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                                       ABSTRACT 
 

A series of reddish-orange emitting Sm3+ doped phosphors based strontium zinc tungstate 

Sr4Zn2W2O12:xSm3+(x=3, 5, 7 and 9 mol%) host were successfully synthesised via solid state 

reaction route. XRD analysis confirmed synthesis of highly crystalline lattice, indicating that 

dopant ions were successfully integrated into tungstate host lattice matching with standard 

JCPDS card no.96-156-3084. Scanning electron microscopy along with Fourier transform 

infrared spectroscopy characterizations provide insights into the micro structural irregular 

polyhedron morphology and used for identifying chemical bonds respectively. The optical band 

gap of Sr4Zn2W2O12 phosphors at optimize concentration x=7mol% was identified to be Eg=3.71 

eV through diffuse reflectance spectroscopy (DRS). Optical investigation via photoluminescence 

(PL) studies a prominent excitation peak at 406 nm, under this excitation the phosphor exhibits a 

highly pure reddish-orange radiation recorded at 645 nm showing 4G5/2→
6H9/2 energy transfer. 

At an optimal doping level, x=7 mol% concentration quenching phenomenon identified. The 

optimized phosphor showed CIE chromaticity coordinates (0.596, 0.401) along with outstanding 

colour purity of 99.99% and correlated color temperature (CCT) of 1625K thus making it 

suitable for reddish-orange emission This optimized material exhibited exceptional color purity 

of 99.99%, correlated color temperature (CCT) of 1625 K and CIE chromaticity coordinates 

(0.596, 0.401), making it appropriate for reddish-orange emission. Temperature-Dependent 

Photoluminescence (TDPL) results highlighted the materials robust thermal stability with 

retaining 76.43% emission intensity at 175oC, activation energy to be   ∆E= 0.399 eV and 

quantum efficiency to be 76.9%. The results suggesting that Sr4Zn2W2O12:xSm3+ is a superior 

host for developing high performance w-LEDs.  
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                                 CHAPTER 1: INTRODUCTION 
 

Light serves a crucial role in advancing humanity, propelling ongoing advancements in 

illumination technology across various scientific and technological domains. Although Thomas 

Edison’s incandescent lamp, invented in 1879, was a significant milestone, early lighting 

solutions faced major issues such as voltage distortion, short operational lifespan, high 

production costs, and extreme energy inefficiency. Given the modern society's requirement for 

lighting that is both incredibly efficient and economically feasible, researchers redirected their 

attention to material science. This shift resulted in the identification of phosphor materials—a 

century-old innovation that continues to be essential in contemporary energy-efficient 

technology [1]. 

Phosphors are the materials capable of showing luminescence upon excitation from an external 

source. They are capable of emitting not just any light but the light in the wavelength in the 

visible range of electromagnetic spectrum which is 380 to 750 nanometres. This range (300nm-

750nm) of the Electromagnetic spectrum is the only part which can be sensed by the human eyes 

and hence are perceived in the form of various colors. Conclusively, we require some material 

which can execute the emission of the visible light in an efficient, cost effective, environment 

friendly and highly radiant. 

 

Luminescence is a phenomenon of emission of the light from a substance not due to the 

presence of high temperatures but other phenomena like atomic transitions, pressure, electrical 

and chemical responses. The term luminescence was first introduced by Eilhard Weidemann in 

1888. Derived from the Latin word lumin, meaning light, the term describes the emission of 

radiation by certain materials known as phosphors. This phenomenon represents a unique 

interaction between matter and energy. These materials, also referred to as luminophores, 

possess the remarkable ability to convert energy from absorbed photons into visible light. The 

phenomenon of luminescence can be categorized in two forms: (i) Fluorescence and 

(ii)Phosphorescence. In fluorescence, luminescence occurs almost instantaneously after the 

absorption of incident radiation and ceases just as quickly. Typically, the emitted radiation has a 

longer wavelength than the incident radiation. In contrast, phosphorescence is characterized by a 

delayed emission following the absorption of radiation. This delay can vary significantly, lasting 

from several minutes to a few hours, depending on the specific host material and activator used. 

[2] 
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                             Figure 1.1: excitation and emission of light 

Photoluminescence 
Photoluminescence (PL) refers to the process in which a material emits light after absorbing 

photons (light energy). This occurrence is extensively researched in material science due to its 

relevance in optoelectronics, sensors, and light-emitting devices. 

Figure1.2: luminescence in different colour ranges on the basis of chemical composition,       

phosphors can be categorized into organic and inorganic phosphors. 

  

Figure 1.3: Energy level diagram for fluorescence and phosphorescence emission. 
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In fluorescence, a photon excites an electron within a molecule or material, promoting the 

electron from its ground state (S₀) to a higher energy level (S₁ or S₂). The molecule promptly 

dissipates vibrational energy and settles into the lowest vibrational level of the excited state (S₁). 

The electron subsequently returns to the ground state, releasing a photon during this transition. 

Fluorescence is an extremely fast process, with emission occurring within 

nanoseconds (10⁻⁹ seconds) of photon absorption. 

The emitted light generally has a longer wavelength (lower energy) than the absorbed light due 

to vibrational energy losses during relaxation. This is known as the Stokes shift.  

    

           Figure 1.4: various types of phosphors. 

as seen in picture 1.4. In this research, we have utilised inorganic phosphors. Phosphors can be 

synthesised using a variety of techniques. The integration of the activator ions into a host matrix 

is the fundamental idea behind the phosphor's manufacture. Synthesis is a labour-intensive 

procedure. A functioning laboratory with high purity maintenance in the lab rooms for 

synthesising high purity phosphors is necessary to conduct phosphor research. For heat 

treatments like calcination and sintering, the lab should have furnaces that can achieve 

temperatures as high as 1700C. [3,4] 

Phosphor formulations often comprise more than four elements, making it challenging to 

produce uniform, single-phase powders. These material's luminescence efficiency is determined 

by their characteristics, which are impacted by elements including atomic structure. 

Rare-earth element ions, sometimes referred to as transition metal ions, are the activator ions that 

are utilized. The illumination of phosphors at different color ranges is mainly caused by these 

activator ions [5]. 



 Page 14 
 

  

                           Fig1.5: Periodic table highlighted with rare earth elements. 

Host matrix and activator ions for the phosphors 
The Rare-earth activated phosphors have different kinds of properties. A host material is chosen 

and designed in such a way that it incorporates divalent and trivalent rare-earth ions into their 

lattices, which are often referred to as impurities or activator ions. When exposed to UV or 

visible light—or another excitation source, depending on the type of phosphor—activator ions 

absorb the energy, transition to an excited state, and then relax to a lower energy state, emitting a 

photon in the process. The emitted photons usually lie in the visible wavelengths depending on 

the properties of the activated ions [6]. The efficiency of the phosphor is defined as the amount 

of energy emitted compared to the energy used to excite the material. Since some energy is lost 

due to Non-radiative transitions as well, hence the efficiency of phosphors is not 100%. 

