
SYNTHESIS OF LUMINESCENT SrAl2O4:Eu2+,Dy3+  

NANOMATERIALS FOR EMERGENCY DISPLAYS 

 

 

 

 

VICTOR SAIDI KADENGE 

 

 

 

 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE AWARD OF THE DEGREE OF 

MASTER OF SCIENCE IN PHYSICS OF THE  

UNIVERSITY OF EMBU 

 

 

 

 
AUGUST, 2024 

 
 



ii 
 

DECLARATION 

This thesis is my original work and has not been presented for a degree in  any other 

university.  

 
 

Signature……………………………………… Date …………………………………  

Victor Saidi Kadenge  

B525A/1359/2020  

Department of Physical Sciences  

 
 
This research project has been submitted for examination with our approval as the 

University Supervisors  

 
 
Signature……………………………………… Date…………………………………. 
Dr. Ali Halake Wako  

Department of Physical Sciences  

University of Embu. 

 
 
Signature……………………………………… Date………………………………….  

Dr. MillienKawira 

Department of Physical Sciences  

University of Embu. 

 
 
Signature……………………………………… Date………………………………….  

Dr. Sharon Kiprotich  

Department of Physical and Biological Sciences  

Murang'a University of Technology. 

 

 



iii 
 

DEDICATION  

This thesis is dedicated to Almighty God for His love and mercy towards me and my 

family 

 

  



iv 
 

ACKNOWLEDGMENT 

I would like to convey my appreciation to God for bestowing upon me the chance to 

complete this research. I attribute my scholastic success to divine intervention and give 

credit to God. The guidance and support provided by my supervisors, Dr. Ali, Dr. Sharon, 

and Dr. Kawira, have been indispensable in my pursuit of completing my master's 

degree. I am immensely grateful to them for their invaluable support in enabling me to 

achieve academic and personal milestones by consistently challenging and motivating 

me. This research would not be feasible without their efforts. I am grateful to Dr. George 

S. Nyamato, Dr. Joan Oguna, and Mr. Mukono, who are all members of the faculty, for 

their assistance and support. I express my gratitude to the Murang'a University of 

Technology Analytical Laboratory and the Meneng'ai Geothermal power plant for 

granting me access to their facilities for doing my research, offering me indispensable 

support, and furnishing me with invaluable advice. The unwavering aid, backing, 

scholarly discourse, and camaraderie provided by my fellow graduate students, 

specifically Peter Anuda, Samuel Waithera, David Kitheka , and Francis Kuria, greatly 

enriched my experience at the University. Finally, I would want to convey my 

appreciation to my mother, my wife Victoria Chea and my son, Myles Fadhili, for their 

constant encouragement and moral support during this journey.  

 

 

 

 

 

 

 

 

 



v 
 

TABLE OF CONTENTS 

DECLARATION ............................................................................................................ ii 

DEDICATION ...............................................................................................................iii 

ACKNOWLEDGMENT .............................................................................................. iv 

TABLE OF CONTENTS ............................................................................................... v 
LIST OF TABLES ......................................................................................................viii 

LIST OF FIGURES ...................................................................................................... ix 

LIST OF ABBREVIATIONS AND ACRONYMS .................................................... xi 

ABSTRACT .................................................................................................................. xii 
CHAPTER ONE ............................................................................................................ 1 

INTRODUCTION .......................................................................................................... 1 

1.1. General Introduction .............................................................................................. 1 

1.2. Preferential pedestrian pathway ............................................................................ 3 

1.3. Statement of the Problem ...................................................................................... 4 
1.4. Research Questions ............................................................................................... 5 

1.5. Objectives .............................................................................................................. 5 

1.5.1. General Objective ........................................................................................... 5 

1.5.2. Specific Objectives ......................................................................................... 5 
1.6. Justification of the Study ....................................................................................... 5 

CHAPTER TWO ........................................................................................................... 7 

LITERATURE REVIEW .............................................................................................. 7 

2.1 Persistent Luminescent Phosphors .................................................................... 7 
2.2 Luminescence .................................................................................................... 8 

2.3 Classification of luminescence .......................................................................... 8 

2.3.1 Bioluminescence ........................................................................................ 9 

2.3.2 Chemiluminescence ................................................................................... 9 
2.3.3 Mechanoluminescence ............................................................................. 10 

2.3.4 Thermoluminescence ............................................................................... 10 

2.3.5 Radioluminescence .................................................................................. 11 

2.3.6 Sonoluminescence .................................................................................... 12 
2.4 Traps and phosphorescence ............................................................................. 12 

2.4.1 Trap processes .......................................................................................... 12 



vi 
 

2.5 Applications of Phosphors ............................................................................... 13 

2.5.1 Cathode Ray Tube .................................................................................... 13 
2.5.2 Liquid crystal displays ............................................................................. 14 

2.5.3 Light emitting diodes ............................................................................... 15 

2.5.4 Field emission displays ............................................................................ 16 

2.5.5 Vacuum fluorescent displays ................................................................... 16 
2.6 Synthesis of SrAl2O4 nanocrystalline phosphors ............................................ 17 

2.6.1 Solid State Methods ................................................................................. 17 

2.6.2 Combustion Synthesis .............................................................................. 18 

2.6.3 Spray pyrolysis ......................................................................................... 19 

2.7 Existing nanomaterials in Strontium Aluminate ............................................. 20 
2.7.1 A phosphor with Blue emission containing Sr4Al14O25 Eu2+,Dy3+ .......... 20 

2.7.2 Green Emitting SrAl2O4:Eu2+,Dy3+ .......................................................... 20 

2.7.3 Red emitting Sr4Al14O25 :Eu2+,Dy3+,Cr3+phosphor .................................. 21 

CHAPTER THREE ..................................................................................................... 22 
MATERIALS AND METHODS ................................................................................ 22 

3.1 Methodology ................................................................................................... 22 

3.2 Materials .......................................................................................................... 22 

3.3 Experimental procedure .................................................................................. 23 
3.4 Characterization ............................................................................................... 25 

3.4.1 XRD Study ............................................................................................... 25 

3.4.2 Crystallite size measurement.................................................................... 27 

3.4.3 Determination of lattice parameters ......................................................... 28 
3.5 Fourier Transform Infrared Spectroscopy ....................................................... 28 

3.5.1 UV-Visible Spectra Measurement ........................................................... 29 

CHAPTER FOUR ........................................................................................................ 31 

RESULTS AND DISCUSSION .................................................................................. 31 
4.1 Influence of synthesis temperature on the structural and optical Properties of 
the SrAl2O4:Eu2+,Dy3+Phosphors. .............................................................................. 31 

4.1.1 Experimental Procedure ........................................................................... 31 

4.1.2 X-Ray Diffraction Analysis ..................................................................... 31 

4.1.3 Fourier Transform Infrared Spectroscopy ................................................ 34 



vii 
 

4.1.4 UV-vis analysis ........................................................................................ 35 

4.2 Effect of as-prepared SrAl2O4:Eu2+,Dy3+ Nanoparticles host composition on 
the structural and optical properties ........................................................................... 38 

4.2.1 Experimental procedures .......................................................................... 38 
4.2.2 X-Ray Diffraction .................................................................................... 39 

4.2.3 Fourier Transform Infrared Spectroscopy ................................................ 41 

4.2.4 UV-vis analysis ........................................................................................ 43 

4.3 The influence of Dy3+ concentrations on the structural and optical properties 
Sr0.97Al2O4:Eu2+

0.01,Dy3+
0.02 ........................................................................................ 45 

4.3.1 Experimental Procedure ........................................................................... 45 

4.3.2 Structural analysis (XRD) ........................................................................ 45 

4.3.3 Fourier Transform Infrared Spectroscopy ................................................ 49 

4.3.4 UV-vis analysis ........................................................................................ 51 
4.4 Optimization of growth parameters. ................................................................ 53 

CHAPTER FIVE .......................................................................................................... 54 

CONCLUSIONS AND RECOMMENDATIONS ..................................................... 54 

5.1 Conclusions ..................................................................................................... 54 

5.2 Recommendations for further study ................................................................ 54 
REFERENCES ............................................................................................................. 56 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



viii 
 

LIST OF TABLES 

Table 1.1: Colour indicators for warning signs [24] ........................................................ 6 

Table 2.1: Overview of Significant Persistent Luminescent Phosphors Studied Over the 
Last Century [31] ............................................................................................................. 8 

Table 2.2: Phosphors used in cathode ray tubes [59] ..................................................... 14 

Table 3.1:  Summary table for Chemicals used to prepare SrAl2O4:Eu2+,Dy3+ ............. 23 

Table 3.2: List of elements commonly used as metal targets in XRD. .......................... 25 

Table 4.1: The calculated values of the structural parameters of as-prepared 
SrAl2O4:Eu2+, Dy3+ at different growth temperatures. ................................................... 34 

Table 4.2: Host compounds of SrAl2O4:Eu2+,Dy3+synthesized at different Al/Sr ratios40 

Table 4.3: Nominal ratio, FWHM, Crystallite size, strain and Lattice parametrs of 
SrAl2O4:Eu2+, Dy3+ ........................................................................................................ 41 

Table 4.4: Lattice constant, crystallite sizes and strain in the SrAl2O4:Eu2+,Dy3+ at 
varying Dy3+  ratio ......................................................................................................... 47 

 

 

 

 
  



ix 
 

LIST OF FIGURES 

Figure 1.1: Preferential pedestrian pathway with a photoluminescent signaling [23] ..... 4 

Figure 2.1: Firefly and female glowworm showing bioluminescence [34] ..................... 9 

Figure 2.2: Chemiluminescence after a reaction of Hydrogen peroxide and luminol [10]
 ........................................................................................................................................ 10 

Figure 2.3: The Mechanoluminescence [41] .................................................................. 10 

Figure 2.4: The Thermoluminescence [46] .................................................................... 11 

Figure 2.5: The Radioluminescence [50] ....................................................................... 12 

Figure 2.6: The Sonoluminescence [51] ........................................................................ 12 

Figure 2.7: Liquid Crystal Displays [64] ....................................................................... 15 

Figure 2.8: Light Emitting Diodes [65] ......................................................................... 16 

Figure 2.9: Vacuum Fluorescent Display Devices [68] ................................................. 17 

Figure 2.10: Schematic representation of persistent phosphors and their potential 
applications in different fields [69]. ............................................................................... 17 

Figure 3.1: A diagram illustrating the procedure of preparing Strontium aluminate 
phosphor ......................................................................................................................... 24 

Figure 3.2: Formation of Bragg’s diffraction [86] ......................................................... 26 

Figure 3.3: UV Visible spectrometer at Pwani University analytical laboratory. ......... 30 

Figure 4.1:XRD profiles of strontium aluminate prepared at varying furnace 
temperatures. .................................................................................................................. 32 

Figure 4.2: FT-IR patterns of SrAl2O4:Eu2+, Dy3+  NPs prepared at varying furnace 
temperature . ................................................................................................................... 34 

Figure 4.3: Graph showing absorbance profiles of SrAl2O4:Eu2+, Dy3+   (SAED) 
synthesized at different combustion temperatures ......................................................... 36 

Figure 4.4: Tauc plot (αhv)2  against  hv) to ascertain the optical energy band gap of the 
SrAl2O4:Eu2+, Dy3+ phosphors ....................................................................................... 37 



x 
 

Figure 4.5: The X-ray diffraction of  SAED were obtained using the solution 
combustion method at different molar ratios of  Al/Sr. ................................................. 39 

Figure 4.6: The FT-IR spectra of SrAl2O4:Eu2+, Dy3+ samples were obtained by varying 
the Al/Sr ratios during preparation. ................................................................................ 42 

Figure 4.7: UV–Vis absorbance spectra of SrAl2O4:Eu2+,Dy3+ phosphor. .................... 43 

Figure 4.8: Band gap plot of  SrAl2O4:Eu2+,Dy3+ NPs Prepared at varying Al ratios ... 44 

Figure 4.9: XRD of co-doped profiles of   SrAl2O4:Eu2+, Dy3+     at varyig concentration 
of dy 0.1 % to 0.8 % ....................................................................................................... 47 

Figure 4.10: Change of crystallite sizes, XRD FWHM with varying concentration of 
Dy3+ ................................................................................................................................ 48 

Figure 4.11: Variation of dislocation density and strain with crystallite size as Dy3+      
concentration changes. ................................................................................................... 49 

Figure 4.12: FT-IR spectra of SrAl2O4:Eu2+, Dy3+ synthesized at different varying 
concention of co-dopant ................................................................................................. 50 

Figure 4.13: Absorption spectra of SrAl2O4:Eu2+,Dy3+ prepared at different Dy3+   
molar ratios..................................................................................................................... 51 

Figure 4.14: Tauc plot ((αhv)2 vs hv) of varying concentration of Dy to establish the 
band gap energy of the SrAl2O4:Eu2+, Dy3+ NPs ........................................................... 52 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



xi 
 

LIST OF ABBREVIATIONS AND ACRONYMS 
 

CB                                                   Conduction Band  

CRT                                                Cathode ray tube  

FEDs                                               Field emission displays 

FTIR                                                Fourier Transform Infrared  

FWHM                                            Full Width at Half Maximum 

JCPDS                                             Joint Committee on Powder Diffraction Standards. 

