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ABSTRACT 

Dysprosium ion-doped Calcium Yttrium Tungstate (Ca3Y2WO9) (CaYW) phosphors were 

synthesised via the solid-state reaction method. The undoped and doped phosphor samples 

were characterised by the x-ray diffraction (XRD) method. The diffraction peaks of the 

samples, sintered at 1100ºC, closely resembled the Joint Committee on Powder Diffraction 

Standards (JCPDS) pattern with card number 00-038-0218, and the crystal system was found 

to be tetragonal. Scanning electron microscopy (SEM) was utilised to study the surface 

morphology of the samples. Diffuse reflectance spectroscopy (DRS) measured the optical band 

gap values. CaYW:xDy3+ phosphors, with different doping concentrations of Dy3+ (x=1, 3, 5, 

7, 9, and 11 mol%), were synthesised, and their photoluminescence (PL) spectra were studied. 

The emission spectra revealed that the phosphors, when excited at 352 nm, showed intense 

emission at 575 nm (yellow light), corresponding to the transition 4F9/2→
6H13/2. Concentration 

quenching occurred after 9 mol% of Dy³⁺ ions, and thus, the optimum phosphor sample is 

CaYW: 9mol% Dy3+. For all the samples of the phosphor, the Commission Internationale de 

l'éclairage (CIE) coordinates were evaluated, and they were found in the yellowish-white 

region. The coordinates for the optimum sample were (0.3654, 0.3972). Fourier transform-

infrared (FT-IR) spectra were analysed to identify the functional groups present in the samples. 

Thermogravimetric analysis (TGA) and temperature dependent-photoluminescence (TD-PL) 

analysis were also done to study the samples in a thermal context. In conclusion, the results of 

the current study demonstrate that the Dy3+ ions-doped CaYW phosphors may have the 

potential to be utilised in white light-emitting diodes (w-LEDs). 

Keywords: phosphor, doping, luminescence, quenching, CIE chromaticity coordinates, w-

LED. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Phosphor  

Solid substances known as phosphors release light when they come into contact with radiation, 

including ultraviolet, infrared, or electron beams. Phosphors come in a wide variety of forms, 

each with unique properties like colour emission and illumination duration. Since an alchemist 

named Vincentinus Casciarolo in Bologna, Italy, found a crystalline stone next to a volcano in 

the 17th century, the term "phosphors" has been in use. The stone was called "Bolognian stone" 

because, when exposed to sunlight, it gave off a crimson glow in the dark. The burning process 

created BaS, which is presently known as a host for phosphors, and the stone was subsequently 

determined to be barite (BaSO4). 

The ability of phosphors to absorb energy and re-emit it as visible light or in other 

electromagnetic spectrum regions is one of their properties.  Key characteristics include: 

1. Luminescence: The release of light without significant heat production.  This can occur 

in two main ways: 

• Fluorescence: The instantaneous emission of light upon activation. 

• Phosphorescence: Prolonged emission of light after the excitation source is 

removed. 

2. Decay Time: How long does it take for the released light to fade after excitation?  While 

fluorescence typically decays in nanoseconds, phosphorescence can last anywhere from 

seconds to hours.  

3. Emission Spectrum: Phosphors emit light at specific wavelengths, which can be tuned 

by altering their composition. 

4. Efficiency: The ability of a phosphor to convert absorbed energy into light.  

5. Durability: Phosphors must be able to withstand prolonged excitation and 

environmental conditions without experiencing noticeable degradation [1–3]. 

1.2 Host material or matrix 

In phosphors, host materials are the basic crystalline or amorphous substances that serve as a 

matrix for the addition of activator ions (dopants), which emit light when excited.  Although 

these host materials don't emit light, they provide the electrical and structural conditions needed 

for the activators to function effectively. 
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The choice of host material has a significant effect on the stability, colour, and luminescence 

efficiency of the light that is released.  Therefore, in some applications, optimising phosphor 

performance requires selecting the right host material [4,5]. 

1.2.1 Properties of host materials 

The host material needs to meet a number of criteria in order to function properly in a phosphor 

system: 

1. Crystal Structure: A unique crystal lattice that has just the correct amount of symmetry 

to make activator ion incorporation easier.  The lattice must allow for efficient energy 

transfer to the activators. 

2. Wide Bandgap: The valence and conduction bands should have a large energy 

difference in order to prevent the host from absorbing the released light.  The wide 

bandgap ensures transparency to the activator's emission wavelengths. 

3. Thermal Stability: The material must remain stable at high temperatures during 

synthesis and use.  This is particularly important for applications like LEDs and plasma 

screens. 

4. Low Phonon Energy: When non-radiative loss is reduced, more energy can be released 

as light rather than dissipating as heat. 

5. Chemical Stability: Resistance to environmental deterioration (such as moisture and 

oxidation) ensures long-term performance. 

6. Dopant Compatibility: The activator ions (like transition-metal or rare-earth ions) 

should be supported by the host without causing noticeable energy losses or lattice 

distortion [2,4,5]. 

1.2.2 Common host materials 

1. Oxides: Two examples are zinc oxide (ZnO) and yttrium aluminium garnet (YAG). 

They are well known for their remarkable chemical and thermal resistance and are 

widely used in LEDs and display technologies. 

2. Sulphides: Examples include zinc sulphide (ZnS) and calcium sulphide (CaS), which 

are commonly used in glow-in-the-dark materials and old CRT screens. 

3. Halides: Examples include caesium iodide (CsI) and sodium iodide (NaI), which are 

utilised in scintillators for medical imaging and radiation detection. 



16 
 

4. Nitrides: Two examples are silicon nitride (SiN₄) and aluminium nitride (AlN). These 

materials are suitable for high-power LED applications and are renowned for their 

remarkable thermal stability. 

5. Silicates: Because of their high brightness and stability, barium silicate (BaSiO₄) and 

zirconium silicate (ZrSiO₄) are commonly used in fluorescent lights. 

6. Borates: Strontium borate (SrB₄O₇) is one type that is utilised in optical applications to 

transform ultraviolet light into visible light. 

7. Molybdates and Tungstates: Zinc molybdate (ZnMoO₄) and calcium tungstate 

(CaWO₄) are well known for their high luminescence efficiency, especially in X-ray 

screens. 

1.2.3 Selection of host material 

Selecting the ideal host material for a phosphor necessitates balancing several factors, 

depending on the intended use: 

1. Application Requirements: Materials such as YAG are suggested for LEDs due to their 

thermal stability and compatibility with blue/UV light.  Because of their long-lasting 

afterglow properties, sulphides like ZnS are chosen for glow-in-the-dark applications.  

Tungstates like CaWO₄ are ideal for X-ray imaging due to their high density and 

capacity to absorb X-rays. 