White LEDs (WLEDs): 
The Need and Synthesis of White LEDs in Material Sciences: 

White light-emitting diodes (LEDs) have revolutionized lighting technology, offering energy 

efficiency, durability, and eco-friendliness compared to traditional incandescent and fluorescent 

lighting. ‘’’The growing demand for sustainable and high-performance lighting solutions has 

driven extensive’ research into the development of white LEDs in material science. The need for 

white LEDs stems from their superior energy efficiency, consuming up to 80% less power while 

offering comparable or better luminosity. Their long lifespan reduces maintenance costs and 

waste, making them an environmentally responsible choice. Furthermore, white LEDs exhibit 

high luminous efficacy, rapid response times, and excellent reliability, making the mind is pens 

able for applications in residential, industrial, and automotive lighting, as well as in display 

technologies [7–9]. 

The synthesis of white LEDs involves two primary approaches: phosphor-based and 

phosphor-free methods. 
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In phosphor-based white LEDs: a blue or ultraviolet LED excites a phosphor material, typically 

rare-earth-doped compounds such as YAG:Ce (yttrium aluminum garnet doped with cerium), to 

produce white light. This approach is widely used due to its simplicity and efficiency, although it 

may face limitation sin achieving high color rendering index (CRI) and thermal stability. 

Researchers are actively exploring alternative phosphor compositions, such as silicates, nitrides, and 

oxynitrides, to overcome these challenges [7–10]. 

 

                           Figure1.6: the different approaches for white light production. 

 

Phosphor-free methods, on the other hand, generate white light by combining red, green, and 

blue (RGB) LEDs. This approach enables precise control over the emitted spectrum, resulting in 

superior color rendering and tunability. However, balancing the intensity and stability of 

individual LEDs remains a challenge, requiring innovations in material engineering. 

Some parameters are crucial to analyse in the white LEDs synthesized such as: 

 

CRI (Color Rendering Index): 

Applications: 

 

High CRI (90+): Required in applications like photography, art galleries, medical lighting, and 

retail. 
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Moderate CRI (70–89): Suitable for general residential, commercial, or office lighting. 

 

Figure1.7: the temperatures depicting the quality of white light 

produced by different sources. The Common CCT values range from 

2700 K (warm white) to 6500 K (daylight white). 

 

CCT (Correlated Color Temperature): 

 

Definition: CCT describes the color appearance of the light emitted by a source, 

measured in Kelvin (K). It indicates whether the light appears warm (yellowish) or cool 

(bluish). 

 

CCT Scale:(seefigure1.7) 

 

Warm White (2000–3000K): Produces a cozy, inviting yellowish light. Commonly used in 

homes, restaurants, and hotels. 

Neutral White (3100–4500K): Balanced light with a neutral tone, suitable for offices and retail 

spaces. 

Cool White (4600–6500 K): Bright, bluish-white light that mimics daylight. Used in hospitals, 

industrial areas, and outdoor spaces. 

Applications: Choosing the right CCT enhances the ambiance and functionality of a space. For 

instance, warm white is preferred for relaxation, while cool white improves focus and visibility. 
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Both CRI and CCT are critical parameters for assessing and optimizing the quality of light in 

LED-based applications. 

In material science, the development of white LEDs focuses on optimizing the performance of 

luminescent materials and improving energy efficiency. Key research areas include enhancing 

thermal stability, minimizing non-radiative energy losses, and increasing quantum efficiency. 

Additionally, the integration of nano materials and advanced fabrication techniques offers 

promising pathways for achieving higher efficiency and stability in next-generation white LEDs 

[12–14]. 

  

                                Figure1.8: The common characteristics of a white LED. 

 

White LEDs represent a remarkable confluence of scientific innovation and environmental 

responsibility. As material science continues to advance, white LED technology is set to play a 

pivotal role in creating sustainable, energy-efficient lighting solutions for a brighter and greener 

future. 
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                             Chapter 2: Instrumentation  
 
 
 
 
X-Ray Diffraction: 
 

X-ray diffraction (XRD) is an effective analytical method used to examine the atomic and 

molecular arrangement of crystalline substances. This technique relies on the principle of 

diffraction, which takes place when X-rays collide with a crystal lattice. The resulting scattered 

X-rays create a pattern that offers important insights into the material's structure, phases, and 

characteristics. 

Principle of working XRD: 

X-ray diffraction operates based on Bragg's Law, which explains the constructive interference of 

X-rays that are reflected from parallel planes within a crystal [13]. 

               Figure2.1: The Bragg’s law depicting the diffraction of X-rays from a crystalline plane. 

 

 

Process of XRD: 

1. X-ray Generation: X-rays are produced in an X-ray tube, where 

high-energy electrons bombard a metal target (commonly Cu or 

Mo). 

2. Sample Interaction: The focused X-ray beam is aimed at the crystalline 

sample. This interaction generates scattered X-rays that depend on the lattice 

structure of the crystal. 
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3. Detection: A detector records the intensity of diffracted X-rays as a function 

of the diffraction angle (2θ). 

4. Data Analysis: Information about the crystal structure, phase composition, 

and other characteristics is extracted from the diffraction pattern, which is 

made up of peaks that correspond to particular crystal planes. [7,13,15] 

 
 

 Figure2.2: The principle working of X-ray diffractometer. 

 

XRD Applications: Material science, geology, chemistry, and engineering all make substantial 

use of XRD. It assists in determining lattice constants, identifying crystalline phases, analyzing 

crystallite size, and detecting structural flaws. XRD is an important tool for researching both 

natural and manmade materials, including minerals, metals, medicines, and polymers. It is 

precise and non-destructive. 

This method has significantly improved our comprehension of the characteristics and behavior of 

materials. 

 

How an X-Ray Diffractometer (XRD) Machine Operates: An X-ray diffractometer (XRD) is 

a potent analytical instrument used to ascertain the lattice parameters, phase composition, and 

crystalline structure of materials. Bragg's Law, which links the diffraction of X-rays by crystal 

planes to their spacing, is the foundation of its operation. 

● X-Ray Generation: In an X-ray tube, X-rays are first produced. High-voltage electrons 

accelerated with a target material (usually copper or molybdenum), producing X-rays via unique 

emission mechanisms and Bremsstrahlung. The sample is the target of these collimated X-rays. 
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                                                       Figure2.3: The X-Ray tube 

 

   Figure2.4: The X-Ray diffractometer machine 

 

Usually in thin-film or powder form, the sample is placed on a holder. The crystal planes 

function as diffraction gratings when the collimated X-ray beam hits the crystalline sample, 

scattering the X-rays in particular directions. The scattered X-rays cause interference. 

Either constructively or destructively, depending on the incidence angle and the crystal plane 

separation. Bragg's Law is followed by constructive interference [16, 17]. 

                                                                       𝑛𝜆=2ⅆsin𝜃                                                                      (1) 
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Where n is the order of diffraction, λ is the X-ray wavelength, d is the inter planar spacing, and θ 

is the diffraction angle. 

