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ABSTRACT

Sol-gel synthesis method was used to synthesize a series of samarium ion doped strontium
magneto silicate phosphors. The structural properties of strontium magneto silicate were
characterized by X-ray Diffraction (XRD) method. Fourier Transform Infrared (FT-IR)
reveals the presence of functional groups in the synthesized phosphor. Diffuse reflectance
spectrum is reflecting the 4.39 eV optical band gap of undoped strontium magneto silicate
phosphor. Under 404 nm excitation, luminescent spectra show it have distinctive emission
peaks, owing to the transition of *Gs;, = °H; (J = 5/2, 7/2, 9/2, and 11/2) corresponding to
the peaks centered at 564 nm, 601 nm, 646 nm and 708nm. Photoluminescence (PL)
spectra shows that 2.0 mol % is the optimum concentration of Sm** ion to give the most
intense reddish orange emission. The PL analysis shows that the exchange coupling
interaction is responsible for the concentration quenching observed beyond 2.0 mol% of
Sm®" ions concentration. The chromaticity coordinates (x=0.592 and y=0.406) were
calculated by photoluminescence spectra of optimized phosphor samples. The direct
energy band gap was found to be 4.39 eV. All the investigation specified above signifies
that the synthesized phosphor is well suited as a red emitter in lighting and display devices.
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CHAPTER 1:
INTRODUCTION



1.1 Phosphor

Since the 19th century, phosphors have played a significant role in the field of luminous
materials, capturing our attention with their ability to emit light when activated. These
extraordinary materials have been used in a variety of devices, including fluorescent lights,
workstation monitors, and video displays. Utilizing the potential of phosphors for various
technological breakthroughs requires a thorough understanding of their intricate nature
and distinctive traits.[1]

Inorganic substances can be generically categorized as phosphors, with dry powder being
the most prevalent form. These powders are made up of a variety of different substances,
such as oxides, oxynitrides, sulfides, selenides, halides, borates, and oxyhalides. The little
numbers of activator ions that are introduced into the host matrix, however, are what really
distinguish phosphors from other compounds. The rare-earth ions among these activator
ions have proven to be particularly adaptable and are frequently used because of their
positive interaction with the host material's crystalline lattice.

A key factor in phosphors' luminous behavior is their energy dynamics. Phosphors can
take in energy at the activator ion level or at other locations within the lattice structure
when subjected to excitation energy. The absorbed energy must eventually be transported
to the radiating core, where light emission takes place, for luminescence to take place.
Energy is efficiently captured and transferred by effective phosphors, who also maximize
their quantum efficiency and reduce energy loss through non-radiative paths.

Fig. 1.1. Phosphor emitting Light



In many applications, the phosphors' emission characteristics are crucial. The wide
spectrum of colors that a phosphor may display, including red, green, and blue, is one
important characteristic. The creation of high-quality displays and lighting systems
depends on the capacity to produce vivid and varied colors. To achieve precise color
reproduction, the emission spectrum—which depicts the frequency distribution of the
electromagnetic radiation—is meticulously crafted. Precise color points can be attained by
using methods like the Commission International de L'Eclairage (CIE) graphic rule to
compute the emission spectrum energy division.[2]

When considering phosphors for real-world applications, luminance and lumen
equivalency are crucial considerations. Higher numbers denote a more intense light output,
and luminosity relates to the perceived brightness of a light source. Lumen equivalence,
on the other hand, gauges how effectively a phosphor produces visible light from absorbed
energy. Per unit of input energy, a phosphor with a higher lumen equivalence generates
more visible light. For applications that demand powerful, bright light sources, achieving
high brightness and lumen equivalence is crucial.

The lifespan of their emission is another important factor for phosphor materials.
Phosphors are economically feasible for a variety of applications because they have a long
emission lifespan, which guarantees continuous and durable illumination. Phosphors must
be able to endure prolonged use without significantly losing their emission intensity or
color quality. This longevity is especially important for applications that call for
continuous or prolonged lighting.

The fundamental characteristic of a phosphor's capacity to emit photons in response to
incident triggering photons at particular wavelengths is known as quantum efficiency. By
quantifying the energy conversion process' efficiency within the phosphor, it makes it
possible to assess how well it performs. Quantum efficiency offers important insights into
the overall efficiency of a phosphor in converting energy into light by measuring the
quantity and wavelengths of emitted photons in relation to the number of incident
photons.[3]

Phosphors' suitability for particular applications must be determined when they are
synthesized, taking into account a number of factors. To make sure that phosphors can
withstand the operating conditions of the intended device or system, chemical and thermal
stability is essential. Additionally, in today's sustainable landscape, phosphors'
environmental impact and biodegradability are important factors to take into account.

Furthermore, it would be ideal to be able to precisely control and engineer the emission
characteristics of phosphors. To improve the performance and adaptability of phosphor



materials, research is still being done on adjusting the emission spectrum, improving
quantum efficiency, and lengthening the emission lifetime. The characteristics of
phosphors are continuously being improved thanks to improvements in synthesis methods
like the controlled doping of activator ions and the creation of new composite materials.[4]

Phosphor materials have found use in many different industries, including thermal sensors,
light-emitting diodes (LEDs), solar cells, plasma and field-emission displays, and many
others. Their capacity to transform energy into light has revolutionized the lighting sector
and made it possible to create lighting solutions that are both energy-efficient and
environmentally friendly.[5] Phosphors are still at the forefront of research and
development, fostering creativity and advancing a wide range of technologies.