2. Energy Transfer Efficiency: The host material should efficiently transfer energy to the 

activator ions.  Materials with low phonon energy, like oxides and nitrides, minimise 

energy loss. 

3. Emission Wavelength: The host-activator combination determines the emission's 

colour.  For example, YAG:Ce produces white or yellow light in LEDs, whereas 

SrAlO₄:Eu produces green light for glow-in-the-dark applications. 

4. Stability: For outdoor applications, chemical stability against moisture and UV 

radiation is essential.  Nitride and oxide are more stable than sulphides and halides 

[2,4,5]. 

1.3 Activator ions 

Activator ions are the primary dopant components in phosphor materials that emit light. These 

ions are introduced into a host material to create energy states that allow efficient light 

absorption and emission. The brightness, colour, and overall efficiency of the phosphor are all 
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regulated by the activators. Selecting the appropriate activator ions is crucial when making 

phosphors for specific applications, such as LED lighting, displays, and medical imaging. 

1.3.1 Role of activator ions in luminescence 

A phosphor's activator ions are excited to higher energy levels after absorbing energy from an 

outside source, such as electrons, X-rays, or ultraviolet light.  When these ions return to their 

ground state, light (luminescence) is released. 

1. Energy absorption: Involves excitation of the activator ion to a higher energy state. 

2. Energy Conversion: Radiative recombination or relaxation releases photons with a 

specific wavelength. 

3. Energy Losses (if any): Non-radiative processes, such as heat production. The 

wavelength (colour) of the light released depends on the activator ion's electrical 

makeup and its interactions with the host material [6]. 

1.3.2 Factors to consider when selecting activator ions 

Depending on the application and desired luminescence properties, a number of factors need 

to be considered when selecting an activator ion: 

1. Emission Wavelength: The activator ion's electronic transitions dictate the colour 

released. For example, because it emits red light, Eu³⁺ is suitable for displays. Ce³⁺, 

which emits blue to yellow light, is commonly used in white LEDs. 

2. Energy Levels and Transition Mechanisms: The necessary emission wavelength should 

be aligned with the ground state and excited state energy gaps of the activator. Rare-

earth ions (4f-4f transitions) generate sharper spectral lines, whereas transition metals 

(d-d transitions) offer broader emissions. 

3. Host Material Compatibility: With minimal to no lattice distortion, the activator ion 

should mix well with the host lattice. For example, Mn²⁺ works well in ZnS-based hosts. 

Ce³⁺ mixes well with Yttrium Aluminium Garnet (YAG) hosts. 

4. Luminescence Efficiency: Efficiency is determined by how well the activator absorbs 

excitation energy and re-emits it as light.  Quantum efficiency and the reduction of non-

radiative losses are important considerations. 

5. Excitation Source: The energy source of the application must cause the activator to 

react.  For example, LEDs can be excited by either blue or UV light using Ce³⁺.  Eu²⁺ 

is used in medical imaging to detect X-rays. 
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6. Chemical and Thermal Stability: The activator ion must remain stable under operating 

conditions, such as high temperatures in LEDs or exposure to moisture in outdoor 

applications. 

7. Activator Concentration: It's important to have the right activator concentration.  Too 

low concentrations cause weak emission, while too high concentrations cause 

concentration quenching, or energy losses caused by ion-ion interactions. 

8.  Cost and Availability: Rare-earth activators can be expensive because of supply chain 

constraints. Alternatives such as transition metal ions may be considered for 

applications where cost is an issue [7–9]. 

1.3.3 Rare earth ions 

The development of phosphors has led to the widespread use of rare earth (RE) elements as 

luminous centres or activators in various host lattices.  These components are employed despite 

their high cost because they can generate precise spectrum distributions, which makes them 

highly useful for commercial applications.  The market for luminous materials doped with rare 

earth elements (RE) has been growing steadily due to their remarkable quantum efficiency, 

stability, and wide range of applications. Rare earth (RE) elements are a group of 17 elements 

that usually include the 15 lanthanides (ranging from La, which has atomic number 57, to Lu, 

which has atomic number 71), Sc, which has atomic number 21, and Y, which has atomic 

number 39.  Although these elements are abundant in the Earth's crust, they are rarely found in 

concentrated, marketable forms. Each energy level of the ion has distinct luminous 

characteristics due to the partially occupied 4f orbitals of the lanthanides, Ce3+ to Lu3+.  

Luminescent ions are commonly employed as dopants in a variety of host phosphor lattices.  

RE ions are essential to display technology due to their remarkable luminous characteristics, 

which are characterised by distinct peak emission bands. They are also necessary for radiation 

detection and solid-state material lighting.  To be utilised in industrial settings, phosphors need 

to possess remarkable luminous efficiency, unparalleled chemical stability, temperature 

control, extended operational life, and environmentally friendly properties. The appropriate 

doping of rare earth (RE) elements to attain these properties has been one of the primary 

research topics.  Narrow band emitting phosphors (such as Sm3+, Tm3+, Er3+, and Nd3+) and 

broad band emission phosphors (such as Eu2+, Tb3+, Gd3+, Yb3+, Dy3+, and Ce3+) are the 

two main categories of phosphors doped with rare earth elements based on their emission 

characteristics. The high sensitivity of the 5d-4f transitions in ions such as Eu2+ and Ce3+ to 

local structural changes results in the production of broad band emissions. Nonetheless, the 
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shielding effect keeps the neighbouring atom arrangement from having an effect on most 4f 

levels. As a result, they produce steady, consistent emission spectra with distinctive features.  

By varying the doping concentration and the targeted occupancy of rare earth (RE) ions at 

different crystallographic locations, the optical properties of the host materials can be precisely 

modified. The crystal field interaction, particularly with the 5d orbital, has a significant impact 

on the emission colour and excitation wavelength of 4f-5d transitions. For instance, the 5d 

excited state of the Ce3+ ion is significantly influenced by the crystal structure, resulting in a 

discernible shift in the emission spectrum towards longer wavelengths. In conclusion, rare-

earth ions are necessary for the creation of high-performance luminous materials, particularly 

those for use in solid-state lighting (SSL) and display technologies. Their distinctive electronic 

transitions and combinations offer a starting point for designing effective, durable, and 

adaptable lighting systems [2,4]. 

 

Figure 1.1. Periodic table highlighting rare earth elements. 

1.4 Tungstate phosphors 

Tungstate molecules (WO₄²⁻) serve as the host for the luminescent compounds called tungstate 

phosphors.  These phosphors are well known for their broad bandgap, high efficiency, and 

remarkable chemical and thermal durability.  The tungstate ion, often coupled with rare-earth 

or transition-metal ions, contributes to a range of emission colours depending on the activator 

used. 