LCDs                                               Liquid crystal displays 

LEDs                                               Light emitting diodes 

LLPs                                               Long lasting phosphors  

NPs                                                 Nanosized phosphors  

PDPs                                               Plasma display panels 

Persl                                                Persistent luminescence 

PL                                                   Persistence luminescence  

SAED                                             SrAl2O4:Eu2+,Dy3+ 

UV                                                  Ultraviolet 

UV-Vis                                           Ultra Violet Spectroscopy  

VB                                                  Valence Band  

VFDs                                              Vacuum fluorescent displays 

XRD                                               X-Ray diffraction  

 

 

 

 
 
 
 
 



xii 
 

ABSTRACT 
 
SrAl2O4:Eu2+,Dy3+ are phosphors  with unique tuneable properties. This work comprises 
of several aspects of strontium-aluminate phosphor doped with rare earth metal ions  
(SrAl2O4:Eu2+,Dy3+). In particular the optical and structural properties of the long 
afterglow SrAl2O4:Eu2+,Dy3+  phosphors prepared by urea-nitrate solution-combustion 
method were investigated. The solution-combustion method is more efficient because 
phosphors with high efficiency were obtained at low temperature in a very short period 
of time (5 min). The effects of varying concentration of host matrix composition (Sr:Al),  
co-dopant and growth temperature on the structural and optical  properties of the 
SrAl2O4:Eu2+,Dy3+  phosphors were studied. Temperature is a critical variable in 
thermodynamics that has a substantial impact on the shape, size, and surface properties 
of the produced nanoparticles. A study was carried out to investigate the influence of this 
factor on the optical and structural characteristics of SrAl2O4:Eu2+, Dy3+.  The results of 
the X-ray diffraction (XRD) analysis reveal that the 2mol % favored the formation of 
monoclinic phase. The X-ray diffraction patterns for all the SrAl2O4:Eu2+,Dy3+  NPs  
exhibited a highly crystalline and monoclinic  structure of SrAl2O4:Eu2+,Dy3+   with no 
impurity phases. The values of the crystallite sizes range from 35 to 42 nm and 32.23 to 
29.7 nm for the NPs prepared at different furnace temperatures and varied concentrations 
respectively. A similar trend was observed also for other growth on varying 
concentration of host matrix composition (Sr:Al). The research on the impact of Dy3+ 
concentration revealed that the average lattice constants 'a' were determined to be a = 
0.84470 nm, indicating a decreasing tendency with higher degrees of Dy3+ doping and 
Al/Sr ratios. The results closely match the bulk SrAl2O4:Eu2+, Dy3+ lattice constants 
provided in the standard JCPDS data file No.34-0379. The ultraviolet and visible analysis 
(UV-Vis) displayed well-resolved absorption maxima which were red shifted upon 
increase in growth temperature and varying concentration of host matrix composition 
(Sr:Al) concentration. There was an inverse relation between the bandgap and the 
reaction parameters under study (reaction time, growth temperature and varying 
concentration of host matrix composition (Sr:Al). The band gap energies of the 
SrAl2O4:Eu2+, Dy3+ nanoparticles were adjusted within the range of approximately 5.62 
to 5.4 eV by increasing the temperature of the furnace. The band gaps of SrAl2O4:Eu2+, 
Dy3+ exhibited a range of 6.5 to 5.5 eV as the concentration of  Dy3+ during growth 
increased. The sample of SrAl2O4:Eu2+, Dy3+ NPs, synthesized with a doping of 0.4 
mol% Dy3+, grown in a growth medium with a ratio of 2 Al/Sr, and prepared at 700 ºC, 
exhibited optimal crystallinity, minimal lattice stress, and favorable optical 
characteristics.  
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CHAPTER ONE 

INTRODUCTION 

1.1. General Introduction 

As for the US Ministry of Energy, lighting constitutes 14% of the overall energy 

consumption in the US and 21% of the power usage in buildings [1]. There is an 

increasing interest in creating more efficient lighting systems which may decrease 

energy usage and the emission of pollutants from fossil fuel power plants, while yet 

delivering effective lighting for different purposes. Scientists researching luminous 

materials have long sought to develop effective phosphors for lighting purposes. The 

term "phosphor" refers to a type of solid substance that can transform absorbed 

energy into light that is observable, without becoming incandescent. Humans have 

enormous lighting requirements to defend themselves better at night [2]. 

Additionally, they require light to increase their work hours and for nighttime 

entertainment [3]. Since the dawn of human history, people have continuously created 

new lighting systems to satisfy this requirement. Lighting has advanced dramatically 

from fires made of wood to torches, oil flames, fluorescent tubes, LEDs, and 

persistence luminescence (PL) from nanocrystalline powders [4]. These advances in 

lighting technology have significantly impacted the typical way of living.    

Like the urge to connect with other people, technological advances underwent 

tremendous development as a result [5]. From rock cliff faces to telecommunication 

methods, technology has advanced to greater heights. The emergence of electronic 

gadgets has dramatically accelerated the distribution of information [6].Since the data 

kept within technology is unseen by normal sight, there arose a demand for the 

representation of neglected details. As a result, display devices like FEDs and PDPs 

have been created to act as an interface between people and electronics. A sizable 

fraction of luminous nanomaterials are utilized in display devices to transform this 

eye-catching information [7].   

An already overburdened global energy grid is under pressure from rising demand 

for such smart device. Therefore, it is crucial to produce cost-effective, green glowing 

substances that have great colours rendering capabilities, high colour strength, high 
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luminous performance, extended retention, and a small budget. Long afterglow is one 

of the most popular luminescent materials which glows for a hours even when source 

of light is withdrawn [8, 9]. The recombination of stored electrons and thermally 

released holes can account for this long-lasting brilliant radiation [10]. Oxide-based 

inorganic nanomaterials doped with divalent europium have excellent physical and 

thermal endurance, variable wavelengths of emission spanning UV to red, and 

minimal toxic exposure, making them highly valuable [11]. These phosphors are 

essential in various scholarly and industrial operations such as the creation of cathode 

ray tubes, laptops and smartphones. The lowest 4f65d1 excited state's parity-permitted 

electronic transition into the 4f7 ground state is what gives Eu2+ based phosphors their 

characteristically broad emission bands upon excitation [12]. The host lattice 

significantly impacts the emission wavelength and is connected to how this state is 

positioned about the 4f7 ground state [13].  

The key influencing factors inside the host structure are the quantity of cationic 

locations that Eu2+ will coordinate with, the expansion influence brought of ligands 

on the electron orbital, and the length of the connection between the cation and its 

ligands [14]. Photoluminescence from nanomaterials like SrAl2O4:Eu2+, Dy3+ had 

been determined by Matsuzawa et al, in 1996 [15] which has become the focus of 

ongoing study. The spectral characteristics of nanoparticles remain unchanged 

compared to their larger counterparts. This is true even when the particles are reduced 

to a nanoscale, which improves the practicality of luminescent materials due to 

increased density, reduced light scattering, and easy dispersal in fluids [16]. 

Afterglow nanoparticles have been used in  many different  applications, like  writing 

and printing inks, plasma display phosphors, traffic signs, safety indicators on 

emergency systems, and bioimaging [1]. Afterglow materials solve the auto 

fluorescence issue in bioimaging when fluorescent components already present in 

living cells are activated [17].The best results can be obtained if the excitation light 

is obstructed before the indicator begins glowing. The afterglow light is used to 

generate oxygen in singlet form, which kills cancer cells in PDT (photodynamic 

therapy) light sources. This is another biological application. Numerous authors, such 

as Yang et al.  2012 [18] have extensively debated theories to explain the afterglow 

mechanism.  
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Typically, the development of an electron and hole trapping system is linked to the 

persistence luminescence in strontium aluminate structure activated with Eu2+ and 

Dy3+. According to one of the ideas, the afterglow effect happens when an excited 

hole from Eu2+is thermally triggered released to the VB and then entrapped by Dy3+ 

[19]. The extra thermally accelerated liberation of the electron hole from Dy4+ and 

coupling with Eu2+   results in afterglow illumination [20]. Along with the mechanism 

underlying the persistence photoluminescence influence on alkali aluminate activated 

with rare earth metals another aspect of the SrAl2O4:Eu2+,Dy3+spectroscopic behavior 

is still being heavily debated. The 4f65d1 to 4f7 electronic shift of europium ion is 

known in the literature as the main cause of the Gaussian-shaped band that is 

prominent in the emission spectra of SrAl2O4:Eu2+,Dy3+ at room temperature [20]. 

 In contrast, dividing the emission spectra into two bands results from cooling down 

Eu2+ doped SrAl2O4to extremely low temperatures. Several authors have successfully 

used combustion synthesis to prepare SrAl2O4:Eu2+,Dy3+nanoparticles[21].Finely 

crystallized chemicals, especially heavy oxides include aluminates, orthosilicates, 

and chromites, are prepared using combustion synthesis. It entails an exothermic 

redox process that occurs involving an organic fuel such as urea and an oxidant like 

metal nitrates[22]. According to reports, urea also serves as a dispersant for the 

nanoparticles. The current study used combustion synthesis to create SrAl2O4:Eu2+, 

Dy3+ NPs for informational signage, analysis and explanation of their outstanding 

optical and structural features. 

1.2. Preferential pedestrian pathway 

Substantial pedestrian usage is easily accessible on preferred routes. The ability to 

pinpoint the position of luminescent signages which includes an evacuation strategy, 

is excellent along these pathways (such as corridors, stairwells, and safety exits). The 

proper placement of luminescent items and materials along escape routes makes it 

possible to obtain details concerning safety signaling during a quick evacuating 

operation. The preferred pedestrian route maintains a black background in the dark 

to create an eye-catching contrast with luminescent materials used for safety 

signaling. 
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Figure 1.1: Preferential pedestrian pathway with a photoluminescent signaling 

[23] 

 

1.3. Statement of the Problem 

Occupational safety and health has been a significant concern for many organizations. 

During emergencies such as terrorist attacks, fire outbreaks, earthquakes, or any other 

form of insecurity, the first emergency step is switching off electricity and evacuating 

people. Leaving the building or evacuating people at this point becomes difficult due 

to dark exits, pathways and corridors since many workplaces rely on electricity to 

light up these areas. In contrast, those in rural areas don't have electricity at all. Many 

accidents in workplaces, residential areas, roads and hospitals have been reported to 

cause grievous injuries and even deaths. These accidents can be attributed to poorly 

lit passages, corridors and stairs, lack of emergency exit signs, frequent electricity 

blackouts or total lack of electricity, especially in rural areas. 