In conclusion, phosphors are an intriguing class of luminescent materials that have
influenced the development of our contemporary society. Phosphors have developed into
an essential component in a variety of applications, from display technologies to energy-
efficient lighting systems, through careful engineering and manipulation of their
properties. Phosphors continue to open up new possibilities in a variety of fields, paving
the way for brighter, more effective, and environmentally conscious technologies by
improving their emission properties, improving quantum efficiency, extending emission
lifespans, and taking environmental sustainability into account.

1.2 Host and activator ions

Phosphors, which consist of an activator and a host matrix, are essential for a wide range
of technological applications, including lighting, displays, sensors, and fluorescence
instruments. The development of phosphors has undergone a revolution thanks to the
special qualities of rare earth dopants and hosts, which have improved performance and
efficiency.

Due to their physical, thermal, and chemical inertness, inorganic hosts are frequently used
in phosphors, making them excellent candidates for a variety of applications. However,
self-activated hosts have attracted a lot of attention lately. These hosts don't require
additional activators because they naturally produce intense, broad-spectrum visible
radiation. Self-activated hosts are used, which improves emission intensity and
streamlines phosphor synthesis procedures.

When stimulated, the activator, a dopant added to the phosphor material's crystal structure,
causes light to emit. Because of their distinctive electronic structure and effective light
emission characteristics, rare earth elements have become essential activator ions.
Europium (Eu®*), samarium (Sm®"), and dysprosium (Dy®*) are particularly significant
rare earth dopants.[6]

The red luminescence of europium, which is frequently used as an activator ion, is



astounding. When compared to regular phosphors, rare earth (Eu®*) phosphors increase
brightness in liquid crystal display (LCD) panels by a factor of ten. Displays that are
brighter and more visually appealing as a result of this extraordinary brightness
improvement. Additionally, compared to conventional incandescent lights, white LEDs
using a combination of three rare earth phosphors, including europium, show a remarkable
80% increase in energy efficiency. The development of superior energy-saving lighting
solutions has been made possible by the inclusion of rare earth elements in phosphor
formulations.

Samarium-doped phosphors have drawn a lot of interest because of their diverse emission
characteristics. Samarium ions' transition from “Gsy, to ®H; is especially useful for a variety
of applications. Samarium-doped phosphors aid high-density sensors in optical storage by
enabling optical retention and accurate data retrieval.[7] Samarium phosphors are also
used in underwater communication systems to take advantage of their distinct emission
properties. The emission characteristics of samarium ions are used in fluorescent devices
and color displays to produce vivid and accurate color representation.

Another prominent rare earth dopant called dysprosium is essential for creating effective,
high-performance phosphors. Dysprosium-doped phosphors are especially well suited for
applications that demand persistent emission of light due to their distinctive emission
characteristics and long luminescent lifetimes.[8] This characteristic is useful in plasma
displays and cathode ray tubes (CRTSs), where phosphors with long persistence are used to
produce persistent afterglow for better image quality and less flicker.

The selection of the host material is equally important as the rare earth dopants, which
offer exceptional luminescent properties. Trivalent rare earth ions doped in borates, such
as Sm®*, Dy**, and Eu®*, have attracted a lot of attention lately. Outstanding stability, broad
UV transparency, low composite temperature, and high luminous efficiency are all
features of hosts made of borate. Borates are useful in a variety of optical applications
because they also have a wide transmittance spectrum. The exceptional optical quality and
high thermal stability of the borate hosts contribute to the phosphor's overall performance
and longevity.[9]

To sum up, the development of phosphors has been revolutionized by rare earth dopants
and hosts, which offer exceptional luminescent qualities and enhanced performance.
Activator ions made from rare earth elements like dysprosium, europium, and samarium
improve brightness, energy efficiency, and color representation in a variety of
applications. Stability, transparency, and high luminous efficiency are ensured by
choosing the right host materials, such as borates. Rare earth dopants and hosts will
continue to drive innovation in lighting, displays, sensors, and fluorescence instruments
as phosphor research develops, providing remarkable solutions for a variety of
technological needs.

1.3 White light emitting diodes (w-LEDSs)

The lighting industry has undergone a revolution thanks to the superior efficiency, long
lifespan, and versatility of white light-emitting diodes (LEDSs). Initially, individual red,
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green, and blue LEDs were combined in a single package to produce white LEDSs.
However, improvements in phosphor technology have paved the way for white LEDs that
are more effective and of higher quality.

Phosphors are essential to LEDs' ability to produce white light. They are substances with
the capacity to absorb light at one wavelength and reemit it at another. When it comes to
white LEDs, phosphors are used to change the blue light emitted by the blue LED chip
into yellow light, which when combined with the blue light being transmitted, produces
white light.[10]

Traditionally, the encapsulation of the LED package was coated with a mixture of
phosphors to create white LEDs. The phosphors produced a wide spectrum of white light
by absorbing some of the blue light and emitting yellow light. However, this strategy had
drawbacks, including light reabsorption by the phosphors and decreased luminous
performance as a result of the red and green phosphors' poor performance in particular
wavelength ranges.