Detector and Data collection 

The intensity of diffracted X-rays at different angles (2θ) is recorded by a detector that is 

positioned to revolve around the sample. Plotting intensity against angle, the resulting diffraction 

pattern has peaks that represent distinct crystal planes. 

The crystal structure, phase composition, and other characteristics of the material are determined 

by analyzing the diffraction pattern. To identify the material, software programs compare the 

patterns with relevant databases. 

Data Analysis 
The crystal structure, phase composition, and other characteristics of the material are determined 

by the diffraction pattern. To identify the substance, software programs compare the patterns 

with relevant databases. 

In materials science, geology, chemistry, and engineering, XRD is used to characterize 

crystalline materials and comprehend their structural characteristics. It is a non- 

destructive, precise, and versatile technique. 

X-ray diffraction (XRD) analysis provides a wealth of information about the structural 

and physical properties of crystalline materials. The key depictions that can be drawn 

from XRD data include: 

1.PhaseIdentification 
What It Shows: Different diffraction peaks that correspond to the crystal planes of particular 

phases are present. The crystalline phases of the material can be determined by comparing the 

experimental pattern with reference databases (such as ICDD). 

Application: Identifying single-phase or multi-phase compositions in polymers, ceramics, 

minerals, and alloys. 

2.Lattice Parameters 
What It Shows: The unit cell dimensions (lattice constants) of the crystal may be ascertained by 

calculating the interplanar spacing (dd) using Bragg's Law. 

 Application: Verifying structural alterations like doping or alloying and comprehending crystal 

structures (such as cubic, tetragonal, or hexagonal). 

3.Crystallite Size 
What It Shows: The average size of crystallites in the material may be estimated from the width 

of the diffraction peaks using the Scherrer equation, which is given below. 
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                                             Crystallite Size=Kλ/βcosθ 
 

                      

                        Figure2.5: Analysing a peak in XRD data plot 

Where K is the shape factor, λ is the X-ray wavelength, β is the full width at half maximum 

(FWHM), and θ is the diffraction angle. 

Application: Analysis of nanomaterials, thinfilms, and grain refinement in metals. 

5.Strain and Defects: 

What It Shows: The material's strain, lattice distortion, or crystal flaws are indicated by the shift, 

width, or asymmetry of diffraction peaks. 

 Application: Examining structural integrity, defect engineering in semiconductors, and residual 

stress in metals. 

6.Preferred Orientation (Texture): 

What It shows: The preferred alignment of crystallites, or texture, is reflected by anisotropy in 

peak intensities. 

Application: Comprehending the orientation of grains in polycrystalline materials, such coatings 

or rolled metals. 

7. Amorphous Content Identification 

What It shows: The diffraction pattern reveals the presence of both crystalline and amorphous 

phases. 

Application: Researching materials that are partly crystalline, glass, or polymers. 
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8. Space Groups and Symmetry 

What It Shows: The symmetry and space group of the crystal structure may be ascertained by 

analyzing peak locations and intensities. 

Application: Categorizing crystal formations and comprehending their physical characteristics. 

Photoluminescence (PL) Spectroscopy: 

photoluminescence (PL) spectroscopy is an optical method for examining the electrical and 

optical characteristics of materials. Photons, creating a non-destructive technique for 

characterizing photonic devices, semiconductors, and nanomaterials. Electrons in the materials 

are stimulated from their ground state to higher electronic energy levels when it absorbs light, 

usually in the ultraviolet, visible, or near-infrared spectrum. These stimulated electrons release 

photons as they return to their ground state following a short relaxing period. To learn more 

about the material's characteristics, the light that is released is examined. 

Key steps in the process: 

1. Excitation: Electrons in the material are excited by a light source, such as a laser or lamp. 

2. Relaxation: Electrons lose energy by non-radiative or radiative (light-emitting) processes. 

3. Emission: Photons released by radiative transitions are measured and examined. 

 

                            Figure2.6: Photoluminescence (PL) spectrometer 



 Page 24 
 

 

  Information Obtained from PL Spectroscopy: 
1. Electronic Structure: In semiconductors, PL spectra provide bandgap energy, defect 

states, and excitonic transitions. 

2.  Material Quality: Broad or displaced peaks imply flaws or impurities, whereas sharp and 

well-defined peaks show excellent crystal quality. 

3.  Defect Analysis: It is possible to identify non-radiative processes and emissions from 

defect states. 

4. Quantum Efficiency: The efficiency of photon absorption and emission is assessed using 

the intensity of light emitted. 

5.  Charge Carrier Dynamics: The time-resolved PL (TRPL) method provides light on 

recombination processes and carrier lifetimes. 

 

In materials science, PL spectroscopy is a flexible and essential technique for developing next-

generation photonic and optoelectronic technologies. See Figure 2.6 a UV-PL spectrometer. 

 

The method of scanning electron microscopy (SEM):  

 

A imaging method for examining the surface appearance and microstructure of materials at 

extremely high magnifications is scanning electron microscopy, or SEM. These electrons interact 

with the sample's atoms to produce a variety of signals, including secondary electrons, 

backscattered electrons, and X-rays, which are gathered to provide elemental information and 

detailed pictures. 

Secondary electrons, which produce high-resolution, three-dimensional-like representations of 

the surface topography, are the most frequently discovered signals. On the other hand, 

backscattered electrons help in phase differentiation based on atomic number contrast. Often 

connected to SEM equipment, energy-dispersive X-ray spectroscopy (EDS) enables further study 

of particular regions. 
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Figure 2.7: Schematic diagram of scanning electron microscopy and SEM machine 

The Operation of Scanning Electron Microscopy (SEM): 

1. Generation of electron beam: The first step in SEM is to create a 

concentrated beam of high-energy electrons using an electron cannon, which 

is usually composed of tungsten or a field emission source. Electromagnetic 

lenses are used to accelerate and narrow these electrons into a fine beam. 

2. Scanning the Sample: The surface of sample is scanned in a grid-like pattern 

using a concentrated electron beam. To stop air molecules from scattering 

electrons, this interaction takes place in a vacuum chamber. 

3. Electron-Sample Interaction: A types of signals are produced when the beam 

interacts with the atoms on the surface. 

4. Secondary electrons (SE): These electrons are ejected from outer shells of the atom and      

provide surface topography. 

5. Backscattered electrons (BSE):  Provide compositional contrast by reflecting from the 

nucleus, making heavier elements seem brighter. 

6. Characteristic X-rays: Used for elemental analysis (EDS/EDX), released when inner-shell 

electrons are replenished. 

7. Detection and Imaging: These signals are captured by detectors, which transform them 

into electrical signals that are then processed to create a picture on a computer screen. 

