by 

using IO3-/I- or Fe3+/Fe2+ to facilitate the charge carrier transfer; (2) all-solid state Z-

scheme photocatalyst where the noble metal include Pt, Au or Ag act as electron 
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mediator to aid in charge transfer; (3) direct Z-scheme photocatalyst where the two 

semiconductor are closely coupling and the charge transfer occurs through an internal 

electric field as well as eliminating the need for any charge carrier transfer mediator  

(Sabzehmeidani et al., 2021).  

2.6.2.1 Traditional Z-Scheme Heterojunction 

Traditional Z-scheme photocatalyst was discovered by Bard since 1979 which 

mimic to the natural photosynthesis in plant. At that time, the exploration towards this 

study mainly to increase the efficiency of charge separation as well as maintained the 

strong redox ability. Theoretically, the mechanism of this traditional Z-scheme 

heterojunction is constructed by the hybridization of two photocatalyst with suitable 

shuttle redox ion mediator as example IO3-/I- or Fe3+/Fe2+. As depicted in the Figure 

2.17, when light being penetrated to the photocatalyst, the photogenerated holes will be 

absorbed by electron acceptor (A) species in the CB of PC II whereas photogenerated 

holes in the VB of PC I are engendering by the electron donor species (D). 

Subsequently, the photogenerated electron in the CB of PC I and holes in the VB of PC 

II able to be maintained with high redox ability together spatially separated redox 

reaction sites. Thus, it leads to higher photocatalytic activity.  

 

Figure 2.16  Schematic of charge transfer for traditional Z-scheme photocatalyst 

(Ebihara et al., 2021) 



42 

In spite of this system, it also has some drawbacks. The photogenerated electron 

holes with high redox power are indispensable by the shuttle redox ions pair which 

cause redox mediator-induced back reactions are thermodynamically advantageous and 

easily occur. Besides that, poor charge carrier transfer limited by ion pair diffusion, the 

solution very sensitive to the pH and light shielding effect where can contribute to the 

limited application of traditional Z-scheme photocatalyst (Jourshabani et al., 2020).  

2.6.2.2 All Solid State Z-Scheme Heterojunction 

As a traditional Z-scheme heterojunction, the mechanism will comprise the 

shuttle redox pairs to facilitate the charge transfer between both photocatalyst. 

However, for all-solid state Z-scheme heterojunction mechanism, an electron solid 

conductor will be transform or is used charge carrier transfer as a bridge as represented 

in the Figure 2.18. The first discovery of this system by Tada et al., (2006) has 

successfully synthesized CdS with TiO2 and Au act as electron mediator. In addition, 

research by (Hou et al., 2022) has constructed Ag@Ag3PO4/TiO2 and described that the 

selection of a relevant electron is very crucial because it help to transport the 

photogenerated carrier charge efficiently together to increase the stability of the 

photocatalyst.  

Commonly, noble metal (NPs) such as Pt, Au and Ag have been used by many 

researchers as electron mediator for the development of all solid-state Z-scheme 

photocatalyst (X. Yu et al., 2020; M. Zhang et al., 2020). Besides that, additional 

conductive materials include fullerenes, carbon and graphene also promoting the 

alternative as electron mediator (Wu et al., 2017). Solid conductor though to be 

recommended rather than ionic redox solution because it able to avoid the reverse 

reaction and allow the photocatalyst recovery. Furthermore, this system of 

heterojunction can be operated whether in gas phase and liquid phase. Due to the solid 

conductor, it will increase the charge carrier transfer. But certain noble metal quite 

expensive and difficulties in terms of sintering effect that decrease the surface catalyst 

and interfere the surface structure.  
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Figure 2.17   Schematic diagram of charge carrier in all solid state Z-scheme 

heterojunction photocatalyst  

(Zhong et al., 2025) 

2.6.2.3 Direct Z-Scheme Heterojunction 

Until now, there is a lot of confusion over between the traditional Z-scheme as 

well as the all-solid state Z-scheme and show dissatisfactory due to their charge transfer. 

Therefore, direct Z-scheme has evolved without any intermediate whether redox 

couples or conductors. Zhu et al., (2018) has successfully fabricated the g-C3N4/TiO2 

as the direct Z-scheme for the photocatalytic degradation of organic pollutants as shown 

in the Figure 2.19. Basically, the charge mode of this scheme was investigated when 

the two semiconductors was contact to each other and the band structure was staggered 

It denotated that when two semiconductors have different operational, the charge 

redistribution and creation of internal electric field will be induce. Thus, it will give the 

major impacts towards the charge carrier’s separation together with transfer of 

photogenerated electron hole pair (Jiang et al., 2018b; Low et al., 2019).  
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Figure 2.18  Schematic of charge carrier in direct Z-scheme photocatalyst 

 (Zhang et al., 2019) 

Direct Z-scheme fundamentally based on PC I has a higher position of VB and 

CB level with higher Fermi level (EF) compared to PC II has a lower position CB and 

VB  positions based on the Figure 2.20A. Electric field will be created within the band 

(Figure 2.20B), when PC I and PC II come into contact and free electron was transferred 

from the PC I to PC II. As a result, PC I is more positive at the interface while PC II is 

more negative. The presence of an internal electric field (IEF) , (Figure 2.20C)  

promotes recombination between photogenerated electron in PC II of CB and 

photogenerated holes in PC I of VB. The internal electric field is the additional potential 

barrier by the Coulomb repulsion and band bending as illustrated in the Figure 2.20D. 

Meanwhile, it will obstruct the transferred of photogenerated electron hole from PC I at 

CB to PC II to CB. Electron from PC I of CB and holes from PC II of VB can be 

maintained and spatially segregated together allows the reductive and oxidative for the 

photocatalytic processes. Hence, the IEF could prevent recombination between 

photogenerated electron in PC I of CB and photogenerated hole in PC II in VB ((Low 

et al., 2017; Q. Xu et al., 2018).  
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Figure 2.19  Schematic diagram of both photocatalyst with staggered band structure ; 

(A) before contact , (B) in contact , (C) photogenerated charge carrier 

transfer in direct Z-scheme, (D) photogenerated charge carrier in type II 

heterojunction 

(Wang et al., 2023) 

2.7 Clarification Method of Z-Scheme 

Researcher has actively explored Z-scheme heterojunction and there are few 

methods to validate the Z-scheme mechanism, including : (1) evaluation XPS. 

According to Wang et al., (2019) that successfully prepared the direct Z-scheme of 

ZnO/CdS and proved by using XPS analysis. When the photocatalyst exposed to the 

light, the photogenerated charge carriers will be react and transfer, leading to shifts in 

the binding energy of constituent elements. When the binding energy increases means 

the electron loss, while a decrease it shows electron gain. These binding energy changes 

provide insight into the Z-scheme charge transfer mechanism. The next approach to 

validate the Z-scheme heterojunction is by ; (2) independently verified the 

photocatalytic processes like hydrogen (H2) evolution and carbon dioxide (CO2) 

reduction as the photogenerated electrons to retain the strong reduction ability (S. Tang 

et al., 2023). For the photocatalytic reactions, it can be confirmed through trapping test 

or also known as scavenger test to identify the active species involved in reactions such 

as oxygen (O2) and degradation of model pollutant (Jia et al., 2016; J. Wang et al., 2017; 

J. Zhang et al., 2022).  Additionally, (3), noble metal selective photo-deposition because 

the selective noble metal that has been deposited on the electro-rich area will exposed 

to the region containing electron. This could verified the Z-scheme charge carrier 

transfer pathway. Lastly, (4) analysing by characterization of UV-Vis DRS. It is a 

valuable tool because it provides the information about the optical absorption properties 

of each material which linked to the electronic structure of the photocatalyst involved. 

The wavelength of photocatalyst begins when it absorbs the light and corresponds to 
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the band gap energy (Eg). This can be determined from absorption spectrum where the 

onset of absorption indicate the minimum energy required to excite the electron from 

VB to the CB (F. Chen et al., 2018; Shao et al., 2019). According to Xia et al., (2024),  

from the absorption edge, the band gap can be calculated using Tauc plot which 

identified the position of the conduction band (CB) and valence band of semiconductor. 

 

2.8 Photocatalytic Kinetic  

Pseudo first order and Langmuir Hinshelwood (LH) is commonly described for 

the kinetic study for photocatalytic degradation to determine the influence of initial 

concentrations of the solution. The model of Langmuir Hinshelwood is typically for 

heterogeneous photocatalysis, explained based on substrate covered on the surface of 

catalyst and involve adsorption of the reactants (Kumar et al., 2008; Pourshaban-

Mazandarani & Nasiri, 2024). When the reaction occurs on the surface of catalyst, it 

can be assumed that the reaction is directly proportional to the fraction of the surface 

that covered the substrate. At the point zero charge (pHpzc), the surface catalyst is neutral 

but when the surface becomes positively charged, the organic pollutants will not adsorb 

on the catalyst surface. The presence between hydroxyl group and water on the same 

active sites cannot be neglected and Equation 2.10 expressed the model.  

 

(2.10) 

where r is the photooxidation rate of the reactant (mgL-1min-1), C is the 

concentration of the reactant (mgL-1), t is the irradiation time, kr is the reaction rate 

constant (mgL-1min-1), KLH is adsorption coefficient of the reactant (L-1mg), KH2O is the 

solvent adsorption constant and CH2O is the concentration of water. Commonly, CH2O 

high concentration than C , and CH2O remains throughout for every range of 

concentration. For all the experiments such as pH and amount of catalyst remain 

constant. Thus, Equation 2.11 were determined where the C is the variable for initial 

concentration.  

 

(2.11) 
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Due to the formation of intermediates, interference in kinetic studies can takes 

place because the competition between adsorption and oxidation between 

photocatalytic reduction. Therefore, calculations should begin at the point where 

illumination starts as this allows ignoring changes like pH variation or intermediate 

formation at that moment. The concentration fraction then be used to derive the rate of 

photocatalytic reduction as Equation 2.12. 