Currently, many workplaces in Kenya use exit and warning signs which rely solely 

on electricity. In contrast, others are just reflectors that are not visible at night and 

when there is no electricity. These pose a significant danger during sudden power 

outages, making it difficult to exit buildings and workplace areas. The cost of 

electricity bills also compounds the problem even more, making people resort to other 

lighting forms such as firewood, candles, and kerosene lamps. These forms of lighting 

produce smoke containing carbon monoxide, which negatively impacts the 
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environment and people's health. This research intends to solve the problem by 

ensuring that all hazardous areas, safe areas, assembly points, ambulances, 

emergency exits, and locations of fire extinguishers and alarms are clearly marked 

and visible even in the dark using efficient signage fabricated using low cost locally 

available materials which are not harmful to the environment and human health 

1.4. Research Questions 

1. What is the impact of temperature on the optical properties of 

SrAl2O4:Eu2+,Dy3+ phosphor? 

2. Does the ratio of europium nitrate to dysprosium nitrate affect the 

luminescence properties ofSrAl2O4:Eu2+,Dy3+ phosphor? 

3. What is the effect of the stoichiometry (Sr: Al) on the structural and 

luminescent properties? 

1.5. Objectives 

1.5.1. General Objective 

To establish the effectiveness of synthesized SrAl2O4:Eu2+,Dy3+,  phosphor as 

emergency warning signs and indicators for occupational safety and health. 

1.5.2. Specific Objectives 

1. To synthesize the Strontium aluminate SrAl2O4:Eu2+,Dy3+   phosphor. 

2. To determine the effect of growth temperature of SrAl2O4:Eu2+,Dy3+ 

phosphor on the optical and structural properties. 

3. To determine the effect of co-dopant concentration of SrAl2O4:Eu2+,Dy3+ 

phosphor on the optical and structural properties. 

4. To determine the impact of host material composition of  SrAl2O4:Eu2+,Dy3+ 

phosphor on the optical and structural properties 

1.6. Justification of the Study 

Luminescent or glow-in-the-dark nanomaterials are suitable for marking building exit 

routes and acting as a lighting source during electricity failure. This innovative 

alternative uses Strontium aluminate phosphor, SrAl2O4:Eu2+,Dy3+ which gives off 

deep greenish-yellow light for long hours compared to other phosphor. International 

standards recommend the green emission color for safety signs. This has been guided 

by the physiology of the human eye adaptation to vision in the dark since the human 

eye can detect minimal light changes. These SrAl2O4:Eu2+,Dy3+ material absorbs 
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radiation energy from the sun and other light sources, store it, and then emits it as 

light in the dark. It is suitable for security and emergency lighting. It can also be used 

in rural areas without electricity and for other outdoor uses such as billboards, safety 

jackets and sportswear. These phosphors are more suitable for emergency 

applications as compared to all other sources of light since they are cheap and easy 

to fabricate, they require no maintenance and technical servicing after installation, 

they have no running cost or bills, they are more durable and renewable source of 

energy which can withstand adverse weather conditions and they emit clean evenly 

distributed light which is environmentally safe since they don't produce any 

contaminants to pollute the environment and also they don't contain any kind of 

radioactive elements. 

 

Table 1.1: Colour indicators for warning signs [24] 

Colour Meaning Instruction and information  

Red Advisory notice Unpredictable conduct 

Hazard signal Stop, shutdown, emergency cut 

out devices 

Apparatus for fighting fires Location and identification  

Yellow Alert symbol Be watchful, take precautions 

and look over 

Blue Obligatory sign  Particular conduct 

Green Escape route 

Sign for first aid  

Door exit 

Zero threat Back to normal 
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CHAPTER[o1] TWO 

LITERATURE REVIEW 

2.1 Persistent Luminescent Phosphors 

Persistent luminescence (PersL) is a unique optical property in which, after absorbing 

photons, the excitation state gradually returns to the ground's state for periods 

significantly longer than anticipated. Persistent luminescence, often referred to as 

phosphorescence, afterglow, or afterglow phosphorescence, is a scientific 

phenomena that can endure for varying durations, ranging from a few seconds to 

several hours or even days [25]. A luminous core, typically a transitional metal, is 

found in crystalline inorganic semiconducting or insulating materials, referred to as 

a host lattice. Electronic transitions in the luminous core are visible in the 

electromagnetic spectrum's visible range [26]. The resulting interaction between the 

host crystal structure and the luminescence center give rise to PersL and make up this 

class of persistent luminescent phosphors (PLPs). The discovery of PersL dates back 

at least one thousand years to the ancient Chinese. They mixed colors with a particular 

type of pearl shell or use in artwork and noticed visible light emitting from their 

paintings [10]. The Bologna stone, also known as the Bologian Phosphor, found by 

Vincenzo Casariolo, is the first scientific example of a PLP reported in 1602 [27]. 

The naturally occurring afterglow observed was later attributed to impurities 

identified as BaS [14]. However, the intentional incorporation of impurities, also 

known as "killers," to induce long emission lifetimes was first introduced by 

substituting CaS with bismuth in 1866 [16]. Long luminescent lifetimes were 

significantly advanced by the discovery of Cu+ and Co2+ substituted ZnS in the early 

20th century [28]. The long luminescent lifetime produced in ZnS:Cu+,Co2+ enabled 

the material to become commercially available in products such as luminous paints 

and watch dials ushering in an area of investigating new applications. Additional use 

in emergency signage and novelty items like children's toys has since been created 

with the discovery of the transformative PLP, green-emitting SrAl2O4:Eu2+, Dy3+, 

which was first reported in 1996 [29]. There are now several commercially available 

PLPs with various emission colors. In recent years, the use of PLPs has extended into 

bioanalytical applications that have been of great importance in advancing medical 

devices and imaging [30]. Table 2.1 shows the PersL nanomaterial and their 

afterglow lifespan.  
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Table 2.1: Overview of Significant Persistent Luminescent Phosphors Studied 
Over the Last Century [31] 

Host material  Luminescent 

centre 

Co-dopant Lifetime  

ZnS Cu Co2+ 3hrs 

CaS Bi ---- 20min 

CaGa2S4 Eu ---- 30min 

Y2O2S2 Eu Mg2+ 3hr 

Ca2Si5N8 Eu Tm3+ 1hr 

SrAl2O4 Eu Dy3+ 30hr 

CaAl2O4 Eu Nd3+ 5hr 

Sr4Al25O14 Eu Dy3+ 20hr 

Sr2MgSi2O7 Eu Dy3+ 10hr 

ZnGa2O4 Cr ---- 1hr 

MgGa2O4 Cr ---- 15min 

 

2.2 Luminescence 

The phenomenon of illumination is the process through which substances like 

phosphors give off light [32]. The excitement of such substance leads to this effect 

when atoms in states of more tremendous energy unite with holes in states with lower 

state. Stokes' law states that the luminescence intensity must be less than the 

excitation wavelength for the reaction to occur [6]. 

2.3 Classification of luminescence 

When a substance emits light beyond the time it takes for the eye to detect it, we say 

that it "luminesces." Luminescence is a release of light beyond that attributed to the 

black body's energy. Afterglow, light is produced from any power—chemical energy 

included—introduced into the mechanism [19]. Thus, luminescence has been sorted 

into various categories based on the nodes of excitations. Several different 

luminescence phenomena have  been seen in either natural or artificial materials. 

Their names always have some connection to the stimulating agent that is responsible 

for the luminosity. 
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2.3.1 Bioluminescence 

Bioluminescence refers to a phenomenon when living creatures emit light [33]. This 

constitutes a subtype of chemiluminescence where some chemical reaction takes 

place. An amino acid known luciferase and a afterglow substance termed luciferin 

are responsible for the primary chemical process in bioluminescence [34]. The 

reaction entails the process of oxidizing luciferin, facilitated by the enzyme luciferase 

to enhance the reaction rate. Bioluminescence occurs mainly in marine vertebrates 

and invertebrates, some fungi, bioluminescent bacteria and terrestrial invertebrates 

such as fireflies [9]. 

 

 

Figure 2.1: Firefly and female glowworm showing bioluminescence [34] 

2.3.2 Chemiluminescence 

Chemiluminescence  also known as Chemoluminescence is the emission of light due 

to any chemical reaction [35]. Here, some emission of heat can also take place. In 

this type of luminescence, electronic transitions occur and  emits light when it relaxes 

from its excited states to the ground state. Elemental white phosphorous glow green 

in moist air is the best example of chemiluminescence. Luminol is a well-known 

chemiluminescent substance that finds blood traces during criminalistic problems 

[36]. Fe2+ ion present in blood Hb acts as a catalyzer and brings luminol to its light-

emitting configuration. Oxidation of luminol with hydrogen peroxide gives blue or 

bluish-green chemiluminescence. 
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Figure 2.2: Chemiluminescence after a reaction of Hydrogen peroxide and 

luminol [10] 

2.3.3 Mechanoluminescence 

The process of light  emission  from a nanomaterial   under the action of pressure is 

known as mechanoluminescence [37]. It may have further three subtypes depending 

on the type of external force applied.   

(i) Fractoluminescence: Luminescence generated in some materials because 

of the breaking of bonds due to fractures [38].  

(ii) Piezoluminescence: Light is produced by certain solids under pressure and 

this process of emission of light is known as piezoluminescence [39].  

(iii) Triboluminescence: Emission of light due to scratching, crushing or 

rubbing of some materials, is known as triboluminescence [40] 

 

Figure 2.3: The Mechanoluminescence [41] 

2.3.4 Thermoluminescence 

Luminescence that arises on melting a substance which usually happens beneath 

incandescence, is called thermoluminescence [42]. Thermoluminescence is an 
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essential approach for authenticating some ancient items [43]. Assume that a 

substance emits both thermoluminescent and incandescent light at a certain 

temperature. The temporary light emission is referred to as thermoluminescence, 

while the continuous light emission is known as incandescence [44]. 

Thermoluminescent phosphors centre for trapping electron or holes in addition to 

luminescent centres [5]. Electrons escape from these traps upon heating and go to the 

luminescent centre for recombination. Energy liberated during the recombination 

process excites the luminescent centre and emits light [45]. Thermoluminescence is 

a form of luminescence, and Figure 2.4 illustrates some various examples of this 

phenomenon 

 

 

Figure 2.4: The Thermoluminescence [46] 

2.3.5 Radioluminescence 

Radiation emission occurs when ionized electromagnetic fields such as gamma and 

x-rays strike a substance, causing it to release light [47].When materials are exposed 

to radiation, the electrons within them become excited and migrate to higher energy 

levels. As these electrons return to their original states they emit light [48]. Hence, 

the luminescence generated is known as radioluminescence. The main applications 

are radioluminescence paints used in watches, compass dials, gunsights, aircraft 

flight instruments etc [49]. Pierre and Marie Curie were the very first people to 

discover radioluminescence. 
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Figure 2.5: The Radioluminescence [50] 

2.3.6 Sonoluminescence 

When droplets in a liquid are excited by sound, they release brief flashes of light. It 

has no practical implication yet, and thus was not in much attention but produced lots 

of interest in 1989 when a constant bubble is created that produce intense light in very 

short bursts [51]. 

 

Figure 2.6: The Sonoluminescence [51] 

 

2.4 Traps and phosphorescence 

2.4.1 Trap processes 

In contrast to the band levels, which span the entire crystalline material, the trap levels 

are confined to a tiny volume about the trap prospective [52]. When an electron is 

confined to a trap, its wave function might extend over a large distance, similar to the 

wave functions of other electrons [53]. This confinement reduces the likelihood of 

the electron changing its position. Such properties are typical of a deep trap potential 

[54]. Shallow traps exhibit a significant variation in location, resulting in a low level 

of predictability in force. It is possible for discrete trap potential to be formed as a 

result of the material's defects, surface-related states, or even self-trapped states [55]. 