 

The sample must be electrically conductive for SEM. Usually, a thin layer of carbon, platinum, 

or gold is coated on non-conductive materials. SEM is crucial in fields like materials science, 

nanotechnology, biology, and semiconductor research because of its resolution, which can drop 

to a few nanometers [18-22]        
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                        Chapter 3 Process of synthesis 
 

Fig.1 shows Sr4Zn2W2O12 phosphor host lattice synthesized via conventional high–temperature 

solid-state reaction method. High purity starting materials, specifically SrCO3(99.0%), ZnO 

(99%), and WO3 (99.99%) were employed as phosphors. Calculated quantities of these reagents 

were combined together and uniformly blended using agate mortar and pestle. Acetone added as 

grinding medium for homogeneous mixing and fine particle production. The obtained 

homogenous mixture was moved into alumina crucible and calcined in muffle furnace at 

temperatures 1200oC for 7 hours. Following the thermal treatment, the samples were cooled 

naturally to room temperature. The synthesized powders were regrind for the consistency of 

particle size. From this approach, Sm3+-activatedSr4Zn2W2O12 phosphors were effectively 

produced with different dopant concentrations (x= 3,5,7 and 9 mol%). 

 

  

  

 

Solid State Reaction 

  

 

 

  

   

 Grinding for                                                                                                                                                                    

 1 hour at 1200oC 

 

Fig.1. Flow chart of the steps involved in synthesizing of Sr4Zn2W2O12 phosphor by solid-state 

reaction method.  

2.2. Characterization Techniques 

The crystal lattice and phase homogeneity of synthesized phosphor samples were examined 

using XRD. A Bruker D8 advanced diffractometer based on Cu-Kα radiation (1.54 A
ͦ
) filtered via 

SrCo3 

Zno 

Wo3 

 

bvgvgg 

Final product 

Sr4Zn2W2O12:Sm3+ 

phosphor 

 

Mixed in acetone medium 

Sm3+ 
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Nickel applied to record the diffraction pattern. For precise phase identification, a broad range of 

2(θ) data was collected. A JOEL 7610 FSEM utilized for examine sample morphology along 

with specific microstructural characteristics. EDS was used simultaneously to verify the final 

product stoichiometric ratios and elemental composition. Using a PerkinElmer Frontier FT-IR 

spectrometer, Mid-infrared FT-IR spectra were recorded to identify specific functional groups 

and examine type of bonding within host lattice. Diffuse reflectance spectra (DRS) from the 

JASCO V-923 model UV-Vis-NIR spectrophotometer were employed to examine photon 

absorption properties regarding Sm3+-doped phosphor. The JASCO FP-8300 spectrofluorometer 

with a xenon lamp as primary excitation source was used to measure photoluminescence (PL) 

parameters, including excitation and emission spectra. The luminescence durations were further 

verified by recording time-resolved photoluminescence decay (TRPL) profiles using an 

Edinburgh FL920 fluorescence spectrometer. Lastly, the Ocean Optics Flame-S-XRL-ES 

spectrometer was used to detect temperature-dependent PL in order to evaluate the phosphors 

thermal stability. 
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                    Chapter 4 Results and discussion 
 

4.1. XRD analysis: 
 

The XRD method was performed to evaluate the atomic arrangement structure and phase purity 

of both undoped and Sm3+-dopedSr4Zn2W2O12phosphors.Fig. 2(a) along with 2(b) illustrate XRD 

patterns of Sr4Zn2W2O12:xSm3+ samples at different temperatures and concentration (x=0 and 

7mol%) alongside the standard reference from JCPDS database card no.96-156-3084 including 

lattice constants a= 5.6320A
ͦ
, b = 5.6080 A

ͦ
, c= 9.7210A

ͦ
, α =γ= 90o, β =125.36o.The XRD pattern 

of the undoped Sr4Zn2W2O12 phosphor at various temperatures is illustrated in Fig.1(a).The 

Bragg diffraction peaks are very sharp and well-defined, indicating high crystallinity, which is 

essential factor for luminescent efficiency. It was observed thatSm3+doping does not significantly 

modified the host lattice framework, suggesting dopant ions are successfully incorporated into 

Sr4Zn2W2O12. The substitution is highly favourable due to comparable ionic radii of constituent 

ions; specifically, Sm3+ (0.958A
ͦ
) can substitute for Zn2+ (0.74A

ͦ
). The alignment of the observed 

diffraction peaks with the pure phase confirms that a 7 mol% doping concentration does not lead 

to any noticeable impurity or secondary phase represented in Fig.1(b). Using obtained XRD 

pattern, fundamental structural parameters, including phase identification, interplanar spacing(d) 

and lattice constants were determined. Furthermore, average crystallite size (D) was calculated 

using Debey-Scherrer equation: [23]. 

                                           𝐷 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
                 (1) 

Where λ denotes X-Ray wavelength that is 1.54A
ͦ
, β is FWHM, K is Scherrer constant typically 

taken (0.9), D represents average grain size and θ is diffraction angle. 

 

                    Fig. 2(a). XRD pattern at different temperatures of undoped Sr4Zn2W2O12phosphor. 
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Fig.2(b). XRD pattern of Sr4Zn2W2O12:xSm3+ (x= 0, 7 mol%) phosphor with standard JCPDS 

diffraction pattern. 

The calculated crystallite size of Sr4Zn2W2O12:xSm3+ (x=0,7 mol%) are 35.39 nm and 32.47 nm 

respectively. Beyond Debey-Scherrer estimation, lattice strain (ε) and crystallite size (D) of 

Sr4Zn2W2O12:xSm3+phosphors were further evaluated using Williamson-Hall (W-H) approach. 

W-H relationship expressed as follows [24]: 

                                                                            𝛽𝑐𝑜𝑠𝜃 =
𝑘𝜆

𝐷
+ 4ε𝑠𝑖𝑛𝜃                                                     (2)       

In this approach, a linear plot is constructed with 𝛽𝑐𝑜𝑠𝜃 on y-axis and 4𝑠𝑖𝑛𝜃 on x-axis. The 

intercept ofresulting linear fit corresponds to 
𝑘𝜆

𝐷
 ,  enabling a more refined calculation of the 

average crystallite size (D), while slope ofline provides value oflattice strain (ε) as shown in Fig. 

2(c) [25]. Fig.2(d) represents W-H plot of Sr4Zn2W2O12:xSm3+(x= 7 mol%) phosphor. The 

calculated crystallite size of Sr4Zn2W2O12:xSm3+ (x=0 and 7 mol%) by W-H approach are 80.87 

nm and 90.81 nm respectively with estimated lattice strain values are 0.00125 and 0.00159. The 

comparatively smaller crystallite size obtained via the Debye-Scherrer equation can be attributed 

to its inherent limitation as it only considers size-induced peak broadening. Conversely, the 

Williamson-Hall method provides a more comprehensive structural assessment by decoupling 

the contributions of both crystallite size and microstrain to the diffraction peak width. 
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                       Fig.2(c). W-H plot of Sr4Zn2W2O12:xSm3+(x= 0 mol%) phosphor. 

 

 

                                  Fig.2(d). W-H plot of Sr4Zn2W2O12:xSm3+(x= 7 mol%) phosphor. 