 

(2.12) 

Where r0 represents the initial photocatalytic oxidation rate (mgL-1min-1), Co is 

the initial concentration (mgL-1), KLH is adsorption equilibrium constant (L-1mg). When 

the chemical concentration C is very low, the equation can be simplified to an apparent 

first order reaction equation. 

 

(2.13) 

Based on the Equation 2.13, krK=kapp, Ct is the concentration at time t and Co is 

the initial concentration of the solution. In general, the initial oxidation rate can be 

conclude as below : 

 

(2.14) 

 

(2.15) 

Where r0 is the initial reaction rate,  (mgL-1min-1), kr is the reaction rate constant 

(mgL-1min-1), KLH is adsorption coefficient of the reactant (L-1mg), Co is the initial 

concentration (mgL-1). A linear relationship in a graph plotting ln (Co /C) against time 

confirms that the photocatalytic activity follows a pseudo-first order kinetic model. The 

slope of the plotted graph corresponds to the first-order rate constant k.  
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2.9 Methyl Orange  

Methyl Orange (MO) is a water-soluble azo dye that is widely employed in a 

variety of industries, including textile, paper, printing, and food and is mostly 

discharged in industrial wastewater. The structure of methyl orange dyes specifically 

due to the -N=N- azo bonds as illustrated in the Figure 2.21. According to Aljuaid et 

al., (2023), azo group is the stabilising dyes which able to form conjugated system 

which often helps to absorb visible light. Nevertheless, azo dyes and its by product are 

carcinogenic, mutagenic in high concentration and difficult to break down if releasing 

to the water stream. Furthermore, the molecular formula of methyl orange is C-

14H14N3NaO3S and has been classified as anionic dyes in the group of sulfonic. Methyl 

orange has maximum absorption approximately around 465 nm with the molecular 327 

g/mol. Generally, methyl orange as shown in the Figure 2.22 was suitable in laboratories 

as the pH indicator together with colouring agent. It is ascribed to the pH range of 

methyl orange between 3.1 until 4.4 which is efficient for the interaction study of strong 

acid and weak bases.  

 

Figure 2.21  Methyl Orange Powder 

(Hasni et al., 2026) 

Figure 2.20  Chemical Structure of Methyl Orange 

 (Kostjukov, 2026) 
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CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter consists of several main parts including chemicals and materials, 

advanced instrumentation, experimental procedures, characterization, photocatalytic 

analysis, optimization and parameter study. Figure 3.1 represented the synthesize of 

silver carbonates as the parent’s catalyst while cadmium sulfide as the composite 

catalyst. To mitigate the photo corrosion phenomenon for cadmium sulfide, low 

concentrations was focused on this research. Then, synthesized different ratio of silver 

carbonate and cadmium sulfide (95:5, 90:10 and 85:15) respectively. Next, the coupling 

between silver carbonate and cadmium sulfide were subjected to characterization 

analysis such as X-Ray diffraction (XRD), transmission-electron microscopy (TEM), 

Field emission scanning electron microscopy (FESEM), Fourier transform infrared 

(FTIR) spectroscopy, X-ray photoelectron spectroscopy (XPS) and Ultra-violet visible 

diffuse reflectance spectroscopy (UV-Vis/DRS) and Photoluminescence (PL). After 

that, photocatalytic testing was performed on the degradation of methyl orange as a 

model pollutant. Lastly, the proposed mechanism, the parameter study and reusability 

of photocatalytic degradation of methyl orange using modified catalysts were 

investigated.  
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Figure 3.1   Research Methodology Flow Diagram 

3.2 Chemicals and Materials 

Table 3.1 indicate the chemicals and materials that involved in the experimental 

works. The chemicals used in this study include silver nitrate (AgNO₃) with a purity of 

99.7% and analytical reagent (AR) grade, sourced from System. Sodium carbonate 

(Na₂CO₃), also of AR grade with 99% purity, and sodium sulfide (Na₂S) with 95% 

purity and CP grade were obtained from R&M Chemical. Cadmium chloride (CdCl₂), 
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with 98% purity and ACS grade, was supplied by Thermo Scientific. Methanol 

(CH₃OH) and isopropanol, both with 99% purity, were sourced from Merck and Qrec 

respectively, with methanol classified under ISO grade and isopropanol under AR 

grade. Additionally, potassium iodide (99% purity, ISO grade) was obtained from 

Merck, while potassium chlorate (99% purity, ACS grade) was supplied by Fisher. For 

the synthesized of silver carbonates, silver nitrate and sodium carbonate were used as 

the precursor. Meanwhile, the preparation of cadmium sulfide was prepared by 

cadmium chloride together with sodium sulphide . Besides that, the scavenger analysis 

was detected with isopropanol, methanol, potassium chlorate and iodide. 

Table 3.1 

List of Chemical 

Chemical Purity (%) Grade Sources 

Silver Nitrate (AgNO3) 99.7 AR Systerm  

Sodium Carbonate (Na2CO3) 99 AR R&M Chemical 

Cadmium Chloride (CdCl2) 98 ACS Thermo Scientific  

Sodium Sulfide (Na2S) 95 CP R&M Chemical 

Methanol (CH3OH) 99 ISO Merck 

Isopropanol  99 AR Qrec 

Potassium Iodide 99 ISO Merck  

Potassium Chlorate  99 ACS Fisher 

Methyl Orange  89 ACS Sigma Aldrich 

3.3 Catalyst Preparation 

In this study, the preparation step of catalyst includes of synthesize of silver 

carbonate (Ag2CO3), cadmium sulfide (CdS) and silver carbonate loaded on cadmium 

sulfide (ACD) at different ratio.  

3.3.1 Preparation of Silver Carbonate (Ag2CO3) 

Facile precipitation technique by Jiang et al., (2025) was employed for the 

synthesis of the parents’ catalyst, silver carbonate (Ag2CO3). Approximately, 5.29 g of 



52 

AgNO3 and 3.70 g of Na2CO3 was mixed with 30 mL of distilled water. To ensure the 

mixture are completely homogeneous, it was stirred around 30 minutes until light green 

precipitation formed. Then, the mixture was transferred in the oven and dried at 100OC 

for 12 hours. Lastly, the obtained Ag2CO3 was grind and stored in the bottle sample.  

2AgNO₃ (aq) + Na₂CO₃ (aq) → Ag₂CO₃ (s) + 2NaNO₃ (aq) (3.1) 

3.3.2 Preparation of Cadmium Sulfide (CdS) 

Throughout this study, CdS nanoparticles was synthesized by using simple 

chemical mixing method with some modification based on Najm et.al (2020). Cadmium 

chloride (CdCl2) together with sodium sulfide (Na2S) was used as the precursor while 

deionized water and ethanol was be added to the solution as the capping agent. During 

the synthesis, 0.1 M of CdCl2 and 0.1 M of Na2S was dissolved in 50 mL of deionized 

water – ethanol with 50:50 ratio respectively. Then, CdCl2 was added dropwise into 

Na2S and the solution was continuously stirred until its homogeneous precipitation is 

obtained. The chemical reaction was shown in the Equation 3.1. 

CdCl2 +Na2S → CdS + 2NaCl (3.2) 

The obtained precipitation was washed 4 times with deionized water and ethanol 

through centrifugation process at 6000 rpm for about 10 minutes to get high purity of 

prepared photocatalyst. As the result, the yellowish precipitation of CdS nanoparticles 

was collected and dried in the oven for overnight.  

3.3.3 Preparation of Ag2CO3/CdS (ACD) 

These nanocomposites of Ag₂CO₃/CdS were prepared using a modified simple 

mixing method at different ratios (95:5, 90:10, and 85:15) to explore the optimum 

photocatalyst composition for higher photocatalytic activity, as previously investigated 

by (Y. Liu et al., 2018). In this section, Ag2CO3 was act as parents’ catalyst while CdS 

as the composite catalyst due to the photo corrosion and toxicity characteristics. 

Therefore, the ratio of CdS was only focused on the lower concentration to avoid the 

photo corrosion phenomenon at the surface of photocatalyst that have high possibility 

to retard the photocatalytic activity. The prepared Ag2CO3 and CdS was added together 
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with 40 mL of distilled water then it was sonicated around 10 minutes. Finally, the 

mixture was dried for 3 hours at 80oC and ground into fine powder as Ag2CO3/CdS 

obtained.  

3.4 Catalyst Characterization 

The physiochemical properties of the synthesized catalyst were characterized by 

using several advanced instrumentations as mentioned below. 

3.4.1 Structural, Crystallinity and Phase Studies 

Research by Raja et al. (2022) deduced that XRD analysis is a non-destructive 

technique that helps reveal the phase purity, crystallinity, and optical properties of 

synthesized samples. The obtained diffraction peaks from the XRD analysis rely on the 

constructive interference of monochromatic X-rays with the crystalline structure. Each 

diffraction pattern created from the prepared samples corresponds to the intensity of the 

diffracted rays, atomic arrangement, and optical properties. Hence, the prepared 

Ag₂CO₃/CdS samples were evaluated using an XRD D500 (Bruker, Germany) with Cu-

Kα radiation, at a scanning rate of 5 minutes in the 2θ range of 5° to 80°, as described 

by Długosz et al. (2025). 

3.4.2 Functional group and Surface Characteristics Study 

Fourier Transform Infrared (FTIR) Spectroscopy is a simple and cost-effective 

analysis used to verify the pure compounds present in the prepared Ag₂CO₃/CdS 

sample. The analysis depends on identifying the functional groups within the molecule, 

which vibrate when exposed to specific wavelengths of light. The wavenumber was set 

in the range of 400–4000 cm⁻¹ using the KBr pellet method with a PerkinElmer FT-IR 

Spectrometer Frontier. Approximately 2 g of Ag₂CO₃/CdS sample was ground with 

potassium bromide (KBr) and compressed using a hydraulic press to form pellets, as 

demonstrated by P. Huang et al. (2026). 
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3.4.3 Optical Properties 

UV-Vis DRS has gained prominence currently due to its flexibility with a wide 

range of samples in various states. This analysis is useful technique to evaluate the 

absorption of the samples surface and interior by the light reflection. Despite that, it 

may also be utilized to examine the structure and composition of the prepared samples 

(Zhang et al., 2025). Firstly, about 2.0 g of the prepared sample was pressed into pellet 

with applying 7-ton pressure, then was placed in a special holder to be characterized. 