Researchers have used rare earth elements as dopants in phosphors to get around these
problems. These elements are perfect for use in phosphor-converted LEDs because they
have impressive photoluminescence properties in a variety of compounds. In addition to
having a low color temperature and a high color rendering index (CRI), rare earth-doped
phosphors have a number of benefits. The LEDs are perfect for applications where color
fidelity is important because the low color temperature ensures that the light they emit has
a warm tone, similar to that of conventional incandescent bulbs, and the high CRI shows
that they can render colors accurately.

Utilizing tri-color phosphors that are activated by near-UV light is one innovative
advancement in white LED technology. This novel method makes use of phosphors that
react to UV light between 370 and 410 nm.[11] The tri-color phosphors can effectively
convert UV light into a wide spectrum of visible light, producing a full spectrum of white
light by incorporating near-UV LEDs into the LED package. This method has benefits like
improved color rendering capabilities, enhanced tolerance to UV chip color variations, and
consistent white light production.

Phosphors have other advantageous qualities in addition to their optical properties. They
have a high efficiency, which effectively transforms absorbed energy into light, increasing
the white LED's energy efficiency. Furthermore, phosphors have a low dissipation
potential, enabling better thermal control inside the LED package. Because of this
characteristic, white LEDs have a long lifespan and maintain their performance for a long
time.[12]



The relatively low toxicity of phosphors is another noteworthy benefit. White LEDs based
on phosphor are more environmentally friendly than conventional lighting technologies,
which use potentially dangerous materials like mercury in fluorescent lamps. When their
lifespan is up, they can be safely disposed of with little risk to human health.

Phosphor-doped white LEDs are a significant improvement in lighting technology, to sum
up. These LEDs produce high-quality, full-spectrum white light, which enhances their
capacity for color rendering, energy efficiency, and lifespan. The performance and
efficiency of white LEDs have been further enhanced by the use of rare earth-doped
phosphors and the development of tri-color phosphors that are near-UV activated.
Phosphor-doped white LEDs are poised to play a crucial role in illuminating our future
with sustainable and brilliant lighting solutions as the demand for energy-efficient lighting
keeps rising.

1.4 Photoluminescence (PL)

The study of materials and their optical properties is greatly aided by the fascinating
phenomenon of photoluminescence. When a substance absorbs photons, a process known
as photoluminescence may occur in which it emits light after being exposed to light. The
electronic composition and energy levels of the material can be learned a lot from this light
emission. Understanding fluorescence and phosphorescence, two particular forms of
photoluminescence, is crucial for digging deeper into the subject. The Jablonski diagram
is also a helpful tool for understanding and visualizing the energy transitions connected to
photoluminescence.

A characteristic of the photoluminescent process known as fluorescence is the
instantaneous emission of light upon photon absorption. This process involves the
excitation of a material's electrons from their ground state to higher energy levels when it
absorbs photons. However, through a process known as fluorescence, the excited electrons
quickly return to a lower energy level rather than relaxing back to the ground state. The
emission of a photon with a longer wavelength, usually in the visible or ultraviolet range,
occurs simultaneously with this rapid relaxation. Fluorescence happens in a matter of
nanoseconds or less, on average. Fluorescence is useful in a variety of applications, such
as biological imaging, chemical sensing, and fluorescent lighting, due to its quick emission
process.

On the other hand, phosphorescence is an additional variety of photoluminescence that
involves a delayed emission of light following photon absorption. In contrast to
fluorescence, phosphorescence involves an extremely gradual return of excited electrons
to their ground state. Depending on the particular material, this delay can last anything



from a few nanoseconds to several hours. The excited electrons may go through additional
intersystem crossing (ISC) processes during this transition, changing their spin state prior
to emitting a photon. Glow-in-the-dark materials, phosphor screens, and organic light-
emitting diodes (OLEDs) all use the longer energy storage and release times of
phosphorescent materials to their advantage.

The Jablonski diagram offers a useful framework for comprehending the fluorescence and
phosphorescence processes. The energy levels and transitions that take place during
photoluminescence are depicted in the Jablonski diagram. The ground state is at the bottom
and higher energy levels are shown above it in a series of horizontal lines that represent
different energy levels.

An electron is promoted from its ground state to an excited state by the material's
absorption of a photon, which is the first step in the Jablonski diagram. The upward arrow
pointing from the ground state to the excited state, which signifies this process as
absorption, connects the two states. As determined by the wavelength of the incident light,
the energy difference between these states corresponds to the energy of the absorbed
photon.[13]

The excited electron has a variety of relaxation processes it can go through after
absorption. The energy is released as heat through collisions with nearby atoms or
molecules in the first relaxation pathway, known as vibrational relaxation. The electron is
quickly brought to the lowest vibrational level possible while still in the excited state
through a process called vibrational relaxation.

Internal conversion (IC) and intersystem crossing (ISC) are the two main ways that the
electron can relax from the excited vibrational level. The excited electron transitions non-
radiatively to a lower electronic energy level while maintaining the same spin state. An
arrow connecting the excited state to a lower energy level within the same electronic state
in a diagonal downward direction symbolizes this process.