Some imperfections: Significant structural irregularities such as defect structures, 

dislocations, or grain boundaries belong to a separate category, distinct from point 
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defects resulting from impurities. Given that nanostructured substances possess a 

significant amount of exposed surface area relative to their overall volume, it is 

logical to conclude that surface characteristics play a significant role in determining 

their spectral properties. The energy gap of the materials include the surface-related 

states [27].  

A charge trapped within a dielectric matrix induces a dielectric polarization due to 

the Coulomb field between the charge and the matrix. A reaction field is then 

generated at the site of the charge by the polarized environment. The charge is 

stabilized in the dielectric matrix due to its interaction with this reaction field. This is 

an example of self-trapping. Self-trapped levels are being utilized to clarify this 

occurrence in size-quantized phenomena. The charged particles are believed to be 

trapped in different states localized at the interface between the quantum dot and the 

matrix [55]. The entrapment of carriers inside the surrounding matrix, such as 

polymers, is crucial for the significance of self-trapped states. When polymers are 

injected with charges, localized acceptor states are created [56]. The distinguishing 

characteristics of these acceptor states include relaxations of the atomic particles and 

electrons in the molecular moiety wherein the electrical charge is contained and in 

the outside polymer matrix that surrounds it [57]. However, a neutral polymer does 

not naturally exist in such situations of low energy. The extent of the neighborhood’s 

potential perturbations and the relationship of the electron/hole wave function 

concerning trapping potential are key factors affecting localization and entrapment. 

Since this trapping mechanism limits the degree of overlap of the electron/hole wave 

function, coupling duration is prolonged [58]. 

2.5 Applications of Phosphors 

The cathode ray tubes, fluorescent lamps, display systems like plasma and field-

emitted screens, solid-state lights, lasers, scintillators, nuclear health care, gamma ray 

and thermal neutron observing, etc. All use phosphors in some capacity [59]. In these 

contexts, phosphor substances designed around aluminate lattice structures are 

commonly employed. 

2.5.1 Cathode Ray Tube 

Images are displayed on a glowing screen within a vacuum tube known as a cathode 

ray tube. Images are generated by modulating, speeding up, and deflecting electron 
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beams in cathode ray tubes. These can double as digital notepads if need be. The 

phosphor used in a CRT determines how the image is displayed in terms of colour 

and luminosity as shown in table 2.2. Many different aluminate materials have been 

produced for usage in CRTs, with the cerium (III) doped Y3Al5O12 material being 

instrumental [60]. Powdered cerium-doped lutetium-oxyorthosilicate phosphor was 

analyzed for use in cathode ray tubes [61]. 

Table 2.2: Phosphors used in cathode ray tubes [59] 

Type of lattice                   chemical composition                           Colour  

Oxide                                          ZnO:Zn                                           Blue-green 

Oxy-sulfide                               Gd2O2S:Tb                                        Yellow-green 

Oxy-sulfide                                Zn2SiO4:Mn2+                                   Green 

Borate                                        InBO3:Eu                                           Yellow 

Sulfide                                       ZnS:Ag                                               Blue  

 

2.5.2 Liquid crystal displays  

Liquid Crystal Displays (LCDs) is a form of flat panel display that make use of liquid 

crystals' natural ability to adjust light. When used to create monochromatic photos, 

liquid crystals rely on back light rather than direct emission of light. In 1888, 

Friedrich Reinitzer was the one who made the initial discovery. Screens like these 

can be seen in many different places, from indoor to public billboards to laptop 

screens, digital cameras to Tvs, smartwatches, calculators to aircraft cockpit screens 

[62]. The earliest LCDs were made as experiments in 1968 [63]. Since the LCD panel 

uses less electricity, it can be used in portable devices that run on batteries. LCDs are 

now common-place and essential in every aspect of our lives. Low-cost and high-

resolution-density LCDs. 
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Figure 2.7: Liquid Crystal Displays [64] 

 

2.5.3 Light emitting diodes  

Electroluminescent equipment with Light emitting diodes (LEDs) can last more time, 

use less power, and be more efficient. LEDs are the most widely utilized 

semiconductor diodes currently available. It's a p-n junction diode, also known as a 

two-lead semiconductor diode, which glows when a charge passes. Europium (III)-

doped BaLn2AlO5 (Ln = Y, Gd, and La) is widely used in state-of-the-art lighting 

systems because of its tunable coluor [65]. LEDs may have their emission patterns 

manipulated thanks to the embedded optical components that make them so tiny. 

When a voltage traverses an organic substance, light is created [37]. This new type 

of LED is called an organic LED display. Calculators, cellphones, photographs, 

signals for traffic, multimeters, microprocessors, camera flashes, etc. might all 

benefit from their quick speed and high quickness of response [65]. 
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Figure 2.8: Light Emitting Diodes [65] 

2.5.4 Field emission displays  

The FED display functions similarly to that of a cathode ray tube, which makes use 

of a high voltage of approximately 10 kilovolts to accelerate electrons in order to 

excite phosphor [66]. The sole distinction between the two is that CRTs only have a 

single electron gun, but FEDs have an entire grid full of electron guns. The FEDs is 

a form of flat screen projection modern innovation. This display creates a color image 

in a vast field by having stream of electrons from  the cathode emission sources 

impact luminescent nanomaterial [67]. Emissive and non-emissive types of 

technology are utilized in producing flat panel displays. 

2.5.5 Vacuum fluorescent displays  

Vacuum luminescent screens are similar to cathode ray tubes but require much lower 

voltages. In-car stereos, microwaves, and VCRs all employ these types of screens. A 

plasma tube serves as the anode in this setup, making it a cathode-based light source. 

It shines a very contrasting light in a variety of shades. Vacuum luminescent screens, 

or VFDs for short, are a hybrid technology that uses the best features of LEDs and 

LCDs. These can show digits, phrases, or letters. 
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Figure 2.9: Vacuum Fluorescent Display Devices [68] 

 

 

Figure 2.10: Schematic representation of persistent phosphors and their 

potential applications in different fields [69]. 

 

2.6 Synthesis of SrAl2O4 nanocrystalline phosphors 

2.6.1 Solid State Methods 

This approach is the most common method of preparing alkaline aluminate phosphors 

[70].   The method was first used by Matsuzawa et al., 1996 [71] to prepare the first 

afterglow luminescence phosphor (SrAl2O4:Eu2+,Dy3+).The starting chemicals are a 

combination of the strontium carbonate, aluminium carbonate and  the dopants. 

Various grinding methods are commonly used to combine these raw ingredients. In a 

reducing environment, these blended precursor mixtures are then sintered at high 

temperatures, often above 1900°C without a flux. The range of the calcination 

temperature is commonly reduced to between 1300 and 1500°C whenever boric acid 

is introduced  to the process [72]. The finished product is a dense sintered mass that 

must be thoroughly grounded into powder.   
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 Numerous drawbacks are inherent to this approach. The particle size variation and 

clumping are increased at higher furnace temperatures required for the preparation of 

SrAl2O4:Eu2+,Dy3+. This leads to the formation of relatively large particles in the 

micron range, which negatively affects the photoluminescence performance. Rao 

2012 [73] also demonstrated that additional surface deflects are created during the 

ball milling process, considerably lowering the photoluminescence efficiency. Poor 

dopant ion homogeneity also results in poor charge transfer processes because 

particle size and shape cannot be controlled[3].   

                                                                                                                                                                                                                                                         

Due to these limitations, the solid state approach is ineffective for producing 

SrAl2O4:Eu2+,Dy3+. Furthermore, continued development of the persistence 

afterglow features and their application in an expanding range of scientific domains 

are hindered by the extremely high temperature and the difficulty of accurately 

regulating the numerous imperfections. 

2.6.2 Combustion Synthesis 

To counteract the negative consequences of solid-state synthesis, combustion 

synthesis has established itself as an accepted substitute synthetic route. During 

combustion-based synthesis, precursors for the host material are combined with 

dopant ions, most frequently oxides and nitrate salts, in an liquid mixture [8]. A 

quantity of combustion substance, or "fuel," such as urea or glycine, is added to this 

solution. The combustion reaction subsequently takes place in a furnace where the 

aqueous mixture is heated at a synthesis temperature between 500 and 700 °C. The 

response happens quickly in less than 10 minutes and results in a large, low-density 

material that must be grounded to produce a powdered product.   Although furnace 

temperatures are moderate, flames can immediately reach up to 1500°C throughout 

the firing procedure. Comparing the combustion method to the solid-state approach, 

the latter takes less time and yields a more homogeneous product. As a result, it has 

successfully resulted in nanocrystalline SrAl2O4:Eu2+, Dy3+ nanoscale. However, 

there is still no approach of regulating the amount and morphology of the particles 

that accumulate in the final product [4]. 
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Additionally, even though this procedure doesn't involve ball milling, it still consists 

in grinding the resulting mass into its ultimate powdery state, which could introduce 

defects. The temperatures produced by the combustion, which can reach 

unmanageable flame temperatures of up to 1500°C, are often higher than those 

produced by conventional synthetic processes. Numerous poisonous gases, such as 

ammonia, carbon IV oxides and hydrides of –CN3, are also produced during 

combustion synthesis, which is harmful when used as a bulk synthesis method to 

create strontium aluminate phosphors [74]. Despite high localized temperatures, 

incredibly crystalline powders are rarely produced by combustion because of its 

quick rate and the low temperatures needed to start it. To get throughout this, the 

photoluminescent powdery product need to be extensively annealed at temperatures 

between 1100-1300°C in an inert environment [61].         

2.6.3 Spray pyrolysis 

The nanoscale aluminate powder, chlorosilicates and sub-micron luminous 

nanomaterials are all synthesized using spray pyrolysis, which is one of the most 

popular, low-cost, easy and adaptable methods [75]. Substances with nanoscale and 

sub-micron sizes of particles that do not agglomerate are produced by this procedure 

which is a constant and one-step method. Aerosol and flame spray pyrolysis are two 

types of spray pyrolysis that can be used to create phosphor materials. Ultrasonic 

spray pyrolysis has been improved upon to create FSP (Flame Spray Pyrolysis) [76]. 

This is a four-step process that is utilized in the production of various materials. In 

the first stage, drops are formed from the precursor, and as they evaporate, they 

become smaller. The precursors are being converted into oxides, which will 

ultimately lead to the production of solid products. To remove the aerosol, a vacuum 

pump is also used. In the end, a fibre filter was utilized to catch the dust.  

Subsequent modifications to the aluminate synthesis method included preheating the 

precursor aerosols in a low-temperature furnace to evaporate the solvent before 

introducing them to a high-temperature furnace, where they would be decomposed. 

Products are exceedingly pure and uniform, and their chemical composition and 

morphology are well controlled. However, the hollowness and porosity of products 

produced using the extensive spray pyrolysis technique are significant drawbacks. 

Their lack of solidity or permeability considerably affects. An artificial colloidal 
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solution is proposed for a modified spray pyrolysis technique to address the absence 

of a suitable substance [77]. 

2.7 Existing nanomaterials in Strontium Aluminate 

2.7.1 A phosphor with Blue emission containing Sr4Al14O25 Eu2+,Dy3+  

Despite the excellent quantum efficiency and blue emission centering at 480nm 

reported by Smets et al, 2005 [50], sustained luminescence was not detected in 

Sr4Al14O25:Eu2+,Dy3+ CaAl2O4:Ce3+,Nd3+ was the first material to demonstrate blue 

luminescence in the UV range. Nevertheless, the long-lasting time of the 

phosphor exhibited rapid decline and a poor level of light productivity. Many 

scientists quickly began synthesizing Sr4Al14O25:Eu2+,Dy3+and in time,. Lin et al, 

2000 [78], observed unusual emission of light at a wavelength of 494nm in a 

phosphor called Sr4Al14O25:Eu2+,Dy3+ that was produced using ceramics.  

