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ABSTRACT 

The rising demand for clean, sustainable energy globally has led researchers to 

research on possible improvements on existing materials in photovoltaic applications. 

Cadmium oxide (CdO), an n-type semiconductor, containing a large bandgap, has the 

prospective features for solar cell application because of its high visible band 

transparency, electroconductivity, and stability. This work aimed at synthesizing and 

characterizing tin (Sn)-doped CdO nanoparticles (CdO: Sn NPs) using wet chemical 

process at varying ratios of mercaptopropionic acid (MPA), tin (Sn) doping 

concentration and different calcination temperatures to investigate the effects on the 

structural and optical properties. X-ray diffraction (XRD) analysis ascertained the 

retention of the face-centred cubic structure of CdO, indicating the successful 

incorporation of Sn. Increase in calcination temperature brought enhancement in the 

Crystallinity, where the optimum crystallite size was 27.98nm at 500 °C. The best 

optical and structural properties were, however, realized at a calcination temperature 

of 350°C, after which defect density and agglomeration of the particles became high. 

The ratio of MPA capping was significant in the customization of nanoparticles. The 

ratios of 2 ml MPA enabled the crystals to be grown as well-defined and with low 

defects, giving a low ratio of strain and dislocations, whereas the ratio values of 2.5-

3.0 ml interfered with the crystals, thus resulting in a higher ratio of strain and 

dislocations. It was confirmed that the successful bonds between the MPA functional 

groups were formed through the Fourier-transform infrared spectroscopy (FTIR) 

technique, where characteristic Cd-O, C-O, O-H, and S-H resonances became more 

distinct with increments of at an equivalent ratio. Optical characterizations were 

carried out under UV-Visible spectroscopy, and the absorption edge was nearly 

redshifted upon the addition of Sn and MPA. At high levels of doping and standard 

capping, the optical bandgap varied between 5.5 eV and 1.812 eV. Analysis using 

photoluminescence (PL) showed the existence of a number of emission lines relating 

to the oxygen vacancies and surface states. The surface passivation was the greatest, 

and non-radiative recombination was lowest, as the sample with 2ml of MPA- 

covering resulted in the greatest PL intensity. Therefore, nanoparticles with the highest 

performance were acquired at 2 mL concentration of MPA, 1.5% Sn-doping, and 

350°C calcination. The optimized parameters produced nanoparticles of very fine 

structural with tuneable optical properties, hence they can be considered as the most 

likely candidates to serve as photoanode materials in cheap and clean solar cells. This 

study offers new information on the synthesis of semiconductor materials in the 

engineering of new energy transducers. 
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DEFINITION OF OPERATIONAL TERMS 

Annealing -The use of heat to treat material or compound at a high temperature and 

slowly cooled at a control rate to remove stress, or to alter its structural, chemical and 

physical properties of material. 

Bandgap energy – This is the distance in energy level separating the valence band 

and the conduction band in metal, semiconductors and insulators. 

Capping agents – they are molecules that inhibit overgrowth of nanoparticles and 

prevent coagulation during colloidal synthesis. 

Characterize -The application of scientific methods such as microscopy to interpret 

the composition of the material or compound. 

Crystal size -is the physical dimension of individual crystal in material. It is used to 

describe the distribution of crystal in the material, and to analyse the physical, 

chemical and mechanical parameters of crystalline substances. 

Doping - refers to the incorporation of foreign material into the lattice crystal of the 

host material to modify its structural, electrical, optical and morphological properties. 

Photoanode - is a component of a solar cell responsible for the production of electrical 

energy from light energy. 

Passivation- refers to a process where a material becomes less reactive by forming a 

protective layer on its surface. 

Quantum confinement-is a phenomenon that occurs when the size of a 

semiconductor material is reduced to the nanoscale typically below the exciton Bohr 

radius, causing the movement of charge carriers (electrons and holes) to be restricted 

in one or more dimensions. 

Synthesis -It is a process of obtaining a compound, material or a substance by 

combining individual elements or molecules in a systematic manner. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the study 

Energy consumption has continued to rise due to civilization (Prakash et al., 2021). 

The energy catastrophe has raised attention in the development of clean, renewable 

energy sources (Langat et al., 2022). One of the key worries is the contribution of 

rising carbon dioxide emissions and diminishing fossil fuel inventories to global 

warming (Sharma et al., 2015). Energy sources are classified into two; non-renewable 

and renewable energy sources as shown in Figure 1.1 and 1.2. 

 

Figure 1.1: Non-renewable sources of energy (Bekele & Sintayehu, 2022) 
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Figure 1.2: Renewable sources of energy (Bekele & Sintayehu, 2022) 

 More power use is anticipated in the future to support human progress. There is a lot 

of promise for using photoanodes in photovoltaic solar cells as an environmentally 

and financially sustainable renewable energy source (Rathore et al., 2021). A 

photovoltaic solar cell is a device that uses the photovoltaic effect to generate electrical 

energy by converting light energy(Lu, 2023). Layers of a semi-conducting substance 

are present in every photovoltaic cell (PV). When light hits the cell, electricity is 

created across the semiconductor's layers due to electric field (Rathore et al., 2021). 

The amount of electricity contained in the cell is dependent on the intensity of the light 

that strikes it. The direct current (DC) can be changed into an alternating current (AC), 

which can be kept for later use. Three unique characteristics to determine a 

photovoltaic cell's potency are ability to extract charge carriers to an external circuit, 

separate distinct types of charge carriers, and absorb light and excitation in bound and 

unbound electron-hole pair (Morris et al., 2023). Research aimed at improving cell 

efficiency focuses mostly on the photoanode of a dye sensitized solar cell (DSSC) 

which is an example of concentrating photovoltaics (CPV) in the third generation 

where a variety of nanoparticles, hybrid composites, and doped films have been 

extensively employed (Prakash et al., 2021). According to (Sharma et al., 2015), the 

most widely used third-generation solar cells are concentrated dye-sensitized, 

polymer-based and nano crystal-based. DSSC is a type of solar cell that generates 
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electricity by mimicking the natural process of photosynthesis. It consists of 

transparent conducting electrode coated and sensitized with dye molecules that absorb 

sunlight. Electrons in the dye are excited and are injected into the conduction band 

where they move out to the external circuit, producing electric current (Lathouwers et 

al., 2013). Studies to enhance the efficiency of dye sensitized solar cell are majorly on 

the photoanode as charge transfer and light harvesting happen at the photoanode. The 

wide band gap is used in enhancing its stability under illumination of the solar rays. 

The various ways in which one can improve the workability of a DSSC include: 

increasing the concentration of the dye, enhancing the dye loading and improving on 

light absorption by having a light scattering layer over the active layer(Kaliramna et 

al., 2022)  The layer having a high concentration of dye has its own setback, as 

interaction of dye molecules increases, a thick insulating layer is formed and gets 

deactivated. Semi conducting materials which are porous and have a high bandgap 

provide a good surface for dye loading without increasing its concentration. Figure 1.3 

shows a dye sensitized solar cell (DSSC). 

 

Figure 1.3: Diagram illustrating Dye sensitized solar cell(Kaliramna et al., 2022) 

Numerous transition metal oxides (TMO) have been deliberated for possible use as 

photoanodes, including tin oxide, cadmium selenide, titanium dioxide, zinc oxide 

(ZnO), and cadmium oxide (CdO) among others (Xaba et al., 2017).Researchers have 
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recently shown a significant deal of interest in creating nanoscale semiconductor 

particles because of their size-dependent optical and electrical properties(Kiprotich et 

al., 2022a). Due to their numerous technical uses and basic scientific significance, 

scientists have been paying close attention to the development of these nanoparticles 

(Bansal, 2019). Gas sensors, phototransistors, optoelectronic devices and 

photovoltaics are just a few of the many industrial and commercial applications that 

are driving up demand for high-quality, dependable photovoltaic devices (Ullah et al., 

2017). Metal oxides are good candidates due to their excellent properties in terms of 

electrical conductivity, structural and optical. The investigation of nanoparticles with 

varying sizes, compositions, and consistent morphological traits has garnered a lot of 

interest lately(Nasir et al., 2013).  Among transparent conducting oxides (TCOs) for 

solar cells, cadmium oxide (CdO) is one of the most promising examples employed 

initially in the early 1900s (Fall et al., 2021). The crystal structure of cadmium oxide 

is a cubic phase, and a n-type semiconductor. Cadmium oxide is one of the metal oxide 

nanostructures that has garnered significant interest for a range of applications, 

including photodiodes and solar cells. This is due to its low electrical resistivity and 

good visual transmittance in the visible spectrum (Xaba et al., 2017). One drawback 

of using cadmium oxide as the photoanode is its bandgap, which is 2.5 eV for a direct 

bandgap and 2.1 eV for an indirect bandgap (Sai & Marjorie, 2022).  

Researchers are particularly interested in CdO because of its big energy band gap, high 

transmission constant in the visible spectrum domain, high luminescence and other 

aspects (Ullah et al., 2017). Because of these properties, it can be used to create a 

variety of products, including transparent conducting oxides (TCO), diaphanous 

electrodes, phototransistors, photodiodes, infrared detectors, optoelectronics, and anti-

reflection coatings (Kim et al., 2007). The moderate electron mobility and higher 

carrier concentration of CdO, made possible by gullible contributions due to intrinsic 

stoichiometry, CdO exhibits high optical transparency and strong electrical 

conductivity in the solar spectrum’s visible region (Jasim et al., 2020).  

Both the optical band gap and energy band gap of cadmium oxide nanoparticles can 

be varied through capping, doping and calcination during the synthesis. Capping is a 

process whereby the agent’s surfactants stop particles from grouping together during 

colloidal reactions and help to manage the development of nanoparticles as stabilizers. 
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Adding dopants such as tin, fluorine, copper, zinc among others is known to stabilize 

the electrons in the metal oxide and adjust the crystal structure, conductivity, the place 

of energy bands, and make changes in the surface state (Mazhar et al., 2023).  

The study aimed at synthesizing and characterizing cadmium oxide nanoparticles and 

investigated effects of capping ratio on the optical and structural properties of 

cadmium oxide nanoparticles (NPs). It also investigated effects of tin (Sn) doping on 

optical and structural properties of NPs by varying the concentration of tin (Sn) and 

finally effects of adjusting the calcination temperature on structural, and optical 

properties. In the synthesis of tin (Sn) doped cadmium oxide (CdO) nanoparticles 

(NPs) for possible solar cell applications, this research employed precipitation by 

reflux method in making the nanoparticles. The technique is a simple wet chemical 

process which is effective and produces a highly crystalline nanoparticles of uniform 

surface with strong photoluminescence emission. Characterization of structural, and 

optical properties of nanoparticles was done using different analytical techniques. 

Fourier transform infrared spectroscopy (FTIR) was used to analyse molecular 

composition and functional groups present in the nanoparticles, X-Ray diffraction 

(XRD) was used to analyse the structural properties, UV-Visible spectroscopy (UV-

Vis) was used to investigate their optical properties. The nanoparticles synthesized 

and characterized in the study possessed better structural and optical properties 

suitable for the development of solar cells with increased efficiency, environmentally 

friendly, economical and a renewable source of energy. 

1.2 Statement of the problem  

The reliance on fossil fuels poses a serious global concern, owing to their role in 

exacerbating climate change. Fossil fuel extraction and use have major environmental 

consequences, such as habitat destruction, water contamination, and air pollution. The 

burning of natural gases, oil and coal has led to global warming by releasing large 

amounts of carbon dioxide and other greenhouse gases into the atmosphere, 

contributing to global warming. The transition to renewable energy sources is 

important for reducing greenhouse gas emissions, mitigating the negative effects and 

fostering a more sustainable future. More affordable and efficient solar cells are 

required to help replace non-renewable energy. Solar cells have employed silicon-

based technology extensively, although it is expensive. The third-generation dye-
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sensitized solar cells (DSSC) are an alternative component to employ in tackling the 

problem of cost; however, they have low total power conversion efficiency. DSSCs 

used as the photoanode is less effective in conversion of light energy to electrical 

energy, therefore cadmium oxide is a semiconductor material which is better placed 

to be used as a photoanode in photovoltaic cells. The wide energy band gap of 

cadmium oxide is a setback which contributes to its low efficiency in conversion of 

light energy to electrical energy when used as a photoanode in photovoltaic cells. To 

reduce the energy band gap doping is done using transition element with smaller ionic 

radius like tin (Sn), copper (Cu), magnesium (Mg) etc. This enhances the compound's 

visual, electronic, and structural qualities by introducing electrons in to cadmium 

cations. The synthesis and characterization of cadmium oxide doped with tin (CdO: 

Sn) nanoparticles for potential application as a photoanode in solar cells form the basis 

of the study. 

1.3 Objectives of the study 

1.3.1 General objective 

To synthesize and characterize tin doped cadmium oxide (CdO: Sn) nanoparticles for 

solar cell applications. 