1.4.1 Properties of tungstate phosphors 

1. High Luminescence Efficiency: Tungstate materials have excellent ultraviolet (UV) 

absorption and efficiently convert absorbed energy into visible light. 
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2.  Thermal and Chemical Stability: Tungstate compounds, like calcium tungstate 

(CaWO₄) and zinc tungstate (ZnWO₄), can withstand high temperatures and are not 

easily broken down by chemicals. 

3.  Broad Bandgap: Tungstate hosts' broad bandgap (~4-5 eV) makes them suitable for 

applications requiring UV or high-energy stimulation. 

4. Versatile Emission: When doped with the appropriate activators, tungsten state 

phosphors can emit in the red, green, and blue regions of the visible spectrum. 

5. High Density: Tungsten materials are ideal for applications requiring interaction with 

high-energy radiation, such as X-rays or gamma rays, due to their thickness. 

6. Long Decay Times: Certain tungstate phosphors have long afterglow properties that 

make them useful for glow-in-the-dark or persistent luminescence imaging applications 

[2,10,11]. 

1.5 Luminescence and its types 

After the discovery of phosphors in the 17th century, every researcher started searching for 

new explanations for luminescence and its causes. Luminescence is the process by which a 

substance emits light without producing heat. The result of a substance absorbing incident 

energy and re-emitting it at a different wavelength is called luminescence. Numerous methods, 

such as heat, electricity, mechanical force, chemical reactions, and more, can be used to excite 

phosphorus. Many commonplace items, including lamps, televisions, and smartphone screens, 

exhibit luminescence. 

Depending on the various excitation sources, the luminescence phenomena can be divided 

into several groups:  

1. Photoluminescence: When electromagnetic radiation hits the surface of a phosphor, 

electrons are excited. It can be separated into two groups based on the technique: 

phosphorescence and fluorescence. 

2. Chemiluminescence: A chemical reaction causes this kind of light emission. This 

reaction can happen without heat or external light because it is self-contained within 

the chemical system. The emission of light is mostly caused by an electronic transition 

that takes place within the molecules involved in the chemical process. The firefly is a 

well-known example of a live organism that exhibits chemiluminescence. The enzyme 

luciferase facilitates the chemical reaction between luciferin and oxygen, which 

releases light. In forensic investigations, a chemiluminescent material known as 

luminol is used to find blood at crime scenes.  
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3. Bioluminescence: Chemical reactions in living organisms produce this type of 

luminescence. It is found in many organisms, such as deep-sea fish, bacteria, fungi, and 

insects.  

4. Thermoluminescence: This is the process by which certain materials produce light 

when heated after being exposed to ionising radiation. This method is frequently 

employed in dosimetry to quantify radiation exposure and in geology and archaeology 

for dating. The fundamental concept is that certain minerals and substances gradually 

store energy from ionising radiation, which is subsequently released as light when the 

material is heated.  

5. Electroluminescence: This method produces luminescence by exposing the phosphor 

to an electric field.  Similar to LEDs, electron-hole pair recombination is what produces 

the illumination. Free electron-induced luminescence is referred to as 

cathodoluminescence. 

6. Radioluminescence: When certain materials are exposed to ionising radiation, they 

produce visible light. This process is different from thermoluminescence, which is the 

process by which a material that has been exposed to ionising radiation and heated 

produces light.  Radioluminescence is the direct emission of light caused by interaction 

with ionising radiation.  

7. Mechanoluminescence: Luminescence results from any mechanical influence on the 

phosphor. 

8. Piezo-luminescence: This method, which happens when pressure is applied to a 

substance, is called piezo-luminescence [12]. 

1.5.1 Understanding photoluminescence through Jablonski diagram 

Photoluminescence is the process by which a substance absorbs photons, or packets of light 

energy, and then emits light.  This phenomenon occurs when a material is exposed to a specific 

wavelength of light, resulting in the emission of a longer wavelength of light.  Essentially, 

photon energy is absorbed by the material and released as light.  The two primary forms of 

photoluminescence are fluorescence and phosphorescence.  These are explained quite simply 

in the Jablonski diagram. 

1. Phosphorescence is the process by which materials retain their ability to produce energy 

and shine even after the radiation source has been switched off.  The brightness of this 

glow gradually fades over milliseconds to days.  This phenomenon can happen when 

two excited states with different total spins exhibit similar energy levels.  The ground 

state and one of the excited states are shown as a singlet (S=0), while the next excited 
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state is shown as a triplet (S=1).  Spectroscopic transitions between singlet and triplet 

levels are forbidden by the rule ΔS=0, but this is not true if the excited states are 

transferred kinetically, that is, by collision-induced radiationless transitions. A transfer 

between the two potential curves is only possible close to the cross-over point.  The 

molecule can't go back to the excited singlet state once it enters the triplet state and 

begins to lose vibrational energy.  As a result, it will eventually arrive at the triplet 

state's zero velocity level (ϋ'=0).  Although spectroscopic constraints technically forbid 

it, a transition from the current state to the ground state is feasible, albeit much more 

slowly than an electronic transition that is permitted. Phosphorescent materials can 

radiate for seconds, minutes, or even hours after absorbing energy. The 

phosphorescence spectrum typically consists of frequencies lower than those absorbed 

[12]. 

2. The process by which materials rapidly generate energy and cease to glow when the 

stimulating radiation is removed is known as fluorescence.  The phenomenon can be 

explained by a figure that depicts the molecule in a highly vibrating state following 

electronic excitation.  Any extra vibrational energy in this state can be released through 

intermolecular collisions.  When vibrational energy is converted to kinetic energy, heat 

is created in the sample.  "Radiationless" means that energy can move between different 

levels without emitting radiation.  After transitioning to a lower vibrational state, the 

excited molecule emits radiation and settles back to its ground state.  This released 

radiation is known as the fluorescence spectrum, and it typically has a lower frequency 

than the absorbed light. But under certain circumstances, it might happen more 

frequently.  The time interval between the chemical's initial absorption and its return to 

its initial state is extremely short, measuring only 10-8 seconds [12]. 

 

Figure 1.2. Jablonski diagram. 
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CHAPTER 2: CHARACTERISATION TECHNIQUES 

2.1 X-Ray diffraction method 

X-ray diffraction is a widely used technique to determine a material's crystal structure, phase 

purity, crystallite size, distance between crystal planes, lattice parameters, and stresses.  This 

method was developed in 1912 by German physicist von Laue.  The English physicists W.H. 

and W.L. Bragg were the first to successfully determine the crystal structures of different 

crystals using the XRD method. 