The emission also exhibited a fast start decrease in intensity. Since solid state and 

combustion synthesis are the only methods capable of producing highly crystalline 

Sr4Al14O25:Eu2+,Dy3+ synthetic methods have been restricted to these methods. 

Surface flaws and poor geometry are just two of the many issues with 

photoluminescence that are exacerbated by the solid state and combustion synthesis 

processes, as discussed earlier. Sr4Al14O25:Eu2+,Dy3+ particles have a low 

photoluminescent efficiency due to their short persistence lifespan, and no other 

synthetic approach has been able to efficiently overcome these faults and increase the 

particle's photoluminescent performance.    

2.7.2 Green Emitting SrAl2O4:Eu2+,Dy3+ 

The chemical compound SrAl2O4 doped with Eu2+ and Dy3+ ions. Phosphors that emit 

a green afterglow have undergone a thorough investigation due to their high quantum 

effectiveness at wavelengths that are most adaptable to the human eye. Research has 

shown that phosphors such as Sr4Al14O25:Eu2+,Dy3+ that emit blue light provide an 

improved long-lasting afterglow [79]. Since doped strontium aluminate emits within 

this range, it is still a great choice as a phosphor for safety measures, security devices, 

and emergency illumination. Since their initial synthesis by Matsuzawa et al,1996 

[80], the conventional method for preparing these materials has involved solid-state 

and combustion syntheses [81]. These techniques introduce several negative 

performance metrics, as discussed earlier. Several synthetic methods, including sol-
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gel and co-precipitation approaches, have been investigated to address these 

drawbacks. Although these techniques have lowered the temperatures at which 

calcination takes place and limited the size dispersion, their luminescence persistence 

periods are never as long as the ones seen with solid state and combustion synthesis.     

2.7.3 Red emitting Sr4Al14O25 :Eu2+,Dy3+,Cr3+phosphor 

Luminescence studies have been performed on Sr3Al2O6:Eu2+,Dy3+based red emitting 

phosphors. Still, the red-emitting Sr3Al2O6:Eu2+,Dy3+components have shallow emit 

persistence features, with no reports of persistence periods beyond fifteen minutes 

[75]. This starkly contrasts the blue- and green-emitting on the SrAl2O4and 

Sr4Al14O25 matrices. Many different host matrices and dopant ions have been tried in 

an effort to synthesize red permanent phosphors, such as Y2O2S:Sm3+ and Pr doped 

CaTiO3127 [82]. Considering chromium  has been commonly employed in 

luminescent nanomaterials  as a dopant with a reddish luminescent center, the 

researchers Zhong and others synthesized Sr4Al14O25 :Eu2+,Dy3+ ,Cr3+ via the solid-

state approach to boost the persistent luminescence [83]. Doping 

Sr4Al14O25:Eu2+,Dy3+ with chromium extends the red colour's persistence for more 

than sixty minutes by continuously transferring energy from Eu2+ to Cr3+ as 

demonstrated by the combustion synthesis of Sr4Al14O25:Eu2+,Dy3+ by Luitel 2000 

[84] .   
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3 CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Methodology 

The solution combustion method is a versatile, simple and rapid synthesis method for 

nanomaterials (eg, phosphor) using self-sustained reaction in homogenous solutions 

of various oxidizers .It has generated more interest in the field of nano-luminescence 

materials. The solution combustion method has been carried out using urea as fuel. It 

is an exothermic process that occurs with the evolution of heat. The energy needed 

for the combustion reaction to take place is supplied from the reaction itself hence it 

is called a self-propagating high-temperature synthesis. The characteristics of 

solution combustion reaction, to reduce power and generate gas and can be controlled 

by the selection of the fuel such as urea. Compared to other conventional ceramic 

process technique solution combustion method has shown advantages of taking few 

minutes  to complete the reaction and the equipment processing are inexpensive  

Non-destructive characterization methods and the combination procedure employed 

in the present investigation are briefly described in this section. The alkaline earth 

aluminate phosphor powders were made using a combustion process.  

3.2 Materials  

In this study aluminium nitrate and strontium nitrate were used as the starting 

chemicals. Europium nitrate and dysprosium nitrate was used as luminescent centres 

and trap centres, boric acid was used as flux agent and urea as a fuel. All starting 

materials are of analytical grade as shown in table 3.1. 

  



23 
 

Table 3.1:  Summary table for Chemicals used to prepare SrAl2O4:Eu2+,Dy3+ 

Compound Source Purity 

Strontium nitrate Kobian scientific chemicals  99.9% 

Aluminium nitrate nanohydrate Alfa Aesar, Karlsruhe ≥98.5% 

Dysprosium nitrate 

pentahydrate 

Alfa Aesar, Karlsruhe 99.9% 

Boric acid Kobian scientific chemicals 99% 

Urea 

Europium nitrate hexahydrate 

Kobian scientific chemicals 

Alfa Aesar, Karlsruhe 

≥99.9% 

99.9% 

 

3.3 Experimental procedure 

SrAl2O4:Eu2+, Dy3+ phosphors were synthesized using the solution - combustion 

method. The starting raw materials used in the experiment include various 

proportions of analytical pure grade Sr(NO3)2,Al(NO3)3⋅9H2O,Eu(NO3)3⋅6H2O and 

(Dy(NO3)3⋅5H2O urea ( CH4N2O) and boric acid ( H3BO3). The raw materials were 

weighed according to the chemical composition of SrAl2O4:Eu2+, Dy3, dissolved in 

10 ml of de-ionized water and thoroughly mixed using a magnetic stirrer for 15 

minutes without heating to obtain a uniform solution.  In the first group, six samples 

were prepared to study the influence growth temperature of variation. on the 

structural and optical properties of the SrAl2O4:Eu2+, Dy3+ phosphor. The second set 

consist of four samples used to study the influence of variation host material and the 

Al concentration was kept constant at 1 mol% for all the prepared solutions. This was 

combined with varying concentrations; 1, 1.5, 2,  and 2.5 mol% of Sr were taken.  

The third set consist of five samples used to study the influence of variation of co-

dopants, Dy3+ molar ratio on the structural and optical properties of the SrAl2O4:Eu2+, 

Dy3+ phosphor. The samples were mixed in the mass ratios 0.1, 0.2, 0.4, 0.6 and 0.8 

mol%.  The solutions were then poured into China crucibles and placed one at a time 

in a muffle furnace pre-heated at 500℃. Combustion time was 5–6 min per sample. 

White voluminous foam was obtained by combusting the mixture at temperatures of 

500–1000°C. Initially, the solution boiled and underwent dehydration, followed by 

decomposition releasing large amounts of gases (oxides of carbon, nitrogen and 

ammonia). The voluminous foam was milled to obtain the fine, white powders. The 

powders were stored in transparent sample glass bottles for characterization. 
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Figure 3.1: A diagram illustrating the procedure of preparing Strontium 

aluminate phosphor 
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3.4  Characterization  

3.4.1 XRD Study 

X-ray diffraction (XRD) is a powerful non-destructive technique used to investigate 

structural properties of crystalline materials. It can be used in application such as 

phase identification, determination of grain size, composition of solid solution, lattice 

constants and degree of crystallinity in the mixture of amorphous and crystalline 

substances. Every crystalline substance possesses a distinct atomic configuration 

which is determined by the characteristics of its unit cell. XRD is the scientific 

method utilized to determine the spatial placement of atoms in a  material through 

looking at the scattering of X-rays by the crystal's particles[24].XRD is a highly 

adaptable non-destructive approach  employed for investigating the overall 

composition of solid nanomaterials in large quantities. It allows for the determination 

of crystallite size, stress phase identification, lattice constants, analysis of single 

crystal orientation, examination of polycrystalline orientation, assessment of texture, 

and determination of film thickness, among other applications. XRD examination 

may study the level of crystalline defects  and identify the main crystallographic 

planes of a specific material[27]. The target materials that are usually used are Cu, 

Co, Mo and Cr. Each of these has specific characteristic wavelengths[85]  as shown 

in table 3.2. 

Table 3.2: List of elements commonly used as metal targets in XRD. 

Elements used  Wavelength in nm  

Cu 0.15418 

Cr 2.2902 

Co 0.17902 

Mo 0.7107 

 

Bragg’s Law  

The X-ray diffraction (XRD) concept is closely connected to Bragg's law. Crystal 

exhibit a phenomenon where the atoms within them are affected by X-rays, resulting 

in the occurrence of entanglement. The interactions can be viewed as the atomic 

particles within a crystal structure reflecting the vibrations. Since a crystal structure 

consists of a well-organized collection of atoms, the reflections occur from the atomic 
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planes. Visualize a concentrated beam of X-rays with a uniform wavelength passing 

through a crystal, in which one of its surfaces is inclined at an angle of θ in relation 

to the incoming ray. The ultraviolet radiation interacts with a crystal and is scattered 

by the particles in adjacent surfaces. Figure 3.2 depicts two X-rays that demonstrate 

the separation between atomic planes at a specific distance known as "d".  

 

Figure 3.2: Formation of Bragg’s diffraction [86] 

Ray A undergoes reflection when it strikes the uppermost crystalline surface at an 

angle θ that is identical to the angle in coming ray. In a comparable manner Ray B 

undergoes reflection on the bottom part at the equivalent angle θ. During Ray B's 

time inside the crystal, it covers a distance that is 2𝛼𝛼 units longer than the distance 

covered by Ray A. Assuming the distance 2𝛼𝛼  is equivalent to a whole number of 

wavelengths (nλ), then Rays A and B will be in phase as they escape the crystal, 

resulting in constructive interference. When the distance 2𝛼𝛼 is not a whole number 

of wavelengths, then destructive interference will take place, resulting in a decrease 

in the strength of the waves compared to their initial state upon entering the crystal. 

Hence, the requirement for constructive interference to happen is that the product of 

the wavelength (λ) and the integer value (n) is equal to twice the distance  2𝛼𝛼 . 
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However, utilizing trigonometry, the precise value of the distance 2a in relation to the 

spacing, d, across the atomic surface. 

𝑎𝑎 = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, 𝑜𝑜𝑜𝑜 2𝑎𝑎 = 2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑           thus 

                                           𝑑𝑑 𝜆𝜆 = 2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑                                                 (1)  

The XRD technique is employed for the analysis of structural characteristics, 

including crystallite size, microstrain (stress), texture coefficient, and dislocation 

density (δ). Prior to their technological uses, it is crucial to possess understanding of 

the specific parameters, particularly for novel materials. Furthermore, the XRD is the 

most convenient instrument for doing crystallographic structural analysis, including 

tasks such as identifying phases, quantifying phases, and refining lattice parameters. 

  

3.4.2 Crystallite size measurement  
The existence of certain types of defects including edge dislocations, can alter the 

arrangement and intensities of diffraction peaks in structures that have diameters on 

the millimeter scale. The small size of grains is occasionally considered as an extra 

type of dislocation that has the ability to change the widths of diffraction peaks[61]. 

Peak broadening occurs due to the existence of tiny particles. The determination of 

crystallite size can be easily calculated using Scherrer's formula [79] which considers 

the peak width (expressed as the full-width at half maximum peak intensity, or 

FWHM), peak position, and wavelength.  

                          

𝐷𝐷 =
𝐾𝐾𝜆𝜆  

𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝑑𝑑
                                                                  (2) 

The variables utilized in the equation are as follows: K represents the form factor with 

a value of 0.9, D represents the size of the crystallite particle, λ represents the 

wavelength of the incident X-ray beam (0.15405 nm), θ represents the Bragg's 

diffraction angle, and ß represents the whole width at half-maximum in radians. The 

Scherrer's formula is frequently employed for determining the dimensions of 

extremely small crystals based on the determined width of their diffraction patterns. 