The excited electron changes its spin state during intersystem crossing, which is a spin-
forbidden transition. This transition takes place between states with varying levels of
multiplicity, usually between singlet and triplet states. The excited state and a lower energy
level of a different spin state are crossed by a curved arrow to signify intersystem crossing.
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Fig. 1.2. Jablonski diagram showing various processes involved in PL

The electron enters a long-lived excited state after internal conversion or intersystem
crossing, which is frequently referred to as a metastable state. In fluorescence, a photon is
released through fluorescence emission as the excited electron quickly relaxes back to the
ground state. The metastable state and ground state are connected by a downward arrow
in this emission process, with the emitted photon carrying less energy than the absorbed
photon.

In the case of phosphorescence, the electron experiences additional spin-flip processes
after reaching the metastable state before going back to the ground state. These procedures
involve the spin of the electron being reversed, which causes a delay in the photon's
emission. A longer arrow from the metastable state to the ground state, signifying the
longer timescale involved in this process, represents the phosphorescence emission.[14]

The energy transitions involved in photoluminescence, such as absorption, vibrational
relaxation, internal conversion, intersystem crossing, and fluorescence or
phosphorescence emission, are all depicted in detail in the Jablonski diagram. This
illustration is a useful tool for comprehending photoluminescent material dynamics and
creating applications that take advantage of their special characteristics.

In conclusion, photoluminescence is a potent method for learning about the optical



characteristics of materials. Two different types of photoluminescence, phosphorescence
and fluorescence, are distinguished by the immediate and delayed emission of light,
respectively. The Jablonski diagram sheds light on the underlying mechanisms by
illuminating the various energy transitions that take place during photoluminescence.
These ideas will enable researchers to delve deeper into the fascinating world of
photoluminescence and its many applications, from materials science to biological
imaging and beyond.
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CHAPTER 2:
INSTRUMENTATION
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2.1 X-ray diffraction (XRD)

An effective and frequently used method for examining the atomic and molecular structure
of materials is X-ray diffraction (XRD). It involves the scattering of X-ray photons by the
atoms within a crystal lattice, producing a distinctive diffraction pattern that can reveal
important details about the structure and characteristics of the material.

Fig. 2.1. Apparatus for X-ray Diffraction

Bragg's law, which outlines the prerequisites for constructive interference of the scattered
X-rays, is one of the fundamental tenets of XRD.

According to Bragg's law, two X-ray waves will constructively interfere and produce a
strong diffraction peak if their paths are separated by an integer multiple of the X-ray
wavelength and are scattered from adjacent crystal lattice planes.

This can be mathematically represented as:

n\ = 2d sin(0) (1)

In this equation, n stands for the order of diffraction, d for the distance between crystal
lattice planes, for the angle between the incident X-ray beam and the normal to the lattice
planes, and for the wavelength of the incident X-rays. With the help of Bragg's law, we
can calculate the crystal lattice's interplanar spacing (d) from the observed diffraction
angle (0) and the known X-ray wavelength (A).[15]

Obtaining a diffraction pattern, which is typically captured using a diffractometer, is
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necessary for the analysis of XRD data. This device rotates the sample while calculating
the intensity of the X-rays that are diffracted at various angles. The scattering from various
crystallographic planes in the material is represented by a series of peaks in the resulting
diffraction pattern.

Fig. 2.2. Schematic representation of Bragg’s law

The observed diffraction pattern is contrasted with known patterns kept in databases like
the Powder Diffraction File (PDF) in order to identify and characterize a material using
XRD. By comparing the observed peaks with the reference patterns, these databases,
which contain the diffraction patterns of numerous materials, enable the identification of
unidentified substances. The crystal structure, lattice parameters, and orientation of the
substance can all be inferred from the position, intensity, and shape of the diffraction
peaks.

Numerous types of information about a material can be obtained from XRD analysis. The
crystal structure, including the sizes of the unit cells and the configuration of the atoms
within the lattice, can be ascertained from the positions and intensities of the diffraction
peaks. Peak widths can reveal information about the material's microstrain, defects, and
dislocations, as well as the size of the crystallites. Peak shapes and intensities can be
examined to learn more about the preferred crystal orientations and texture.

Additionally, phase identification with XRD enables the identification of the various
crystallographic phases present in a sample. It is possible to identify various crystalline
phases and determine their relative proportions by examining the relative intensities and
positions of the diffraction peaks.[16]

The presence of preferred crystallographic orientations, residual stress, and other physical
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properties can all be determined by XRD in addition to structural analysis. It is possible to
obtain quantitative data about these properties by carefully examining the size and
placement of the diffraction peaks, which can be essential for comprehending the behavior
and performance of materials.

The capabilities and accuracy of XRD technology have recently been improved thanks to
developments like the creation of high-resolution detectors and sophisticated data analysis
methods. Additionally, new opportunities for automating and optimizing the analysis of
XRD data have emerged, enabling quicker and more precise characterization of materials.
This is made possible by the integration of artificial intelligence and machine learning
approaches.

In conclusion, X-ray diffraction is a flexible and effective method for examining the
structure and characteristics of materials. The diffraction phenomenon can be understood
fundamentally thanks to Bragg's law, which also makes it possible to calculate interplanar
spacings and gather crystallographic data. Crystal structure, phase identification,
crystallite size, texture, residual stress, and other physical properties can all be learned
from the diffraction pattern using XRD. The effectiveness and precision of the technique
are being further improved by ongoing developments in XRD technology and the
incorporation of Al tools, making it a vital tool in numerous scientific and industrial fields.