1.3.2 Specific objectives 

1. To synthesize and characterize cadmium oxide nanoparticles using wet 

chemical process. 

2.  To investigate the effects of capping agent on the structural and optical 

properties of CdO nanoparticles.  

3. To study the effects of tin (Sn) doping on the structural and optical properties 

of CdO nanoparticles. 

4.  To determine the effects of varying the calcination temperature on structural 

and optical properties of CdO: Sn nanoparticles 

1.4 Research Questions 

1. What is the effect of synthesizing cadmium oxide nanoparticles using wet 

chemical process? 

2. How does the capping ratio affect the structural and optical properties of CdO 

nanoparticles? 
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3. Does the variation of tin doping level have effect on the structural and optical 

properties of CdO nanoparticles? 

4. What are the effects of varying calcination temperature on the structural and 

optical properties of (CdO: Sn) nanoparticles? 

1.5 Significance of the study 

In the recent past, solar energy has drawn significant attention compared to traditional 

sources like fossil fuels which are exhaustible in nature and pollute environment since 

it is environmentally friendly and renewable source of energy. Nevertheless, its cost 

and effectiveness are a major setback and need to be addressed by synthesizing parts 

of a photovoltaic cell which is more effective and less costly. Synthesis and 

characterization of CdO: Sn nanoparticles for use as photoanodes in solar cell 

applications is crucial in the renewable energy area. Cadmium oxide is an n-type 

semiconductor with a wide energy bandgap and good optical transmittance in the 

visible region of spectra. Its properties can be fine-tuned to obtain good material 

suitable to be used as a photoanode in solar cell. In the global drive to battle change 

in climate change and reduce greenhouse gas emissions, the usage of renewable 

energy sources, such as solar energy, has grown in importance. Enhancing solar cell 

efficiency lowers the cost of producing solar energy and reduces the over-reliance on 

non-renewable resources like fossil fuels, which helps to reduce the consequences of 

climate change. By providing important insights into the structural, optical, and 

photoluminescence characteristics of CdO: Sn nanoparticles, this study may aid in the 

creation of more economical and efficient solar technology cells.  

 1.6 Scope of the study 

This research focused on the synthesis and characterization of tin-doped cadmium 

oxide nanoparticles. It optimized the capping agent, dopant, and calcination 

temperature only. 3-Mercaptopropionic Acid (C3H6O2S) and tin (Sn) were used as the 

capping agent and dopant material, respectively. A specific range of tin doping 

concentration was explored to understand the effects of doping. The reagents were 

used as obtained from the manufacturer without further purification.  

1.7 Contribution of the study 

i. Synthesis of Pure and doped CdO nanoparticles. The study carried out a 

successful combination of pure and Sn-doped CdO nanoparticles in a wet 
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chemical process. Each factor, such as the capping ratio (MPA), the doping 

concentration (Sn) and the calcination temperatures, has also been optimized 

to have CdO nanoparticles with fine-tuned structural and optical properties. 

The controlled method of synthesis has the potential to increase the output of 

the CdO nanoparticle that is applicable in a variety of optoelectronic 

applications.  

ii. Optimization if the structural property. The face-centred cubic structure of 

CdO remained after Sn doping as verified by X-ray diffraction (XRD) analysis 

and there were no secondary phases. Crystalline size was found to increase 

with the temperature of calcination and reached the peak of 27.98 nm at 5000C 

and the crystallinity of material would have been improvement. At an optimum 

calcination temperature of 3500C, the distance between the crystallites, and the 

integrity of the crystallites, were found to be optimally harmonized thus 

reducing defects and strain in the solar cell’s material, which is the key to solar 

cell efficiency.  

iii. Enhanced Optical Properties, based on UV-Vis analysis, it was found the 

optical band gap of the CdO nanoparticles could be modified by ratios of 

capping and doping concentration. Sn doping reduced the bandgap to 1.812 eV 

which suited the nanoparticles better to light absorption in solar cells with a 

decreased bandgap of 5.5 eV. Such flexibility in band gap is crucial in 

enhancing the optics of the sunlight capture and improve their efficiency in 

converting solar energy.  

1.8 Organization of the Thesis 

The thesis has been arranged into five chapters, with chapter one having the 

background information of the study, statement of problem, objectives of the study, 

research questions, significance, scope and limitation of the study. 

Chapter two discuss the literature information of the study that include, solar cells 

nanoparticles, methods of synthesizing nanoparticles and characterization techniques. 

Chapter three outline the materials and reagents that were used in the synthesis process 

and procedure of obtaining the nanoparticles for the study. It outlines how each 

nanoparticle was obtained as per the objectives and the techniques that were used to 

characterized nanoparticles. 
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Chapter four discuss the results obtained from characterization of nanoparticles using 

XRD, UV-Vis, FT-IR, and PL The results are discussed as per the objectives order. 

Chapter five highlights the summary and conclusions. It has been summarized based 

on the order of objectives. The recommendation from the study and recommendation 

for future work has been outlined. 
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CHAPTER TWO 

  LITERATURE REVIEW 

2.1 Introduction 

This chapter provides a comprehensive review of existing literature relevant to the 

synthesis and characterization of metal oxide nanoparticles, with a particular focus on 

cadmium oxide (CdO) and its tin-doped derivatives. It explores the fundamental 

properties of CdO nanoparticles, including their structural, optical, and electronic 

characteristics, and how these properties can be modified through doping. The chapter 

also reviews the role of tin (Sn) as a dopant, its influence on CdO properties, and the 

mechanisms by which doping enhances material performance in various applications 

such as optoelectronics and photovoltaics. Finally, discussion on the various synthesis 

methods for CdO nanoparticles, with emphasis on the wet chemical technique used in 

this study. A comparison of different synthesis approaches is made, highlighting their 

advantages and limitations. 

2.2 Sources of Energy 

Energy is the capacity of a system to do work and it takes forms, such as kinetic energy 

(energy of a body in motion), potential energy (energy stored in an object due to its 

position), and thermal energy (energy due to the motion of particles in a substance and 

the energy carried by electromagnetic waves(Bansal, 2019). As human populate, man 

has tried to harness more elements like wind, sun, water, geothermal, bio-mass and 

tidal to replace the depleted fossil fuels like natural gas, oil and coal and other 

biological materials(Bekele & Sintayehu, 2022). The use of energy is a major 

contributor to global climate change. Energy has further been classified as renewable 

or non-renewable sources. The renewable sources of energy include solar energy; 

energy obtained from the radiation of the sun and captured using a transducer (solar 

panel) which converts it to direct current electricity. Energy consumption has 

increased due to population growth in the world(Rathore et al., 2021). Currently, old 

energy sources including gas, oil and coal, are used to meet the demand for energy 

(Bansal, 2019). Fossil fuel consumption increases greenhouse gas emissions and other 

pollutants that are bad for the environment and cause global warming. Because they 

are clean, renewable energy technologies have gained a lot of traction and have the 

ability to meet the world's energy needs (Langat et al., 2022). Due to its low cost and 
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ease of installation, solar photovoltaic technology is employed in developing nations 

to electrify rural regions; nevertheless, a significant drawback is its low total energy 

conversion efficiency(Mohammad Bagher, 2015). 

According to (Tala-Ighil,2015), the triple-junction combination InGaP/GaAs/InGaAs 

solar cell has the best conversion efficiency, at 37.9%. Solar cells are made by joining 

p-type and n-type materials close together, and they use this collector to divide the 

electron-hole pairs that arise from the sunlight hitting the solar cell. According to 

(Kamkird et al., 2012), following diffusion through the depletion zone, electrons reach 

p-type semiconductor and start producing a current when they gain heat energy. A 

light-induced current is higher if the material’s carriers move more easily and/or if the 

p-n junction covers a bigger area (Lathouwers et al., 2013). All of these points to the 

need for cheaper and chargeable mobile semiconductor materials that can be produced 

in mass. 

2.3 Classification of solar cells 

In recent years, there has been a notable increase in the usage of solar cells, particularly 

photovoltaics, as a cleaner energy source. The evolution of solar cells can be divided 

into four generations: the first, second, third, and fourth. 

2.3.1 First-generation solar cell 

First-generation solar cells were developed using Silicon wafers. This technology's 

high-power efficiency makes it the oldest and most popular (Sharma et al., 2015). The 

first-generation solar cells are further subdivided into two subgroups: monocrystalline 

silicon solar cells and multifocal silicon solar cells. 

The monocrystalline solar cell is manufactured using the Czochralski technique 

(Bansal, 2019). Si crystals are carved from large ingots in this Czochralski method. 

The method of "recrystallizing" is more costly(Morris et al., 2023). Since precise 

processing is necessary when producing the huge single crystal (Green et al., 2022) 

The industry leader SunPower Corporation (2015) created modules with an efficiency 

of 20.4%, whereas monocrystalline silicon solar cells had an efficiency of 14% to 

18%. (Mohammad Bagher, 2015).  
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The polycrystalline silicon solar cell is made up of several distinct crystals. This kind 

of solar cell is more cost-effective since it is processed by cooling a mold filled with 

graphite. At the moment, these solar cell types are the most widely used (Sharma et 

al., 2015). Despite being cheap to produce, these cells have an efficiency of roughly 

12–14%, which is comparable to monocrystalline silicon solar panels (Jasim et al., 

2020).  

2.3.2 Second generation solar cells 

Three main types of these thin-film photovoltaic technologies are amorphous (also 

called a-Si), micro morph, and silicon. Solar cells made in the second generation are 

cheaper than those produced from silicon wafers. Almost 350 nanometres of light-

absorbing material is found in first-generation solar cells, but for thin-film solar cells 

it is 1 micrometre thick (Langat et al., 2022). Such thin-film polycrystalline silicon 

solar cells have power conversion efficiencies greater than 19%, thanks to both light 

trapping and back surface passivation. The solar cell’s band gap is found to be 1.45 

eV (Kamkird et al., 2012). This is made possible by the fact that a-Si solar cells need 

lower processing temperatures, allowing them to use cheap polymers and similar 

flexible materials. When fabricating, doped silicon chips are placed at the back of the 

silicon substrate. The surface facing sunlight is dark brown, and the other side is silver 

and the main problem with these cells is that their efficiency can change(Kaliramna et 

al., 2022). 

2.3.3 Third-generation solar cells 

These involve technologies like concentrating photovoltaics (CPV) and organic 

photovoltaic cells that still require research and demonstration. According to (Sharma 

et al., 2015), the most widely used third-generation solar cells are concentrated, dye-

sensitized, polymer-based, and nano crystal-based. Third-generation technology 

improves the subpar electrical performance of second-generation technology while 

maintaining low production costs. (Kamkird et al., 2012). One way to improve 

efficiency is to use the heat produced by UV radiation to increase voltage collection 

and incident spectrum concentration.(Rathore et al., 2021).Modern  researches target 

high conversion efficiency of 30-60% while maintaining cheap prices(Green et al., 

2022). Increasing efficiency and lowering the price of solar cells per unit of power 
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generated are the two main methods utilized to lower the cost of photovoltaic 

electricity. Figure 2.1 shows different generations of solar cell technologies.  

 

Figure 2.1: Generation of solar cell technologies (Lu, 2023) 

The temperature, colour and intensity of the incident light affect the electrical output 

voltage(Lee et al., 2007)  This is evident from the data obtained by Ogherohwo et al., 

2015, for crystalline solar cell showing variation in the emission wavelength versus 

the conversion efficiency as shown in Table 2.1. 

Table 2.1: Output power and conversion efficiencies of the crystalline solar cell. 

 (Ogherohwo et al., 2015) 

Colour Wavelength 

Range (nm) 

Current 

(A) 

Voltage 

(V) 

Power 

(W) 

Efficiency 

(%) 

Red 625-780 0.25 6.35 1.58 7.34 

Orange 595-625 0.21 6.09 1.28 5.92 

Yellow 575-595 0.22 6.15 1.35 6.25 

Green 495-595 0.24 6.24 1.42 5.91 

Blue 455-495 0.19 6.01 1.21 5.65 

 

2.4 Properties of CdO  

The optical bandgap of cadmium oxide differs by 1.94 eV between pure cadmium 

oxide and tin-doped nanoparticles produced by microwave irradiation (Prakash et al., 

2021). The optical bandgap reduced as the tin doping concentration rose as follows: 

Sn (5%, 10%, and 15%) doped nanostructures with cadmium oxide had respective 
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optical bandgaps of 2.02 eV, 2.0 eV, and 1.69 eV. Cadmium oxide nanoparticle 

prepared by thermal-treatment with polyvinyl pyrrolidone (PVP) as the capping agent 

and calcined at 500 0C and above reports that the sample before calcination shows an 

amorphous behaviour but structurally appeared crystalline-like. And Calcined samples 

as observed in the XRD patterns display a sharper and narrower diffraction peak 

indicating crystal formation of the CdO nanoparticles (Al-Hada et al., 2017) The 

morphology of the cadmium oxide nanoparticle was uniform, and the particle size was 

relatively good at calcination temperatures of 5000, 5500, 6000 and 6500 measuring 23, 

28, 37, and 41 nm, respectively. Further increase in calcination temperatures 

demonstrated an enhanced crystallinity of the particle by increasing the intensity peaks 

and eliminating the undesired small peaks that appeared at low temperatures(Morris 

et al., 2023). Particles have a tendency to melt their surfaces and fuse together to form 

bigger shapes as the temperature rises.Transparent conductive oxides with good 

properties prepared by physical vapor deposition method at elevated temperatures 

reported that Indium doped cadmium oxide has high electron mobility resulting in 

high conductivity while minimizing free carrier absorption (Gary Kwok et al., 2019) 

Synthesis of copper oxide nanoparticles using simple wet chemical method done and 

XRD patterns confirmed the formation of highly crystalline crystals and morphology 

of CuO NPs alongside XRD data are polycrystalline in nature (Samanta et al., 2017) 

the synthesized NPs exhibited strong photoluminescence emission peaked at 485nm.  