It should be noted that the choice between using a value of K = 0.9 or 1 is subject to 

the expected morphologies of the crystallites in the sample [54]. 
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3.4.3 Determination of lattice parameters  
In the monoclinic phase, the interplanar distance of the  plane is determined by the 

lattice parameters a,b and c, as well as the Miller indices hkl [48].  

 

1
𝑑𝑑(ℎ𝑘𝑘𝑘𝑘)
2 =

4
3
�
ℎ2 + ℎ𝑘𝑘 + 𝑘𝑘2

𝑎𝑎2
� +

𝑙𝑙2

𝑐𝑐2
                             (3) 

The amount of distance between planes with Miller indices h, k, and l is denoted by 

d, whereas the lattice parameters are represented by a, b  and c. The lattice constant 

a for a given plane was determined by using equation (4).  

𝑎𝑎 =
𝜆𝜆 

√3𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
                                                                (4) 

3.5 Fourier Transform Infrared Spectroscopy 

The infrared absorption spectrum of solids, liquids, and gases can be recorded with 

FT-IR since it is a simple, molecular, and non-destructive spectroscopic approach 

[87]. FT-IR can identify unknown materials, it can determine the quality or 

consistency of a sample and it can determine the amount of components in a mixture. 

The vibrational frequencies of a molecule can be calculated from its absorption 

spectrum, providing insight on the molecule's structure and chemical bonding. 

Recording a material's spectrum using a method called Fourier transform infrared 

spectroscopy allows researchers to detect the presence or absence of distinct species 

[24]. This tool can be used on both organic and inorganic samples, and its affordable. 

Broadband spectra from the near IR (12800–4000 cm-1) to the far IR (50–1000 cm-1) 

are acquired with a Fourier transform infrared spectrometer, a type of spectrometer 

that dates back to the third generation [86].  

The Basic Idea Passing infrared radiation through a sample and measuring the amount 

absorbed and transmitted is what Fourier transform infrared spectroscopy is all about. 

A material's unique fingerprint can be seen in its absorption and transmission spectra. 

The infrared absorption spectrum shows evidence of both stretching and bending 

vibrations. When a molecule's vibration causes a shift in its electric dipole moment, 

it shows up as a peak in the infrared [49]. Homonuclear diatomic molecules (O2, N2, 

and Br2) do not absorb infrared because their stretching vibrations do not cause a 

change in dipole moment. When stretched or squeezed, the link in CO and IBr 
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changes its dipole moment and produces an infrared spectrum. Analyzing the energy 

absorbed by a molecule as it passes through phases between atomic groups can shed 

light on the types of atoms bonded or clustered in an otherwise mysterious substance. 

Spectral location can be written as a function of the wavenumber in units of cm-1. 

Transmittance (T) and absorbance (A) are two different ways of expressing the 

strength of a band. The transmittance (T) and wavenumber (cm-1) of an FT-IR 

spectrum are typically plotted. The band between 4000 and 400 cm-1 is the most 

important part of the infrared spectrum. The absorption peaks for the inorganic 

phosphor materials was synthesized and characterized  in the range of 1500-400cm-

1.  

The size of the peaks in the spectrum is a direct indication of the amount of material 

present. Fourier transform infrared spectroscopy is preferred over dispersive or filter 

methods of infrared spectral analysis for several reasons:  

• It is a non-destructive technique  

• It provides a precise measurement method which requires no external calibration  

• It can increase speed, collecting a scan every second  

• It can increase sensitivity – one second scans can be co-added together to ratio out 

random noise  

• It has greater optical throughput  

• It is mechanically simple with only one moving part  

Since FT-IR equipment include an inherent wavelength calibration standard—a 

Helium-Neon laser—no user calibration is required. Because of their mechanical 

simplicity, these instruments rarely experience malfunctions. Phosphor material 

structure and bonding have been analyzed by recording Fourier transform infrared 

spectra from 4000 to 400 cm-1 using KBr pellets and a Nicolet iS50 FT-IR 

spectrophotometer [88]. 

3.5.1 UV-Visible Spectra Measurement 

Absorption spectroscopy performed in the ultraviolet-visible range is known as UV-

Vis spectroscopy, UV-Vis spectrophotometry, or simply UV-Vis. This means that it 

employs light within the visible spectrum and its nearby regions (near ultraviolet 

(UV) and near infrared (NIR)). Transition metal ion and highly conjugated organic 

compound solutions can have their absorber concentrations quantitatively determined 
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using a UV-Vis spectrophotometer. The spectra were captured from two hundred to 

seven hundred nm [89]. The Beer-Lambert formula states that the efficiency of a 

solution's absorption varies according to the quantity of the substance that absorbs 

present in the solution and the distance of the path taken. Consequently, the absorber 

concentration in a solution can be calculated using UV-Vis for a given route length. 

The absorbance shifts as concentration increases. This can be approximated from a 

calibration curve or computed explicitly from a reference (tables of molar extinction 

coefficients).  

Two beams, one for the sample and one for the standard, are typical in UV-Visible 

spectrometers. Absorbance versus wavelength is plotted using a UV-Visible 

spectrum device. The 200-700 nm range is a common place to plot UV-visible 

spectra. An atomic cluster known as a chromophore only absorbs light in a particular 

region of the UV-vis spectra[12]. When figuring out the optical characteristics of 

nanomaterials (which include things like the bandgap or energy difference), optical 

absorption is a crucial parameter to investigate.   

 

Figure 3.3: UV Visible spectrometer at Pwani University analytical laboratory. 
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4 CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Influence of synthesis temperature on the structural and optical Properties 

of the SrAl2O4:Eu2+,Dy3+Phosphors.  

4.1.1 Experimental Procedure 

The powder phosphors were prepared by a combustion method at different initiating 

temperatures ranging from 500–1000℃.The following precursors: 

Sr(NO3)2,Al(NO3)3⋅9H2O,Eu(NO3)3⋅6H2O and (Dy(NO3)3⋅5H2O urea ( CH4N2O) and 

boric acid ( H3BO3) all in analytical purity were weighed according to their 

stoichiometry to prepare the phosphor powders. Six samples were prepared to study 

the influence growth temperature of variation on the structural and optical properties 

of the SrAl2O4:Eu2+, Dy3+ phosphor. The solutions were then poured into China 

crucibles and placed one at a time in a muffle furnace pre-heated at 500℃. 

Combustion time was 5–6 min per sample. White voluminous foam was obtained by 

combusting the mixture at temperatures of 500–1000°C. Initially, the solution boiled 

and underwent dehydration, followed by decomposition releasing large amounts of 

gases (oxides of carbon, nitrogen and ammonia). The voluminous foam was milled 

to obtain the fine, white powders. The powders were stored in transparent sample 

glass bottles for characterization. 

4.1.2 X-Ray Diffraction Analysis 

XRD is an efficient analytical technique used for identification of structural 

properties of crystalline materials. It is also used for identification of phases, 

determination of crystallite size, lattice constants, and degree of crystallinity in a 

mixture of amorphous and crystalline materials. In this study Rigaku miniFlex was 

used to study the structural properties of the prepared phosphor. The XRD profiles of 

the synthesized phosphor are depicted in the Figure 4.1. XRD patterns shows that the 

samples calcined at T= 500-600 ℃ have monoclinic phase with some impurities of 

SrAl2O4:Eu2+, Dy3+ nanoparticles with a dominance of monoclinic phase. As the 

furnace temperature rose to 700 ℃, the monoclinic phase becomes dominant. At 

furnace temperature 800 ℃ and 1000 ℃ , the monoclinic phase  disappears and the 

samples show hexagonal phase. 
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Figure 4.1:XRD profiles of strontium aluminate prepared at varying furnace 

temperatures. 

Five prominent peaks at 2θ  values 19.96, 28.46, 29.27, 29.98, and 35.11 degrees 

correspond to the crystallographic planes (0 1 1), (-2 1 1), (2 2 0), (2 1 1), and (0 3 

1), respectively of the monoclinic phase, which are indicative of the SrAl2O4 crystal 

lattice configuration which matched well with the standard JCPDS file No. 34-0379. 

The synthesized samples exhibit broader and more strong peaks, which suggest a 

smaller crystallite  size and an increase in the level of crystallinity [31].  

SrAl2O4:Eu2+, Dy3+ exhibits two distinct phases, namely a hexagonal phase (referred 

to as the β-phase) at high [90] temperatures and a monoclinic phase (referred to as 

the α-phase) at low temperatures. The XRD profiles found confirm the presence of a 

dominating monoclinic SrAl2O4:Eu2+, Dy3+ phase. A crystal structure of the 

produced NPs was determined to be in the low-temperature monoclinic phase with 

space group P21 using VESTA software. The crystallite sizes of the samples was  

calculated from the most intense peak centered  at 2θ  values 19.96° employing the 
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Debye-Scherer formula[61]. The as-prepared SrAl2O4:Eu2+, Dy3+ samples exhibited 

crystallite sizes ranging from 35 to 42 nm.  

𝐷𝐷 =
Kλ  

βcos θ  
                                                        

As defined earlier on page eqn 2. The crystallite sizes are shown on table 4.1. 

Consequently, it was observed that the crystallite size exhibited a significant 

correlation with the synthesis temperature. Enlargement in crystallite size suggests 

that tiny particles are diffusing and combining to produce bigger particles as the 

synthesis temperature increases. Furthermore, a rise in the SrAl2O4:Eu2+, Dy3+ 

crystallite size upon raising the synthesis temperature supports the idea that a small 

crystallite size is necessary to enable the formation of a monoclinic steady crystalline 

structure. The lattice parameters for monoclinic and hexagonal phases did not match 

well with standard bulk indicating that the material is under strain(ε). The strain 

computation provides more details regarding the structural features of SrAl2O4:Eu2+, 

Dy3+ which can be determined by applying Equation  

The strain of the synthesized nanocrystalline particles begin to rise from 0.280 to 

0.320 as the synthesis temperature is raised to 700 °C. However, an additional rise in 

the furnace temperature causes the strain to fall back to 0.243. This rise in strain is 

attributed to the rise in dislocation density in the SrAl2O4:Eu2+, Dy3+ [81]. The degree 

of dislocation (δ) is expressed to be the length of the dislocations per unit volume of 

the material. The determination of dislocation density by equation 5 . 

δ =
1

D2                                                           

Table 4.1 presents δ and ε values for various nanostructure strontium aluminates 

phosphors. A notable observation is that when the values of β fall, there is a growth 

in the diameters of the crystallites, accompanied by a decrease in both the δ and ε   

values. The reduction in δ and ε serves as an indication that phosphors are undergoing 

a transition toward a more crystalline state. 
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Table 4.1: The calculated values of the structural parameters of as-prepared 
SrAl2O4:Eu2+, Dy3+ at different growth temperatures.  

Growth 

temperature  

Lattice parameters, 

a (nm)  

Strain (𝛆𝛆) 

 

Dislocation 

density (δ ) 

(lines/m2) 

Crystallite 

size (D) nm  

 

𝟓𝟓𝟓𝟓𝟓𝟓℃ 0.844 0.280 5.99 × 10−4 40.86  

𝟔𝟔𝟓𝟓𝟓𝟓℃ 0.825 0.311 7.36 × 10−4 36.85  

𝟕𝟕𝟓𝟓𝟓𝟓℃ 0.831 0.320 7.82 × 10−4 35.74  

𝟖𝟖𝟓𝟓𝟓𝟓℃ 0.828 0.260 6.64 × 10−4 38.81  

𝟗𝟗𝟓𝟓𝟓𝟓℃ 0.834 0.258 6.57 × 10−4 39.02  

𝟏𝟏𝟓𝟓𝟓𝟓𝟓𝟓℃ 0.829 0.243 5.77 × 10−4 41.62  

 

4.1.3 Fourier Transform Infrared Spectroscopy 

FTIR is a rapid and accurate method for the qualitative examination of materials 

under 

study  

 

Figure 4.2: FT-IR patterns of SrAl2O4:Eu2+, Dy3+  NPs prepared at varying 

furnace temperature . 
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The FT-IR examination is a crucial instrument for enhancing comprehension of the 

qualities of the acquired sample[91]. The central infrared range (4000–400 cm-1) is 

precious for organic and inorganic substances spectroscopic analysis. Figure 4.2 

displays the FTIR transmittance profile of the strontium aluminate NPs. The infrared 

spectra of strontium aluminate show distinct bands a prominent band at 3399 cm-1 

and weaker bands at approximately 1800–1700 cm-1 associated with vibrations 

caused by the stretching and bending vibrations of O–H. A high level of dampness in 

the surroundings may result in the O–H group formation in strontium aluminate. The 

infrared profile spectra of strontium aluminate exhibit a prominent maximum at a 

wavenumber of 1482.23 cm-1. The precise provenance of this summit, however, 

remains somewhat ambiguous. The peaks detected at this specific wavenumber 

cannot be ascribed to the Sr(NO3)2 compounds synthesized as precursors during 

fabrication.  