The wavelength of the electromagnetic waves that comprise x-rays is approximately a few 

Angstroms (10-10 m). The German physicist Roentgen discovered it in 1895. The phenomenon 

of light diffraction is well known in optics. The way light is bent by an obstruction or an 

aperture is called diffraction. Diffraction occurs because the obstruction's corners act as 

secondary light sources and each wave they emit has a phase relation.  Diffraction occurs when 

the width of the obstruction is less than or equal to the wavelength of the wave.  X-rays can be 

diffracted from the crystal lattice because the inter-planar distances (d) are comparable to the 

x-ray wavelength. The phase difference brought on by the atomic planes is given by the relation 

2𝑑sin𝜃=𝑛𝜆. 

 

Figure 2.1. Bragg’s law. 

This equation is known as Bragg's law.  In this case, d represents interplanar distance, 𝜆 the 

wavelength of the X-ray, and 𝜃 Bragg's angle. 

A detector, which can be stationary or mobile, picks up X-rays that have been diffracted in 

all directions by the sample.  Depending on the geometry of the experiment, there are three 

types of XRD methods:  

1. Laue's method 

2. The method of rotating crystal 

3. The Debye-Scherrer method, also known as the powder crystal method 

The powder crystal method is frequently used to prepare this finely powdered sample. The 

strength of the diffracted beams at different diffraction angles (𝜃) is measured by the detector.  
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The intensity of the diffracted beam at different 𝜃 positions is determined by the crystal 

structure and the alignment of the atomic planes.  The obtained spectrum is then compared to 

the widely used databases that the Joint Committee on Powder Diffraction Standards (JCPDS) 

has made available. This spectrum is used to determine the crystal structure and other 

characteristics. 

 

 

Figure 2.2. X-ray diffractometer. 

2.2 Scanning electron microscopy 

Scanning electron microscopy (SEM), a powerful imaging technique, has advanced 

significantly in the fields of materials science, biology, and nanotechnology.  The transmission 

electron microscope (TEM), developed in 1931 by Ernst Ruska and Max Knoll, began to 

change in the early 1900s.  In 1935, Max Knoll conducted the first experiments involving the 

scanning of a focused electron beam across a specimen surface.  But in 1942, Manfred von 

Ardenne constructed a more practical SEM.  The technology reached maturity in 1965 when 

the Cambridge Instrument Company released the first commercial SEM. Since then, SEM has 

evolved to offer digital imaging capabilities, sophisticated detection systems, and resolution at 

the nanometre scale. 

The theory behind SEM is based on how a high-energy electron beam interacts with the 

atoms in a sample.  When the finely focused electron beam strikes the sample surface, it 
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produces a range of signals due to elastic and inelastic scattering processes.  These include 

backscattered electrons (BSE), which are high-energy electrons reflected back from deeper 

within the sample and provide compositional contrast; characteristic X-rays, which are created 

by electronic transitions within the sample's atoms and are used for elemental analysis through 

Energy Dispersive X-ray Spectroscopy (EDS or EDX); and secondary electrons (SE), which 

are low-energy electrons ejected from the sample's surface atoms and are primarily used for 

detailed topographical imaging. 

The operation of the SEM involves several key components.  Electrons from an electron 

gun, which typically uses a tungsten filament, LaB₆ crystal, or a field emission source, are 

focused into a narrow beam by electromagnetic condenser lenses.  This beam is rastered across 

the sample surface using scanning coils.  A range of signals are produced as the electron beam 

interacts with the sample. To stop air molecules from scattering electrons, the sample is 

maintained in a vacuum chamber.  Detectors collect these signals: SE for surface detail, BSE 

for composition, and X-rays for elemental information.  Following processing, these signals 

appear as high-resolution images with contrast that matches signal strength. 

 

Figure 2.3. A scanning electron microscope set-up. 
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2.3 Diffuse reflectance spectroscopy 

Diffuse Reflectance Spectroscopy (DRS) is a non-destructive analytical technique that focusses 

on the optical properties of powders, rough surfaces, and opaque materials.  It began in the 

early 20th century with improvements in reflectance measurement techniques, but it really took 

off in the mid-1900s when integrating spheres and UV-Vis spectrophotometers became more 

widely available.  Over time, DRS has become increasingly important in fields such as material 

science, pharmacology, geology, and catalysis, particularly for studying chromophores, band 

gaps, and electronic transitions in solid materials. 

The theoretical foundation of DRS is the interaction of incident light with a diffusely 

scattering surface.  Unlike specular reflection, which occurs at a specific angle, diffuse 

reflection occurs when light enters a rough or particulate surface, undergoes multiple scattering 

events, and then departs in a variety of directions.  During this process, some of the light is 

reflected back and some is absorbed by the substance.  By measuring the intensity of this 

reflected light as a function of wavelength, the technique ascertains the optical absorption 

characteristics of the material. 

 

Figure 2.4. Spectrophotometer for DRS. 

DRS involves exposing a powdered or matte solid sample to a UV, visible, or near-infrared 

light beam.  The sample is typically placed inside an integrating sphere to collect the diffusely 

reflected light from all directions.  The light is then directed onto a detector, which uses various 

wavelengths to measure its intensity.  Since sample transparency is not required, the method is 

ideal for studying materials that are opaque or have high scattering qualities.  The resulting 

spectrum shows electrical transitions, band gap energies, and information about the chemical 
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composition and molecular structure.  DRS offers a rapid and minimally invasive method of 

material characterisation, and it is particularly helpful for samples that are insoluble or unstable 

in gearbox configurations. 

2.4 Photoluminescence spectroscopy 

Photoluminescence (PL) spectroscopy is a sensitive, non-destructive optical technique for 

investigating the electrical and optical properties of materials, especially semiconductors, 

insulators, and nanomaterials.  Originating in the early study of luminous phenomena in the 

19th century, the technique gained increasing scientific and technological significance with the 

introduction of solid-state physics and laser excitation sources in the mid-20th century.  

Nowadays, PL spectroscopy is frequently used in both industry and research for material 

characterisation, defect analysis, and band structure analysis. 

The theoretical basis of PL spectroscopy is provided by the process of photoluminescence, 

in which a material absorbs photons and then re-emits them.  When a sample is exposed to 

enough energy from light, usually visible or UV light, its electrons are excited from the valence 

band to the conduction band, leaving holes behind.  As these electrons return to lower energy 

states, either directly to the valence band or through intermediate defect or impurity levels, 

photons are released.  The energy (and thus wavelength) of this emitted light can be used to 

directly infer energy differences between electronic states, such as band gaps, impurity levels, 

and exciton dynamics.  The position, intensity, and shape of the emission peaks reveal details 

about the material quality, carrier recombination processes, and crystalline defects. 

 

Figure 2.5. Set-up for a spectrofluorometer. 