Synthesis of Indium doped cadmium oxide thin films by sol-gel process, reports a 

transparent conductive metal oxide even before sintering process and after sintering 

and annealing in the temperature range of 200-600 0C, the particle  size increases as a 

result enhancing electrical properties(Gary Kwok et al., 2019)increased indium 

doping concentration led to increase in resistivity of the cadmium oxide due to the 

degradation of the crystallinity and with further increase in doping >12%, resulted in 

total loss of crystallinity ,forming an amorphous cadmium oxide doped with indium 

203 alloys. Semiconductors with energy band gap in the range of 1eV to 1.5eV, (827 

nm to 1240 nm near infrared) has great potential to be used as a photoanode due to the 

efficiency needed in solar cell. 

Cadmium oxide is a binary oxide classified as an n-type semiconductor with a direct 

energy band gap of 2.2 to 2.5 eV (Xaba et al., 2017). It consists of a rock salt face 
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centred cubic structure (FCC; a=0.469nm) which is polycrystalline with alternating 

Cadmium and Oxygen atoms located at the lattice (Kathalingam et al., 2018). The 

Figure 2.2 shows the cubic structure of cadmium oxide. 

 

Figure 2.2: Crystal structure of cadmium oxide (Pan & Zhu, 2015) 

Cadmium oxide possesses high capacity for absorption and emission of radiations a 

good material for solar cell applications among transparent conducting oxides. The 

high electrical conductivity and optical transmittance of CdO in the visible region of 

solar spectrum, shows great potential for use as the photo anode in solar cells. (Udoka 

et al., 2020) 

2.5 Effects of Capping Agent 

The functions of a capping agent depend on having a polar head group and a nonpolar 

tail. The polar part of the molecule aligns with the metal, while the tail is in contact 

with the nearest surroundings (Javed et al., 2020). By controlling the size and shape 

of solar cell applications, their ligands maintain the bond and organization of the 

nanoparticles with the environment where they are produced, supporting their 

appearance and optical qualities. For this reason, surfactants stop particles from 

grouping together during colloidal reactions and help manage the development of 

nanoparticles as stabilizers (Latha et al., 2017). 

2.6 Effects of Tin (Sn) Doping 

Cadmium oxide among the transparent semiconductors has low optical band gap in 

comparison with the others. The optical band gap could be widen without altering the 
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electrical properties by doping with metallic impurities having ionic radius less than 

that of cadmium ions, could increase electrical conduction and optical 

properties(Udoka et al., 2020). Tin is the most favoured dopant which substitute 

cadmium cations by controlling and enhancing optical and structural properties of 

CdO (Yusuf et al., 2017). Since Sn4+ ions have four valence electrons (5s2, 5p2) and 

ionic radius of 0.69 Å which is smaller than that of Cd2+ ions (0.95 Å), it is anticipated 

that increasing electron concentration will improve electrical conductivity. 

Additionally, since Sn2+ ions have ionic radii of 83 pm and Cd2+ ions have 109 pm, 

the optical band gap will shift in together with the increase in CdO transparency 

(Kathalingam et al., 2018). A slight increase in Sn doping concentration increases the 

crystallite size of the nanoparticle and a further increase in doping causes re-

orientation of the crystallites because a smaller amount of tin doping concentration 

allows the crystals to coalesce, hence increasing crystal size. Tin atoms affect CdO 

lattice by producing oxygen vacancies, tin substitutes, and stress variation, which 

increases the lattice parameter (Zhenguo Ji et al., 2011). 

2.7: Effects of Calcination Temperature 

Calcination is a process that brings about thermal decomposition, phase transition, or 

removal of volatile materials when a substance is heated in the absence or presence of 

oxygen. A nanoparticle's crystallite size grows as the calcination temperature rises, 

and the surface areas that result are inversely correlated with the crystallite size 

(Morris et al., 2023). Optical energy gap increases with an increase in the calcination 

temperature of the nanoparticle due to the increase in the crystallite size and decrease 

in defect states near the bands (Nasir et al., 2013). 

2.8: Method of Synthesizing Nanoparticles 

Various methods such as sol-gel process, co-precipitation, physical vapor deposition, 

thermal treatment, microwave radiation and precipitation by reflux method, among 

others, have been employed in the synthesis of nanoparticles. 

 Precipitation method is a simple wet chemical process that is cost-effective in the 

preparation of nanoparticle and confirms the formation of a highly crystalline 

nanoparticle, uniform  surface with strong photoluminescence emission along XRD 

results (Samanta et al., 2017).  
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Figure 2.3 shows schematic diagram for the preparation of cadmium oxide 

nanoparticles. 

 

Figure 2.3: Preparation of cadmium oxide nanoparticles (Al-Hada et al., 2015) 

2.9: Chapter Summary 

This chapter provides a comprehensive review of literature relevant to the research. It 

begins by highlighting the limitations of fossil fuels and their contribution to 

environmental challenges such as climate change and global warming. The discussion 

also outlines sources of energy and transitions into renewable energy, with a focus on 

solar cells and how nanotechnology is improving their performance. Special attention 

is given to cadmium oxide nanoparticles, discussing how capping, doping and 

calcination temperature influence their structural and optical properties. The chapter 

further explores wet chemical method of synthesis for the nanoparticles. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Introduction 

This chapter presents the detailed methodology adopted for the synthesis and 

characterization of tin-doped cadmium oxide (CdO: Sn) nanoparticles using the wet 

chemical method. The choice of this method is based on its simplicity, cost-

effectiveness, and ability to produce nanoparticles with controlled morphology and 

composition. The chapter outlines the materials and reagents used, preparation 

techniques, doping procedures, and conditions under which the synthesis was carried 

out. Furthermore, it elaborates on the various characterization techniques employed to 

analyse the structural, optical, morphological, and elemental properties of the 

synthesized nanoparticles. Techniques such as X-ray diffraction (XRD), UV-Vis 

spectroscopy, Fourier-transform infrared spectroscopy (FTIR), photoluminescence 

(PL), and scanning electron microscopy (SEM) are discussed in relation to their role 

in understanding the properties and behaviour of the doped nanoparticles. 

3.2 Materials 

3.2.1 Reagents  

The following reagents were used in the synthesis process purchased from Sigma 

Adrich and A.B.Chem.Co., Ltd. All chemical reagents were of analytical grade and 

were used without further purification 

• Cadmium acetate di-hydrate Cd (CH3CO2)2 with 98% purity. 

•  Mercaptopropionic acid C3H6O2S (MPA) 98%- capping agent 

•  Sodium hydroxide (NaOH) 

• Ethanol 99.9% -Precipitating agent 

•  Deionized water -Solvent 

• Tin chloride (SnCl2) 98% 

3.2.2 Apparatus 

The following are some of the equipment used in the synthesis process.  

• 100mL glass beakers 

• Magnetic stirrer with a hot plate with a thermocouple 
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• PH Meter 

• Muffle furnace 

• Crucibles 

• Weighing balance 

• Pestle and mortar 

• Three necked flasks 

3.3 Methods 

3.3.1 Synthesis of CdO Nanoparticles 

The procedure for synthesis of CdO NPs was borrowed from(Al-Hada et al., 2015) 

with a few modifications as follows: 1 mmol cadmium acetate dehydrate was 

dissolved in 100 mL of deionized water to form a clear solution. This was followed 

by dropwise addition of 50 mL 1M NaOH solution under vigorous stirring until a 

white precipitate of cadmium hydroxide (Cd (OH)₂) was formed. The pH of the 

solution formed was adjusted to pH 10 using a pH meter. The mixture was transferred 

to a round-bottom three-necked flask and refluxed under continuous stirring for 2 

hours at 80 °C. The solution was removed from the hotplate and allowed to cool to 

room temperature. The CdO NPs were rinsed several times using deionized water and 

ethanol in the centrifuge at 2000 rpm. The CdO NPs were dried in an oven at 100 °C 

before annealing at 350 °C in the muffle furnace for 2 hrs. The CdO NPs were kept in 

sample holders for further analysis. 

3.3.2 Capping of CdO nanoparticles with Mercaptopropionic Acid (MPA) 

According to (Wageh, 2014), the procedure was modified, and the steps are as follows: 

2 ml of MPA was added to the pre-synthesized CdO nanoparticle dispersion. Using a 

magnetic stirrer, the mixture was stirred continuously to ensure that the MPA interacts 

with the surface of the CdO nanoparticles. The solution mixture was heated to 80 °C 

and maintained under reflux for 2 hours. The heated solution was removed from the 

hotplate and allowed to cool to room temperature. The CdO NPs was rinsed several 

times using deionized water and ethanol in the centrifuge at 2000 rpm. The MPA-

capped CdO NPs were dried in an oven at 100 °C before annealing at 350 °C in the 

muffle furnace for 2 hrs. The MPA-capped CdO NPs were then kept in sample holders 

for further analysis. This procedure was repeated for different capping ratios (0.5ml, 

1ml, 1.5ml, 2.5ml, 3.0ml and 3.5ml). 
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3.3.3 Tin Doping of MPA-Capped CdO Nanoparticles 

To synthesize Tin doped MPA capped CdO NPs, the procedure from (Prakash et al., 

2021) was used with few modifications as follows; 1 mmol cadmium acetate 

dehydrate was dissolved in 100 mL of deionized water to form a clear solution. This 

was followed by dropwise addition of 50 ml 1M NaOH solution under vigorous 

stirring until a white precipitate of cadmium hydroxide (Cd (OH)₂) was formed. Then, 

2 mL of MPA was added to the pre-synthesized CdO nanoparticle dispersion. Using 

a magnetic stirrer, the mixture was stirred continuously to ensure that the MPA 

interacts with the surface of the CdO nanoparticles. In a separate beaker tin chloride 

(SnCl₂) was dissolved in 10ml deionized water to obtain portions of 0.5%, 1%, 1.5%, 

2.0%, 2.5%, 3.0%, and 3.5% mol to Cd. The tin precursor solution was added slowly 

to the CdO dispersion while stirring continuously to ensure uniform doping. The pH 

of the solution formed was adjusted to 10. The mixture was then transferred to a round-

bottom three-necked flask and refluxed under continuous stirring for 2 hours at 80 °C 

to allow tin atoms to integrate into the CdO lattice. The refluxed solution was removed 

from the hotplate and allowed to cool to room temperature. The CdO NPs was washed 

several times using deionized water and ethanol in the centrifuge at 2000 rpm. The 

CdO NPs was then dried in an oven at 100 °C before annealing at 350 °C in the muffle 

furnace for 2 hrs. The MPA- capped CdO: Sn NPs were kept in sample holders for 

further analysis. To study the effects of Sn doping concentration on the CdO NPs, the 

procedure was repeated for 1%, 2.0%, 2.5%,3.0% and 3.5% tin concentrations. 

3.3.4 Calcination Process 

The as-prepared MPA-capped CdO: Sn NPs were divided into ten (10) portions. Each 

portion of the MPA-capped CdO: Sn NPs was placed in ceramic crucibles. To study 

the effects of different calcination temperatures on the material properties of the MPA-

capped CdO: Sn NPs, the samples were heated in a muffle furnace at different 

calcination temperatures (Morris et al., 2023), ranging from 200 0C to 650 0C at step 

of 50 0C for 2 hrs. Calcined samples were kept in sample holders for further analysis. 

Figure 3.1 shows steps of synthesizing MPA capped CdO nanoparticles doped with 

tin (Sn) through precipitation method.  
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Figure 3.1: Preparation of MPA capped cadmium oxide nanoparticles doped 

with tin through precipitation by reflux method. 

3.4 Analytical Techniques 

3.4.1 X-Ray diffraction (XRD) 

A non-destructive analytical method for figuring out a material's crystalline structure 

is X-ray diffraction (XRD). It is made up of an X-ray tube that emits an X-ray beam, 

a sample chamber that holds the sample, and a detector that logs the pattern of X-rays 

that the sample diffracts. The sample's crystal structure determines the precise angles 

at which the atoms in the sample will diffract the X-rays when the X-ray beam 

interacts with them. The detector records the pattern of diffracted X-rays, and the 

resulting data are analysed to determine the crystal structure of the sample(Bunaciu et 

al., 2015). Applications for the data gathered by XRD equipment are numerous and 

include materials science, geology, chemistry, and biology. It offers a quick and non-

destructive method of figuring out a sample's crystal structure without destroying it. 