Thus, the band gap of the samples can be estimated by Tauc Plot that between (αhv)1/n  

and hv from the Kubelka-Munk according to the follow Equation 3.2, 

(αhv)1/2 = A(hv – Eg) (3.3) 

Where v is light frequency, h is Plank’s constant, α is the absorption coefficient, 

Eg is direct band gap and A is proportionality constant. Based on this equation, the 

conduction band and valence band able to be calculated with Mulliken Electronegativity 

Theory as below Equation 3.3 and 3.4, 

EVB = X – Eo + 0.5 Eg (3.4) 

Where, X is geometric means value of atomic electronegativity, Eo is energy free 

electron (4.50 eV), EVB is valence band and Eg is direct band gap (calculated from Tauc 

Plot) and ECB to determine the conduction band. 

ECB= EVB – Eg  (3.5) 

3.4.4 Internal Surface Morphology Study 

The morphology and size of the synthesized catalyst was observed using TEM. 

The TEM characterization was carried out by employing JEOL JEM–2100F. For the 

TEM observations, a powder sample was dissolved in acetone and dropped onto the 

copper grid. This droplet was dried before subjected to morphological observation. 
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3.4.5 Surface Microscopic Study  

In order to characterize the surface morphology and elemental composition of 

Ag2CO3/CdS samples, FESEM is an advanced technology that was performed. Firstly, 

the optimum prepared sample was ground and sieved by using Endecotts Ltd sieve with 

aperture sized of 150 µm to ensure the prepared samples are fully fine catalyst particles. 

Then, it was coated with gold and observed with LEO model 1530 FESEM at 3kV. The 

mechanism of FESEM analysis is based on the electrons with negative charge rather 

than light. According toSemnani, (2017), field emission is a source that generate for the 

electron with the strong electrical field gradient properties. These so-called primary 

electrons are focussed and deflected by electronic lenses within the high vacuum 

column to generate a narrow scan beam that bombards the item. As a result, each area 

on the item emits secondary electrons. The angle and velocity of these secondary 

electrons are related to the object's surface structure. Then, the secondary electrons are 

captured by a detector, which generates an electrical signal. This signal will be 

amplified and converted to a display or digital picture, which may then will be saved 

and processed. As revealed, this analysis was conducted in high vacuum since gas 

molecules tend to affect the electron beam while it is also suitable for backscattered 

electron that help in utilization of imaging.  

3.4.6 Chemical Oxidation State Determination 

In the research by Nossol et al. (2023) and Selva et al. (2023), XPS, also known 

as Electron Spectroscopy for Chemical Analysis (ESCA), is a technique based on the 

photoelectric effect, in which the core-level electrons of elements on the surface of the 

prepared sample are stimulated by a beam of monochromatic X-ray electromagnetic 

radiation. As a consequence, it is possible to detect not only the elemental composition 

but also the oxidation states, since each electron has a specific binding energy. 

Therefore, XPS is an ideal approach to examine the surface composition of the prepared 

Ag₂CO₃/CdS sample.The expected outcome for an ideal Ag₂CO₃/CdS sample in XPS 

analysis would be binding energy peaks corresponding to sp² carbons. To ensure the 

photocatalyst consisted of fine particles, the sample was ground and sieved with an 

aperture size of 150 µm. The prepared photocatalyst was then dried in an oven at 100 
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°C for 12 hours prior to analysis. Finally, the sample was sprinkled onto the surface of 

sticky carbon tape for analysis, with the base pressure maintained below 5.5 × 10⁻⁹ Torr. 

3.4.7 Optical Excitation of Electron Hole Study 

Photoluminescence (PL) is a methodology used to analyze the separation and 

recombination of photogenerated charge carriers when semiconductors emit 

spontaneous light under optical excitation. According to Chakrabartty et al. (2022), the 

excitation and intensity observed arise from the electron–hole recombination of the 

photocatalyst. The mechanism was studied by Kotb et al. (2023), who reported that 

when light with sufficient energy strikes a medium, photons are absorbed and electronic 

excitations occur. After these excitations decay, the electrons gradually return to their 

ground state. The emitted light is recognized as PL when radiative relaxation takes 

place. Hence, an increase in PL intensity indicates higher recombination of charge 

carriers, whereas a decrease in PL intensity suggests more effective charge carrier 

separation. This property is highly important for achieving efficient photocatalytic 

performance. In this study, the prepared sample was analyzed using a Perkin Elmer 

LS55 fluorescence spectrometer with an excitation wavelength of 325 nm. 

Approximately 0.2 g of the sample was compressed under 7 tonnes of pressure prior to 

analysis.  

3.5 Preparation of Methyl Orange  

The 100 mg L⁻¹ stock solution of methyl orange was prepared by dissolving 

0.056 g of methyl orange (89% purity) in 500 mL of distilled water to obtain the 

required concentration. The stock solution was then diluted with distilled water to the 

desired concentrations using a 100 mL volumetric flask. 

 

3.6 Photocatalytic Degradation 

The photocatalytic degradation of Ag2CO3/CdS was examined under 65W 

fluorescent lamp irradiation with approximately, 0.025g of optimum photocatalyst and 

methyl orange was used act as the model pollutant. Each of the cycle was took around 

15 minutes adsorption-desorption equilibrium and 60 minutes with 15 minutes interval 
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for decolorization as completion methyl orange turn to colourless. To provide the 

sufficient oxygen along the photodegradation process, an aquarium pump model NS 

7200 was used as an aeration source under 70 mL min-1 throughout the process. The 

percentage of the remaining of dye degradation was measured by spectrophotometer via 

HACH DR2000 with wavelength of 462 nm. Thus, it was obtained the absorbance 

reading to calculate the percentage degradation efficiency of dye (%) as the Equation 

3.5 stated below. The calculation formula where D0 is the initial absorbance of methyl 

orange concentration while Di is the final absorbance of methyl orange concentration. 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝐷𝑜−𝐷𝑖

𝐷𝑜
 x 100 %  (3.6) 

The photocatalytic degradation also was examined under different parameters 

to increase the efficiency of prepared samples, Ag2CO3/CdS in the degradation of 

methyl orange as the model pollutant. First of all, the effect of pH was adjusted with the 

series of pH solution of 1,3,6,9 and 11 at the fixed catalyst dosage (0.025g) and 

concentration (10 mgL-1)  during the photodegradation degradation reaction. With the 

optimum pH at the highest degradation, it was applied to the next parameter. Next, the 

effect of catalyst dosage also was studied (0.0125g, 0.01875g, 0.0250g, 

0.03125g,0.0375g) with the best pH and 10 mgL-1.  

3.7 Kinetic Study 

Research by Singh et al., (2023) mentioned that a linear fitting of ln (CO/Ct) 

versus irradiation time was exhibited to study the kinetics of methyl orange. The 

linearity of the curves towards the synthesized photocatalyst indicates that the 

photodegradation reaction aligns with the pseudo-first order reaction kinetics and the 

rate expression as below,  

−
𝑑[𝐶]

𝑑𝑡
= 𝑘𝐶             

(3.7) 

where k is the pseudo-first order rate constant. With the limit of C=Co which 

t=0, while Co is the equilibrium concentration of the bulk solution, the integration of 

Equation 3.7 presents Equation 3.8, 
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𝑙𝑛
𝐶𝑜

𝐶𝑡
= 𝑘𝑡                    

(3.8) 

The slope of the line is the first-order rate constant, k(h-1). After that, the 

Langmuir Hinshelwood model was ploted (
1

𝑘
 versus Co) related to the equation as 

follows, where kr is the reaction rate constant (mgL-1h) and kLH is Langmuir 

Hinshelwood adsorption equilibrium constant (L mg-1).  

1

𝑘
=

1

𝑘𝑟𝑘𝐿𝐻
+

c0

kr
    

(3.9) 

3.8 Scavenger Test 

Analysing the degradation mechanism towards the methyl orange with 

synthesized photocatalyst is a crucial procedure which able to examine the active 

species that generated in the photocatalytic degradation reaction. As a consequence, the 

effect of scavenger was performed in this study. Potassium chlorate (PC), methanol 

(Me), isopropanol (IP) and potassium iodide (PI) were used as a scavenger for the 

photogenerated electron (e-), holes (h+), hydroxyl radical on the surface (•OHads), and 

hydroxyl radical in bulk (•OHbulk) respectively (Merdoud et al., 2025). 

3.9 Reusability Study 

For the reusability study, the synthesized Ag2CO3/CdS was carried out. After 

dark adsorption, 60 min photocatalytic degradation process of methyl orange was 

performed and repeated four times. After each degradation process, the photocatalyst 

was separated from the solution of methyl orange by centrifugation and washed with 

ethanol three times. After that, the powder was dried for 4 hours at 70 °C and used 

again. To confirm  no obvious changes in terms of functional group and   structural 

properties of  optimum photocatalyst, XRD and FTIR  analysis was conducted 

comparing the fresh photocatalyst and spent photocatalyst.  

3.10 Parameter Study  

The effect of key operational parameters on the photocatalytic degradation of 

methyl orange (MO) was systematically investigated, including initial dye 

concentration, catalyst dosage, solution pH, and the point of zero charge (pHₚzc) of the 
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photocatalyst. The initial concentration of MO was varied at 10, 20, 30, 50, and 70 mg/L 

to evaluate its influence on degradation efficiency, while the catalyst dosage was 

adjusted to 0.01250 g, 0.01875 g, 0.02500 g, 0.03125 g, and 0.03750 g under identical 

conditions. The effect of pH was examined by varying the solution pH to 1, 3, 6, 9, and 

11 using appropriate acidic and alkaline solutions. Additionally, the pHₚzc of the 

photocatalyst was determined to better understand its surface charge properties and 

interaction with MO molecules. All experiments were conducted under constant 

irradiation and reaction time to ensure reliable comparison of the results. 

3.10.1 Effect of Initial Dye Concentration of Methyl Orange  

To assess the photocatalytic performance of the Ag₂CO₃/CdS system, the 

influence of the initial methyl orange (MO) concentration was systematically examined. 