2.2 Diffuse reflectance spectroscopy (DRS)

A potent analytical method used to examine the optical characteristics of solid materials
in the ultraviolet (UV) and visible (Vis) regions of the electromagnetic spectrum is UV-
Visible Diffuse Reflectance Spectroscopy (UV-Vis DRS). UV-Vis DRS is particularly
well suited for examining impenetrable solids, powders, and rough surfaces because it
does not require the sample to be transparent or thin, unlike traditional transmission
spectroscopy.

In UV-Vis DRS, light is emitted from a broad-spectrum light source that is typically a
xenon lamp and is directed onto the sample surface. Due to the material's microscopic
irregularities, the incident light interacts with it and diffuses reflection results. This
indicates that the light is dispersed evenly rather than reflecting at particular angles
(specular reflection).[17]

The reflected light is collected by a spectrophotometer with a diffuse reflectance
accessory, which then measures the intensity of the light over a spectrum of wavelengths.
The spectrum that was obtained, also referred to as the diffuse reflectance spectrum, offers
important details about the sample's absorption and reflection characteristics. Researchers
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can learn more about the electronic transitions, energy band gaps, and optical properties
of a material by examining its spectral features, like the location and strength of its
absorption bands or its reflectance minima and maxima.

UV-Vis DRS is used in a variety of industries. It is frequently employed in the
characterization of semiconductors, minerals, pigments, and catalysts. The method enables
the analysis of structural and electronic changes in materials, the identification of chemical
species, and the quantification of constituents. In addition, UV-Vis DRS is employed in a
variety of processes, including quality control, forensic science, and environmental
analysis.[18]

Being non-destructive, requiring little sample preparation, and being able to analyze
opaque or irregular samples are all benefits of UV-Vis DRS. It is a useful tool for materials
characterization, research, and industrial analysis due to its adaptability and broad
applicability.

2.3 Fourier infrared transform spectroscopy (FT-IR)

The interaction between infrared light and matter is studied using the highly adaptable and
popular analytical technique known as Fourier Transform Infrared Spectroscopy (FT-IR).
In many scientific disciplines, including chemistry, materials science, pharmaceuticals,
and forensics, it has evolved into a crucial tool.

The analysis sample's ability to absorb infrared light forms the basis of FT-IR
spectroscopy. Some of the infrared light that enters the material is absorbed by the
molecules, but the rest is still able to pass through. By measuring the intensity of the
transmitted light as a function of wavenumber, which stands for the energy of the infrared
radiation, the resulting spectrum is obtained.

The spectrum produced by FT-IR analysis gives the material under investigation a distinct
chemical fingerprint. It has several bands or peaks, each of which corresponds to a
different vibrational mode of the molecules in the sample. These vibrational modes result
from the bending and stretching of the molecules' chemical bonds.[19]

Depending on how the atoms move, the stretching vibrations can be further divided into
symmetric and asymmetric types. While the atoms move in opposite directions during an
asymmetric stretch, they do so simultaneously during a symmetric stretch. Bond angle
changes occur during bending vibrations.[20]

The location, magnitude, and shape of these bands in the FT-IR spectrum reveal important
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details about the sample's molecular make-up, functional groups, and chemical
surroundings. The compounds present in the material can be identified by scientists by
comparing the obtained spectrum with reference spectra or by using spectral databases.

FT-IR spectroscopy has a number of benefits. It requires little sample preparation and is
non-destructive. Solids, liquids, and gasses can all be subjected to its analysis. Due to its
high sensitivity, even minute amounts of compounds can be detected. It also offers data
on the sample that is both quantitative and qualitative.

In conclusion, FT-IR spectroscopy is an effective and flexible method for characterizing,
identifying, and analyzing chemicals. By giving each molecule a distinct spectral
fingerprint, it enables researchers to decipher the complexities of molecular structure and
composition in a variety of applications.

Fig. 2.3. Fourier infrared transform spectroscopy

2.4 Scanning electron microscope (SEM)

An effective method for examining the morphologies of various samples and substances
is scanning electron microscopy (SEM). SEM uses an electron beam to deliver precise
data to researchers about the surface traits, appearance, structure, and arrangement of
materials.

The sample is subjected to a raster scanning approach during the SEM process, in which
the electron beam moves back and forth across the sample's surface in a deliberate pattern.
When the thermal energy exceeds the reference element's work function, the beam,
produced by an electron source, is released. The anode then activates and excites the beam,
giving it a positive charge.
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The entire electron column, including the sample, is set up in a vacuum environment to
ensure precise observations and reduce interference. In addition to shielding the electron
column from debris, vibrations, and noise, this vacuum also makes high-resolution
imaging possible and improves the detector's ability to gather electrons.[21]

Electromagnetic lenses, which typically consist of an objective lens and a condenser lens,
direct the path of the electrons inside the SEM. The objective lens concentrates the electron
beam onto the specimen for accurate imaging and analysis, while the condenser lens
collects the electron beam and controls its intensity.