4.1.4 UV-vis analysis 

The band-gap value of various SrAl2O4:Eu2+,Dy3+  phosphor samples was 

determined by recording their absorption bands in the spectrum range of 200 to 800 

nm 
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Figure 4.3: Graph showing absorbance profiles of SrAl2O4:Eu2+, Dy3+   (SAED) 

synthesized at different combustion temperatures 

 

Quantum entanglement effects can modify the band gaps of nanocrystalline particles, 

with the extent of the impact being determined by the size of the nanoparticles [92]. 

Consequently, this might impact the absorption wavelength of the generated 

materials. The figure 4.3 demonstrates a strong relationship between the growth 

temperature and the movement absorbance peaks towards longer wavelengths [78]. 

An increase in furnace temperature resulted in a shift of the absorption edges towards 

greater wavelengths. The estimated absorption edges were 240, 249, 250,251,255, 

and 260 nm for growth temperatures of 500, 600, 700, 800,900 and 1000 °C 

respectively.  The Stokes shift of SrAl2O4:Eu2+,Dy3+  nanoparticles is greater when 

the powders are produced in open air, mostly because of the intense phonon coupling. 

The noted Stoke shift was a result of the band-edge transition, which was influenced 

by the variation of crystal sizes [88]. The observed correlation between the Stoke shift 

and synthesis temperature can be explained by the accelerated nucleation process at 
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greater temperatures[93]. As a result, particles with a larger area of contact are 

formed, which facilitates a greater number of interactions between electrons and 

holes.  

 

Figure 4.4: Tauc plot (αhv)2  against  hv) to ascertain the optical energy band 

gap of the SrAl2O4:Eu2+, Dy3+ phosphors   

  

 Absorbance spectra with Tauc plot, which is frequently used to determine the near 

band-edge optical absorption of semiconductors, were utilized to determine the 

optical energy band gap of SAED. Optical energy band gap of the as-prepared SAED 

can be determined by projecting the linear component hv and identifying the point 

where it intersects. The SrAl2O4:Eu2+,Dy3+  compound exhibited band gap values of 

5.62, 5.51,5.50, 5.49, 5.44, and 5.4 eV at furnace temperatures of 500, 600, 700, 

800,900 and 1000 °C, respectively. The measured results exhibit a modest elevation 

compared to the documented bulk estimation of 5.5 eV. The increase in optical band 

gap is ascribed to the extremely small dimensions of the crystallite size and the 
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resulting entrapment of electronic energy in the NPs [12]. Overall NPs samples 

generated in the present research had a crystallite size particle size of approximately 

41 nm, as determined by XRD tests. The following explains the significantly larger 

optical band gaps found compared to the bulk value. 

Obtaining a precise measurement of Eg from experimental data is challenging in 

practice, mostly due to the influence of temperature and the potential presence of 

excitonic characteristics near the lower boundary of the conduction band. The 

absence of distinct attributes over the full spectrum hinders the ability to ascertain a 

precise figure for Eg. The materials used in this investigation possess a broad band-

gap characteristic [94].  

 

4.2 Effect of as-prepared SrAl2O4:Eu2+,Dy3+ Nanoparticles host composition on 

the structural and optical properties  

4.2.1 Experimental procedures 

Sr(NO3)2,Al(NO3)3⋅9H2O,Eu(NO3)3⋅6H2O and (Dy(NO3)3⋅5H2O urea ( CH4N2O) and 

boric acid ( H3BO3) were employed as starting materials. The phosphor powders 

were prepared with varying amounts of Sr(NO3)2 and Al(NO3)3. The Al/Sr ratio 

changed from 1 to 2.5mol %. H3BO3 was evaluated as fluxing agent. In all recipes 

0.006 mole Eu2+, 0.003 mole Dy3+ and 0.02 mole boric acid were input to the 

composition. For this purpose 4 different recipes were prepared and coded as 

S1 (Al/Sr: 1), S2 (Al/Sr: 1.5), S3 (Al/Sr: 2) and solutions were then poured into China 

crucibles and placed one at a time in a muffle furnace pre-heated at 700℃. 

Combustion time was 5–6 min per sample. White voluminous foam was obtained by 

combusting the mixture at temperatures of 500–1000°C. Initially, the solution boiled 

and underwent dehydration, followed by decomposition releasing large amounts of 

gases (oxides of carbon, nitrogen and ammonia). The voluminous foam was milled 

to obtain the fine, white powders. The powders were stored in transparent sample 

glass bottles for characterization. 
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4.2.2 X-Ray Diffraction  

 

Figure 4.5: The X-ray diffraction of  SAED were obtained using the solution 

combustion method at different molar ratios of  Al/Sr. 

 

Figure 4.5 shows XRD profiles for SrAl2O4:Eu2+,Dy3+ prepared  from solution 

combustion method at varying molar  ratios of Sr(NO3)2   at 1,1.5,2,2.5. Based on the 

observed spectrum, it is evident that the NPs possess a polycrystalline structure, as 

indicated by the diffraction spectrum  at 2𝑑𝑑 = 19.96°, 28.46°, 29.27° and 35.1°  

indexed as (0 1 1), (-2 1 1), (2 2 0) and (2 1 1) planes of monoclinic phase of  

SrAl2O4:Eu2+,Dy3+  (JCPDS Card No. 34-0379). Analysis of these diffractive peaks 

reveal that 2mol% Sr  favour pure monoclinic phase matching with the JCPDS data 

file (no. 34-0379) while higher concentrations of calcium; 2.5 mol% Sr, seem to 
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favour the formation of mixed phase. Weak diffraction peaks of the precursor is 

formed due to incomplete combustion were also observed [77].  

The table 4.2 provides information about the host material used in the solution 

combustion approach to manufacture SAED phases. The precursors used in this 

process have different Al/Sr ratios.  

Table 4.2: Host compounds of SrAl2O4:Eu2+,Dy3+synthesized at different Al/Sr 
ratios 

Nominal Al/Sr ratio Host material  

1:1 impurities, SrAl2O4  

1:1.5 SrAl2O4 ,impurities    

1:2                                                                                   SrAl2O4          

1:2.5 SrAl2O4   with impurities 

 

The Scherrer equation is employed in order to determine the crystallite size, denoted 

as (D) eqn(2). The broadening of the diffraction pattern was determined at half of its 

highest intensity, which is expressed in radians as the FWHM. The wavelength of the 

X-ray used is 0.15406 nm. The calculated crystallite sizes from the most intense peak 

at varying Sr ratios are displayed in Table 4.2. The size of the crystallites decreases 

significantly as the concentration of Al prepared in the initial solution rises, reaching 

an optimal value of 17.68 nm for the nanoparticles generated with 2 mol% Sr. The 

reduction in the size of the crystallites is attributed to the increased integration of 

aluminum ions in the strontium sites of the SrAl2O4 lattice. The reduction in 

crystallite size indicates a decline in the quality of the SrAl2O4 crystal structure due 

to the presence of aluminum, leading to an increase in the overall proportion of grain 

boundaries in the nanoparticles.  

The strain that is present in the samples is determined using a mathematical 

procedure, and the outcomes of this calculation are displayed in Table 4.3. The 

strain's measurements exhibit a positive correlation with the content of Al, indicating 

a decline in the crystalline nature of the SrAl2O4:Eu2+,Dy3+  NPs. Mallika and her 

colleagues showed that a rise in strain leads to a decrease in crystallite size and an 

improvement in peak broadening[13]. 
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Table 4.3: Nominal ratio, FWHM, Crystallite size, strain and Lattice 
parametrs of SrAl2O4:Eu2+, Dy3+ 

Nominal 

Al/Sr ratio 

FWHM Crystallite size 

(nm)  

Strain  

(lines/m2) 

Lattice 

parameter (a) 

(nm) 

1:1 0.36 24.75 29.533 0.84470 

1:1.5 0.41 21.20 33.64 0.84473 

1:2 0.44 19.86 36.10 0.84477 

1:2.5 0.49 17.68 40.20 0.84483 

 

4.2.3 Fourier Transform Infrared Spectroscopy 

Fourier transform infrared absorption spectrum of the material synthesized at 700 °C 

(Figure 4.6) exhibits strong nitrate absorption bands at approximately 1365cm-1, 

suggesting that the breakdown of Sr(NO3)2 has not yet begun. The Al–O stretching 

vibration at 1630 cm-1 and the other vibrations associated with the AlO4 unit at 500–

900 cm-1 exhibit broadness caused by the low quality of the Al2O3 starting material. 

At a temperature of 700 °C , small amounts of nitrates are still present. However, the 

vibrations of the Al-O bonds, particularly the one at 1440 cm-1, suggest the creation 

of the SrAl2O4 phase, while the vibrations of Al2O3 still remain more prominent. The 

Al–O vibrations exhibit complete development and a high degree of sharpness only 

when the host material composition is at 2mol % [95]. 
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Figure 4.6: The FT-IR spectra of SrAl2O4:Eu2+, Dy3+ samples were obtained by 

varying the Al/Sr ratios during preparation. 
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4.2.4 UV-vis analysis 

 

Figure 4.7: UV–Vis absorbance spectra of SrAl2O4:Eu2+,Dy3+ phosphor. 

 

Figure 4.7 illustrates the absorbance of the SrAl2O4:Eu2+,Dy3+ material that was 

produced and developed using various Al/Sr molar ratios. The NPs' absorbance was 

determined within the wavelength ranging from 200 to 750 nm. The absorption 

spectra of all the samples exhibited absorption edges at  400 nm, which aligned with 

the optical band gap of SrAl2O4:Eu2+,Dy3+. The absorption band edges shifted to 

greater wavelengths when the Al/Sr molar ratio increased due to the size impact 

caused by nanostructures. The red shifting is also said to be associated with changes 

in the size of the crystallites, which can be linked to an enhancement in the degree of 

purity of the nanoparticles' crystal structure. The red shift of the absorption edges of 

SrAl2O4:Eu2+,Dy3+ can be ascribed to the inter-band gap formed by europium ions 

and dysprosium ions, or it may be due to bigger crystallite sizes.  
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Figure 4.8: Band gap plot of  SrAl2O4:Eu2+,Dy3+ NPs Prepared at varying Al 

ratios 

 

Optical band-gap energy (Eg) of the nanoparticles (NPs) in their original state was 

calculated using a mathematical derivative of the absorption coefficient (α). An 

analysis was conducted on the relationship between optical density and wavelength 

in order to determine the optical energy band gap, utilizing the Tauc correlation [96]. 