Hanafi & Sapawe, (2020) has discovered the study the changes in dye concentration 

can significantly affect the degradation efficiency, mainly due to their impact on light 

availability and reactive species generation. At elevated concentrations, the solution 

becomes more optically dense, which limits light penetration and reduces the activation 

of the photocatalyst surface, leading to lower production of reactive radicals such as 

•OH. This consequently decreases the degradation efficiency. On the other hand, at 

lower concentrations, improved light transmission enhances photon absorption by the 

photocatalyst, resulting in greater formation of reactive species and higher degradation 

rates under identical experimental conditions. Hence, MO concentrations ranging from 

10 to 70 mg L⁻¹ were employed to evaluate this effect.  

3.10.2 Effect of Catalyst Dosage  

The influence of catalyst dosage on the photocatalytic degradation of methyl 

orange (MO) using Ag₂CO₃/CdS was systematically examined. The quantity of 

photocatalyst is an important factor as it determines the extent of surface area and 

number of active sites available for the reaction. Increasing the catalyst dosage can 

improve degradation performance due to greater availability of reactive sites and 

enhanced formation of oxidative species (Rajesh et al., 2023). Nevertheless, when the 

dosage exceeds a certain level, the suspension may become too dense, causing light 

scattering and reduced light penetration, which limits the activation of the photocatalyst 
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(Yusoff et al., 2021)This condition can subsequently lower the overall degradation 

efficiency. In this study, the catalyst dosage was varied between 0.01250 g and 0.03750 

g to identify the optimal amount for effective MO removal. The effect of catalyst 

loading was also considered together with initial dye concentration and solution pH to 

provide a more comprehensive evaluation of the photocatalytic behavior of the 

Ag₂CO₃/CdS system. 

3.10.3 Effect of pH 

According to Saint et al., (2025), the effect of solution pH on the photocatalytic 

degradation of methyl orange (MO) using Ag₂CO₃/CdS was systematically studied. The 

pH of the solution plays a significant role in influencing both the surface properties of 

the photocatalyst and the ionization state of the dye molecules. Variations in pH can 

alter the surface charge of the photocatalyst, which affects the electrostatic interactions 

between the catalyst and MO molecules, as well as the generation of reactive species 

during the photocatalytic process (Chen et al., 2024). Under highly acidic or alkaline 

conditions, the efficiency of degradation may be reduced due to unfavorable 

interactions or instability of reactive species. In contrast, an optimal pH range can 

enhance the attraction between the photocatalyst surface and dye molecules, leading to 

improved degradation performance. In this study, the pH was adjusted from 1 to 11 to 

evaluate its influence on MO removal. The results were further interpreted in relation 

to the point of zero charge (pHₚzc) to better understand the surface charge behavior of 

the Ag₂CO₃/CdS photocatalyst under different pH conditions. 

 

3.10.4 Determination of the point of zero charge (pHpzc) of the catalyst 

The point of zero charge (pHₚzc) of the Ag₂CO₃/CdS photocatalyst was 

determined using the salt addition method. A series of 50 mL distilled water solutions 

with initial pH values ranging from pH 2 to pH 10 were prepared by adjusting with 1 

M sodium hydroxide (NaOH) and 1 M hydrochloric acid (HCl). The initial pH (pH₀) of 

each solution was measured using a portable pH meter. Subsequently, 0.01 g of the 

photocatalyst was added into each solution, followed by the addition of 10 mL of 0.1 

M potassium chloride (KCl) as an inert electrolyte to maintain ionic strength. The 

suspensions were then stirred continuously using a magnetic stirrer for 24 hours to allow 
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equilibrium to be reached. After that, the final pH (pHf) of each solution was recorded. 

The difference between the initial and final pH values (ΔpH = pHf – pH₀) was calculated 

and plotted against the initial pH. The pHₚzc of the photocatalyst was determined from 

the point where ΔpH equals zero, corresponding to the intersection of the curve with 

the pH axis. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter reported the effect of cadmium sulfide loaded on the silver 

carbonates at the low ratio of concentrations. Consequently, the correlation between the 

characterization data and photocatalytic degradation for the modified photocatalyst 

were described in order to propose the mechanism. In addition, the specific kinetic study 

also was examined by Langmuir-Hinshelwood Model.  

4.2 Effect of Cadmium Sulfide Loaded on Silver Carbonate 

This section explained the effect of cadmium sulfide loaded on the silver 

carbonate and the synthesized photocatalyst were denoted as AgCO3, CdS and ACD 

respectively. All synthesized photocatalysts were characterized with the XRD, FTIR, 

UV-Vis/DRS, FESEM, TEM, XPS and PL.  

4.2.1 Structural, Crystallinity and Phase Studies  

The XRD diffractograms of the synthesized Ag2CO3, CdS and modified 

photocatalyst with low ratio of composite CdS (5%, 10% and 15%) are represented in 

Figure 4.1. The pure Ag2CO3 clearly display the characteristics diffraction peaks at 2θ 

angles of 18.52°, 20.73°, 28.75° ,32.60°, 33.89°, 37.19°, 39.91°, 42.76° and 51.40° 

corresponding to crystalline planes of (020), (110), (011), (-110), (-130), (200), (031), 

(230) and (150) respectively, which indexed to (JCPDS 26-0339) as monoclinic phase 

which reported aligned by few researcher include (Ghazi et al., 2023b; Lv et al., 2021b). 

In addition, CdS exhibited well defined peaks as (JCPDS 41-1049), corresponding to 

the peaks of 25.06°, 26.67°, 28.40°, 36.96°, 43.91°, 48.10° and 52.23° which reflected 

at the plane (100), (002), (101), (102), (110), (103) and (112) respectively such as Iqbal 

et al., (2019). It was perceived that all the Ag2CO3 intensities were slightly decreased 

upon the subsequent loading of CdS. This significantly indicates that the combination 

of CdS and Ag₂CO₃ are successfully intact, suggesting the successful formation of a 
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stable heterojunction between both semiconductors. As a consequence, this structural 

stability promotes strong interfacial contact between CdS and Ag₂CO₃, which facilitates 

efficient charge transfer, reduces electron–hole recombination, and consequently 

enhances the photocatalytic activity. Furthermore, the unique peak has been strongly 

appeared for 10ACD at the 2θ = 43.91° compared to 5ACD and 15ACD, confirming 

the existence of multilayer between two photocatalyst that also demonstrated by 

Hussain et al., (2019). Hence, the reduced intensity of the (110) peak in the 10ACD 

photocatalyst can be attributed to the well dispersion of Cd and S on the Ag₂CO₃ surface. 

It is due to the good distribution of CdS nanoparticles leads to smaller crystalline 

domains, resulting in lower peak intensity compared to 5ACD and 15ACD. This finding 

has been claimed and discussed  by the previous study towards the fibrous silica titania 

and the good dispersion of C  and N by g-C3N4 (Azami et al., 2021).  

 

4.2.2 Functional group and Surface Characteristic Study 

Fourier transform-infrared (FTIR) analysis was reported to analyse the 

functional group and surface characteristics as illustrated in the Figure 4.2. The spectral 

pattern for Ag2CO3 exhibit absorption bands of CO3
2- at the peak 1340 and 835 cm-1. 

Figure 4.1  XRD diffractogram of all synthesized sample 
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The bands at 622 cm-1 correspond to Cd-S stretching band which indicates it was 

successfully synthesized but due to the lower concentrations that added into the 

Ag2CO3, the intensity of CdS peaks was less intangible for the modified photocatalyst, 

5ACD, 10ACD and 15ACD. In addition, the bands at 3321cm-1 attributed to the bending 

vibration of O-H because of the adsorbed water on the surface CdS. The modified 

photocatalyst of 10ACD photocatalyst demonstrate the major peaks as the parents’ 

catalyst, Ag2CO3 and CdS include absorption bands of CO3
2- at 1340, 835 cm-1 and 622 

cm-1 correspond to to Cd-S stretching band. These vibrations have been aligned by few 

of researchers such as a medium strong absorption peak at the of 651.62 cm-1 belonging 

to Cd-S stretching, 1373.13 cm-1 correspond  to tris-amine C-N stretch and 880 cm-1 

belongs to bending vibration of carbonate (S. Kumar & Sharma, 2016; Rey et al., 1991; 

Veerasingam & Venkatachalapathy, 2014). In addition, as shown in the Figure 4.2, 

noticeably the modified photocatalyst for 5ACD, 10ACD and 15ACD exhibit reduced 

intensity after the introduction of CdS materials towards the Ag2CO3 which 

demonstrated the shielding on the surface of Ag2CO3 bring out the major rearrangement. 

It is also observed by the Kamble et al., (2020) that the intensity of diffraction peaks of 

CdS nanoparticle has reduced compared to the bulk CdS due to the higher surface to 

volume ration of nanoparticles. Thus, 10ACD illustrate the lowest intensity among 

5ACD and 15ACD due to the good dispersion of Cd and S element on the surface of 

Ag2CO3. It is also signifying with the XRD analysis which 10ACD shows the lowest 

intensity than 5ACD and 15ACD. Kurosawa et al., (2021) has explored that the lower 

XRD and FTIR peak intensities indicate good dispersion of Cd and S on the Ag₂CO₃ 

surface. Well-dispersed particles prevent aggregation and reduce crystallite size, 

lowering peak intensity. In FTIR, reduced intensity also shows strong interaction within 

the matrix and fewer exposed functional groups. This uniform dispersion enhances 

structural stability and photocatalytic performance. 
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Figure 4.2  FTIR Spectra for all modified photocatalyst 

4.2.3 Surface Microscopic Study  

The morphology and elemental composition of synthesized photocatalyst were 

analysed by FESEM-EDX as portrayed in the Figure 4.3 and Figure 4.4 respectively. 