The detection of microstrain in phosphor materials is generally associated with internal lattice 

distortions, structural imperfections, or stress arising from variations in crystallographic planes. 

The low strain value suggests that the Sr4Zn2W2O12:Sm3+ system has relatively defect-free 

crystal frame and minimal lattice distortion. This implies that the stability of the host lattice 

structure is not affected by the addition of Sm3+ ions. 
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4.2. SEM surface analysis  

SEM was utilized to investigate microstructures, morphology, topography, particle dimensions 

moreover size allocation of Sm3+-doped phosphors. The synthesised phosphors are composed of 

particles with morphologies ranging from irregular polyhedron presented in Fig.3. The samples 

exhibit a non-uniform particle size distribution along with a moderate degree of agglomeration. 

This agglomeration is likely a consequence of high temperature solid state synthesis and manual 

grinding processes employed during preparation. The particle size for both the undoped and 

Sm3+-activated samples was found to reside predominantly within the micrometer range such 

that 4μm - 10μm range respectively. These dimensions are highly comparable to commercially 

available phosphor materials. Such a particle size distribution is considered advantageous for the 

industrial coating process, as it facilitates the creation of a uniform phosphor layer, thereby 

enhancing the overall performance and reliability of the resulting LED devices [26]. 

 

 

 

 

 

 
Fig.3(a) SEM images of Sr4Zn2W2O12:xSm3+ (x= 7 mol%) phosphor, (b) SEM images of 

undoped Sr4Zn2W2O12 phosphor. 

4.3. EDS Analysis 

The elemental structure and chemical composition of host lattice were verified through EDS 

spectroscopy. EDS spectra for a Sm3+-activated sample of Sr4Zn2W2O12 phosphor at x = 7 mol% 

are shown in Fig.4. The analysis reveals the presence of different constituent elements such as 

strontium (Sr), zinc (Zn), Tungsten (W) and oxygen (O), including the samarium (Sm) dopant as 

the activated sample. The different peaks verify that all precursor reagents were successfully 

incorporated into the crystalline phosphor lattice. Additionally, the spectra validate absence of 

elemental impurities, confirming the high phase purity previously suggested by the XRD results. 

(a) (b) 
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The results provide that high-temperature solid-state reaction method successfully produced 

Sr4Zn2W2O12:Sm3+in perfect elemental proportion [27]. 

 
                         

                     Fig.4 EDS spectrum ofSr4Zn2W2O12:xSm3+ (x=7 mol%) doped phosphor. 

4.4. Fourier Transform Infrared Spectroscopy Analysis 

FT-IR spectroscopy was utilized to investigate the internal molecular structure and identify the 

chemical bonding characteristics within the synthesised material by analysing its infrared 

absorption. Fig.5 illustrates the FT-IR spectrum of undoped Sr4Zn2W2O12 phosphor across 

spectral interval 400-4000 cm-1. Several absorption peaks were identified by 496,697, 

806,855,1071,1445,1770,2484,2878 and 2981 cm-1corresponding specific vibrational modes of 

chemical bonds within lattice. The absorption peaks observed between 400 and 800 cm-1 are 

primarily attributed for metal-oxygen (M-O) bond stretching vibrations, confirming successful 

formation of the crystal lattice. Specifically, The lowest peak is at 496cm-1, where the sharp 

bands located between 806 and 855cm-1 are characteristic of W-O-W stretching vibrations [28]. 

The peak near1071cm-1 represents the asymmetric stretching mode ofWO6 octahedral units 

[29,30]. High-intensity peak at 1445cm-1 confirms the presence of Sr-O bond within the host 

structure [31]. Asymmetric stretching mode of C-O bonds is identified as the vibrational bond at 

1770 cm-1[0]. Minor peaks detected in 2878-2981cm-1region indicate traces of organic 

impurities, associated to the asymmetric stretching of CO2 molecules absorbed on the surface 

[32,33]. 
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                            Fig.5.  FT-IR spectrum of an undoped Sr4Zn2WO12phosphor.  
 

3.5. Diffuse Reflectance Spectra and Optical Band Gap Determination   

DRS was used to examine the optical properties of phosphor materials because they are opaque 

and made in powder form. The DRS spectra of the synthetic Sr4Zn2W2O12:xSm3+(x=3,5, 7 

and9mol%) phosphors are displayed in Fig. 6. The spectra were recorded between200-1600 nm. 

Electronic excitation from lowest energy level 6H15/2 to several high energy states 3H7/2, 
4F7/2, 

4I11/2,
6F11/2, 

6F9/2, 
6F7/2,

 6F5/2,
 6H13/2 and 6H11/2are represented by the observed peaks. These 

transitions occur at respective wavelengths 324,408, 476,954, 1084, 1236, 1383,1488 and 1551 

nm due to absorption of incident light energy. 

To determine the optical band gap from the reflectance data, reflectance (R) was converted into 

absorption coefficient (α) using the Kubelka-Muck (K-M) function: [34] 
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                                                                 𝐹(𝑅) =  
(1−𝑅2)

2𝑅
=  

𝛼

𝑆
                                                     (3)                                                                                                                                                                                  

Where S represents the scattering coefficient. This equation allows for isolation of material’s 

absorption characteristics. Subsequently, optical band gap (Eg) was calculated using the Tauc 

relations [35]: 

                                                       𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔 )𝑛                                                            (4) 

The Tauc equation (4), Eg represents the optical band gap energy, A is constant related to 

material’s transition probability and hν denotes the incident photon energy. The exponent n 

characterizes transition type, where n=1/2 or n = 2 indicate allowed direct as well as allowed 

indirect transitions correspondingly. Given that Kubelka-Muck function F(R) is linearly related 

to absorption coefficient (α), substituted into Tauc equation as follows [36]. 

                                                                  𝐹(𝑅) = 𝐴(ℎ𝑣 − 𝐸𝑔    )
𝑛                                                        (5) 

By plotting [F(R)hv]1/2 vs (hν) along with extrapolating linear section of resulting Tauc plot to 

horizontal axis, values of Eg were obtained. As shown in Fig.8, calculated band gap energies of 

Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) are 3.74,3.72,3.71 and 3.68 eV in order. As Sm3+ 

concentration (x) rises, band gap energy is found to decrease illustrates in Fig. 7. 

 
Fig.6. Diffusion reflectance spectra of Sr4Zn2W2O12:xSm3+ (x=3, 5, 7 and 9 mol%) phosphors. 
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                                   Fig.7. Variation of bandgap vs concentration. 