In a typical PL spectroscopy setup, the sample is illuminated by a monochromatic light source, 

usually a laser, whose energy exceeds the material's band gap. The produced 

photoluminescence is collected using optical elements such as lenses or mirrors and transmitted 
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via a monochromator to a detector, usually a charge-coupled device (CCD) or a photomultiplier 

tube (PMT). Measurements can be performed in a cryogenic environment or at room 

temperature to resolve fine spectral characteristics.  The recorded spectrum, which displays the 

intensity of light emitted as a function of wavelength or energy, can be analysed to determine 

band gap energies, identify impurities or defects, and assess quantum efficiency. 

2.5 Commission Internationale de l'Éclairage coordinates and correlated colour 

temperature 

The Commission Internationale de l'Éclairage (CIE) coordinates and Correlated Colour 

Temperature (CCT), which are used to measure and objectively characterise the colour of light, 

are two fundamental concepts in colourimetry.  These metrics are essential in fields like 

lighting design, display technology, photography, and material research where accurate colour 

representation and communication are crucial. 

CIE coordinates originate from the CIE 1931 colour space, which was developed by the 

Commission Internationale de l'Éclairage to provide a mathematical model for human colour 

vision.  

To describe the colour appearance of a light source, one uses the temperature (in kelvins, 

K) of a blackbody radiator that emits light of a similar hue. We call this Correlated Colour 

Temperature (CCT).  Even though the majority of actual light sources don't produce true 

blackbody radiation, their colour can still be "correlated" with the closest point on the 

blackbody locus of the CIE chromaticity diagram.  Warm light, such as that from incandescent 

bulbs, has a low CCT (about 2700–3000 K), appearing reddish or yellowish, while cool light, 

such as daylight or some LEDs, has a high CCT (over 5000 K), appearing bluish.   

2.6 Fourier transform infrared spectroscopy 

Fourier Transform Infrared (FTIR) Spectroscopy is a widely used analytical technique for 

identifying organic, polymeric, and some inorganic materials by measuring their infrared 

absorption spectra.  The broader history of infrared spectroscopy, which serves as the 

foundation for its development, began with the 19th-century discovery of infrared radiation.  

However, it wasn't until the mid-1900s that advances in computation and interferometry made 

FTIR practical and widely used.  The introduction of the Michelson interferometer and the use 

of Fourier transform methods to convert raw interferograms into spectral data revolutionised 

the field and made FTIR rapid, accurate, and suitable for daily research. 

The theoretical foundation of FTIR is the interplay between matter and infrared radiation.  

Molecules absorb specific infrared light frequencies that match the energies of their vibrational 

transitions, such as the twisting, bending, or stretching of chemical bonds.  Each material has 
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a unique set of vibrational modes that combine to form an infrared spectrum, which is a unique 

absorption pattern.  Unlike classical dispersive IR spectroscopy, which scans over each 

wavelength independently, FTIR uses an interferometer to collect data simultaneously across 

all IR wavelengths.  The resulting raw data, a complex signal that displays the light intensity 

as a function of the moving mirror's position within the interferometer, is called an 

interferogram.   

An FTIR spectrometer directs an infrared radiation beam through a Michelson 

interferometer, where a beam splitter separates the beam into two paths: one path reflects off a 

moving mirror, and the other path reflects off a stationary mirror.  The sample is traversed by 

the interference-patterned recombined beam.  When specific infrared wavelengths are absorbed 

by the sample, the interferogram is altered.  The final spectrum is produced by processing the 

modified signal using computer algorithms after it has been detected by a detector.  The 

vibrational frequencies of the chemical bonds present in the sample are matched by the 

absorption peaks in this spectrum.  FTIR can be used in transmission, reflectance, or attenuated 

total reflectance (ATR) modes, depending on the sample type and the information being sought. 

 

Figure 2.6. A spectrometer for recording FT-IR spectrum. 

 



31 
 

2.7 Thermogravimetric and differential thermal analyses 

Thermal analysis techniques known as thermogravimetric analysis (TGA) and differential 

thermal analysis (DTA) are used to examine, under controlled conditions, the physical and 

chemical changes of materials as a function of temperature or time.  These methods have been 

refined and developed since the mid-1900s to provide valuable information about the phase 

transitions, composition, and thermal stability of a variety of materials, including metals, 

polymers, ceramics, and pharmaceuticals. 

TGA is based on measuring the mass of a sample while it is heated, cooled, or maintained 

isothermally in a controlled atmosphere, usually air, nitrogen, or another inert gas.  Thermal 

processes that cause the sample to lose mass or, less frequently, gain mass as the temperature 

rises include dehydration, decomposition, oxidation, and volatilisation.  The result of 

continuously recording these changes is a thermogram, which is a plot of mass against 

temperature or time.  The locations of mass changes help identify the composition of multi-

component systems, thermal stability, and decomposition temperatures.  For example, the mass 

loss steps in TGA can be used to estimate moisture content, filler percentages, or thermal 

breakdown pathways. 

 

Figure 2.7. Set-up for TGA. 
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DTA, on the other hand, measures the temperature differential between a sample and an inert 

reference material using the same thermal cycle.  When a thermal event occurs, like melting, 

crystallisation, or a chemical reaction, the sample either absorbs or releases heat, causing its 

temperature to differ from the reference.  This temperature differential is displayed as a 

function of time or temperature using a DTA curve.  The endothermic or exothermic peaks on 

the curve correspond to phase shifts or chemical processes, which are used to determine melting 

points, glass transitions, crystallisation behaviour, and reaction enthalpies. 

A furnace equipped with a temperature controller and a high-precision balance is frequently 

included with both TGA and DTA equipment.  In certain systems, TGA and DTA can be 

combined, often in conjunction with Differential Scanning Calorimetry, or DSC, to provide a 

more comprehensive thermal profile of the material.  TGA gives quantitative data about weight 

changes, whereas DTA gives qualitative information about the thermal processes causing those 

changes. 

2.8 Temperature-dependent photoluminescence spectroscopy 

Temperature-dependent photoluminescence (TDPL) spectroscopy is an enhanced version of 

conventional photoluminescence (PL) spectroscopy that investigates the temperature-

dependent changes in a material's optical emission properties.  It is especially helpful in 

semiconductor physics, nanomaterials research, and optoelectronic device characterisation 

because it provides insights into fundamental processes like carrier recombination dynamics, 

exciton behaviour, defect states, and band structure changes. 

 

Figure 2.8. Spectrometer to acquire TD-PL spectrum. 
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The theoretical basis of TDPL is the temperature sensitivity of vibrational and electronic 

interactions within a material. When a light source, typically a laser, excites a semiconductor 

or insulator, electrons are transferred from the valence band to the conduction band. As they 

return to lower energy states, they release photons, which produces the photoluminescence 

signal. Numerous significant effects of temperature on this process include altering the 

occupation probability of defect or impurity states, triggering phonon-based non-radiative 

recombination pathways, broadening emission peaks as a result of increased lattice vibrations, 

and altering the band gap energy (which generally decreases with increasing temperature). As 

a result, the spectrum structure, intensity, and peak position of the PL emission vary with 

increasing temperature. 