 

αhv = A(hv − Eg)n                                           ( 6) 

The value A in this context is derived from Fermi's golden rule, that describes 

electronic shifts between fundamental energy bands. In direct acceptable shifts, the 

exponent n is equal to 1/2, whereas for permissible indirect transitions, n is equal to 

2. The term "Eg" refers to the energy difference between the valence band and the 

conduction band in optics. The optical band gap values were determined by projecting 

the linear portion of the Tauc plot to the energy (hv) axis, as shown in Figure 4.8.. 
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The band gap of SrAl2O4:Eu2+,Dy3+ nanoparticles was estimated  to be 5.0, 4.75, 4.5, 

and 4.25 eV for Al/Sr molar ratios of 1, 1.5, 2, and 2.5 mol%, respectively. The 

decline in the optical band gap obtained when the Al/Sr molar ratio increases can be 

attributed to changes in lattice defects and stress [12]. 

4.3 The influence of Dy3+ concentrations on the structural and optical properties 

Sr0.97Al2O4:Eu2+0.01,Dy3+0.02 

4.3.1 Experimental Procedure 

Dy3+ co-doped SrAl2O4:Eu2+,Dy3+  phosphor was prepared by the solution 

combustion method. The Sr(NO3)2,Al(NO3)3⋅9H2O,Eu(NO3)3⋅6H2O and 

(Dy(NO3)3⋅5H2O urea( CH4N2O) and boric acid ( H3BO3) were taken as starting 

materials and were dissolved in 10ml of deionized water and stirred for 30 minutes. 

The doping concentrations of the Dy3+  ions were 0.1, 0.2, 0.4, 0.6, 0.8 mol%, 

respectively. After stirring, the transparent solution was taken into a muffle furnace 

maintained at a temperature of 700℃. The solution boiled and underwent 

dehydration, followed by decomposition with the escape of large amount of gasses 

(oxides of carbon, nitrogen and ammonia) and then a white foamy and voluminous 

ash was produced. The whole process was over within less than 5 min, after the 

product was cooled to room temperature. The foamy powder was crushed into a 

powder using a pestle mortar and the obtained white powder was used for 

characterization. The techniques used for characterization were X-ray diffraction 

(XRD, D8 advanced AXSGmbH) to identify the crystalline properties of the particles, 

and Fourier Transform infrared spectroscopy (FTIR Bruker Series) to identify the 

types of chemical bonds 

4.3.2 Structural analysis (XRD) 

Figure 4.9 shows   diffraction profiles of SrAl2O4:Eu2+,Dy3+  nanophosphors doped 

with Dy3+. They were a good match alongside the standard JCPDS data file (No. 34-

0379) for the SrAl2O4:Eu2+,Dy3+  monoclinic phase with space group P21. And on top 

of that, there was extra peak at 25.8˚ attributed by incomplete combustion of the 

precursors. However, there was no peak linked to dopants ions. This suggests that 

dopant ions were spread out evenly in the host[97]. As the Dy3+ concentration was 

raised, no new peaks corresponding to other phases were seen. This suggests that the 

structure of the SrAl2O4:Eu2+,Dy3+  nanomaterial  is very stable. As the Dy content 
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went up, the diffraction peaks got less intense, but they didn't move much in terms of 

where they were. It's possible that the changes in the peak strength were caused by 

defects appearing as the Dy3+ concentration rose. Furthermore, it has been observed 

that when the Dy3+  ratio rises, the peak broadens, as indicated by the full width at 

half maximum (FWHM). The results demonstrate  that as the quantity of the co-

dopant rises, the material loses crystallinity as the intesisty of the peaks fall. The well-

known Debye-Scherrer equation (2) was used to determine the crystallite size D of 

the SrAl2O4 phosphor.  

The crystallites sizes were measured to be 32.23, 31.69, 30.99, 30.75, and 29.77 nm 

as the Dy3+ concentration increased. An increase in Dy concentration leads to a 

broadening of XRD peaks (figure 4.10), suggesting a reduction in the crystallite size 

of the nanomaterial. Both the lattice strain (ε) and crystallite size D were determined. 

This strain may have developed as a result of the existence Dy3+dopant. The predicted 

strain rose as the dopant levels rose, as seen in Table4.4. The discrepancy in crystallite 

size obtained from the methods is due to the Williamson and Hall accounting for 

broadened produced by tensile strain factors. All approaches' outcomes showed that 

a rise in doping from 0.1 % to 0.8 % led to a reduction in crystal size. Various studies 

have revealed a consistent pattern of crystal size alteration in Dy3+ doped SrAl2O4 

nanoparticles. The decrease in SrAl2O4 crystal size is observed as the SrAl2O4 doping 

ratio rises, suggesting that the growth was hindered by introducing Dy3+ ions into the 

Sr site. This occurs because the Dy3+ ions are integrated in the host lattice.., which 

generates additional nucleation sites, leading to increased lattice strain and slowing 

down crystal formation. Due to microstructural strain and other defects, the 

dislocation density using  equation (5) rises with higher levels of Dy3+ doping in the 

host lattice. 
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Table 4.4: Lattice constant, crystallite sizes and strain in the SrAl2O4:Eu2+,Dy3+ 
at varying Dy3+  ratio   

Doping 

concentration  

Scherrer’s 

method  

D (nm) 

Dislocation 

density 

X1014 

lines/m2 

W-H 

method  

D (nm) 

Strain  Lattice 

parameter 

(nm) 

Energy  

Band energy 

(eV) 

 

0.1 32.23 9.626 33.19 6.15x10-2 0.84470 6.5    

0.2 31.69 9.958 32.56 6.25x10-2 0.84465 6.3    

0.4 30.99 10.413 31.38 6.40x10-2 0.84380 6.0    

0.6 30.75 10.576 30.72 6.45x10-2 0.84360 5.7    

0.8 29.77 11.128 29.81 6.67x10-2 0.8420 5.5    

 

 

Figure 4.9: XRD of co-doped profiles of   SrAl2O4:Eu2+, Dy3+     at varyig 

concentration of dy 0.1 % to 0.8 % 
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Figure 4.10: Change of crystallite sizes, XRD FWHM with varying 

concentration of Dy3+ 
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Figure 4.11: Variation of dislocation density and strain with crystallite size as 

Dy3+      concentration changes. 

 

4.3.3 Fourier Transform Infrared Spectroscopy 

Figure 4.12 displays IR spectrum of the host containing (0.1 ≤ x ≤ 0.8) of Dy used to 

analyse the functional compounds and vibrational frequencies in the produced NPs. 

The vibration seen at 570 cm-1 is probably ascribed  to the Al-O bond vibrations[23]. 

Absorption band at 770 cm-1 and the strong stretching band at 1049 cm-1 are likely  

caused by  the stretching of the Sr − O bonds [23]. The prominent peaks at 2882 and 

2964 cm-1 are probably due to the C=O bond found in carbon II oxide  from the 

environment[31]. The vibration stretching band observed at 3685 cm−1 is  due to 

physically adsorbed water and O–H groups [91] on a solid surface. FTIR spectrum 

with varying concentrations of dy, exhibiting identical absorption peaks as seen in 

Figure 4.12. Research suggests that altering Dy3+ content by doping does not 

influence the vibrational frequency of the nanopowders produced.  
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Figure 4.12: FT-IR spectra of SrAl2O4:Eu2+, Dy3+ synthesized at different 

varying concention of co-dopant  
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4.3.4 UV-vis analysis 

 

Figure 4.13: Absorption spectra of SrAl2O4:Eu2+,Dy3+ prepared at different 

Dy3+   molar ratios. 

   

UV-vis spectra of SrAl2O4:Eu2+,Dy3+ activated were measured within the 200-800nm 

wavelength region. The generated Dy3+ co-doped samples offer valuable data on the 

energy bandgap. When molar ratios grew from 0.1 to 0.8, absorption edges and bands 

shifted toward longer wavelengths. The red shift of absorption peaks shows 

nanocrystal development[98].It could be attributed as a result of movement of 

charges across the valence band towards the conduction band of SrAl2O4:Eu2+,Dy3+ 

nanoparticles [99]. Optical energy bandgap (Eg) of the produced materials was 

estimated using Tauc's plot shown in figure 4.13. 
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Figure 4.14: Tauc plot ((αhv)2 vs hv) of varying concentration of Dy to 

establish the band gap energy of the SrAl2O4:Eu2+, Dy3+ NPs   

  

To determine the bandgap, we prolong the straight-line section of the αhv against the 

hv graph to zero, with hv. The bandgap magnitude reduced from 6.5 to 5.5 eV when 

the amount of Dy3+ dopant increased from 0.1% to 0.8% (Table 1). Prior studies have 

also documented a reduction in the bandgap when doping SrAl2O4:Eu2+,Dy3+ [100]. 

The absorption edge shifts towards longer wavelengths as the concentration of Dy3+ 

ions in the strontium aluminate lattice increases. Doping generates impurities band 

intensities within strontium aluminate  co-dopant contaminants in the 

SrAl2O4:Eu2+,Dy3+  formation may result in a reduction in bandgap energy, causing 

the formation of novel interaction centers with lower emitting potential [101]. Higher 

levels of Dy3+  ions cause electron transfer to move across the occupied VB valence 

band into novel coupling centres instead of the usual shift to the unfilled conduction 

band [102]. 
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4.4 Optimization of growth parameters. 

Optimization of the growth parameters are key in determining the effectiveness of 

the synthesized phosphor as an information signage on occupational safety and 

health. The analytical results showed that 700℃ favoured most promising structural 

and opitical properties.  

When the concentration of Eu2+ ion is fixed, the number of electron-hole pairs is 

fixed. As the concentration of  Dy3+ ion increases in a range, the number of the Dy3+ 

traps increases, and the traps capture more holes. However, if the doped amount of 

Dy3+ is too large≥ 0.6 𝑚𝑚𝑜𝑜𝑙𝑙 % it may result in concentration quenching and 0.4 mol 

% showed the optimum conditions.  

In the light of all these results, phosphor composition in the samples containing 

different ratios of the host material. The sample  with 2 mol % Al/Sr mole ratio  

designated as the optimum sample that favoured the formation of a monoclinic phase 

of high crystallinity.  
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5 CHAPTER FIVE 

 CONCLUSIONS AND RECOMMENDATIONS 

5.1  Conclusions 

SrAl2O4:Eu2+,Dy3+  phosphor powders were successfully synthesized using 

combustion method. This preparation method was found to be more efficient because 

the phosphors of high efficiency were obtained at temperatures as low as (500 – 700 

°C) in a very short period of time (5 min). Different techniques were used to study 

the structure, optical properties and the stretching mode frequencies of the phosphor 

powders. The techniques that were used are X-ray diffraction (XRD), UV-vis and 

Fourier Transform Infrared Spectroscopy (FT-IR). 

Samples synthesized at 500℃ and 600℃ showed impurities from unreacted 

components in the X-ray diffraction profile, whereas those synthesized at 

temperatures at 700℃ displayed a polycrystalline structure. SrAl2O4:Eu2+,Dy3+. The 

X-ray diffraction patterns shows that hexagonal structure when 𝑇𝑇 = 500 − 600℃ 

and monoclinic structure when 𝑇𝑇 ≥ 800℃.  

Optical studies using UV-Vis absorption spectroscopy allow us to emphasize on the 

tunability of the band-gap of the prepared doped   SrAl2O4:Eu2+,Dy3+ nanocrystals. 

Furthermore, optical investigation based on Photoluminescence spectroscopy 

evidenced the presence of energy transfer between the rare earth dopant and the 

SrAl2O4:Eu2+,Dy3+  host matrix which was discussed in detail. 

5.2 Recommendations for further study 

 Due to time constraints, it was not possible to carry out adequate TEM 

analysis. For most of the investigations undertaken, TEM analysis would go 

along way in concretizing many of the conclusions arrived at. This is an 

imperative tool to further gather valuable information  on the crucial 

parameters like, crystallinity, crystallite size and shape. 

 Detailed investigation of  PL studies, in order to build on the currently study. 

 Detailed study need to be undertaken to determine the cost-effectiveness of 

nanopowders synthesized. 
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