SEM creates precise images and data about the topography, morphology, structure, and
crystallography of the material by scanning the sample surface and identifying the signals
produced by the interaction between the electrons and atoms in the specimen. In numerous
fields of science and industry, this information has many uses.
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Fig. 2.4. Scanning electron microscope

SEM is a crucial tool in materials science for characterizing and analyzing the
microstructure of materials, giving researchers insights into the configuration of particles,
grain boundaries, and flaws. It is frequently used to look into the morphology and quality
of semiconductor materials in research and development.[22] SEM is used in the study of
nanomaterials, such as nanoparticles and nanofibers, in the field of nanotechnology,
enabling accurate measurements and characterization at the nanoscale.
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SEM is essential for examining the surface morphology of biological samples, such as
cells, tissues, and organisms, in biology and the life sciences. It aids in the visualization of
complex biological structures like cell membranes, organelles, and microorganism surface
features.[23]

SEM also has uses in geology, archaeology, forensic science, and material failure analysis,
among other fields. It is a flexible tool that supports comprehension of the characteristics
and behavior of various materials across disciplines.

In conclusion, scanning electron microscopy is a useful method for examining the complex
world of surface morphologies and structures. SEM provides detailed information that
contributes to advancements in a variety of scientific, technological, and industrial fields
by utilizing the power of electron beams and electromagnetic lenses.

2.5 Photoluminescence (PL) spectroscopy

A potent method for examining the characteristics of different materials for light emission
is photoluminescence spectroscopy. It provides deeper insights into the dynamic behavior
and excited state processes of luminescent systems when combined with time-dependent
measurements. Time-dependent photoluminescence (PL) analysis offers a wealth of
knowledge that goes beyond steady-state measurements in this situation.

The temporal evolution of the photoluminescence emission can be studied by using time-
resolved methods like time-correlated single photon counting (TCSPC) or streak camera
measurements. Thus, phenomena like exciton dynamics, carrier recombination, radiative
and non-radiative decay, and energy transfer pathways can all be studied.

The determination of important parameters like the excited-state lifetime is possible with
time-dependent photoluminescence measurements. The average amount of time a material
spends in the excited state before transitioning back to the ground state and emitting a
photon is represented by the excited-state lifetime. Understanding the effectiveness and
behavior of luminescent materials requires knowledge of this information.

Additionally, time-resolved PL offers insightful knowledge into the underlying processes
that affect the emission properties. The efficiency of the luminescence, for instance, may
be affected by the presence of trap states, which are energy levels within the material that
have the ability to capture and release charge carriers. The type and density of these trap
states can be identified by examining the decay kinetics.

Additionally, the interaction between the luminescent material and its surroundings can be
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clarified by time-dependent PL experiments. For instance, researchers can examine the
behavior of thermal quenching, investigate energy transfer processes, and judge the
stability of the material under various circumstances by varying the temperature or
applying external stimuli.[24]

The dynamic behavior of luminescent materials can be thoroughly understood through
time-dependent photoluminescence spectroscopy, in general. It offers priceless details on
excited-state dynamics, emission kinetics, and the impact of outside variables. Researchers
can obtain both spatial and temporal information by combining this method with spatially
resolved micro-PL, allowing for detailed mapping of the photoluminescent properties
throughout a sample. This multifaceted strategy aids in the creation and improvement of
luminescent materials for a variety of applications, such as optoelectronics, sensing, and
photonics.

Fig.2.7. Photoluminescence spectroscopy

2.6 Decay time

A fascinating phenomenon known as photoluminescence decay happens when a substance
absorbs photons and then releases light. In a number of disciplines, including physics,
chemistry, and materials science, this process is frequently seen. Characterizing and
examining luminescent materials and their applications requires an understanding of the
photoluminescence decay behavior.

When an external light source, like a laser or strong radiation, excites a material, the
absorbed energy promotes electrons to higher energy levels. Before quickly reverting to
their ground state, these excited electrons stay in this energized state for a brief period of
time. They undergo a transition back and emit photoluminescence, which is the release of
extra energy as light.
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An emission intensity as a function of time is shown by a decay curve, which can be used
to describe the decay of photoluminescence. The intensity of this curve typically decreases
quickly at first, then slowly until it reaches a steady-state or background level. The
radiative and non-radiative decay pathways, as well as the material's overall luminescence
efficiency, can all be inferred from the shape of the decay curve.

When the photoluminescence decay curve displays multi-exponential behavior, it means
that there are several decay pathways with various characteristic lifetimes. Multiple
factors, including flaws, impurities, or various emission centers within the material,
contribute to this complexity. Researchers can learn more about the material's
composition, structure, and optical properties by examining the decay curve and extracting
the lifetimes connected with various decay components.[25]

Using methods like time-resolved spectroscopy, which uses ultrafast lasers and detectors
to capture the transient emission signals with high temporal resolution, photoluminescence
decay and its corresponding curve are extensively studied. By helping to develop new
luminescent materials, optoelectronic devices, and cutting-edge imaging methods, these
experiments enable researchers to better understand the mechanisms governing the
photoluminescence process.

To sum up, a wealth of knowledge about the luminescent behavior of materials can be
gleaned from the photoluminescence decay and its curve. Understanding the fundamental
characteristics of light-emitting systems and designing and optimizing various
technologies in industries ranging from energy conversion to biomedical imaging both
benefit greatly from the analysis of these decay curves.
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CHAPTER 3:

EXPERIMENTAL PROCEDURE
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3.1 Synthesis: Sol Gel method

A flexible and popular method for creating phosphors with specific properties for a variety
of applications is the sol-gel method. The sol-gel method, in contrast to the solid-state
reaction method, begins with a sol, a colloidal suspension of inorganic precursors in a
liquid medium, usually an alcohol or water.