X ray diffractometer is shown in Figure 3.2.  
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Figure 3.2: ARL EQUINOX X-ray diffractometer at Murang’a University of 

Technology. 

The sample was ground to pieces and made uniform so that all the particles were small 

and fine, and then put into a sample holder. Beams of X-rays were aimed at the sample 

and the pattern recorded was checked to determine its crystal size, lattice parameters, 

and full width at half maximum. To find the lattice spacing of nanoparticles, Bragg’s 

equation was used as 𝑛𝜆 = 2𝑑𝑠𝑖𝑛𝜃  with λ being the wavelength, θ the angle of 

incidence, and d the interplanar spacing. To calculate their average crystal size, 

Scherrer equations were used: 𝐿 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
  where λ stands for wavelength, β presents 

the full width at half maximum, and K is a constant. From the equation below, the 

distance a between (100) planes is found, and c is the distance between (002) planes; 

𝑎 =
𝜆

𝑠𝑖𝑛𝜃√3
 (Bunaciu et al., 2015). 

3.4.2 Fourier transform infrared spectroscopy (FTIR) 

It works on the premise that some infrared IR radiation is absorbed by a sample as it 

passes through, and the remaining radiation is then recorded. Because FTIR is faster 

than other analytic tools, it is far more sensitive and precise, and it does not harm the 

sample being analyzed; it is chosen over other methods. In the pharmaceutical sector, 
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petrochemical engineering, food analysis, and the identification of components in a 

mixture, analytical techniques are employed to identify organic, polymeric, and 

inorganic materials. The Fourier transform and increased speed are made possible by 

the interferometer, which serves as the infrared source in FTIR. A mathematical 

function called the Fourier transform breaks down waves and yields the wave's 

frequency as a function of time. An interferogram is a graph that is produced by the 

interferometer. The interferogram is transformed into the infrared spectroscopy 

spectrum graph that we utilize via the Fourier transform. On a graph, the spectrum is 

displayed with the transmittance on the y-axis and the wave number on the x-axis. 

FTIR provides a wealth of information about the chemical composition of a sample 

including chemical identification where the chemical functional groups present in a 

sample are identified. The unknown sample spectrum is compared to with the known 

spectra in the library. It is also used in quantitative analysis in determining the 

concentration of a specific chemical compound in a sample by measuring the intensity 

of its absorbance band. In structural analysis the position and shape of the absorption 

bands in FTIR can provide information about the molecular structure of a compound. 

The process includes preparing the sample, which can be done as a pellet or a thin 

film. The second phase, sample measurement, entails passing infrared radiation 

through a sample holder while the sample is within. The sample's absorption or 

transmission of radiation is measured. The sample is next subjected to spectral 

analysis, in which the FTIR machine uses a Fourier transform algorithm to turn the 

time-domain signal into a frequency-domain spectrum. The resulting spectrum is then 

examined to determine the sample's chemical makeup (Mohamed et al., 2017). FTIR 

is used in environmental monitoring to check for pollutants in soil, water, and air 

samples; material characterization to examine the molecular structure of materials like 

polymers, ceramics, and composites; forensic analysis to track down evidence like 

fibers, paints, and medications; and pharmaceutical analysis to guarantee the quality 

and purity of medications. Figure 3.3 shows FTIR spectrometer.  
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Figure 3.3: Shimadzu IR Spirit FT-IR model at Murang’a University of 

Technology 

The samples were made into pellets and fine powders, then put inside a sample holder. 

The infrared radiation moves through the sample, and it measures how much radiation 

is absorbed or sent through. Spectral analysis concludes the process as the FTIR 

machine takes the given signal and transforms it into a spectrum to identify what the 

sample is made of (Mohamed et al., 2017). 

3.4.3 Ultra-Violet visible spectrometer (UV-Vis) 

UV-vis spectroscopy is a technique that works by having Ultraviolent (UV) or visible 

(Vis) shine light on a sample and measure the amount absorbed by the sample at 

various wavelengths. It gives us information about the composition and chemical 

structure of the sample. There exist two operation routes which are the absorbance 

mode and transmittance mode. In the absorbance mode, the amount of light absorbed 

by the sample is measured as a function of wavelength, and a graph of absorbance vs 

wavelength is obtained, this graph is known as absorption spectrum and is used to 

identify the presence of specific chemical groups in a sample. In the transmittance 

mode, the amount of light transmitted through the sample is measured as a function of 

wavelength. A graph of transmittance vs wavelength known as a transmission 
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spectrum is used in determining the concentration of a particular compound existing 

within the sample. UV obeys the Beer-Lambert law which is given by A= Log (Io/I) 

= ECL (Picollo et al., 2019) where A is absorbance, Io represents light intensity 

incident upon the sample, I represent the intensity of light that leaves the sample.  C 

shows the molar concentration of the solute. L and E represent the length and molar 

absorptivity respectively. This technique is employed in quantitative analysis to 

determine the concentration of a specific compound in a sample, in qualitative analysis 

to determine the presence of chemical groups, in kinetics studies to monitor chemical 

reactions in real time, and in environmental and pharmaceutical analysis(L.C. Passos 

& M.F.S. Saraiva, 2019). Figure 3.4 outlines the scanning electron microscopy. 

 

Figure 3.4: Evolution one plus UV-Vis spectroscopy at Murang’a University of 

Technology 

The samples were dissolved in deionized water and then placed inside the cuvette. The 

spectroscopy was powered on and adjusted with the help of a standard reference 

material. Following this, only wavelengths within the range of 200-800 nm were 

selected for the experiment, and background scanning took place to find out the 

absorbance and transmittance of the sample. Using Tauc’s equation, we found out the 

band gap of the nanoparticles (Baishya et al., 2018) 𝛼ℎ𝜈 = 𝐴(ℎ𝑣 − 𝐸𝑔 )
𝑛 with A is a 

fixed parameter, and hv measures the photon energy, Eg is the band gap, and n is 2 for 

indirect allowed transition or ½ for direct transition. The relationship between the band 
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gap energy (Eg) of semiconductors and (ahv) is tied to the energy of a photon (hv) 

(Picollo et al., 2019). 

3.4.4 Photoluminescence Spectroscopy (PL) 

PL spectroscopy involves the excitation of electrons in a material and the subsequent 

emission of light as electrons return to their ground state. This technique is essential 

for studying the electronic structure and defect states in nanoparticles. In 

semiconductor nanoparticles like quantum dots, PL analysis can reveal information 

about bandgap energies, surface defects, and quantum confinement effects. For 

instance, the photoluminescence behaviour of metallic nanoparticles, such as gold 

nanoflowers, has been studied to understand their emission properties, which are 

influenced by factors like shape and size samples were loaded to microscope which 

was operated under vacuum to ensure high quality imaging. The spectroscopy was 

used to determine the surface morphology and size distribution of nanoparticles. 

Figure 3.5 shows SP-LF97 model PL spectroscopy at Murang’a University of 

Technology 

 

Figure 3.5: SP-LF97 model PL Spectroscopy at Murang’a University of 

Technology 

3.5 Chapter Summary 

This chapter comprehensively discusses the materials used, the synthesis method 

followed in achieving the specific objectives of the study, and the characterization 

techniques employed to analyze data. The method used in the study is precipitation by 



27 

 

the reflux method, and characterization techniques employed include FTIR, XRD, 

UV-Vis, and PL. 
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CHAPTER FOUR 

 RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter delves deeply results and discussions under the structural, elemental 

composition, chemical- functional bonding and optical properties of MPA capped 

cadmium oxide doped with tin nanoparticles synthesized using wet chemical process. 

As part of the first specific objective of this research, synthesis of cadmium oxide 

(CdO) nanoparticles was accomplished through the utilization of the wet chemical 

precipitation technique on a reflux basis. This method was chosen because it is easy, 

cheap, and can be used in generating uniform nanoparticles. The reaction also resulted 

in the formation of CdO precipitates with resultant increased colour mixing as well as 

consistency upon reaction and drying process due to nucleation and nanoparticle 

growth. The result of the synthesis was also modified by the further characterization 

methods, including XRD, FTIR, and UV-Vis spectroscopy, which confirmed the 

creation of CdO with the expected crystalline and optical properties. This preliminary 

synthesis process allowed research into the results of doping, capping, and calcination 

described below. 

4.2. Investigating the effects of capping ratio on the structural and optical 

properties of Mercaptopropionic acid-capped cadmium oxide nanoparticles.  

4.2.1 X-ray Diffraction (XRD) Analysis  

The XRD patterns of MPA-capped CdO nanoparticles prepared with different 

concentrations of the capping agent are shown in Figure 4.1. The major diffraction 

peaks (111), (200), (220), and (311) observed in the figure are indexed to the cubic 

structure of CdO as evidenced from JCPDS No.01-073-6494. The nanoparticles had a 

preferential growth orientation along plane (200) and (220) with an increased peak 

intensity at 2ml MPA capping. This is attributed to the enhanced crystallinity of the 

nanoparticles. The XRD peaks of CdO were sharp in the case of 2 mL MPA capping 

compared to other levels of the capping agent, which indicates good crystallinity of 

the nanoparticles. The XRD patterns of MPA-capped and uncapped CdO 

nanoparticles prepared with different concentrations of MPA are shown in Figure 4.1. 
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Figure 4.1: The XRD patterns of MPA-capped and uncapped CdO 

nanoparticles prepared with different concentrations of MPA. 

The crystallite was calculated using the Debye–Scherrer equation; the size of the 

crystallites depended strongly on the capping ratio. Pure CdO contained spherical 

crystals with an average size of 21.38 nm as shown in Table 4.1. The crystallite size 

rose to 26.10 nm upon the addition of 1.5 ml MPA and to 24.17 nm after 2.0 ml MPA 

was used. At first, stabilization provided by MPA molecules helped control the first 

nucleation with little effect on further crystal growth. Even so, increasing the capping 

ratio to above 2.5 ml and 3.0 ml decreases the crystallite size, and the values reach 

17.80 nm and 15.20 nm, respectively. This reduction is attributed to the high surface 

passivation from extensive use of the MPA, which reduces movement of atoms and 

stops more grain growth (Albin et al., 2021). According to (Wiengnon & 

Anuragudom, 2019), MPA helped reduce the size of CdSe nanoparticles by blocking 

aggregation and coalescence.  In another study, (Rahdar, 2013) also observed the exact 

effect in thiol-based ZnS particles, attributing it to the close-packed arrangement of 

the thiol ligands around the nanoparticle surfaces. Small changes in the lattice 

parameters and d-spacings in Table 4.2 were noticed with different capping ratios. 

When CdO was capped with 2.5 ml MPA, the amount of expansion in the unit cell 

was visible in the increased lattice parameter of 0.508 nm, compared to 0.459 nm for 
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pure CdO. This can be attributed to the strain caused by the binding of the surface 

MPA groups, such as carboxylates and thiols, interacting with Cd²⁺ ions and disrupting 

the local atoms around them. The same shifting of XRD peaks and unit cell parameters 

due to MPA capping was observed by in CdS and CdSe quantum dot assemblies 

(Nelson et al., 2016). It was also revealed that both lattice strain and the number of 

dislocations depended greatly on the amount of capping. With 1.5 ml and 2.0 ml of 

MPA added, the strain went down from 0.0056 in pure CdO to 0.0046 and 0.0049. For 

dislocation density, it also dropped to a minimum at 1.5 ml MPA (0.00147 nm⁻²) and 

then increased again as the MPA levels rose (to 0.00433 nm⁻² at 3.0 ml MPA). Table 

4.1 shows the crystallite sizes of MPA capped CdO nanoparticles and Table 4.2 

outlines the average d spacing, lattice parameters, strain and dislocation density of 

CdO nanoparticles.  