 
Fig.8. Tauc’s plots for direct band gap of Sm3+ ions doped Sr4Zn2W2O12 phosphors at different 

concentrations. 
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3.6. Photoluminescence (PL) Analysis 

Photoluminescence spectroscopy was used to analyse the optical characteristics of Sm3+-

activated Sr4Zn2W2O12 phosphors. For different Sm3+ concentrations (x=3, 5, 7and 9 mol%) 

excitation spectra were recorded in 225–500 nm region.Fig. 9 depicts PL excitation spectra 

ofSr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) phosphors under 645 nm emission wavelength. Ten 

distinct electronic transitions originating from 6H5/2 ground state were identified. Specifically, 

these peaks correspond the transitions to higher energy levels 4D5/2, 
4D3/2, 

6P7/2, 
4G11/2, 

4F7/2, 

4M19/2, 
4I13/2, 

4I11/2, 
4M15/2 and 4I9/2. The observed excitation peaks were located at wavelengths of 

347, 364, 378, 391, 406, 421, 440, 463, 480 and 491 nm respectively [37-40]. Among these, 

most prominent excitation peak is centred at 406 nm, which corresponds to 6H5/2→
4F7/2 spectral 

line. The highest peak confirms that synthesised Sr4Zn2W2O12:Sm3+ are highly compatible with 

ultraviolet (UV) and near-UV radiation sources, making them suitable candidate for solid-state 

lighting technologies. 

 

Fig.9. PL excitation spectra of Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) Phosphors under 645 nm 

emission wavelength. 
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Emission spectra, which illustrate radiative relaxation of electrons from excited energy levels to 

ground state shown, are presented in Fig. 10. Four primary emission peaks were identified at 

wavelengths of 536, 598, 645 and 706 nm. The corresponding 4f→4f conversion of Sm3+ ions is 

represented by these peaks: 4G5/2 → 6Hn (n= 5/2, 7/2, 9/2 and11/2) in order [64]. The dominant 

emission peak occurs around 645nm, originating from4G5/2 → 6H9/2 transition. The transition 

resides within visible spectrum and produces a vivid reddish-orange luminescence. These optical 

characteristics demonstrate that Sm3+ ions effectively sensitised within theSr4Zn2W2O12 host 

lattice, enabling the phosphor to serve as an efficient component for high-performance white-

LED applications [41].  

 
 

Fig.10. PL emission spectra of Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) Phosphors under 406 nm 

excitation wavelength. 
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The emission band centred at 645nm, originating from 4G5/2 →
 6H9/2 peak, primarily governed by 

an electric doublet Mechanism (∆J ≤ 6; J or J΄= 0,2,4, 6). In contrast, the emission at 536 nm, 

corresponding to4G5/2→ 6H5/2 emission, arises solely from magnetic doublet transitions (∆J =+1, 

0,-1). The intermediate emission peak at 598nminvolves4G5/2→
6H7/2 which contributes mixed 

multipole transition [42]. In general, electric dipole transitions are parity-for bidden for 4f→4f 

electronic transitions, their relative intensity compared to magnetic dipole transitions was highly 

sensitive to local symmetry surrounding the optically active ion [43]. A dominant electric dipole 

transition indicates a highly asymmetric local environment, whereas magnetic dipole transitions 

are largely Independent of site symmetry. In the currentSr4Zn2W2O12 lattice, the pronounced 

electric dipole emission associated with the 4G5/2 → 6H9/2 transitions at 645nm significantly 

surpasses the magnetic dipole transitions, confirming that Sm3+ions occupy sites with low 

symmetry. This highly asymmetric crystal field facilitates intense reddish-orange emission with 

excellent colour purity. 

 

                       Fig.11. Variation of PL emission Intensity with Sm3+ion Concentration. 

 



 Page 39 
 

The variation of photoluminescence emission intensity as a function of Sm3+ ion concentration 

was depicted in Fig. 11. The PL intensity initially increases with rising Sm3+concentration, 

reaching a maximum at x = 7 mol%. Beyond this threshold, a subsequent decrease in intensity is 

observed, a phenomenon known as concentration quenching. The quenching effect was 

attributed by resonance energy transfer pathways within Sm3+ ions. Heavily doped levels, the 

inter-ionic distance decreases, which enhances the probability of non-radiative energy migration 

and effectively triggers quenching effects. Therefore, an optimal doping level of x=7mol% was 

identified for maximising the luminescent performance of the Sr4Zn2W2O12:Sm3+ phosphor 

system. 

 To Identify the specific nature of energy transfer among Sm3+ ions, critical distance was 

calculated using Blasse’s equation [44]: 

 

                                                          𝑅𝑐 ≈ 2 [
3𝑉

4𝜋𝑋𝑐 𝑁
]

1
3⁄

                                                           (6) 

 

Here, N denotes number of available cation sites identified as 8. V is the unit cell volume 

determined to be 276.70 A
ͦ 3 and XC is the critical Sm3+ concentration (x= 7mol%). The computed 

RC value is 9.810A
ͦ
 exceeds the 5A

ͦ
 threshold, confirming that electric multipolar- interactions 

rather than exchange interactions dominant energy transfer process in these phosphors. 

 

 To further elucidates the specific multipolar interaction type, Dexter’s theory was applied to 

evaluate the relationship between activator concentration (x) and emission Intensity (I) [45]: 

 

                                                                 𝑙𝑜𝑔 (
𝐼

𝑥
) = 𝐴 −

𝑠𝑙𝑜𝑔(𝑥)

𝑑
                                                             (7) 

 

Inside equation, d=3 for three-dimensional compounds, A is constant and the parameter s 

determines the interaction type. Specifically, permanent dipole-dipole interactions are 

represented by s=6, dipole-quadrupole by s=8 and quadrupole-quadrupole interactions by 

s=10[46]. Fig. 12 revels analysis of linear fit in between log(I/x) and log(x) yieldeds = 5.1, which 

is closest to 6. This finding identifies dipole-dipole interactions as primary mechanism 

responsible for concentration quenching in the Sr4Zn2W2O12:Sm3+phosphor system. 
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                                                Fig.12. plot of log(I/x) vs log(x). 
 

Fig. 13(a) illustrate various energy transfer pathways within Sm3+-dopedSr4Zn2W2O12 systems 

and Fig.13(b) represents cross-relaxation channels (CRC) and general energy transfer (ET) 

processes. Upon excitation, Sm3+ ions are promoted to higher-energy levels, followed by rapid 

non-radiative relaxation to metastable 4G5/2 state. Radiative transitions then occur out of 4G5/2 

level to lower energy levels, specifically 6H5/2, 
6H7/2 along with 6H9/2. For higher dopant 

concentrations, interactions between proximate Sm3+ ions promote self-quenching via non-

radiative channels, which includes resonant energy transfer and cross relaxation. These 

mechanisms lead to a decrease in luminescence efficiency once the critical concentration is 

exceeded [27, 47]. 

 

Fig.13(a) Partial energy level diagram of Sm3+ ion doped Sr4Zn2W2O12 phosphors. 
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 Fig.13(b). cross-relaxation channels of Sm3+ ions in Sr4Zn2W2O12 host lattice. 
 

 

CRC 1:(4G5/2 + 6H5/2 → 6F5/2 + 6F11/2), 

In first cross-relaxation channel, excited Sm3+ ion undergoes non- radiative transition from the 

4G5/2 state to 6F5/2. The energy released in this decay is simultaneously transferred to a 

neighbouring ground-state, promoting it from 6H5/2 to the 6F11/2 level.  