The inorganic precursors that are desired are dissolved in the liquid medium under
carefully controlled conditions to create a sol, which is the first step in the synthesis
process. Precursors are chosen according to the desired properties and the specific
phosphor being synthesized. To ensure the formation of a homogeneous and stable
colloidal suspension, the sol is carefully prepared.[26]

Once the sol is ready, it goes through a process called gelation that causes a three-
dimensional network of connected nanoparticles to form. Different techniques, such as
chemical reactions, pH adjustments, or temperature changes, can cause gelation. The final
morphology and structure of the phosphor are determined by the gelation process, which
is essential.

After gelation, the produced gel is aged and dried to get rid of the solvent and make a solid.
To avoid cracking or unintended phase transitions, drying is frequently done at a controlled
temperature. After drying, the produced gel is heated at a high temperature during a
process called calcination. The process of calcination makes it easier to remove any
remaining organic materials and encourages the formation of the desired phosphor phase.

For the synthesis of phosphors, the sol-gel method has a number of benefits. It enables
fine-grained control over the morphology, composition, and size of the phosphor.
Incorporating dopants and creating composite materials are also made possible by the sol-
gel method, broadening the range of phosphor properties that can be achieved. In addition
to being low temperature, energy-efficient, and environmentally friendly, the process.[27]

In conclusion, the sol-gel method is a very flexible and effective technique for phosphor
synthesis. It is possible to create phosphors with tailored properties suitable for a variety

of applications, such as lighting, displays, and optoelectronic devices, by meticulously
controlling the sol-gel process parameters.

3.2 Sample preparation: SrMgSi»Og

The preparation of Sm®" doped Strontium Magneto Silicate (SMSS) SrMgSi>Os was
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carried out using sol-gel method. For the synthesis, the masses of high purity reactants
such as magnesium nitrate hexahydrate (Mg(No03)2.6H20), silicon dioxide (SiO2),
strontium nitrate (Sr(Nos)2), samarium oxide (Sm203) and citric acid (CsHgO7) are
calculated and dissolved in de-ionized water.[28] For the SMSS sample synthesis, all of
the reactants are then mixed together. The mixture is stirred in a magnetic stirrer for 1 hr.
at 80 oC and then at 110 »C until gel is formed. To produce a powder composition, the gel
is then dried and crushed into powder form in a motor pestle. The powder is then sintered
in an alumina crucible in a furnace at a temperature of 400 oC for 2 hr. and then at increased
temperature of 1000 oC for 6hr. The resultant white colored powder is then crushed and
was used for characterisation.

3.3 Analysis of sample

The SMSS phosphor were made using varying mol percent values of Sm** doping. An X-
ray diffractometer was utilized to examine the crystalline properties of these materials
(Bruker: model D8 advance). It uses nickel filtered CuKa (=1.541 A°) to scan the sample
at an angle of 2 ranging from 10° to 80°. With the help of a JASCO spectrophotometer,
bandgap studies are carried out (Model no. VV-770). The Perkin EImer Spectrum Two FT-
IR spectrometer was utilized to explore the bonding modes in the crystal lattice in the
region of 400 to 1600 cm™ The morphological findings were investigated utilizing a Zeiss
GeminiSEM 500 scanning electron microscope. The photoluminescence properties were
measured using a Shimadzu RF-5301 PC Spectrofluorophotometer. The excitation and
emission spectra were captured using a JASCO FP-8300 fluorescence spectrophotometer
and an excitation source (Xenon lamp).
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CHAPTER 4:

RESULTS AND DISCUSSION
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4.1 Structural studies

X-ray Diffraction studies for SMSS samples that were un-doped (0.0), doped at 1.0, 2.0,
3.0, 4.0, and 5.0 mol% Sm>* were compared to baseline data. Sharp and single peaks were
clearly visible in the XRD patterns. This demonstrates that the sample has crystallized
effectively and suggests that a single-phase polycrystalline nature has formed. The pure
phase formation of Sm*" doped SMSS phosphors is confirmed by the indexing of all
existing diffraction peaks in XRD patterns to standard JCPDS data (01-075-1736).
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Fig. 4.1. XRD patterns of SMSS phosphor at different concentration of Sm3* doped
SMSS phosphor

4.2 Diffuse Reflectance Spectroscopy

The UV-Vis diffuse reflectance spectrum of Sm** doped SrMgSi>Os phosphor series was
analyzed in the 240-1400 nm range, revealing the presence of near-ultraviolet (n-UV) and
blue regions, which was attributed to the f-f transitions of Sm®" ions. The DR spectra
revealed a distinct absorption edge at 260 nm across all concentration levels, indicating
the presence of an energy band gap.[29]
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In the longer wavelength region, several weak absorption peaks were observed at specific
wavelengths: 948 nm, 1080 nm, 1232 nm, and 1380 nm. These peaks corresponded to
electronic transitions from the common ground state ®Hs to the excited states ®Fs2, SFap,
®Fo/2, and 8F11/2 of the Sm3* ions embedded within the phosphor lattice. These transitions
signify the ability of the Sm*®" ions to absorb light energy and transition to higher energy

states.[30]