Table 4.1: Showing the crystallite sizes of MPA-capped CdO NPs 

Mercaptopropionic 

acid (MPA) 

capping ratio (mL) 

2 FWHM  Intensity  Crystallite 

Size D 

(nm) 

Pure CdO 33.793 0.38831 1262.5 21.38 

1.5  33.599 0.31790 936.02 26.10 

2  33.805 0.34347 2822.9 24.17 

2.5  30.433 0.46255 1679.5 17.79 

3  30.614 0.54192 733.73 15.19 

 

Table 4.2: Showing average d spacing, lattice parameters, strain and dislocation 

density of MPA capped CdO NPs 

Mercaptopropionic 

acid (MPA) 

capping ratio 

d- 

Spacing 

Lattice 

parameter 

Strain  Dislocation 

Density 

Pure CdO 0.2650 0.4590 0.0055 0.0021 

1.5 ml  0.2665 0.4616 0.0045 0.0014 

2 ml 0.2649 0.4588 0.0049 0.0017 

2.5 ml 0.2934 0.5083 0.0074 0.0031 

3 ml 0.2917 0.5053 0.0086 0.0043 

 

Balancing the ligands, leads to better ordering of the crystals, though it can alter the 

structure at higher levels. In a study by (De León-Gutiérrez et al., 2006), it was 
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observed that having more CdO or surfactants in the film increased lattice strain and 

made crystals less orderly. A photovoltaic perspective suggests that larger crystallites 

and fewer lattice disorders enhance charge carrier transfer in solar panels and stop 

charges from reforming. According to these findings, applying MPA capping ratio of 

1.5–2.0 ml gives the best balance between encouraging crystal growth and covering 

the surface with a protective layer. As the materials are capped at higher levels, the 

effects of quantum confinement could get better; however, more defects and stress 

within the material might affect how well they function in solar cell applications. In 

this way, adjusting the capping concentration plays an important role in designing 

MPA capped CdO nanoparticles for optoelectronics and photovoltaics. 

4.2.2 UV-Vis 

UV–Visible absorption spectroscopy was applied to find out how different amounts 

of MPA covering each CdO nanoparticle influence how they absorb and reflect light. 

It is essential to use the optical absorption edge and band gap to assess how suitable 

nanomaterials are for solar cell photoanodes. Figure 4.2 shows the absorbance spectra. 

 

Figure 4.2: The evolution of absorbance spectra of CdO nanoparticles for 

different concentrations of the capping agent. 

The UV absorption band seen in both pure and capped nanoparticle spectra is a sign 

of wide-band-gap semiconductors. Most importantly, the capped samples have 
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stronger absorption at both the UV and part of the visible portions of the spectrum 

than pure CdO. Micro-structured particles alter the way they scatter and absorb light 

because of changes in their surface activity and particle size caused by the MPA 

molecules. When the rate of MPA ratios was increased, the position of the absorption 

edge shifted a lot. At first, when the ratios went from 0.5 to 1.5 ml, the absorption 

edge shifted to a lower energy range, showing the band gap became smaller. However, 

when the MPA was increased further (2.5–3.0 ml), there was a slight shift, reversing 

into the blue which is usually connected to smaller molecules and effects from 

quantum confinement. Both attachment of ligands and the way crystallites are 

arranged on the surface appear to be key in how the transitions in the material take 

place. Related findings were reported by (Pattabi, 2003), as they observed that 

moderate capping increased visible light absorption, yet too much capping resulted in 

less absorption because there was less aggregation and more electron restrictions in 

the NPs. 

4.2.3 Bandgap analysis 

The estimation of the band gap in pure CdO and Sn-CdO nanoparticles was done using 

Tauc relation formula (4.1). 

 (𝛼ℎ𝑣)𝛾 = 𝐴ℎ𝑣 − 𝐴𝐸𝑔                                                                          4.1 

Here, absorption coefficient is denoted by α, the incident photon energy by hv, the 

allowed transition by γ, constant by A, and electronic band gap of the semiconductor 

material by Eg. When γ equals 2 there is indirect transition and when it equals ½ there 

is direct transition from the valence band to transition region. Tauc’s plot was used to 

draw a line from (αhv)2 that intercepted the x-axis where (αhv)2 = 0 to obtain the 

approximate energy band gap. Figure 4.3 shows the Tauc plot for the MPA capped 

cadmium oxide. 



33 

 

 

Figure 4.3: Tauc’s plot for capped cadmium oxide nanoparticles with different 

concentrations of mercaptopropionic acid (MPA). 

It is observed that the band gap of pure CdO is 5.5 eV, but it decreases to as little as 

3.5 eV at 2.0 ml MPA capping before widening slightly. At low-to-moderate capping 

ratios, particles become more uniform, the strain in the crystal structure is less, and 

electrons are better shared, which causes the band gap to decrease. According to the 

Burstein–Moss effect, elevated carrier numbers may cause the band gap to appear 

broader, but the real gap is in fact narrower because the light needed for absorption is 

now moved to lower energies (Ivchenko, 2024). Since the narrowing is more 

noticeable at higher capping ratios, it is possible that too many particles are trapped 

by the shell, so they do not grow much and end up having bigger band gaps. Scientific 

research has shown that this happens in nanoparticles of capped semiconductors such 

as CdS and ZnS (Li & Li, 2006). The best photoanode materials should be able to 

absorb sunlight and must have a band gap between 1.8 and 3.5 eV for visible light 

harvesting (Mohd Raub et al., 2024). While 2.0 ml MPA result in a still relatively large 

band gap (3.5 eV), the change shows a major improvement compared to uncapped 

CdO. Because more light is absorbed and the gap narrows more here, the dye could 

work well in solar cells designed for higher efficiency. They agree with (Nelson et al., 

2016), who showed better optical properties in surfactant-modified CdO films planned 
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for solar energy uses. In addition, adjusting the proportions of CdO to other elements 

allows for efficient tuning of the nanomaterials for these uses. When samples are 

capped with 1.5–2.0 ml MPA, their absorption is good, and their energy bands are well 

aligned. 

Notably, the observed band gap of pure CdO nanoparticles (5.5 eV) is considerably 

higher than the typical value of the band gap of bulk CdO (2.5 eV). This is attributed 

to the quantum confinement effect that manifests itself at the nanoscale (Jiang et al., 

2018). At this scale, materials experience distorted electronic structure stemming from 

the confined motions of the charge carriers in the nanoparticle. As a result, their optical 

and electronic properties, hence their band gap may differ significantly compared to 

their bulk values. Hence, the fact that the band gap of this study increases aligns with 

the behaviour that CdO showed when synthesized at the nanoscale. The obtained band 

gap values of MPA capped CdO nanoparticles were recorded in the Table 4.3 

Table 4.3: Band gap values of MPA-capped CdO NPs 

Mercaptopropionic 

acid (MPA) capping 

ratio (mL) 

Band gap (eV) 

Pure CdO 5.5 

0.5  5.0 

1  4.74 

1.5  4.45 

2  3.5 

2.5  4.0 

3  4.26 

 

4.2.4 Photoluminescence 

Photoluminescence spectroscopy was used to examine what happens to the defects 

and to the light-emitting properties of CdO nanoparticles when mercaptopropionic 

acid (MPA) is added as a capping agent. Since the emission of PL comes from 

recombining electrons and holes, examining the placement and intensity of PL bands 

gives insights into whether the material is of high quality and has any defects. Figure 

4.4 shows the PL spectra of MPA-capped CdO. 
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Figure 4.4: (Left) PL spectra of MPA capped CdO NPs and (Right) Gaussian 

deconvolution of 2.0 ml MPA capped CdO NPs. 

All samples, pure and MPA-capped CdO nanoparticles, were found to emit blue light 

with their maximum emission at wavelengths of 460 nm and 470 nm. The spectrum 

showed that CdO emits PL at 463.83 nm, and this emission is very intense (0.145 a.u) 

as shown in Table 4.4. After capping, it was found that both the strength and color 

changes of the emission suggest that the electronic states of the material are impacted 

by being on the surface. The PL intensity (0.183 a. u) for the sample held with 2 ml 

MPA was highest, and the emission was shifted slightly towards blue at 461.83 nm. 

Because of more effective surface passivation by MPA molecules, there is less non-

radiative recombination, which enables more efficient radiative transitions (Abid et 

al., 2021). When the spectrum was deconvolved, it showed four clear peaks at 398, 

456, 461, and 493 nm, which were due to band-edge and defect emissions. At 398 nm, 

the emission is mainly from excitonic recombination occurring at the bottom of the 

conduction band. In comparison, the emissions between 456–493 nm are connected to 

vacancies, Cadmium (Cd) impurities within the material, and defects from its surface, 

typical for CdO NPs (Contreras-Rascon et al., 2020). When the capping volume was 

increased, the PL intensity performed differently from linear results. The reaction’s 

strength dropped from pure CdO to 0.5 ml capping, shot up at 2.0 ml, decreased once 

again at 2.5 ml and 3.0 ml, and then stabilized. The observed behavior hints that at 

low MPA levels, passivation of defects is not strong enough, which causes a high level 
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of non-radiative recombination. 2 mL capping is most effective at passivating surface 

traps so that there is more radiative recombination. Further increases in the capping 

agent may affect the material’s surface or stop crystals from developing quickly, 

which would reduce emission intensity (Shen et al., 2023). It was observed that when 

the thiol concentration on CdSe and CdS particles was low to moderate, their 

fluorescence intensity was increased, but too much ligand caused it to decrease (Zhang 

et al., 2009). This trend is similar to the findings from the crystallite size and strain 

measurement in XRD. The results indicated that a 2 ml solution of MPA had average 

crystallites (about 24 nm) and few lattice defects, aiding effective recombination of 

carriers. Strain and disorder became more common at higher capping ratios, and this 

is related to PL quenching. Higher concentrations of ligands make quantum 

confinement and carrier localization effects appear more clearly in nanosized crystals. 

Such effects have been observed in CdSe and ZnS nanocrystals, and changes in PL 

peak are explained by shifts in surface energy as well as alterations in their electronic 

states (Sukanya & Sagayaraj, 2015). Table 4.4 outlines emission wavelengths and 

relative intensities of MPA capped CdO. 

Table 4.4: Emission wavelengths and relative intensities of MPA capped CdO 

NPs 

Mercaptopropionic 

Acid capping ratio 

(mL) 

Emission 

Wavelength (nm) 

Relative Intensity 

(a.u) 

Pure CdO  463.83 0.14549 

0.5 472.67 0.08972 

1 462.61 0.13466 

1.5 460.08 0.12716 

2 461.83 0.18296 

2.5 465.43 0.12721 

3 463.42 0.09670 

 

4.2.5 FTIR Analysis  

Fourier-transform IR spectroscopy was used to identify the structure of the CdO 

nanoparticles and their successful modification by MPA in different concentrations. 

CdO bands and organic layers were both visible in the spectra recorded at 400–
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4000 cm⁻¹. Figure 4.5 shows the FTIR spectra for different levels of MPA capped CdO 

nanoparticles. 

 

Figure 4.5: FTIR spectra of MPA-capped CdO NPs at different capping ratios. 

In all the samples, an extensive absorption in the 490–600 cm⁻¹ area was found, related 

to the Cd–O bond stretching. This confirms that cadmium oxide is present as the major 

product (Azzaoui et al., 2023). Though strong across all energy levels, this band 

sharpens a lot more when MPA is added, showing that the oxide structure is becoming 

much more organized. A peak between 1000–1250 cm⁻¹ was noticed in every sample 

with an MPA capping, which is related to vibrations of C–O groups and deformations 

of -COO- groups in the capping agent. It shows that the MPA molecule forms direct 

bonds with the CdO. When the capping ratio is increased, the formation of more 

intense peaks indicates stronger and wider surface coordination by MPA molecules. 

Furthermore, the region of the spectrum at 1460–1650 cm⁻¹ is associated with S–H 

(thiol) stretching vibrations. Even the weak SH signals are found in capped samples, 

proving that surface Cd2+ atoms connect with the thiol groups via Cd–S bonds. This 

interaction helps to protect and manage the growth of particles while synthesizing 

them. A wide group of absorption bands around 3300–3500 cm⁻¹ in pure and capped 

samples is assigned to the stretching vibrations of adsorbed moisture or surface 

hydroxyls. It is clear that the band intensity increases significantly in the capped 
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samples, especially when MPA concentrations go up, which can be attributed to the 

stronger attraction of the polar –COOH groups in MPA (Mandal et al., 2023). 

When the MPA concentration increases from 0.5 ml to 3.0 ml, the FTIR spectra 

demonstrate that the intensity of the carboxylate-related peaks rises and the peaks also 

shift slightly, which is evidence of greater surface functionalization. The stronger 

bands from COO- and the appearance of new S–H and C–H vibrations imply that 

MPA co-ordinates simultaneously using both its –COOH and –SH groups (Ellerbrock 

& Gerke, 2021). Once the capping is at its maximum (3 mL), the FTIR shows that the 

COOH groups have bound to the surface in well-defined, narrow peaks, suggesting 

perfect anchoring without many surface issues. On the other hand, when the sample 

volume is raised to more than 2.5–3.0 ml, the intricacy in vibrational patterns that 

appears could suggest that ligands in the system are crowding together, the surface is 

more loaded, or the system tends to aggregate (Yang et al., 2025).From FTIR 

observations, it is clear that MPA can connect with CdO nanoparticles and also has a 

strong effect on their structure and surface chemistry. The vibrational modes identified 

reveal that MPA functional groups are present, which adds to the evidence from UV–

Vis and PL measurements about changes on the surface. Using MPA leads to the 

passivation of traps, lowers the quenching of PL light, helps manage the growth of 

particles, and modifies the optical band gap. As shown by (Sukanya & Sagayaraj, 

2015), the studies revealed that MPA capping of CdS and CdSe nanoparticles led to 

the appearance of new carboxylate and thiol bands in FTIR measurements and also 

made the nanoparticles more stable and improved their optical properties.  