CRC 2:(4G5/2 + 6H5/2 → 6F7/2 + 6F9/2), 

 In second cross-relaxation channel, excited Sm3+ ion undergoes non- radiative transition from 

the 4G5/2 state to 6F7/2. The energy released in this decay is simultaneously transferred to a 

neighbouring ground-state, promoting it from 6H5/2 to the 6F9/2 level.  

CRC 3:(4G5/2 + 6H5/2 → 6F9/2 + 6F7/2), 

In third cross-relaxation channel, excited Sm3+ ion undergoes non- radiative transition from the 

4G5/2 state to 6F9/2. The energy released in this decay is simultaneously transferred to a 

neighbouring ground-state, promoting it from 6H5/2 to the 6F7/2 level. 

CRC 4:(4G5/2 + 6H5/2 → 6F11/2 + 6F5/2), 

In fourth cross-relaxation channel, excited Sm3+ ion undergoes non- radiative transition from the 

4G5/2 state to 6F11/2. The energy released in this decay is simultaneously transferred to a 

neighbouring ground-state, promoting it from 6H5/2 to 6F5/2 level. 
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3.7.  Colorimetric Characteristics CIE and CCT Analysis 

The chromatic performance of the synthesised Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9mol%) phosphors 

was evaluated by determining Commission Internationale del’Eclairage (CIE) coordinates from 

emission data recorded under 406 nm excitation. As detailed in Table1and illustrated in Fig. 14, 

emission coordinates regarding all dopant concentrations are consistently localized within the 

reddish-orange spectral domain.  

Additionally, the dominant wavelength approach was used to determine the colour purity (CP) 

[48]                                        𝐶𝑜𝑙𝑜𝑟 𝑃𝑢𝑟𝑖𝑡𝑦 =      
√(𝑥−𝑥𝑖  )

2 +(𝑦−𝑦𝑖 )
2

√(𝑥𝑑−𝑥𝑖)2+(𝑦𝑑−𝑦𝑖)2 
                                        (8) 

Here, (x, y) stands for chromaticity coordinates of synthesized sample, (xi, yi) denotes equal 

energy point (0.333,0.333) and (xd, yd) is coordinates of dominant emission wavelength. 

According to the analysis an exceptional colour purity of 99.99% was achieved at x=7mol% 

Sm3+ concentration [0]. In contrast to phosphor lattice that was previously reported this result 

signifies a huge improvement. The high color purity with excitation in the near-UV spectrum, 

indicates Sr4Zn2W2O12:xSm3+ is a perfect lattice for the applications of high-quality reddish-

orange emission. 

 

 

Fig.14. CIE chromaticity coordinates of Sr4Zn2W2O12:xSm3+(x=7 mol%) phosphor. 
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To find color appearance of light source, Correlated Color Temperature (CCT) was determined. 

This parameter reflects the black-body temperature that mostly matches the source’s 

chromaticity. McCamy proposed a cubic polynomial approach described as follows [24] 

 

                                         𝐶𝐶𝑇 =  −449𝑤3 + 3525𝑤2 − 6823.20𝑤 + 5520.30                        (9) 

 

Where w is calculated using the relationship 𝑤 =  
𝑥−0.3320

𝑦−0.1858
. The lower CCT values indicate 

warmer tones, while higher values indicates cool light [50]. The Sm3+-doped Sr4Zn2W2O12 

phosphors exhibits CCT values under 3000 K, highlighting their potential for warm light 

applications. 

 

Table:1CIE coordinates, color purity (CP%), corelated color temperature (CCT) of 

Sr4Zn2W2O12:xSm3+(x=3,5, 7, 9 mol%) phosphors. 

 

 

Sample (mol%)           CIE coordinates                 Color purity (%)     CCT (K) 

 X coordinate   Y coordinate 

 

3 0.562                      0.426              96.92                      1828 

5 0.591                      0.404              98.97                      1637 

7 0.596                      0.401              99.99                      1625 

9 0.597                      0.400              99.81                      1624 

 

 

3.8.  Time–Resolved Photoluminescence Analysis 

 

The decay kinetics of reddish-orange emission from synthesized Sr4Zn2W2O12:xSm3+(x=3,5, 7, 9 

mol%) phosphors were investigated at room temperature. Analysis was conducted under 

excitation wavelength of 406nm, while monitoring emission peak at 645nm. To accurately 

described the experimental data, several decay models were evaluated; a bi-exponential decay 

function was found to provide the most precise fit shown in Fig. 15[51]. 

Emission decay behaviour is mathematically represented by the following relation [52, 53]: 

 



 Page 44 
 

                                                  𝐼 =  𝐼0 + 𝐷1 𝑒
−𝑡

𝜏1 
⁄ + 𝐷2𝑒

−𝑡
𝜏2

⁄                                                              (10) 

 

Wherein I denotes luminescence intensity by specific time (t), I0 represents initial intensity at 

t=0. The constants D1 and D2 correspond to the fractional contribution of respective decay 

components, while τ1 and τ2represent the individual decay lifetimes. 

Furthermore, the average lifetime (τavg) of phosphor was determined using weighted expression 

[54-56]: 

 

                                                  < 𝜏𝑎𝑣𝑔. > =
𝐷1 𝜏1

2+𝐷2𝜏2
2

𝐷1𝜏1+𝐷2   𝜏2
                                                                (11) 

 

Calculated mean lifetime (τavg) values for Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%)  phosphors are 

0.687, 0.622, 0.621 and 0.608 ms, exhibiting a progressive decline Sm3+ concentration. This 

trend is linked to enhanced resonance energy transfer among adjacent activator charged species. 

The reduction in τavg at higher doping levels confirms a higher probability of ion- ion interaction 

and cross-relaxation processes. Similar quenching behaviour has been documented in various 

rare-earth-doped oxide systems, reinforcing their suitability for solid-state lighting and optical 

sensing applications [57]. 

 

               Fig.15. PL decay profiles ofSr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) phosphors. 
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Fig.16. Auzel fitted curve illustrating the variation of decay lifetime with different 

concentrations of Sm3+. 

 

 

Fig. 16 represents reduction in decay lifetime as a function of Sm3+ concentration, Auzel’s model 

was employed using the following relationship [58]: 

 

                                                                      τ avg = 
𝜏0

1 + 
𝑐

𝑐0𝑒
−

𝑁
3

                                                                (12) 

 

where c represents the Sm3+ dopant concentration, c0 is a fitting constant, and N denotes number 

of photons involved in relaxation process. Here, τ0 signifies intrinsic radiative lifetime. The 

application of Auzel’s model to the Sr4Zn2W2O12:xSm3+ phosphor series yielded the radiative 

lifetime value(τ0) to be0.806 ms. 
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Table 2: Decay lifetimes (τavg,), radiative lifetime (τ0), Quantum efficiency (%) and energy 

transfer efficiency ηET for Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%). 