As illustrated in the Figure 4.3, the Ag2CO3 photocatalyst demonstrated a cylindrical 

rod like structure with different sizes and smooth surface at an average size of about 

2µm. It is consistent reported by Zhu et al., (2017), that the synthesized Ag2CO3 has 

displays the rod-like structure with homogeneous smooth surface average size 

approximately 0.5–2 μm. Furthermore, the well distribution and uniform flower like 

structure was presented for the synthesized CdS photocatalyst like in the Figure 4.3  

which is similar with the morphological structure reported in previous studies (Hojjati-
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Najafabadi et al., 2024b; Wang et al., 2015). As can be seen by the naked eye, the 

morphology of modified photocatalyst at different ratio which 5ACD, 10ACD and 

15ACD remained the same as the parents’ catalyst and composite catalyst. The 

distribution of Cd as well as S on the surface Ag2CO3 respectively disparate by the ratio 

where 10 ACD has a well dispersed distribution which indicate high accessibility 

compared to the 5ACD and 15 ACD (Fatah et al., 2017). It can be correlate with the 

XRD and FTIR analysis when the peak intensity was slightly decreased upon the 

subsequent loading of CdS. Hence, this uniform dispersion of Cd and S on the surface 

of Ag2CO3 has delineated the spatial distribution and close contact of two photocatalyst 

which likely contributed to the good photocatalytic activity. The modified 

photocatalyst, 10 ACD was also verified with the appropriate percent and elemental 

composition by the elemental mapping, EDX as displayed in the Figure 4.3.  
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Figure 4.3 FESEM image of all the prepared sample with the elemental 

mapping of Cd and S 
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4.2.4 Internal Surface Morphology  

TEM analysis was performed to observe the morphological characteristics of 

and internal structure properties of synthesized photocatalyst which are Ag2CO3, CdS 

and the  modified photocatalyst, 10ACD. The micrograph was illustrated as in the 

Figure 4.5 at magnification of 50K and 80K with a scale about 200nm, providing the 

high-resolution details of the samples. The TEM image of Ag2CO3 disclosed the 

cylindrical rod like structure with a relatively smooth surface proving this parents’ 

catalyst has a well-defined morphology. The obtained Ag₂CO₃ powder has successfully 

exhibited consistent polyhedral rod-shaped particles, measuring approximately 2–4 μm 

in length and 0.3–0.6 μm in diameter as also similar represented by (Dostanić et al., 

2017).These rods like structure appear interconnected by thin and flexible layers might 

be due to the simple precipitation method or the composite material deposition that 

indicated by (Bora & Mewada, 2017). On the other hand, the CdS sample exhibited well 

defined structure as flower like structure correlate as the FESEM Mapping analysis.   

As demonstrated for the optimum sample, 10ACD, the TEM image at both 50K 

and 80K magnifications represents the dense packed and irregular shaped nanoparticles. 

As illustrated in the Figure 4.5, a large amount of well-defined of CdS with the flower 

like morphology which presented eventually when loaded with Ag2CO3. By this, it could 

clarified that both elements are randomly disperse with the uniform distribution 

suggesting the Ag2CO3 surface is loaded distribution by Cd and S from CdS as 

correspond to the Figure 4.4 elemental mapping. Furthermore, the increased contrast 

Figure 4.4   Elemental composition of 10ACD sample  
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and overlapping areas highlight the integration of CdS onto the Ag2CO3 surface 

resulting the composite material such as reported by Chen et al., (2016). Specifically, 

these structures features are often favourable in photocatalytic applications, as it helps 

to enhance the effective charge separation and increase the surface area for 

photocatalytic activity. It is consistently aligned with Nandiyanto et al., (2020) that has 

been systematically investigated and discussed the catalyst morphology as well as 

surface chemistry plays the important role on the enhancement of photocatalytic 

performance. As the overall, it observed that the size and shape of the particles were 

consistent with the results obtained from FESEM mapping analysis. Thus, it is aligns 

with the intended design of modified photocatalyst indicate the synthesize was 

successfully and integration of both photocatalyst. These findings provided essential 

insight that the 10ACD composite exhibit synergistic properties due to the intimate 

contact between two photocatalyst of Ag2CO3 and CdS.  

 
Figure 4.5    TEM analysis of (A) Ag2CO3 ; (B) CdS ; (C) Optimum modified 

photocatalyst of 10ACD at 50K Magnification ; (D) Optimum modified 

photocatalyst of 10ACD at 80K Magnification  

 

4.2.5 Optical Properties  

The UV-Vis Diffuse Reflectance Spectroscopy (DRS) analysis was used to 

determine the optical absorption properties and band gap energies of the synthesized 

sample as illustrated in the Figure 4.6. Each of the catalysts was revealed by Kubelka 
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Munk based on the coefficients of absorption defined as a purpose of incident photon 

energy according to the Equation 4.1. The extrapolation slope on the photon energy axis 

contributes to the value of band gap or binding energy for the photocatalyst. 

(αhv)2 = A(hv – Eg) (4.1) 

  

Figure 4.6   (A) Plot of Absorbance versus Wavelength for all catalyst ; (B) plot of 

transformed Kulbelka-Munk function versus energy of light of all 

synthesized sample 

The values of band gap for the prepared photocatalyst were summarized in Table 

4.1. The estimated optical band gap energy for pure Ag2CO3 was found to be 2.37eV 

while CdS exhibited lower band gap approximately 2.19 eV respectively, which are 

consistent with the values reported in the literature (Azami et al., 2022b; Heiba et al., 

2023; J. Y. Li et al., 2020; Moghaddam et al., 2020; Teng et al., 2024b). The 

incorporation of CdS towards Ag2CO3 resulted in further band gap reduction, for 5ACD, 

10ACD, 15ACD as represented to be 2.0 eV, 2.05 eV and 1.7 eV respectively. It is 

progressively reduced in band gap energy due to the addition of CdS onto the Ag2CO3 

which undoubtedly caused by the interaction of both species contributes to the greatest 

interaction which could enhance the good photocatalytic activity under visible light 

irradiation. Yang et al., (2025) discovered that the combination of binary or ternary 

photocatalysts can significantly reduce the band gap energy. For instance, the band gap 

of ZnO/Ag2CO3 was successfully reduced from 3.14 eV to 2.97 eV, indicating the 
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greatest interaction of such combinations. This finding is in line with the significance 

of the present study. Besides that, it also was clarified and supported by other analysis 

such as XRD, FESEM Mapping and TEM analysis, when the higher dispersion and 

lower aggregation of its Cd and S elements would lead to greater photocatalytic 

efficiency. As a consequence, the potential charge transfer rate at the interfacial between 

both species would increase as well as indicate the modified photocatalyst are 

successfully synthesized with good light harvesting efficiency (Gan et al., 2021; Saeed 

et al., 2021).  

Table4.1 

Optical properties of synthesized photocatalyst 
Photocatalyst Band Gap (eV) 

Ag2CO3 2.37 

CdS 2.19 

5ACD 2.00 

10ACD 2.05 

15ACD 1.70 

4.2.6 Chemical Oxidation State Determination  

Considering the above result to determine the surface chemical composition for 

the synthesized photocatalyst, XPS analysis was performed and the spectra resulted in 

the Figure 4.7 to Figure 4.9. The coexistence of element Ag, C, O, Cd and S from the 

survey scan spectra confirmed the successfully modified photocatalyst of 10 ACD 

heterostructure as represented in the Figure 4.7. Specifically, Figure 4.8A emphasized 

that the deconvoluted O 1s spectrum of Ag2CO3 shows in four peaks at 534.28, 532.78, 

531.68 and 530.68 eV attributed to O-C-O bonds and the formation of oxygen vacancies 

(Vo) respectively in agreement with previous literature (Yin et al., 2022). The binding 

energies for 10 ACD were slightly blue shifted as compared to Ag2CO3 indicating the 

movement of the electron from Ag2CO3 to CdS and suggesting the role of Ag2CO3 as 

an electron donor. This shift also supports the formation of strong interfacial 

interactions between the O–C–O bonds in Ag₂CO₃ and the Cd and S elements in CdS. 

As studied by (Zhang et al., 2023), it would consequently promoting higher oxygen 

concentration on the photocatalyst surface. Similarly, the C 1s spectra of Ag2CO3 and 

10 ACD was depicted in the Figure 4.8B. The deconvoluted peak of Ag2CO3 at 284.68, 

285.38, 286.28, and 287.98 eV are correlated to the  C-C bonds, C-H bonds, C-O bonds 

and C=O bonds respectively. These bonding assignments are consistent with previous 
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reports  (An et al., 2020). The observed blue shifted which could attributed with the 

strong interfacial contact between two semiconductors of Ag2CO3 and CdS leading to 

the formation of interfacial bonds. Based on previous findings, such differences in the 

binding energies of constituent elements can effectively facilitate the establishment of 

a Z-scheme charge transfer mechanism (Wei et al., 2021).  

 

 
Figure 4.7    Wide scan spectra of 10 ACD samples 
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Figure 4.8 XPS spectra of (A) O 1s and (B) C 1s for (a) Ag2CO3 and (b) 10 

ACD samples 

Meanwhile, the Cd 3d spectra of CdS was deconvoluted to two important peaks 

as portrayed in the Figure 4.9. The binding energies of Cd 3d are determined in the 

Figure 4.9C around 406.41 and 411.98 eV correspond to Cd 3d5/2 and Cd 3d3/2 

respectively, which attributed to the reported values (Lei et al., 2020). In comparison, 

the Cd 3d spectrum of 10ACD (Figure 4.9D) exhibited slightly lower binding energies 

at 405.58 and 411.56 eV, indicating a red shift relative to pure CdS. These peaks are 

also assigned to Cd 3d₅/₂ and Cd 3d₃/₂ (Alshammari et al., 2025; W. Zhang et al., 2025). 