4.3 Effects of Tin doping concentration on the structural and optical properties 

of Cadmium oxide nanoparticles 

4.3.1 XRD analysis  

This investigation was done by making use of an X-ray diffractometer. For this reason, 

one can visually compare the as-prepared samples’ crystal structures using XRD 

results with the information found in standard files. The XRD pattern for pure CdO as 

well as for tin doped CdO: Sn nanoparticles (made with 10ml tin chloride (0.5%, 1%, 

1.3%, 1.5%, 2.0%, 2.5%, 3.0%, and 3.5% mol to Cd) solutions) was obtained using 

origin. A sample spectrum was taken by measuring XRD at angles (2ϴ) from 0 to 120 

degrees. The pattern seen in XRD at the peaks fits with JCPD card (073-6494), proving 
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that the sample’s structure is a face-centred cubic polycrystalline one. XRD data for 

the peaks was indexed to (111) (200), (220), (221), (311), and (400) with the help of 

the XRD card file. The shapes of the peaks turned broader, and the tin-doped 

nanoparticles grew more often on (111) and (220) planes because of a higher doping 

level. The fact that the peaks at the higher doping levels are higher might show the 

improved crystallinity of the CdO nanoparticles. Because of the larger share of tin ions 

at 3.0% and 3.5% concentration, the lattice of CdO is no longer the same and this 

change is confirmed by XRD peaks. On Figure 4.6, you can see the XRD pattern for 

pure CdO as well as for doped CdO nanoparticles prepared with different amounts of 

tin and Figure 4.7 shows the XRD pattern for the major intense peak at (111) plane 

for doped and undoped CdO: Sn NPs synthesized through a wet chemical process. 

 

Figure 4.6: XRD spectra for the pure CdO and doped CdO with various 

concentration of tin prepared using wet chemical technique. 
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Figure 4.7: The XRD major intensity peaks for varying levels of tin for (111) 

plane synthesized using wet chemical process. 

Debye Scherrer equation (4.2) was used to calculate the crystal size of nanoparticles 

(Al-Hada et al., 2015). 

D=
𝐾𝜆

𝛽ℎ𝑘𝑙𝐶𝑜𝑠𝜃      
                                                                                                               (4.2)                                                                                                        

Where D is the crystal size, K is the constant equals 0.9, the wavelength of the 

radiation denoted by  𝜆  is 1.54960Å for copper K𝛼  radiation, full width at half 

maximum ( 𝛽 hkl) and 𝜃 is the peak position. A slight increase of Sn doping 

concentration (1%Sn) increases crystallite size of the nanoparticle from 20.07nm for 

pure CdO to 25.35nm tin doped, for 2.5%Sn the crystallite size increased to 24.45nm 

and further increase in doping (3.0%Sn) causes reduction of the crystallite size to 

19.04nm. This could be attributed by a smaller amount of tin doping concentration 

allowing the crystals to coalesce hence enhancing crystallinity. Table 4.5 presents 

calculated crystallite sizes for plane (111) for pure and doped CdO. 
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Table 4.5: Tabulated crystallite sizes D (nm) using plane (111) for pure CdO 

and Sn-doped CdO 

Concentration 

of Sn used to 

dope CdO 

(%) 

2ϴ FWHM 𝜷 Peak 

intensity 

Crystallite 

size 

D(nm) 

0 33.79 0.3957 0.006907 1651.99 20.07 

0.5 33.80 0.1282 0.002237 297.19 61.98 

1.0 33.81 0.3134 0.005470 1235.34 25.35 

1.3 33.41 0.1491 0.002601 386.28 53.31 

1.5 33.91 0.1666 0.002908 453.55 47.68 

2.0 33.95 0.1204 0.002101 520.77 65.99 

2.5 33.95 0.3249 0.005671 518.55 24.45 

3.0 33.70 0.4167 0.007272 247.77 19.07 

3.5 33.95 0.22168 0.003869 239.81 35.83 

 

The lattice constant d was calculated using the Bragg’s equation(4.3) (Fall et al., 2021) 

𝑛𝜆 = 2𝑑ℎ𝑘𝑙𝑠𝑖𝑛𝜃                                                                                             (4.3) 

For Cadmium oxide face centred cubic structure, a=b=c therefore equation (4.4) was 

used to calculate lattice constant a  

𝑎 = 𝑑ℎ𝑙𝑘√ℎ2 + 𝑘2 + 𝑙2                                                                                 (4.4)  

The calculated values of lattice constant a, and d spacing presented in the table 4.6 

shows that the lattice parameters deviate slightly from the standard values. According 

to JCPD file no 00-005- 0640, plane (111) records d spacing of 0.2712nm. The 

deviation is attributed to by the tin doped cadmium oxide trying to adopt the lattice 

constant for pure cadmium oxide during the reaction. Also, the presence of strain in 

the nanoparticles could contribute to the lattice parameters deviation from the standard 

values. The micro strain (ℇ) values of the CdO:Sn  were estimated using equation (4.5) 

(Kiprotich et al., 2022b). 

𝜀 =
𝛽

4 tan 𝜃
                                                                                                                              (4.5)  
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Where 𝜃 is the diffraction angle and 𝛽 is the full width at half maximum. The length 

of the dislocation lines per unit volume that is dislocation density (𝛿) was calculated 

by means of Williamson and Smallman equation (4.6) (Sidor, 2024) 

𝛿 = 
1

𝐷2                                                                                                              (4.6) 

Where D is the crystallite size obtained from the XRD results. Table 4.6 displays 

structural parameters for pure CdO and Sn doped CdO NPs prepared using wet 

chemical process. Generally, increase in the doping concentration the strain and 

dislocation decreased. 

Table 4.6: Structural parameters for pure CdO and Sn-doped CdO 

Concentration 

of Sn used to 

dope CdO. 

(%) 

d-spacing 

(nm) 

Lattice 

parameter, 

a (Å) 

Strain,𝓔 Dislocation 

density, 𝓸 

0 0.2650 4.589 0.3257 0.00248 

0.5 0.2649 4.588 0.1055 0.00026 

1.0 0.2649 4.588 0.2578 0.00156 

1.5 0.2641 4.458 0.1366 0.00044 

2.0 0.2638 4.569 0.0985 0.00023 

2.5 0.2638 4.569 0.2661 0.00167 

3.0 0.2657 4.602 0.3439 0.00275 

3.5 0.2638 4.569 0.1814 0.00078 

 

4.3.2 UV-Vis analysis  

The UV-Vis absorption spectrum was used to investigate the changes in optical 

properties of pure CdO and doped CdO NPs. Mostly, Ultraviolet-visible (UV-vis) 

spectrometer is used to measure bandgap energy (Eg) of semi-conductor materials 

dispersed in deionized with known coefficient. Aqueous solutions of the samples’ 

nano powders were made using a liquid with an absorption coefficient that is known. 

Light absorption by the nanoparticles occurred at different points on the spectrum 

because of the doping concentration. The absorption edge of pure CdO is 298nm, but 

when a dopant is used, it increased and was between 300nm and 340nm. A dopant 

changes the electronic features of nanoparticles because of stress, strain, and types of 
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defects called interstitial and vacancies. The absorption wavelength of CdO is smaller 

than the normal wavelength since the quantum confinement effect appears once the 

CdO nanoparticles form (Bett et al., 2024). Thanks to quantization, the band gap 

energy goes up, letting the materials absorb only wavelengths that are farther away 

from short wavelengths. In Figure 4.8, the UV-vis absorption spectra for pure CdO 

and CdO: Sn are shown. 

 

Figure 4.8: The evolution of absorbance spectra of different tin doping 

concentrations. 

4.3.3 Band gap analysis 

The organization of electrons in a material is guided by how large its band gap energy 

is. Tauc relation equation (4.7) (Othman, 2022) was used to predict the energy band 

gap of the as-obtained CdO and CdO:Sn NPs. 

 (𝛼ℎ𝑣)𝛾 = 𝐴ℎ𝑣 − 𝐴𝐸𝑔                                                                                       (4.7) 

Given α is the absorption coefficient, hv stands for the incoming photon energy, γ is 

the allowed transition in the semiconductor material, A is a constant, and Eg describes 

the electronic band gap of the semiconductor material. When γ was varied to 2, the 

allowed transition is indirect, while when it is ½ the transition is direct from the 
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valence band to the transition level. The tangent of (αhv) 2 was drawn on Tauc’s plot, 

and then extrapolated to the (αhv)2 = 0 axis to estimate the band gap energies for 

different concentrations of doping. The Tauc’s plot and the band gap energies for 

different concentrations of doping are displayed in Figures 4.9 (a) and (b) respectively. 

 

Figure 4.9: Tauc’s plot (a) and band gap energies of the NPs (b) for different Sn 

doping concentrations. 

From the Tauc’s plot the band gap energy for pure CdO NPs was 3.68 eV and for 

doped CdO NPs ranges from 1.81eV to 3.52eV depending on the dopant 

concentration. It is found that as the doping concentration of tin increases, the bandgap 

energies decrease. The bandgap energies for doped and undoped CdO nanoparticles 

differ from the standard values of the corresponding bulk material. The discrepancies 

could be attributed to the lattice strain and dislocations during the formation of the 

nanoparticles.  Table 4.7 presents the summary of the bandgap energies (eV), 

absorption edge (nm) and the corresponding concentration of tin. 
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Table 4.7: Summarized table showing absorption edge and bandgap energies 

for different concentrations of tin doping 

Concentration of 

Sn used to dope 

CdO (%) 

Absorption edge 

(nm) 

Band gap energy 

(eV) 

0 298 4.548 

0.5 305 3.869 

1.0 311 2.175 

1.5 315 2.853 

2.0 320 2.800 

2.5 295 4.060 

3.0 328 3.110 

3.5 337 3.450 

 

The increase in the UV region (298nm -337nm) with increasing tin doping 

concentration and reduction in band gap energy is attributed to enhanced electronic 

transitions due to modification of the band structure(Aadim et al., 2020). When Sn4+ 

ions are incorporated into CdO lattice, they substitute Cd2+ ions and introduce extra 

free electrons into the conduction band due to charge compensation.(Kathalingam et 

al., 2018) The increase in free carrier concentration leads to formation of defect states 

or shallow donor levels near conduction band from 4.548 eV to 2.175 eV. 

4.3.4 Photoluminescence (PL) analysis 

The photoluminescence properties of doped and undoped CdO nanoparticles were 

carried out at an ambient temperature and at an excitation wavelength of 320 nm, the 

photoluminescence properties of CdO were found to depend on the concentration of 

the dopant. Pure CdO was found to exhibit high luminance with an emission 

wavelength of 395nm compared to tin doped cadmium oxide which shows emission 

at wavelength in the range of 396nm to 400nm. Figure 4.10 shows photoluminescence 

emission spectra for CdO: Sn (a) and pure CdO (b) whereas Figure 4.11 shows the 

deconvoluted graph of 1.5% Sn doped. 
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Figure 4.10: (a) Photoluminescence emission spectra of tin doped CdO and (b) 

undoped CdO. 

 

Figure 4.11: Deconvoluted graph of 1.5% Sn doping 

The intensity of emission peaks was found to decrease with increase in doping 

concentration. However, at a higher concentration of tin doping, photoluminescence 

quenching was observed. This could be due to surface recombination caused by Sn 

ions which creates surface states that act as traps for photogenerated electrons and 

holes, preventing them from participating in emission of light (Gary Kwok et al., 
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2019)This is also associated with the fact that highly doped nanoparticles excite 

electrons which can return to ground state without emitting photons. Table 4.8 shows 

a summary of tin doping concentration, emission wavelength and relative intensity for 

pure and doped CdO. 

Table 4.8: Summary of tin doping concentration, emission wavelength and 

relative intensity for pure and doped CdO 

Concentration of Sn 

used in doping CdO 

(%) 

Wavelength (nm) Relative 

intensity (a.u.) 

0 395  2.470 

0.5 398 1.11 

1.0 399 1.04 

1.5 393 1.10 

2.0 396 1.09 

2.5 397 1.07 

3.0 397 1.07 

3.5 400 1.04 

 

4.4 Effects of varying calcination temperature on the structural, and optical 

properties of tin-doped cadmium oxide nanoparticles. 

4.4.1 XRD Results 

In this study, XRD was used to analyze the structure of both pure and tin Sn: CdO NPs 

synthesized via precipitation by reflux technique. Figure 4.12 shows the XRD pattern 

of all synthesized samples, and it corresponds well with the standard cubic phase of 

CdO (JCPDS No. 01-073-6494). This suggests the formation of desired material 

without any detectable secondary phases. The absence of impurity confirms successful 

incorporation of Sn ions into the crystal lattice of CdO, hence maintaining phase purity 

across varying calcination temperatures.  