To perform TDPL spectroscopy, the sample is placed inside a cryostat, a device that can 

precisely adjust temperature, typically from cryogenic (~4 K) to room temperature and beyond. 

The sample is excited by a laser source, and the PL that is released is collected and transmitted 

to a detector and spectrometer, usually a CCD. By progressively altering the temperature and 

capturing spectra at each step, scientists build a dataset that illustrates how electronic 

transitions and recombination mechanisms change thermally. 
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CHAPTER 3: EXPERIMENTAL PROCEDURE 

3.1 Synthesis of samples 

Using a conventional high-temperature solid-state reaction method, dysprosium ion-doped 

CaYW phosphors were synthesised, where Dy3+ was taken in varying concentrations: 1 mol%, 

3 mol%, 5 mol%, 7 mol%, 9 mol%, and 11 mol%. An electrical balance was used to weigh the 

highly pure precursors, CaCO3, Y2O3, WO3, and Dy2O3, in proper stoichiometric ratios 

precisely. After that, these reactants were properly mixed and ground in an agate mortar using 

a pestle for 1 h to obtain a homogeneous mixture. Then, the resultant chemical mixtures were 

put into alumina crucibles, and they were sintered in an electric furnace for 10 h at 1100°C. 

The samples were left to cool naturally to room temperature following the heating treatment. 

To improve homogeneity, the sintered products were then ground for about 10 to 15 min. 

Subsequently, further characterisations were carried out on the as-prepared phosphor samples.  

 

Figure 3.1. Precursor chemicals were ground for 1 hour (on the left side), and they were stored 

in collection test-tubes (on the right side). 

 

3.2 Instrumentation 

Making use of a Bruker D-8 Advance diffractometer equipped with a nickel filter and CuKα 

radiation (λ = 1.54 Å), structural characterisation was carried out using x-ray diffraction 

(XRD). Data was gathered between 10° and 90° in a 2θ range. A JEOL 7610 F Plus scanning 

electron microscope (SEM) was used to investigate the morphological structures of the 

phosphor powders. A PerkinElmer Frontier spectrometer was employed to record Fourier 

transform-infrared (FT-IR) spectra. The optical band gap values were estimated using diffuse 

reflectance spectroscopy (DRS) data acquired using a JASCO V-770 spectrophotometer. A 

JASCO FP-8300 spectrofluorometer was used to acquire the photoluminescence (PL) 
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excitation and emission spectra, with a xenon lamp serving as the excitation source. Using a 

PerkinElmer TGA system, thermogravimetric analysis (TGA) was used to analyse thermal 

behaviour. Temperature dependent-photoluminescence (TD-PL) spectra were recorded using 

an Ocean Optics spectrometer equipped with an integrated heating unit. 

 

 

Figure 3.2. Furnace. 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 X-ray diffraction (XRD) analysis 

The samples’ crystal structure was determined by analysing the x-ray diffraction (XRD) 

patterns. Figure 4.1 represents the patterns for undoped CaYW, CaYW:9mol%Dy3+, and 

standard JCPDS 38-0218. For the undoped CaYW sample, the diffraction peaks are sharp and 

intense, indicating good crystallinity. For the Dy-doped CaYW sample, peak positions closely 

match those of both the undoped sample and the JCPDS reference. The intensities of some 

peaks are slightly altered, which can be attributed to preferred orientation changes due to Dy³⁺ 

doping and slight lattice distortion from Dy³⁺ (ionic radius ~1.03 Å) replacing Y³⁺ (ionic radius 

~1.019 Å). Thus, the close resemblance of the patterns of undoped and doped samples with the 

JCPDS pattern concludes that their crystal structure is tetragonal.  

 

Figure 4.1. X-ray diffraction (XRD) patterns for undoped CaYW and CaYW:9mol%Dy³⁺, 

along with the JCPDS pattern. 
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Using the Debye-Scherrer formula, the crystallite size was calculated from the most noticeable 

diffraction peaks [13,14]. 

𝐷 =
𝑘𝜆

𝛽 𝑐𝑜𝑠 𝜃
                                                                                                                                                           (1) 

Here, x-ray wavelength is denoted by λ, full width at half maximum (FWHM) of the diffraction 

peak is represented by β, Bragg angle is denoted by θ, crystallite size is symbolised by D, and 

shape factor is denoted by K (0.94). Thus, the average crystallite size was estimated to be 313.2 

nm. 

4.2 Scanning electron microscopic (SEM) analysis  

This analysis was conducted to study the morphological aspects of the as-prepared samples. 

Figure 4.2 represents the micrographs of: (a) undoped CaYW and (b) CaYW:9mol%Dy3+.  

 

Figure 4.2. (a) SEM image for undoped CaYW, (b) SEM image for CaYW:9mol%Dy3+. 

The images display that for the undoped CaYW, the particles are more finely dispersed, with 

smaller grain sizes compared to the doped counterpart, and grain boundaries are more 



40 
 

distinguishable, suggesting better separation and less fusion among particles. The size of the 

particles was estimated within the range of 1–5 μm. Also, for CaYW:9mol%Dy3+ phosphor, 

the microstructure exhibits larger, well-fused, and agglomerated particles. There is noticeable 

spherical grain morphology, with some smooth and bulky aggregates. Agglomeration is 

stronger, possibly due to the presence of dopant ions (Dy³⁺), which can influence grain growth 

and particle interaction during synthesis. The size of the particles was estimated within the 

range of 1–7 μm. 

4.3 Diffuse reflectance spectroscopic (DRS) analysis 

Figure 4.3(a) illustrates the diffuse reflectance spectra for the undoped and Dy-doped CaYW 

samples, which were examined within the 200–1500 nm range. The Dy-doped CaYW 

phosphors’ spectra show a reflectance within the range of 300–400 nm, which corresponds to 

band gap absorption–electrons get excited, and they move from the valence band to the 

conduction band. In addition to this, the spectra exhibit that the reflectance dips correspond to 

transitions from 6H15/2 (ground level) to 4M15/2, 
6F3/2, 

6F5/2, 
6F7/2, and 6H7/2 (excited levels) [15–

17]. The dips in reflectance in the visible and near-infrared (IR) regions correspond to d-d 

transitions, which become more prominent with the increase in dopant ion concentration. Also, 

the noticeable dips in the infrared (IR) region likely correspond to f-f transitions within the 

dopant ions’ 4f orbitals, which become more prominent with an increase in doping.  