The red shift confirms that CdS in the 10ACD composite photocatalyst acts as an 

electron acceptor, which aligns with the opposite binding energy shifts observed in the 

O 1s and C 1s spectra. This observation is in good agreement with previous findings by 

(Xie et al., 2025), who also reported similar energy band alignment behavior in CdS-

based heterostructures. As demonstrated in the Figure 4.9C and Figure 4.9D, the photo 

corrosion properties of CdS, reducing the XPS intensity due to the high chances of 

electron recombination. Previous studies by (Dimitropoulos et al., 2024; Warren et al., 

2023) has stated that the photo corrosion will affect the surface photocatalyst by altering 

the chemical composition of the surface and reduces the peak intensity. Hence, the 

modification of photocatalyst in the present of Ag2CO3 towards the CdS, support the 

electron mobility which Ag2CO3 role as the electron donor making the Cd easier to 
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detect than expected and increase the XPS intensity as depicted in the Figure 4.9D with 

the additional peak include 404.98, 408.58 and 412.98 eV. Furthermore, as the high 

resolution XPS spectrum of Ag 3d for 10 ACD, there are two important peaks 

approximately 367.86 and 373.83 eV could be ascribed to Ag 3d3/2 and Ag 3d5/2 level 

of Ag+ respectively as demonstrated in the Figure 4.9E. Meanwhile, Figure 4.9F 

describes the XPS spectrum of S 2p with 4 deconvoluted peak at 161.57 ,163.53, 163.83 

and 165.09 eV which proves the possible bonds of S 2p 3/2 and S 2p ½. This XPS 

analysis was aligned with XRD, FESEM, TEM and previous studies where 10 ACD 

heterostructure was successfully constructed with strong interfacial interaction to 

expedite the transmission of photogenerated electron as well as promote the 

performance and stability of photocatalysis (Zulfiqar et al., 2021 ; Rosman et al., 2020). 

 
Figure 4.9 XPS spectra of (C), (D) Cd 3d for (a) CdS and (b) 10 ACD, (E) Ag 3d, 

and (D) S 2p for 10 ACD 
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4.2.7 Optical Excitation of Electron and Hole Study  

In order to estimate the recombination rate of photogenerated charge pairs, 

photoluminescence (PL) spectroscopy is a non-destructive testing and powerful 

technique to be carried out as well to determine the defects materials that present in the 

photocatalyst. The photoluminescence spectra of Ag2CO3, CdS, 5ACD, 10 ACD and 

15 ACD was represented in the Figure 4.10. As the parent photocatalyst, the UV peak 

at 713 nm of pure Ag2CO3 has been attributed to the near band-edge (NBE) transition 

which referred to the recombination of free excitons and different collision processes. 

As highlighted by (Le et al., n.d.; Roškaric et al., 2022), the enhanced fluorescence 

intensity reflects a higher recombination rate of photogenerated electron–hole pairs. It 

happens due to the small surface defects that has been associated towards the Ag2CO3.  

As demonstrated in the Figure 4.10, the photoluminescence peak intensities of 

5ACD, 10 ACD and 15 ACD were lower than those of parent photocatalyst, Ag2CO3 

and CdS. Meanwhile, 10 ACD indicated the lowest photo photoluminescence peak 

intensity among all analysed samples. These results indicate that 10 ACD is the 

optimum condition which effectively inhibited the electron – hole recombination as well 

as increased the excitons lifetime and enhanced the photocatalytic performance of the 

composite photocatalyst. This relationship was aligned with the theoretical of 

photoluminescence spectrum, whereby when the semiconductor with the higher PL 

intensity exhibits low photocatalytic reactions due to the rapid electron hole 

recombination while those with the lower PL intensity illustrate high photocatalytic 

performance (Liqiang et al., 2006). Furthermore, 10 ACD also considered has well 

dispersion that has been associated between the combination of Ag2CO3 and CdS. It can 

be correlated with XRD, FTIR and FESEM Mapping analysis that synthesized of 

10ACD has a well-defined dispersion and distribution that also supported by previous 

studies.   
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Figure 4.10   PL analysis of all prepared sample 

4.3 Photocatalytic Performance and Kinetic Analysis  

The photocatalytic performance of the synthesized samples included the 

parents’ catalyst (Ag2CO3), composite catalyst (CdS) together with varied ratio of 

modified photocatalyst 5ACD, 10ACD and 15ACD was examined with visible-light 

driven towards the degradation of 10 mgL-1 methyl orange (MO) for 60 minutes and the 

results was depicted in the Figure 4.11. It clearly revealed that the modified 

photocatalyst of  10ACD has the highest photodegradation (94.38%) followed by  

15ACD (83.28%) and 5ACD (80.56%) while Ag2CO3 and CdS obtained 75.22%, 

81.61% respectively as supported in the Figure 4.12. Noticeably, the photocatalytic 

performance increased with the increasing wt% of CdS towards Ag₂CO₃ until an 

optimum loading was achieved. This behavior is attributed to the improved dispersion 

and interfacial contact within the 10ACD composite. Such a trend was further 

elucidated by (Azami et al., 2021b), who demonstrated that homogeneous dispersion of 

semiconductor components facilitates efficient charge separation and enhances 

photocatalytic efficiency. CdS definitely played the important role for the 

photodegradation as well as could help to reduce the band gap energy by creating more 

actives sites. As a consequence, these may improve the photogenerated electron hole 
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which better interfacial charge transfer. Research by (Jubeer et al., 2023) has clarified 

and proved with appropriate band gap energy, well dispersion of two photocatalyst and 

lower PL intensity would enhance the visible light harvesting thus boosting the 

photodegradation of organic pollutant. As a results, the ratio of 5ACD and 15ACD has 

a lower efficiency of photocatalytic performance due to the poor dispersion and 

interaction between materials of Ag2CO3 and CdS.  

 
Figure 4.11   Photocatalytic Degradation of MO , (A) Percent degradation of MO ; (B) 

Degradation rate rate constant of MO (CMO = 10 mg L-1, pH = 6, W = 

0.0250 g L-1, t = 1 h, 30oC) 
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Figure 4.12 Photocatalytic degradation ; plot of C/Co against irradiation time (CMO = 

10 mg L-1, pH = 6, W = 0.0250 g L-1, t = 1 h, 30oC) 

Photocatalytic performance definitely influenced by few parameters includes 

catalyst dosage, initial concentration of methyl orange (MO), pH, aeration flowrate and 

different light irradiation (Jabbar & Graimed, 2022). In this work, three parameter was 

conducted to maximize the optimum condition of modified photocatalyst for the 

photodegradation of MO. The initial concentration that has been examined in the range 

of 10 – 70 mg L-1 with the constant pH 6 and 0.0250 g L-1 as illustrated in the Figure 

4.13A. Theoretically, as the increment initial concentration of model pollutant, the rate 

of photocatalytic activity is reduced. This can be attributed to the lower light absorption 

of photocatalyst. According to (Haleem et al., 2023) described that when the initial 

concentration increases, less light penetration will be occurred which due to the dye 

molecules were adsorbed on the surface photocatalyst. Thus, lower generation of 

reactive species for the degradation of dye as light is crucial in initiating the 

photocatalytic mechanism. Therefore, it was revealed at 10 mg L-1 was the optimum 

concentration of photodegradation towards methyl orange (MO).   

Among the aforementioned approaches, catalyst dosage also significantly 

impacts the efficiency of photocatalytic degradation of model pollutant as it directly 

affects the availability of active sites for the reaction. The effect of catalyst dosage was 

inspected by varying values of 0.01250-0.03750 g L-1 over constant conditions at 10 mg 

L-1 and pH 6. As demonstrated in the Figure 4.13B, the highest degradation of methyl 
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orange (MO) was achieved at 0.0250 g L-1 with 94.38% catalyst dosage and aligned 

with the concept of photocatalytic activity. At lower catalyst dosages, the limited 

availability of active sites could hinder the degradation of pollutants, thereby reducing 

the overall photocatalytic efficiency (Ismael, 2021). Hence, the increasing catalyst 

dosage until optimum dosage would enhance the surface area for the photon absorption 

and pollutant adsorption whereby improve the degradation rate. Nevertheless, beyond 

the optimal dosage, the degradation consequently plateaus or even decrease due to the 

excess catalyst would block the light penetration as well will reduce the photon 

availability for the reaction. Moreover, at high concentrations can lead to the 

aggregation of photocatalyst particles thus lowering the effective surface area.  

 

 
Figure 4.13  Photocatalytic degradation of MO, (A) initial concentration of MO (B) 

effect of catalyst dosage of 10ACD modified photocatalyst 

 

Research by Rafiq et al., (2021) claimed that pH interferes the surface of the 

catalyst, the ionization of pollutants and the interaction between catalyst and target 

molecules. For the surface charge of the catalyst, the pH relative literally related towards 

pHpzc (point of zero charge). Point of zero charge describes to the pH where the surface 

charge of the catalyst has a neutral net charge (Zyoud et al., 2023). If the pH relative is 

below than the pHpzc , the catalyst surface it becomes positively charged while when 

the pH relative is more than the pHpzc , the catalyst surface it becomes negatively 

charged. It demonstrates that the charge of the surface catalyst is whether attraction or 
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repulsion towards the target pollutant molecules. Furthermore, most of the pollutants 

include dyes and organic molecules will change their charge state depending on the pH 

of the solution. In the acidic pH, the pollutants may be protonated whether positively 

charged or neutral compared to basic pH, the pollutant are often deprotonated which is 

negatively charged. Moreover, generation of reactive oxygen species such as hydroxyl 

radical are plays the important role in photocatalytic degradation. In acidic pH it will 

promote the generation of ●OH due to the oxidation potential. Additionally, the basic 

pH with the higher concentration of hydroxide ions (OH-) will produce more ●OH. 

However, excessive basicity can enhance to the recombination of radicals and retards 

the photocatalytic efficiency. Hence, at the acidic pH, a positively charged catalyst 

(pH<pHpzc) will attract negatively charged of methyl orange (MO) which promote to 

the degradation. At the basic pH, a negatively charged catalyst surface (pH>pHpzc) will 

repels charged of methyl orange (MO) thus reduce the degradation efficiency.  

As indicated in the Figure 4.14A, the pH 3 was illustrated to be optimum 

photodegradation toward methyl orange until 98.02%. In addition, the point of zero 

charge (pHpzc) of this modified catalyst is 5.8 as illustrated in the Figure 4.14B, thus 

the catalyst is protonated which is positively charged as pH solution and below pHpzc 

value. As reported by (Acedo-Mendoza et al., 2020; Aljuaid et al., 2023b), methyl 

orange (MO) is an anionic dye that presence of N-H group which easily attract and 

construct strong electrostatic attraction between positively charge catalysts surface. 