48 

 

 

Figure 4.12: XRD pattern of synthesized Sn: CdO NPs at varying calcination 

temperatures. 

The Debye-Scherrer equation was used to calculate the crystallite size of the 

nanoparticles, using the FWHM of their most intense diffraction peak. The results 

indicate a non-linear relationship between calcination temperature and crystallite size. 

The crystallite size increased from 21.22 nm in pure CdO to a maximum of 27.98 nm 

at 500°C when Sn was added. After that, there was a slight decrease to 26.25 nm at 

550°C. At 350°C, the crystallite size was observed to decrease considerably, reaching 

15.54 nm as shown in Table 4.9. This trend shows that calcination temperature 

influences crystallite growth. At lower calcination temperatures, there was limited 

thermal energy, which  hindered grain growth, leading to smaller crystallite sizes 

(Zhao et al., 2022). The sharp decrease at 350°C was attributed to lattice strain and 

defect deformation due to Sn doping, which impeded crystal growth (Zhao et al., 

2022). Increasing the temperature to 500°C leads to more atom mobility, inducing 

grain coarsening and secondary recrystallization, hence further reducing the crystallite 

size. The results are consistent with previous research. According to (Abbas et al., 

2021), higher calcination temperature results in better crystallinity and larger particles 

for CdO nanoparticles, attributing this to improved grain growth and reduced lattice 

imperfections. Moreover, (Karim et al., 2025) reported that the crystallite size and 

crystallinity improved when CdO NPs were doped with silver and cobalt and treated 
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by heat, showing the significance of dopants and thermal treatment in shaping the 

structure. As the calcination temperature was increased from 300 °C to 500 °C, the 

crystallite size increased slightly from 23.71 nm to 27.98 nm, while the FWHM 

decreased, suggesting better crystallinity and reduced broadening of peaks due to 

fewer lattice imperfections. However, at a temperature of 350 °C, the crystallite size 

decreased significantly to 15.54 nm while the FWHM increased to 0.5290, indicating 

that the material was strained or had not fully crystallized at this intermediate 

temperature. The findings consistent  with (Abbas et al., 2021) who stated that higher 

calcination temperatures leads to improved grain growth and reduced peak broadening 

due to atomic diffusion and availability of thermal energy. Likewise, research 

conducted by (Karim et al., 2025) concluded that lower FWHM values were 

associated with larger crystallite sizes in silver and cobalt co-doped CdO NPs, 

highlighting the significance of the right thermal treatment to control structural 

properties. 

Table 4.9: Showing the crystallite sizes of Sn: CdO NPs at varying calcination 

temperatures. 

Calcination 

temperature 

(0C) of Sn: 

CdO 

2 

(Degrees) 

FWHM 

(Degrees) 

Peak 

Intensity 

Crystallite 

size D (nm) 

Pure CdO 33.793 0.39110 1267.3 21.22 

300 30.336 0.34704 1530.1 23.71 

350 30.251 0.52951 761.02 15.54 

400 30.346 0.31543 1645.1 26.09 

450 30.345 0.34573 1601.5 23.80 

500 30.302 0.29410 2108.4 27.98 

550 30.222 0.31343 1205.2 26.25 

 

Both lattice strain and dislocation density play an important role in determining the 

physical strength and electronic features of semiconductors(Kiprotich et al., 2022a). 

In this study, the Williamson-Hall technique was used to calculate lattice strain (ε), 

and the dislocation density (δ) was calculated from the crystallite size. Lattice strain 

equation (4.8), and dislocation density equation (4.9) were utilized in obtaining strain 

and dislocation density.  
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  = 


4 tan     
                                                                                                            (4.8) 

Here,  represents the micro strain,  is the diffraction angle of the most intense peak 

(200) and represents the FWHM in radians.  

=
1

𝐷²
                                                                                                                         (4.9) 

Where  is the dislocation density in nm-2, and D is the crystallite size (nm) 

The results in Table 4.10 demonstrated that at 350°C, the strained material (0.0085) 

and the highest density of dislocations (0.0041 nm⁻²) were observed, indicating the 

smallest crystallite size. Therefore, lower calcination temperature may result in more 

lattice defects and the creation of extra dislocations due to insufficient thermal energy 

(Seetawan et al., 2011). At 500°C, the strain and dislocation density in the crystal 

became 0.0047 and 0.0012 nm⁻² indicating less crystal strain and fewer defects. These 

findings align with previous reports; for example, (Bhosale et al., 2021) discovered 

that calcining at higher temperatures minimized lattice strain and dislocation density 

of NPs, which they attributed this behavior to better crystallinity and defect healing in 

the material. Using a similar approach, (Dasuki et al., 2023) noted that doping NPs 

nanoparticles with chromium (Cr) resulted to less strain and fewer dislocations. When 

calcined at higher temperatures, it demonstrated the impact of doping, thermal 

treatment, and structural defects in the nanoparticles. 

The lattice parameter 'a' and interplanar spacing 'd' were obtained from the XRD data 

to understand how Sn doping and calcination temperature influence the crystal 

structure of CdO. The spacing between the atoms in the crystal increased from 4.590 

Å in pure CdO to about 5.117 Å in samples where Sn was added at 550°C. The 

expansion is attributed to Sn4+ ions (ionic radius 0.83 Å) substituting the existing Cd²⁺ 

ions (ionic radius 0.95 Å), making the cubic unit cell bigger (Ikram et al., 2021). The 

values of d-spacing showed a similar pattern, rising higher with an increase in 

calcination temperature and Sn doping. This shows that higher calcination 

temperatures facilitate the incorporation of Sn into the CdO lattice, leading to equal 

lattice expansion (Anitha et al., 2019). Adjusting these structures is key to changing 

the electronic and optical properties of CdO nanoparticles for photovoltaic devices. 
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 Table 4.10 outlines the calculated lattice parameters, d spacing, strain, and dislocation 

density of synthesized CdO: Sn NPs using wet chemical process at varying calcination 

temperature. 

Table 4.10: Tabulated lattice parameters, d spacing, strain, and dislocation of 

synthesized Sn: CdO NPs at varying calcination temperatures 

Calcination 

temperature 

(0C) of Sn: 

CdO  

d- 

spacing 

(nm) 

Lattice 

parameter, 

a (Å) 

Strain 

 

Dislocation 

density  

(nm-2) 

Pure CdO 0.2650 0.4590 0.0056 0.0022 

300 0.2944 0.5099 0.0055 0.0017 

350 0.2952 0.5113 0.0085 0.0041 

400 0.2943 0.5097 0.0050 0.0014 

450 0.2943 0.5097 0.0055 0.0017 

500 0.2947 0.5104 0.0047 0.0012 

550 0.2954 0.5117 0.0050 0.0014 

 

4.4.2 Photoluminescence Analysis  

Photoluminescence spectroscopy was used to examine the defects, charge dynamics, 

and recombination processes in semiconductor nanoparticles. Figure 4.13 (a) shows 

the PL spectra for calcined pure and Sn-doped CdO nanoparticles, and Figure 4.13 (b) 

shows PL deconvolution of the samples calcined at a range of temperatures using UV 

excitation between 390 and 540 nm at an excitation wavelength of 320 nm. 

The main emission of peaks, which is mainly found in the blue visible part (around 

460–475 nm), is attributed to the recombination of electrons and holes via either 

intrinsic or extrinsic defects within the band gap. Pure CdO had the highest PL 

intensity centered at 464.83 nm, whereas the PL intensity decreased among the Sn-

doped CdO samples, indicating suppression of radiative recombination due to Sn 

doping and improved charge separation (Nabi et al., 2024). Figure 4.13 shows the PL 

spectra for calcined pure and Sn-doped CdO nanoparticles, and PL deconvolution for 

calcined samples. 
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Figure 4.13: PL spectra showing Sn- CdO NPs calcined at different 

temperatures (a) and Gaussian deconvolution at 350 0C (b) 

Interestingly, different levels of PL intensity were observed depending on the 

calcination temperature. The sample treated at 350°C had a secondary peak intensity 

of 0.16466 a.u., as shown in Table 4.11, indicating that defect states are strongly 

present even after doping with Sn. The smallest recombination was reported for the 

sample doped with 550°C tin at 0.09670 a.u., suggesting improved crystallinity and a 

decrease in interface traps. These findings reveal that moderately calcined crystals at 

temperatures of 400–550°C improve their overall structure and optoelectronic 

performance in solar cells. Gaussian deconvolution analysis of revealed multiple 

emission peaks at 376, 452, 476, and 523 nm. At 376 nm, near band edge (NBE) 

emission occurs, most likely due to free exciton recombination. Emissions at 452 and 

476 nm are connected to oxygen vacancies and interstitials commonly found in CdO 

materials (Abbas et al., 2021). At 523 nm, there is green emission attributed to the 

deep-level defects, including cadmium interstitials or states introduced by tin. When 

multiple visible-region emissions are displayed, it means that different degrees of 

defects are present, particularly at lower calcination temperatures where incomplete 

crystallization can trap charge carriers. This supports the greater dislocation count and 

lattice disarrangement found during XRD at 350°C. It is notable that PL intensity is 

generally reduced as the calcination process is taken from 300°C to 550°C, except for 

a small rise at 350°C. It shows that when the temperature for calcination is raised, 
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more grain growth occurs and the number of surface defects declines, decreasing the 

proportion of radiative recombination (Zhao et al., 2022). A weaker PL means it is 

easier for photovoltaic applications to separate photo-generated carriers and avoid 

recombination phenomena (Makori et al., 2014). These findings match other reports, 

for example, (Abbas et al., 2021) found similar blue emission in CdO nanoparticles 

and noted that the PL intensity decreased as calcination temperature increased. In 

another study, (Vigil‐Galán et al., 2006) found that when Sn-doped CdO Nps were 

calcined above 450°C, the PL intensity decreased due to better grain linking and fewer 

trap states. Table 4.11 shows the emission wavelengths and relative intensities of 

peaks at varying calcination temperatures. 

Table 4.11: Emission wavelengths and relative intensities of peaks at varying 

calcination temperatures 

Calcination 

Temperature of Sn-

CdO NPs (0C) 

Emission 

Wavelength (nm) 

Relative Intensity 

(a.u) 

Pure CdO  464.83 0.17549 

300 475.67 0.10972 

350 468.61 0.16466 

400 468.08 0.14716 

450 469.83 0.12296 

500 467.43 0.12721 

550 463.42 0.09670 

 

4.4.3 FTIR Analysis 

FTIR spectroscopy was used to examine the various vibrations and types of bonds 

within pure and Sn-doped CdO nanoparticles after being calcinated at different 

temperatures. All spectra measured in the range of 400–4000 cm⁻¹. Vibrational bands 

related to the structure and functional groups were examined to examine how varying 

calcination temperatures influenced the synthesized materials. The FTIR spectra is 

shown in Figure 4.14. 
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Figure 4.14: FTIR spectra of Sn- CdO NPs at different calcination 

temperatures 

A major band between 3400 and 3600 cm⁻¹ was seen in all synthesized samples and 

is commonly associated with O–H bond stretching of adsorbed water or available 

surface hydroxyl groups (Abbas et al., 2021). The band’s intensity at 300°C and 350°C 

shows that water from the surface is likely present due to incompletely removed water. 

As the calcination temperature increases, the strength of the band decreases, indicating 

that moisture and volatile organics are being effectively removed. The absorption band 

around 1400–1650 cm⁻¹ is caused by the bending of water molecules or traces of 

organic molecules. The decreased intensity at 500°C and 550°C is attributed to the 

enhanced purity and densification of the oxide. Furthermore, the strong peaks noted 

below 700 cm⁻¹, mainly in the 450–650 cm⁻¹ area, are attributed to the vibrations of 

single-crystal cadmium oxide (Makori et al., 2014). The modified intensity of these 

peaks in the Sn-doped samples indicates that Sn⁴⁺ successfully replaced Cd²⁺, which 

affects the bonding environment. The overlapping of Sn–O vibrations in this region 

may be seen in complex spectra of doped films, but are not always well-defined. When 

the calcination temperature increases, the FTIR spectra show clearer and sharper 

peaks, mainly at lower wavenumbers where the metal–oxygen bonds are located. This 

trend indicates a higher degree of crystallization and reduction of structural defects 

and precursor substances. From the results, the 500°C and 550°C samples show the 
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best consolidation, as they display less of the water-related bands and a more enhanced 

absorption of Cd by oxygen. These data support what was revealed in the XRD data, 

where the XRD patterns collected at 500°C displayed maximum crystallite sizes and 

the fewest defects, confirming the above observations. A similar behavior has been 

observed by (Makori et al., 2014) found that exposing Sn-doped CdO thin NPs to 

temperatures above 450°C decreased the amount of carbon and improved the strength 

of the oxide network. In another study (Abbas et al., 2021) also found a strong O–H 

bond in CdO nanoparticles synthesized by co-precipitation, and its intensity decreased 

as the nanoparticles were calcined at higher temperatures, indicating a higher-quality 

CdO phase. Sn impurity in CdO, studied by (Dakhel, 2011) led to a minor change in 

the Cd–O stretching band, resulting from shifts in the lattice and defect formation. The 

changes in FTIR spectra as the calcination temperature increases offer important clues 

about using Sn-doped CdO nanoparticles as photoanodes for solar cells. A lower 

intensity of hydroxyl and organic bands at high temperatures means the material is 

structurally pure and more suitable for efficient and less-reactive charge transfer. Also, 

the improved sharpness of Cd–O bands which indicates better crystallinity, as this is 

significant for producing defect-free materials useful in solar cells. 