The Kubelka-Munk function, which describes the optical absorption close to the band edge, 

was used to compute the optical band gap values [18,19]: 

𝐹(𝑅)ℎ𝜈 = 𝐶(ℎ𝜈 − 𝐸𝑔)𝑛/2                                                                                                                                         (2)                                                                        

where ℎ𝜈 is the photon energy, 𝐸𝑔 denotes the energy band gap, and 𝐶 is a constant. For direct 

transition, n=1, and for indirect transition, n=4. 

The function (R) can be expressed as [20,21]:  

𝐹(𝑅) =
(1−𝑅)2

2𝑅
=

𝛼

𝑆
                                                                                                                                                     (3) 

where 𝑅 represents the reflectance, 𝛼 represents the absorbance, and 𝑆 is the scattering 

coefficient. Figure 4.3(b) illustrates the optical band gap values for the undoped and doped 

CaYW samples. These values were estimated from the extrapolation of the linear portion of 

data between [𝐹(𝑅)ℎ𝑣]2and ℎ𝑣.  
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(a) 

 

(b) 

Figure 4.3. (a) Diffuse reflectance spectra for undoped and Dy-doped CaYW samples, (b) 

Tauc’s plots for direct bandgap of undoped CaYW and doped CaYW phosphors. 
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Table I consists of the band gap energy data along with corresponding dopant ion 

concentrations.  

Table I. Bandgap energy data for undoped CaYW and CaYW:xDy3+ phosphors. 

x (in mol%) Eg (in eV) 

0 3.99 

1 3.97 

3 3.96 

5 3.95 

7 3.94 

9 3.93 

11 3.92 

 

Thus, from Figure 3(b) and Table I, it is evident that the optical band gap value (𝐸𝑔) decreases 

from 3.99 eV to 3.92 eV as the concentration of Dy3+ ions increases from 0 to 11 mol%. This 

can be attributed to the 4f energy levels of Dy3+ ions. 

4.4 Photoluminescence (PL) spectral analysis 

The graph of photoluminescence (PL) excitation spectra for the CaYW:xDy3+ (1, 3, 5, 7, 9, and 

11 mol%) phosphors recorded at an emission wavelength of 575 nm (λem) within the 325–500 

nm range has been displayed in Figure 4.4(a).  

 

(a) 



43 
 

 

(b) 

Figure 4.4 (a) Photoluminescence (PL) excitation spectra for all the Dy3+-doped CaYW 

phosphors, (b) emission spectra for the same samples. 

In the given spectra, there are several prominent peaks, indicating 4f-4f electronic transitions 

of the Dy3+ ion from the ground electronic state to higher-energy excited states. Here, all the 

peaks are at: 352 nm (6H15/2→
6P7/2), 367 nm (6H15/2→

6P5/2), 391 nm (6H15/2→
4F7/2), 427 nm 

(6H15/2 → 4G11/2), and 455 nm (6H15/2 → 4F9/2) [22–25]. And the peak at 352 nm corresponds to 

highest intensity value. 

The graph of photoluminescence (PL) emission spectra for the same phosphors, recorded at 

an excitation wavelength of 352 nm (λex), within the 450–650 nm range, is displayed in Figure 

4.4(b). In the given spectra, there are two prominent peaks: 486 nm (blue light emission), 

corresponding to 4F9/2→
6H15/2 transition, and 575 nm (yellow light emission), corresponding to 

4F9/2→
6H13/2 transition. These transitions are related to electric and magnetic dipoles. At 575 

nm, the peak with the strongest emission intensity was observed. 

From Figure 4.4(b), it may be noted that the photoluminescence (PL) intensity of the 

phosphors gradually increases up to 9 mol% of Dy3+ ions. However, the emission intensity 

decreases as the dopant concentration is increased further. This phenomenon is attributed to 

concentration quenching, i.e., as the concentration of Dy³⁺ ions within the host lattice increases, 

the distances between the ions decrease. After a certain concentration is reached, the proximity 

among the ions promotes nonradiative energy transfer between excited and unexcited ions, 
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which results in the lowering of the photoluminescence (PL) efficiency. Therefore, it can be 

concluded that the optimum concentration for CaYW:xDy3+ where x = 9 mol%.  

4.5 Commission Internationale de l'Éclairage (CIE) coordinates and correlated colour 

temperature (CCT) analysis  

The Commission Internationale de l'Éclairage (CIE) coordinates offer important information 

about the colour properties of the light that a phosphor emits. The CIE Chromaticity 

coordinates used in this study were obtained from the CIE 1931 chromaticity diagram. These 

coordinates are a useful way to analyse a phosphor’s luminous efficiency. The coordinates for 

the as-prepared phosphors, which were obtained from the photoluminescence (PL) emission 

spectra under excitation at 352 nm, were evaluated, and they have been tabulated in Table II. 

Also, in Figure 4.5, a chromaticity diagram has been used to illustrate the location of the 

optimum phosphor sample, CaYW:9mol%Dy3+, whose CIE coordinates have been labelled.  

 

Figure 4.5. Chromaticity diagram for CaYW:9mol%Dy3+ phosphor sample. 
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Table II. CIE coordinates for CaYW:xDy3+ phosphors. 

x (in mol%) (CIE x, CIE y) 

1 (0.2895, 0.3198) 

3 (0.3287, 0.3609) 

5 (0.3459, 0.3789) 

7 (0.3520, 0.3829) 

9 (0.3654, 0.3972) 

11 (0.3479, 0.3766) 

 

It is to be noted that the coordinates for the optimum sample are falling in the yellowish-white 

region. Thus, this phosphor has the potential to be used in white light-emitting diodes.  

Another parameter is studied, other than these coordinates, which is known as correlated 

colour temperature (CCT). It determines whether a luminous source seems warm or cool: for 

which the reference luminous source is heated to some temperature (in Kelvin), and it releases 

light that is compared with the given luminous source. While luminous sources with CCT 

values below 3500 K are considered warm, the ones with CCT values above 4000 K are 

regarded as cool. The CCT value for the optimum sample was evaluated using McCamy’s 

relation [26,27]. 

𝐶𝐶𝑇 = −449𝑛3 + 3525𝑛2 − 6823.2𝑛 + 5520.3                                                                   (4)                                                                                                                                                  

where 𝑛 =
(𝑥−𝑥𝑒)

(𝑦−𝑦𝑒 )
 and 𝑥𝑒 = 0.332 & 𝑦𝑒 = 0.186. Thus, the CCT value for the optimum 

phosphor sample was calculated using equation (4), and it was found to be 4527.9 K, which 

indicates a cool luminous source. 