This correlated that acidic condition is typically more favourable for MO degradation. 

Additionally, the presence of hydroxyl radicals throughout the photoreaction will 

destroy the MO molecules since no MO dye deposition occurs on the surface catalyst. 

The rivalry between hydroxide ions and MO ions in the system contributes to a poor 

reaction under alkaline conditions.   

Furthermore, the kinetic analysis towards MO photodegradation was 

investigated based on the effect of initial concentrations in the range of 10–70 mg L-1 . 

Table 4.2 demonstrates that when the increasing initial concentrations, the lower kapp 

value was recorded. It proved that the system was suitable at low concentrations.  
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Figure 4.14 Photocatalytic degradation of MO, (A) effect of pH (B) The isoelectric point 

(pHZPC) of 10ACD 
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Table 4.2 

Photodegradation at different initial concentrations of MO and pseudo first order rate constant 

values for MO degradation using 10ACD 

Initial Conc. 

Co (mg L-1) 

Rate, kapp 

(x10-3 min-1) 

Initial Rate, ro 

(x10-2 mgL-1 min-1) 

10 20.5 0.420 

20 7 0.049 

30 5.8 0.034 

50 3.1 0.009 

70 3.0 0.001 

The linear plot of ln (Co/Ct) vs irradiation time has represented in the Figure 

4.15, which proved that the photodegradation of MO towards 10ACD follows the 

pseudo-first order kinetics model which discovered by the Langmuir -Hinshelwood 

model as (Cheng et al., 2022; H. Deng et al., 2025). The obtained values of kr ( the 

reaction rate constant) and KLH (the MO adsorption coefficient onto the catalyst surface) 

were 0.0204 mg L-1 min-1 and -19.429 mg L-1 min-1 , respectively. It shows that the kr is 

higher than KLH which it well explained that MO adsorption on the surface catalyst 

throughout the reaction. As demonstrated in the Figure 4.16 the kinetic study also has 

been studied for the different catalyst dosage and different pH.  

 
Figure 4.15 Photodegradation kinetic of MO over 10ACD at different concentrations 

(CMO = 10 mg L-1, pH = 6, W = 0.0250 g L-1, t = 1 h, 30oC) 
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Figure 4.16 Photodegradation kinetic of MO over 10ACD at different catalyst dosage 

and different pH 

 

4.4 Proposed Mechanism for Photodegradation of Methyl Orange 

The scavenger test was clarified the active species and the reaction mechanism 

towards the photocatalytic activity of degradation of MO over the 10ACD as the 

optimum photocatalyst. Potassium chlorate (PC), methanol (Me), isopropanol (IP) and 

potassium iodide (PI) were used as a scavenger for the photogenerated electron (e-), 

holes (h+), hydroxyl radical on the surface (•OHads), and hydroxyl radical in bulk 

(•OHbulk) respectively. As illustrated in the Figure 4.16, the degradation of MO over 10 

ACD markedly decreased after addition of potassium iodide which is 15.46%, 

demonstrating that the photogenerated of hydroxyl radical on the surface was the main 

active species in the reaction. Meanwhile, the electron (e-) illustrated a minor 

contribution (62.87%) in the photocatalytic reaction of MO with the existence 

scavenger of PC.  
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Figure 4.17 Scavenger effect on 10ACD for MO degradation under visible light 

(CMO = 10 mg L-1, pH = 6, W = 0.0250 g L-1, t = 1 h, 30oC) 

To illustrate the charge transfer mechanism of the modified photocatalyst 

heterostructure, the positions of valence band (VB) and conduction band (CB) could be 

calculated based on the UV-Vis analysis and electronegativity concepts. The empirical 

equation as described in the Equation 4.1 and 4.2.  

EVB = X – Ee + 0.5 Eg (4.1) 

ECB= EVB – Eg (4.2) 

 

where EVB and ECB refers to the energy level of valence band and conduction 

band respectively, Eg is the semiconductor band gap, Ee is free electron energy on the 

scale of hydrogen approximately 4.5 eV while X signifies as the electronegativity of 

semiconductor. To determine the X value of electronegativity, the first ionization and 

the mean of electron affinity energy was used and it has been demonstrated in the 

Appendix 1. The X value has calculated for Ag2CO3 which are 6.15 eV. Based on the 

calculation as Equation 4.1- 4.2, the VB and CB value for Ag2CO3 are 2.84 eV and 0.47 

eV. On the other hand, the X value also was calculated for the composite catalyst, CdS 
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which are 4.32 eV correspond to the VB and CB value at 0.92 eV and -1.23 eV 

respectively. 

Based on the above analysis and discussion, a potential Z-scheme photocatalytic 

mechanism of modified photocatalyst, 10 ACD was proposed as schematically depicted 

in the Figure 4.16. Apart from that, the potential redox level (pH 5) of O2/●O2- and of 

H2O/●OH are -0.16 eV and 2.44 eV respectively. Among the aforementioned 

approaches, for the 10 ACD, the potential level of CB in Ag2CO3 is lower than the 

potential level of O2/●O2- (-0.16 eV); hence, superoxide anion radical (/●O2-) could not 

be formed by electrons (e-) in Ag2CO3. The close contact gap between CB Ag2CO3 and 

VB CdS give the advantage for the photogenerated e- from the CB Ag2CO3 to transfer 

as well to recombine with photogenerated h+ in VB CdS which construct the crossing 

defect structure as the pathway for Z-scheme mechanism. In addition, the 

photogenerated e- in the CB CdS would reduce the O2 to ●O2- radicals due to the CB 

CdS is more negative than the potential level of O2/●O2- (-0.16 eV). Meanwhile, the 

photogenerated h+ in the VB of Ag2CO3 will react with H2O in order to generate the 

●OH radicals as the consequence for the position of VB Ag2CO3 2.84 eV photocatalyst 

is more positive than the potential level of H2O/●OH (2.44 eV). As a consequence, the 

photogenerated h+ from these two semiconductors play an important role in degrading 

the methyl orange to form H2O and CO2. It also aligned with the results of scavenger 

test where hydroxyl radical on the surface is the main active species in the reaction. As 

a conclusion, the low negative of VB energy of Ag2CO3 is expected to endow the 



86 

photogenerated h+ with strong oxidizing ability and this well-made Z-scheme interface 

would promote the separation of the charge carrier rate.  

4.5 Reusability 

The potential of catalyst to be recovered and reused in photocatalytic processes 

is a great concern which make it the synthesized photocatalysis an attractive method for 

wastewater treatment and reducing the operational cost. Hence, the reusability of 

photocatalyst was conducted as it is scrutinized for the practical used. Figure 4.18 was 

presented the stability of 10 ACD that has been experimented by repeating for five 

cycles. As clearly demonstrated in the Figure 4.18, the photocatalyst successfully 

remained active even after repeated for five cycles from 94.48% until 83.43 % with 

only lower reduction of percent degradation of MO and emphasized the efficiency of 

the photocatalyst. The efficiency of the photocatalyst could be retard due to the 

aggregation of the catalyst which make it low surface area and the accessibility of active 

site. Thus, these results reported that the catalyst are significantly photochemically 

stable and highly reusable. Besides that, as shown in Figure 4.19, there was no 

significant change observed in the XRD and FTIR spectra of the spent 10ACD catalyst 

compared to the fresh 10ACD, suggesting that the 10ACD structure remained 

chemically stable during the photodegradation process. 

Figure 4.18 Schematic illustration of 10ACD for photocatalytic degradation of methyl 

orange under visible light irradiation 
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Figure 4.19 Photostability test within five cycle (CMO = 10 mg L-1, pH = 6, W = 

0.0250 g L-1, t = 1 h, 30oC) 

 

 
Figure 4.20 XRD and FTIR spectra of fresh 10ACD and spent 10ACD 

 

4.6 Comparison Study with Other Semiconductor 

A comparison study towards the photodegradation of methyl orange (MO) over 

various photocatalyst was tabulated in the Table 4.3. From the analysed results, it was 

observed that the combination of Ag₂CO₃ and CdS in the 10ACD photocatalyst 
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exhibited high photocatalytic efficiency for MO degradation. The performance of 

10ACD was on par with other reported semiconductor catalysts, indicating its strong 

potential as an efficient and stable photocatalyst for the degradation of MO and other 

organic pollutants. Hence, this modified photocatalyst considered to produce an 

excellent photocatalyst for the photodegradation of MO and other model pollutant.  

Table 4.3 

Comparison of photocatalytic activity of MO over various photocatalyst 

Photocatalyst 

MO 

concentration 

(mg L-1) 

Dosage 

(g L-1 ) 

Contact 

time (h) 

Degradation 

(%) 
Ref. 

AgCO3/CdS 10 0.0250 1 94.38 
This 

Study 

C/ZnO 10 0.5000 5 87.80 

Farag et 

al., 

(2024) 

Fe3O4@SiO2@ZnO 13.5 0.0500 4 96 

Makota 

et al., 

(2024) 

Ag@Ag2CO3/Bi2O2CO3 30 1.000 1.5 93.60 

(Y. 

Huang et 

al., 2024) 

Ag/MoO3/TiO2 10 0.1200 5.5 95.6 

Kader et 

al., 

(2022) 

Co-ZnO 100 0.0500 2 93 

Adeel et 

al., 

(2021) 

TiO2/MoS2 20 0.500 1.2 94 
(Kite et 

al., 2021) 
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4.7 Summary  

In this study, all the photocatalyst such as Ag2CO3 ,CdS and the series of 

modified photocatalysts ( 5ACD, 10ACD and 15 ACD) were successfully synthesized 

by using facile precipitation method for the photocatalytic degradation of MO. 