 

 

Sm3+ conc. mol 

(%) 

      τavg  (ms)                    τ0 (ms)          Quantum efficiency 

           (%) 

     ηET 

 

3 0.687 0.806 85.1 14.8 

5 0.622 0.806 77.1 22.8 

7 0.621 0.806 76.9 23.0 

9 0.608 0.806 75.4 24.5 

 

 

Furthermore, critical photophysical parameters, including quantum efficiency (ηQE) and energy-

transfer efficiency (ηET) were determined using stablished lifetime-based relationships [59, 60]. 

The internal quantum efficiency was derived from ratio of calculated average lifespan to intrinsic 

radiative lifetime(τ0) [61]: 

 

                                                Quantum efficiency (%) = 
τ𝑎𝑣𝑔

τ0
× 100                                         (13) 

 

Additionally, the energy transfer efficiency (ηET), which quantifies the fraction of excitation 

energy exchanged via ion-ion interaction, was calculated as follows [62]:  

 

                                                                ηET = 1-
τ𝑎𝑣𝑔

τ0
×100                                                                   (14)  

 

The values of Decay lifetimes, radiative lifetime, Quantum efficiency and energy transfer 

efficiency ηET for Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) are represented in Table 2. 

3.9. Temperature-Dependent Photoluminescence (TDPL)  

The presence of structural defects, often referred to as trap states, can lead to the loss of 

excitation energy through non-radiative pathways. To investigate the energy barriers associated 

with these defects and evaluate the thermal quenching behaviour of the material, Temperature-

Dependent Photoluminescence (TDPL) analysis was performed. The TDPL spectra were 

recorded by monitoring emission intensity against wavelength, using an excitation wavelength of 
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406 nm over temperature range 50°C to 175°C as shown in Fig.17.  

Sr4Zn2W2O12:xSm3+(x=7mol%) phosphor demonstrates significant resistance to thermal 

degradation. Taking the emission intensity at 50°C as 100%, a gradual decrease in luminescence 

is observed while temperature rises. As shown in Fig.18, the emission intensity at highest 

temperature of 175°C is 76.43% belonging to its original value. This intensity shows that the 

synthesized phosphor series achieves maximal thermal stability at a concentration of x=7 mol%. 

 

 

 

 

 

 
 

Fig.17. PL emission spectra of Sr4Zn2W2O12:xSm3+ (x=3, 5, 7, 9 mol%) phosphors under 406 nm 

excitation wavelength. 

 

                                   Fig.18. Bar graph of Temperature vs intensity. 
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The Arrhenius equation was applied to temperature-dependent emission data in order to further 

determine activation energy (∆E). ∆E represents thermal energy required per carrier for escape 

from a trap state or luminescent center to the quenching level via non-radiative recombination. 

The relationship between photoluminescence (PL) intensity and temperature is expressed as 

follows [63]. 

                                                                            𝐼𝑇 =  
𝐼0

1+𝐶𝑒𝑥𝑝(
−△𝐸 

𝐾𝐵𝑇
)
                                            (14)                                

In this expression, IT denotes the PL intensity at a specific absolute temperature T, I0 represents 

the initial PL intensity extrapolated to 0K, A is a frequency factor or a constant related to the 

ratio of non-radiative to radiative recombination rates, kB is the Boltzmann constant (8.617*10-

5eV/K). The value of ∆E was determined by line arising the Arrhenius equation and plotting 

ln[(I0/I(T)) -1] vs 1/kBT, as depicted in Fig.19. Following a linear fit of the experimental data, R2 

value 0.983 was achieved, indicating high degree of correlation. From the slope of linear fit, 

activation energy ∆E for the Sr4Zn2W2O12:xSm3+(x=7mol%) phosphor was calculated to 0.399 

eV. Table3 illustrates CIE coordinates, color purity and activation energy of previously reported 

Sm3+ ions doped phosphors. 

 

                                

                                          Fig.19.  Linear plot of ln[ (I0 / It) -1] vs 1/KBT. 
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Table 3: CIE coordinates, color purity (CP%) and Activation energy of previously reported Sm3+ 

ions doped phosphors. 

 

Host lattice                         CIE coordinates                    Color purity (%)      Activation energy(eV)    

     X coordinate   Y coordinate 

 

Li2Ba5W3O15:Sm3+     0.585                 0.413                 88.00                0.249                   

Sr4Ca2W2O12:Sm3+     0.606                 0.391                 99.45                0.286                     

Sr9Y2W2O24:Sm3+       0.594                 0.401                 97.00                0.325                     

Sr4Zn2W2O12:Sm3+     0.596                 0.401                 99.99                0.399                 This work 
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                Chapter 5 Conclusions and scope of work 
 

In this study, Sm3+- activated tungstate-based phosphors were successfully synthesised through 

solid-state reaction route. A systematically characterization has been done to determine their 

structural, morphological, optical and luminescence properties. XRD analysis verified the 

generation of single-phase crystalline lattice. The calculated grain size using the Debye-Scherrer 

equation of Sr4Zn2W2O12:xSm3+(x=0,7 mol%) are 35.39 nm and 32.47 nm, respectively. FT-IR 

spectroscopy verified the characteristics metal-oxygen (M-O) bonding within host framework. 

Electron microscopy revealed irregular, polyhedron-shaped particles with mild agglomeration 

and particle sizes ranging from 4-10 μm, making them suitable for LED fabrication and phosphor 

coating. Tauc plot analysis revealed that the optical band gap at optimised concentration x=7 

mol% was 3.71 eV. From a prominent reddish-orange radiation wavelength towards 645 nm, 

which corresponds to4G5/2→
6H9/2 peak, photoluminescence investigates the photoexcitation peak 

at 406 nm, which is attributable to6H5/2→
4F7/2transition. Dexter's dipole-dipole interaction model 

accurately captured the quenching concentration at x=7 mol%. The CIE coordinates of optimised 

concentration is (0.596,0.401) with excellent colour purity of 99.99 %. The average lifetimes of 

Sr4Zn2W2O12:xSm3+ (x=3,5, 7,9 mol%) phosphor are 0.687, 0.622, 0.621and 0.608 ms described 

by time-resolved photoluminescence that followed a bi-exponential decay which decreased as 

Sm3+ concentration increased due to cross-relaxation processes. Additionally, TDPL investigates 

an activation energy of ∆E = 0.399 eV while maintaining 76.43% emission intensity at 175 °C. 

All of these results signify that Sm3+-doped Sr4Zn2W2O12:xSm3+(x=3,5, 7 and9 mol%) phosphor 

as the prominent host lattice for the applications of warm w-LEDs and display technologies. 
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WORK SCOPES: 

A review of the relevant literature has been done. synthesis technique optimization. 

concentration optimization of the activator/sensitizer in the optimum techniques. to increase the 

emission intensity by co-doping different activators/sensitizers, changing the excitation 

wavelength, and adjusting the doping concentration to increase this usefulness of phosphor for 

photonic applications such as display systems. 
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