4.6 Fourier transform-infrared spectroscopic (FT-IR) analysis 

This analysis looked at the type of bond interactions and functional groups that could be present 

in the undoped host matrix and optimum phosphor sample. The Fourier transform-infrared (FT-

IR) spectra for both the samples were obtained in the 450–4000 cm-1 range. In Figure 4.6, 

several characteristic vibrational bands can be seen at 472, 722, 946, 1418, and 3644 cm⁻¹. The 

metal-oxygen stretching and bending vibrations involving Y-O and W-O bonds can be ascribed 

to the bands at 472 cm⁻¹ and 722 cm⁻¹ [28–30]. The absorption band at 946 cm⁻¹ corresponds 

to the stretching vibrations of terminal W=O bonds. The dip at 1418 cm⁻¹ is characteristic of 
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asymmetric bending vibrations of the CO3
2- group [31]. The stretching vibration mode of O-H 

is represented by the band at 3466 cm⁻¹ [32]. The presence of the OH group suggests the 

increase in non-radiative loss that, in turn, can lower the quantum efficiency of the material. 

Here, the band displaying OH group is quite weak, which means that its concentration is very 

little in the doped sample. From these results, it is evident that several different functional 

groups are same in both the samples, and only the intensity of peaks changes while the peak 

profile stays unchanged. Thus, the spectra indicate that Dy3+ ions have been successfully 

incorporated into the host matrix.  

 

Figure 4.6. Fourier transform-infrared (FT-IR) spectra for undoped and 9 mol% Dy3+-doped 

CaYW samples. 

4.7 Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) 

Thermogravimetric analysis (TGA) helps us in understanding the thermal properties of the as-

prepared undoped host matrix. Analysing the TGA curve given in Figure 4.7 of the undoped 

CaYW within the temperature range of 28–1000°C, weight loss can be observed in two 

prominent regions. The first stage of weight loss of 4.21% is displayed over a temperature 

range of 200–600°C. It likely arises due to removal of absorbed moisture or minor carbonate 

decomposition. Another stage of weight loss of about 12.69% is evident in the range 600–

800°C that corresponds to major decomposition event including volatile oxide burnout. No 
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significant mass loss is visible after this region signifying the beginning of pure phase 

formation of CaYW and the end point of calcination process.  

The differential thermal analysis (DTA) curve identifies the weight loss process during the 

formation of pure CaYW phase. The endothermic peak observed at 778°C is assigned to rapid 

mass loss region in the given graph. It attributes to phase transformation of the host matrix 

leading to the formation of a thermally stable CaYW host matrix  [33–39].  

 

Figure 4.7. Thermogravimetric and differential curves for CaYW host matrix. 

4.8 Temperature dependent-photoluminescence (TD-PL) spectral analysis 

The thermal quenching properties of CaYW:9mol%Dy3+ phosphor were analysed by observing 

the temperature dependent-photoluminescence (TD-PL) spectra measured at λex = 352 nm 

within the temperature range of 28–175°C. With the rise in temperature, the intensities of the 

photoluminescence (PL) bands were observed to be decreasing while the peak positions 

remained unchanged as illustrated in Figure 4.8.  The phosphor’s luminescence exhibits a drop 

due to non-radiative transition. The normalised intensity of the 4F9/2 → 6H11/2 transition 

concerning temperature, where the maximum emission intensity at 28°C is considered as 100%. 

From the plot, we can see a drop in emission intensity of about 9.72% making the emission 
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intensity reduce from 100% at 28°C to almost 91% at 175°C, indicating high thermal stability 

of the as-prepared phosphor sample.  

The thermal quenching behaviour of the sample was further investigated by calculating the 

activation energy (ΔE) using the Arrhenius equation:  

𝐼𝑇 =
𝐼0

1+ 𝐶 𝑒𝑥𝑝 (−
∆𝐸

𝐾𝐵𝑇
)
                                                                                                                                                    (5) 

where 𝐼𝑇 and 𝐼0 are the PL intensities at initial temperature 28°C and temperature 𝑇 (Kelvin), 

respectively, 𝐾𝐵 is the Boltzmann constant, and 𝐶 denotes the constant term. From the slope of 

the plot of 𝑙𝑛[(
𝐼0

𝐼𝑇
) − 1]  versus 1/𝐾𝐵𝑇 as shown in Figure 4.9, activation energy (ΔE) is 

calculated. The measured activation energy came out to be 0.260 eV which is higher than other 

values in literature [40–42]. Greater activation energy suggests higher thermal stability which 

vies for ideal use of the optimum phosphor in white light-emitting diodes [43–56]. 

 

Figure 4.8. Temperature dependent-photoluminescence (TD-PL) spectra for 

CaYW:9mol%Dy3+ phosphor at λex = 352 nm. 
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Figure 4.9. Linear plot of 𝑙𝑛[(
𝐼0

𝐼𝑇
) − 1]  vs 1/𝐾𝐵𝑇 to calculate the activation energy. 
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CHAPTER 5  

CONCLUSION 
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CHAPTER 5: CONCLUSION 

A series of Ca3Y2WO9:xDy3+ doped phosphors (x=1, 3, 5, 7, 9, and 11 mol%) was synthesised 

utilising the solid-state reaction method at 1100 ℃. The crystal structure formation, 

luminescent properties, and other properties of the as-prepared phosphors had been studied 

using various characterisation techniques such as XRD, SEM, DRS, PL, and FT-IR. The 

crystalline nature, i.e., the tetragonal crystal structure of the as-prepared phosphors, had been 

confirmed through XRD analysis. After analysing the images obtained from SEM, the optimum 

synthesised sample was observed to be made up of very tiny and agglomerated particles 

ranging from 1 to 7 μm. The functional groups had been identified with the help of FT-IR 

spectra. The DRS results showed that when the concentration of Dy³⁺ ions increased, there was 

a little change in the bandgap, which indicated that doping did not influence the structure of 

the material. The phosphors' PL excitation spectra showed excitation peaks in the ultraviolet 

region of the electromagnetic spectrum, at an emission wavelength of 575 nm. The PL emission 

spectra showed two prominent emission peaks at 486 nm (blue light emission due to 

4F9/2→
6H15/2 transition) and 575 nm (yellow light emission due to 4F9/2→

6H13/2 transition). 

Concentration quenching occurred after 9 mol% of Dy3+ ions, and the emission intensity 

decreased after it. The estimated CIE and CCT values indicated that the synthesised phosphors 

emitted yellowish-white light, which suggested that they can be used where white light is 

needed. TGA and DTA graph showed the pure phase formation of a thermally stable host 

matrix. From TD-PL results, the activation energy was measured to be 0.260 eV, which is 

higher than other values in previous studies, suggesting higher thermal stability. Finally, all the 

observed results point towards the possibility that the as-prepared phosphor samples have the 

potential to be used in w-LEDs. 
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