Specifically, the results demonstrated that the presence of Ag2CO3 loaded on 10% of 

CdS (10ACD) photocatalyst possessed the optimum photocatalytic activity reach up 

until 94.38% of 10 mg L-1 MO under visible light irradiation. It is attributed to the strong 

interaction of Ag2CO3 with the well dispersion 10ACD on the surface photocatalyst in 

the present of Cd and S elements. This distribution elements leads towards the formation 

of oxygen vacancies and appropriate band gap approximately ~2.05eV thus enhanced 

the photocatalytic performance for the degradation of MO. In addition, the low negative 

of VB energy level of Ag2CO3 photocatalyst endowing the photogenerated h+ and 

promote the more ●OH with the strong redox ability for the photocatalytic reaction. 

Therefore, with the optimum photocatalyst 10ACD, it gives the beneficial as well as 

successfully construct the Z-scheme mechanism which provide strongest redox ability 

in water remediation and encounter most of wastewater treatment in the industry. This 

indicate that these modified photocatalyst is synergistic and aligned with Sustainable 

Development Goals (SDGs). 
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CHAPTER 5  

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion  

In this study, the cadmium sulfide loaded on the silver carbonate were 

successfully synthesized via facile precipitation method. This modified photocatalyst  

of Ag2CO3/CdS was varied at different ratio (95:5, 90:10 and 85:15) respectively to 

explore the optimum of modified photocatalyst for higher photocatalytic activity. 

Experimentally, Ag2CO3 was act as parents’ catalyst while CdS as the composite 

catalyst due to the photo corrosion and toxicity characteristics. Therefore, the ratio of 

CdS only was focussed on the lower concentration to avoid the photo corrosion 

phenomenon at the surface of photocatalyst that have high possibility to retard the 

photocatalytic activity.  

The optimum sample was successfully characterized by few characterizations 

such as XRD, FTIR, FESEM EDX, TEM, PL, XPS and UV-Vis DRS. The XRD 

analysis confirms the successful formation of a stable Ag₂CO₃/CdS heterojunction with 

well-dispersed CdS particularly in the 10ACD sample enhancing interfacial contact, 

charge transfer, and overall photocatalytic performance as well it is align with the FTIR 

analysis where 10ACD illustrate the lowest intensity among 5ACD and 15ACD due to 

the good dispersion of Cd and S element on the surface of Ag2CO3. For the surface 

microscopic study and internal surface morphology, synthesized Ag2CO3 has displays 

the rod-like structure with homogeneous smooth surface and flower like structure was 

presented for the synthesized CdS photocatalyst. The distribution of Cd as well as S on 

the surface Ag2CO3 respectively disparate by the ratio where 10 ACD has a well 

dispersed distribution which indicate high accessibility compared to the 5ACD and 15 

ACD. In addition, UV-Vis DRS summarize that the addition of CdS to Ag₂CO₃ led to a 

further decrease in the band gap. Specifically, the band gap values for 5ACD, 10ACD, 

and 15ACD were 2.0 eV, 2.05 eV, and 1.7 eV, respectively. This gradual reduction is 

due to the interaction between CdS and Ag₂CO₃, which promotes the enhanced 

photocatalytic performance under visible light irradiation. To estimate the 

recombination rate of photogenerated charge pairs, photoluminescence (PL) 

spectroscopy was carried out, 10 ACD indicated the lowest photo photoluminescence 
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which demonstrate the optimum condition which effectively inhibited the electron – 

hole recombination as well as increased the excitons lifetime and enhanced the 

photocatalytic performance of the composite photocatalyst. This trend has been strongly 

supported by the XPS analysis where the binding energies for 10 ACD were blue shifted 

as compared to Ag2CO3 which indicated the movement of the electron from Ag2CO3 to 

CdS which highlight the function as an electron donor while the CdS in the 10 ACD 

composite photocatalyst are roles as electron acceptor simultaneously aligned with the 

opposite energy banding shifts of O 1s and C 1s.  

Experimentally, the study revealed that the modified photocatalyst of 10ACD 

has the highest photodegradation (94.38%) followed by 15ACD (83.28%) and 5ACD 

(80.56%) while Ag2CO3 and CdS obtained 75.22%, 81.61% respectively. Noticeably, 

the higher the wt% of CdS towards Ag2CO3, the photocatalytic performance was 

increased until an optimum reached. It is due to the highest number of surface defects 

and well dispersion in 10ACD modified photocatalyst which leads to the good 

interaction between of Cd and S element on the Ag2CO3. In addition, it was investigated 

in the scavenger test and proved in the proposed mechanism where hydroxyl radical on 

the surface was the main active species in the reaction.  It is aligned that CdS has lower 

negative VB and endow more hole with high oxidizing ability as demonstrated by XPS 

analysis which suggesting the role of Ag2CO3 as an electron donor while CdS as 

electron acceptor. Hence, it progressively boosted the light harvesting ability, enhance 

the charge transfer and increase the efficiency of redox reaction for the photocatalytic 

degradation for the methyl orange and other model pollutant.  

Photocatalytic performance influenced by few parameters includes catalyst 

dosage, initial concentration of methyl orange and pH to maximize the optimum 

condition of modified photocatalyst for the photodegradation of MO. For the effect of 

catalyst dosage, it successfully inspected with varying the values of 0.01250-0.03750 g 

L-1 and 0.0250 g L-1 reported to be optimum with the highest degradation until 94.38%. 

It is due to the conceptual mechanism when lower catalyst dosage, there might be 

insufficient of active sites for effective pollutant degradation while exceed optimal dosage, 

the degradation consequently decreases the photocatalytic degradation because of excesses 

catalyst would block the light penetration. This also can be attributed to the effect of initial 

concentrations where 10 mg L-1 was the optimum concentration of photodegradation 

towards methyl orange. When the initial concentration getting increased, less light 
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penetration will be irradiated to the photocatalyst thus lowering the generation of reactive 

species in the reaction and decrease the photocatalytic performance. Next, the pH 3 was 

examined to be optimum photodegradation toward methyl orange until 98.02%. It is 

because methyl orange anionic dye which present if N-H group that easily attract and 

construct strong electrostatic attraction between positively charge catalysts surface and 

negatively CR molecules. This is synergistic which acidic condition is typically more 

favourable for MO degradation. Ultimately, the kinetic study also was studied in this 

research for Ag2CO3, CdS together with 10ACD for the degradation of MO and it 

followed a psedo-first-order Langmuir Hinshelwood model. Next, the reusability study 

of the modified photocatalyst showed high efficiency when the reaction can be still 

stable after five cycles even at a slow degradation of MO. Moreover, the factual 

evidence from XPS and scavenger test supported with the reliable band gap energy of 

10ACD between Ag2CO3 and CdS synergistic for the Z-scheme mechanism. It is helpful 

for the improvement in the interfacial charge transfer and the strong redox potential 

ability to speed up the photoactivity.  

5.2 Future Works  

In this research, the combination between Ag2CO3 and CdS were verified to 

enhance the properties and photocatalytic degradation of the modified catalyst towards 

the methyl orange. Therefore, this modified photocatalyst has a great potential and 

alternative than the conventional method as well could be extendable for the 

degradation of other pollutants including heavy metal, pharmaceuticals and organic 

pollutants. Furthermore, as an advancement of this research, modified photocatalyst can 

be utilized for other extended photocatalytic applications such as the generation of 

hydrogen production in water splitting, photoconversion of CO2 into methanol and 

more. Additionally, referring to the previous technique, it is possible that the further 

modification of other semiconductors can be also implemented to create the dual -

scheme heterojunction and generate the novelty of modified photocatalyst for various 

applications. Generally, this research has wide prospective to be scaled up until pilot 

scale as the real industrial application. However, the pilot scale commonly was executed 

using suspension mode which can caused treated wastewater  in slurry form leads to the 

needed of filtration process. Thus, immobilization system can be efficient work as the 

alternative to overcome this problem.  
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APPENDIX 
 

Calculation of CB and VB Level  

The band edge positions of CB and VB can be calculated by using the following 

equations: 

ECB = X – EC - ½ Eg 

EVB = ECB + Eg 

Where; 

X – Electronegativity of the semiconductor  

Ec – Energy of the free electrons on the hydrogen scale (~ 4.5eV) 

Eg – Band gap of the semiconductor  

  

X – ½ (EEA + Eion) Where.  

EEA – Electron affinity  

Eion – First ionization energy from periodic table  

  

Calculation for: Ag2CO3  

Ag 

 EEA = 
125.6 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 1.30 eV 

Eion = 
731 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 7.58 eV 

XAg = ½ (1.30 + 7.58) 

= 4.44eV 

C 

EEA = 
153.9 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 1.59 eV 

Eion = 
1086.45 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 11.26 eV 

XAg = ½ (1.59 + 11.26) 

= 6.425eV 

O 

EEA = 
141 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 1.46 eV 

Eion = 
1313.9 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 13.62 

XAg = ½ (1.46 + 13.62) 

= 7.54eV 

Determine electronegativity of Ag2CO3 

XAg2CO3= (XAg
2 x XC x XO

3)1/6 

XAg2CO3= (4.442 x 6.425 x 7.543)1/6 

= 6.15 

Determine the CB Level 

ECB = X − Ec − ½ Eg  

ECB = 6.15 – 4.5 – ½ (2.37) 

ECB = 0.465 eV  

Determine the VB Level 

EVB = ECB + Eg 

EVB = 0.465 + 2.37  
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= 2.835 eV 

 

Calculation for: CdS 

Cd 

 EEA = 
 0 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 0.00 eV 

Eion = 
867.8 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 8.99 eV 

XAg = ½ (0.00 + 8.99) 

= 4.495eV 

S 

EEA = 
−200 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= - 2.07 eV 

Eion = 
999.6 𝑘𝐽/𝑚𝑜𝑙 

96.48 𝑘𝐽/𝑚𝑜𝑙 
 

= 10.36 eV 

XAg = ½ (-2.07 + 10.36) 

= 4.145 eV 

Determine electronegativity of CdS 

XCdS= (XCd x Xs)
1/2 

XCdS= (4.495 x 4.145)1/2 

= 4.32 

Determine the CB Level 

ECB = X − Ec − ½ Eg  

ECB = 4.32 – 4.5 – ½ (2.19) 

ECB =  -1.275eV  

Determine the VB Level 

EVB = ECB + Eg 

EVB = -1.275 + 2.19 

= 0.915 eV 
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