4.4.4 Optical Analysis 

The ability of semiconducting materials to transmit and absorb light is crucial for their 

use in solar energy applications. The UV-Vis absorption and Tauc plot analyses were 

used to examine the optical transitions and determine the band gap energies of pure 

CdO and Sn-CdO NPs at varying calcination temperatures. 

The absorbance spectra in Figure 4.15 at (200-900 nm) reveal a strong absorption in 

the ultraviolet region and the absorption edges shifts sharply depending on the 

calcination temperature and Sn doping. Pure CdO shows moderate absorption and a 

long tail, revealing that defects are present within its band gap. Samples doped with 

Sn, when calcined at 300°C and 350°C, exhibit increased absorption in the UV 

spectrum. The observed improvement is attributed to the development of Sn-based 

defects or by making the surface rougher, both of which help absorb more light (Abbas 

et al., 2021). Beyond 400°C, the absorbance slightly decreases, possibly due to the 

development of a more uniform and uniformly colored crystal. At 500°C and 550°C, 

the samples display distinct absorption edges and fewer sub-band gaps, pointing to 
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less structural disorder and making them good choices for light harvesting in solar 

cells (De León-Gutiérrez et al., 2006). The absorbance spectra of tin doped cadmium 

oxide is illustrated in figure 4.15 

 

Figure 4.15: Absorbance spectra of Sn- CdO NPs calcined at different 

temperatures 

To correctly estimate the band gap of pure CdO and CdO: Sn NPs, Tauc relation 

equation (Othman, 2022) was used. To obtain the bandgap energy from a Tauc’s plot, 

the UV-Vis absorption spectrum of the sample was used to record the absorbance data, 

typically in the range of 200 to 800 nm. The absorbance data was then converted into 

photon energy (hν) using the equation hν= 1240 

λ
  where λ is the wavelength in 

nanometres and hν is the photon energy in electron volts (eV). The absorption 

coefficient (α) was calculated, using the relation α=
2.303  𝑋 𝐴

𝑡
 where A is the absorbance 

and t is the thickness of the sample. The Tauc equation, was then applied, where 𝐸𝑔 is 

the optical band gap and  𝛾 is 2 for indirect allowed transitions. A graph is plotted with 

hν on the x-axis and (αhν) on the y-axis. The linear portion of the curve near the 

absorption edge was extrapolated to intersect the x-axis. The point of intersection 

represents the band gap energy of the material. 

(𝛼ℎ𝑣)𝛾 = 𝐴ℎ𝑣 − 𝐴𝐸𝑔                                                                                   (4.10)  
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where α is the absorption coefficient, hv is the incident photon energy,  𝛾 is allowed 

transition, A is a constant and Eg is the electronic band gap of the semiconductor 

material. When 𝛾 is 2 it is indirect and when ½ it is direct allowed transition from the 

valence band to transition. Figure 4.16 shows the Tauc’s plot.  

 

Figure 4.16: Tauc’s plot and band of CdO: Sn NPs at different calcination 

temperatures 

The band gap of pure CdO  (4.50 eV) exceeds the typical regular bulk of CdO (~2.2–

2.5 eV) dure to the quantum confinement effects in the nanoscale regime. (Makori et 

al., 2014). Dopants in Sn typically push the gap between bands slightly wider at first, 

in line with the Burstein–Moss effect, as more carriers fill up the conduction band and 

the material’s light absorption energy also increases (Gibbs et al., 2013). Still, a major 

drop to 3.75 eV at 350°C likely results from the presence of disorder or defects due to 

incomplete crystallization or discrepancies in the doping process. Above 400°C as 

shown in Table 4.12, the band gap in the material becomes larger (up to 5.75 eV at 

550°C) due to enhanced crystal structure, minimal defects, and potentially different 

conductivity (Abbas et al., 2021). It is also observed that increasing the temperature 

during calcination made the band gap of CdO nanoparticles wider, matching the 

findings of (De León-Gutiérrez et al., 2006), who observed that in Sn-doped CdO NPs, 
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the optical band gap increased from ~3.1 eV to ~5.1 eV due to the interplay of doping 

and thermal processing. The results of this work are important for solar cell 

engineering and design. The fact that thermal treatment and doping allow for fine-

tuning the band gap from 3.7–5.75 eV is a major advantage when considering 

photovoltaics. A photoanode made of Sn-doped CdO blocks visible light from passing 

through, while injecting electrons into the conduction band. Table 4.12 shows the 

bandgaps of Sn doped cadmium oxide nanoparticles calcined at different temperature. 

Table 4.12: Showing extrapolated bandgaps of Sn-CdO NPs at different 

calcination temperatures 

Calcination Temperature of 

Sn-CdO NPs (0C) 

Band gap (eV) 

Pure CdO  4.50 

300 4.82 

350 3.75 

400 5.50 

450 5.0 

500 5.25 

550 5.75 

 

4.5 Chapter Summary 

The single-phase cubic CdO (JCPDS No. 01-073-6494) and successful incorporation 

of Sn were confirmed when the XRD analysis showed no visible secondary phases. 

During calcination, the crystallite size increased until it reached a maximum of 

27.98 nm at 500°C, and strain and dislocations in the structure were both reduced at 

that temperature. With higher calcination temperatures, FTIR spectra showed a 

gradual disappearance of hydroxyl groups and organic residue, accompanied by 

clearer bands for Cd-O stretching which indicates better crystallinity. 

Photoluminescence analysis showed broad blue emission associated with oxygen 

vacancies and defects, normalized and the PL intensity dropped with increasing 

calcination temperatures, showing that carrier recombination was less frequent. 

Optical analysis through UV-Vis spectroscopy and Tauc plots showed that the band 

gaps of the samples changed from 3.75 eV to 5.75 eV, with the sharpest absorption 

edge and largest gap appearing at 550°C, which was attributed to the Burstein–Moss 

effect and lower defect density. Based on the results, adjusting the calcination 
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temperature greatly affects the structure and performance of Sn-CdO nanoparticles in 

light-related applications. The study offers a useful way to improve CdO: Sn NPs for 

use in solar energy and optoelectronic applications in the future. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The pure and doped CdO NPs were successfully synthesized using a wet chemical 

process and then characterized using various techniques. XRD analysis confirmed a 

face-centered cubic structure of CdO for the experimental factors: capping ratio, 

doping concentration and calcination temperatures. The XRD pattern confirmed the 

retention of the cubic phase of CdO with no secondary phases when capped with MPA. 

The capping ratio greatly affected its quality and size of the crystallites. Using a 

moderate amount of MPA (1.5–2.0 ml) formed the best crystals with minimal defects 

and stress, since more MPA (2.5–3.0 ml) blocked crystal collisions and thus raised the 

number of defects in the crystals. The single-phase cubic CdO (JCPDS No. 01-073-

6494) and successful incorporation of Sn were confirmed when the XRD analysis 

showed no visible secondary phases. During calcination, the crystallite size increased 

until it reached a maximum of 27.98 nm at 500°C, and strain and dislocations in the 

structure were both reduced at that temperature. 

UV-Vis analysis revealed that addition of MPA to CdO, the optical band gaps shifted 

from 5.5 eV to as narrow as 3.5 eV, meaning the optical absorption behavior of these 

nanoparticles can be changed through proper choice of ligands. Absorbance of the 

nanoparticles increased with increasing Sn dopant in the range of 298nm to 340nm 

and their corresponding band gap energy decreased with increase in the dopant (3.688 

eV to 1.812eV). Optical analysis through UV-Vis spectroscopy and Tauc plots showed 

that the band gaps of the samples changed from 3.75 eV to 5.75 eV, with the sharpest 

absorption edge and largest gap appearing at 550°C. 

Mercaptopropionic acid (MPA) functional groups were successfully added, displaying 

unique vibrations from the Cd–O, C=O, O–H, and S–H groups. An increase in the 

intensity of carboxylate and thiol vibrations as more capping agent is added shows that 

the surface is being effectively modified and this changes the order and light response. 

Therefore, the research results indicate that changing the capping ratio on MPA leads 

to different CdO nanoparticles. Among the samples, 2 mL MPA-capped CdO revealed 

the best combination of properties, so it was the best for potential use in solar cell 

photoanodes. These findings advance the knowledge of making advanced 



61 

 

optoelectronic devices by engineering nanostructures using targeted molecules. With 

higher calcination temperatures, FTIR spectra showed a gradual disappearance of 

hydroxyl groups and organic residue, accompanied by clearer bands for Cd-O 

stretching which indicates better crystallinity. 

The results from photoluminescence studies indicated that the intensity of PL 

depended non-linearly on capping concentration, and 2 ml MPA-capped sample gave 

stronger emission owing to effective passivation at the surface. Multiple defect-related 

emissions and emission near the band edge were clearly detected by Gaussian 

deconvolution. PL properties showed a decrease in peak intensity of the nanoparticles 

when doping was increased and a shift in emission wavelength from 395nm for pure 

to 400nm in doping with 3.5% Sn. The synthesized nanoparticles possessed good 

structural and optical properties for possible solar cell applications. 

Photoluminescence analysis of the calcined samples showed broad blue emission 

associated with oxygen vacancies and defects. It normalized and the PL intensity 

dropped with increasing calcination temperatures, showing that carrier recombination 

was less frequent. 

The study also explored the impact of calcination temperature on the structural, and 

optical properties of tin-doped cadmium oxide (Sn-CdO) nanoparticles made using 

precipitation by reflux. The single-phase cubic CdO (JCPDS No. 01-073-6494) and 

successful incorporation of Sn were confirmed when the XRD analysis showed no 

visible secondary phases. During calcination, the crystallite size increased until it 

reached a maximum of 27.98 nm at 500°C, and strain and dislocations in the structure 

were both reduced at that temperature. With higher calcination temperatures, FTIR 

spectra showed a gradual disappearance of hydroxyl groups and organic residue, 

accompanied by clearer bands for Cd-O stretching which indicates better crystallinity. 

Photoluminescence analysis showed broad blue emission associated with oxygen 

vacancies and defects, normalized and the PL intensity dropped with increasing 

calcination temperatures, showing that carrier recombination was less frequent. 

Optical analysis through UV-Vis spectroscopy and Tauc plots showed that the band 

gaps of the samples changed from 3.75 eV to 5.75 eV, with the sharpest absorption 

edge and largest gap appearing at 550°C, which was attributed to the Burstein–Moss 

effect and lower defect density. Based on the results, adjusting the calcination 
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temperature greatly affects the structure and performance of Sn-CdO nanoparticles in 

light-related applications. These studies offer a useful way to improve Sn-CdO NPs 

for use in solar energy and optoelectronic applications in the future. 

The research findings showed optimized results at 2ml MPA capping ratio, 1.5% tin 

doping concentration and calcination temperature 350 degrees Celsius for the 

nanoparticles synthesized using wet chemical process. The optimized parameters 

contribute to the development of sustainable and effective solar cell for utilization of 

renewable energy sources and global solution of energy crisis. 

5.2 Recommendations  

5.2.1 Recommendations for Policy 

The study recommends the following for the optimized MPA capped cadmium oxide 

nanoparticles doped with tin (CdO: Sn) for possible solar cell application in order to 

improve its efficiency and enhance sustainable energy which is friendly to the 

environment; 

• Best Synthesis Parameters of Solar Cells-The study recommends a capping 

ratio of 2mL MPA, 1.5%Sn doping and calcinating temperature of 3500C to 

produce nanoparticles with optimal crystal tomography, minimum defect 

concentration and preferable optical band gap to make excellent solar cell 

photoanodes with efficiency. 

• Cost-effective devices materials-Based on the foregoing parameters, the 

synthesized optimized particles of cadmium oxide (CdO) that result in low-

cost but high-performance production of solar cells should be prioritized 

because of the stability of their structure, the tunability of optical properties, 

and scalable production process. 

5.2.2 Recommendation for future work 

Future work in the field of CdO: Sn nanoparticles for solar cell applications could 

focus on several key areas to advance the understanding and utilization of these 

materials: 

• Explore alternative dopants – Investigate co-doping with other metals (e.g., In, 

Al, Ga) for improved DSSC efficiency. 



63 

 

• Investigation of other capping agents in synthesis of the nanoparticles for 

better quality of the photoanodes. 

• Advance to device fabrication incorporating optimized cadmium oxide doped 

with tin nanoparticles. 
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