Conversely, at shorter wavelengths, an absorption band ranging from 340 nm to 480 nm
was observed. This absorption band was attributed to the 4f-4f transitions of the Sm** ions,
indicating the involvement of the 4f electron orbitals in the absorption process.
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Fig. 4.2. UV diffuse reflectance spectra of undoped and Sm** doped SMSS phosphor

In order to assess the energy band gap of the phosphor material at the optimal molar
concentration of Sm3* (2 mol. %), the spectrum was transformed into the Kulbeka-Munk

function F(R), or absolute reflectance, using the equation:[31]

_ (1-R)2
FR) = 52 @

Next, the absolute reflectance (F(R)) was employed as a substitute for the absorption

coefficient () in the equation
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(ahv)? = B(hv - Eg) 3)

where h represents Planck's constant, v denotes frequency, Eg stands for the energy band
gap, B represents the band tailing parameter, and n indicates the nature of the transition
(direct/indirect, allowed/forbidden).

To determine the energy band gap, a Tauc plot was constructed by plotting (F(R)hv)™
against hv. The value of n was considered 2 for indirect transitions.[32] By extrapolating
the linear region of the plot to intersect the x-axis, the estimated values for indirect energy
band gap was found to be 4.39 eV.
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Fig. 4.3. Energy band gap of 2.0 mol% Sm*" doped SMSS phosphor

4.3 Fourier transform infrared spectroscopy

The FT-IR spectrum analysis of the prepared phosphor material reveals several
characteristic bands that provide valuable insights into its molecular composition and
structure and reveals distinct absorption bands that indicate the presence of silicate groups.
Upon careful examination, we can identify various functional groups and ions present in
the sample.
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One prominent feature in the spectrum is an intense band centered at 838 cm ™, along with
another band at 919 cm ™. These bands are assigned to the asymmetric stretching vibration
of the Si-O-Si bonds in the silicate groups. The presence of these bands strongly suggests
the existence of silicate compounds within the sample. associated with the asymmetric
stretching of the Si-O-Si bonds[33]

The symmetric stretching vibration of the Si-O bonds (Si-O) in the silicate groups is also
visible as a band at 669 cm™. This provides more evidence that silicate compounds are
present in the substance.
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Fig. 4.3. FT-IR patterns of 2.0 mol% Sm** doped SMSS phosphor

It's interesting to note that the bending vibrations of Mg-O bonds can also be responsible
for the band at 838 cm™. This suggests that magnesium-oxygen bonds are present within
the silicate structure and may even be present as a silicate compound itself.

The spectrum also shows bands at 566 cm™ and 462 cm™, which are attributed to the Si-
O-Si bonds' vibrational mode of bending. These bands offer additional proof that the
material contains silicate groups.
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The bands centered at 566 cm ™, 614 cm ™, 669 cm*, 838 cm %, 966 cm * and 1005 cm™*
can all be attributed to the SiO4 group, which is a characteristic unit of silicate compounds.
The presence of these bands further confirms the existence of silicate compounds in the
sample.[34]

The analysis of the FT-IR spectrum offers convincing proof that the material contains
silicate groups. We can better understand the molecular makeup and composition of the
sample under study by taking into account the assigned bands for the stretching and
bending vibrations of the Si-O-Si and Si-O bonds as well as the presence of the SiO4 group.

4.4 Morphological studies

Scanning electron microscopy (SEM) was used to analyze the surface morphology and
particle sizes. The phosphor samples can be seen in more detail in the resulting SEM images.

The SrMgSi206:0.02Sm3* phosphors exhibit a distinctive surface morphology, as shown by
the SEM micrographs. The image is dominated by solid microcrystalline structures, which
point to the synthesized material's well-formed and compact nature. But between the
crystalline grains, there is some agglomeration that was probably brought on by the high-
temperature reaction process. The overall micrographs show a stable and cohesive phosphor
structure despite the agglomeration.[35]

Additionally, the SEM images shed light on the phosphors' particle sizes. The enlarged
micrograph indicates that the size of the particles generally falls within the micrometer
range. The SEM images can be further examined to produce more accurate measurements
of the particle dimensions. Understanding the physical characteristics and potential uses of
the synthesized SrMgSi>0s:0.02Sm** phosphors depends on this information.

Applications in illumination, displays, and lighting are ideal for this phosphor. The
phosphors' ease of substrate adhesion makes it possible for them to be seamlessly integrated
into a variety of systems and devices, improving their performance and functionality
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4.5 Photoluminescence spectra

4.5.1 Excitation spectra

The emission at a specific wavelength of 601 nm was observed in order to analyze the
excitation spectra of Sm®*" doped SrMgSi>Og phosphors. The excitation spectra that were
obtained showed a number of distinct peaks centered at various wavelengths. These peaks
show that blue and near-ultraviolet (n-UV) light sources effectively excite the Sm*" ions.
As a result of the presence of multiple excitation peaks, it is possible to access a variety of
energy levels and create flexible excitation mechanisms.

Among the observed excitation peaks, the peak corresponding to the ®Hs;,—*F7/2 transition
exhibited the highest excitation intensity. This suggests that efficient emission can be
achieved when the Sm®* ions are excited at a wavelength of 404 nm, corresponding to this
particular excitation peak. The intensity of this excitation peak indicates the likelihood of
successful excitation and subsequent emission in the phosphor material.[36][37]
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Fig. 4.6. PLE spectrum of Sm3* doped SMSS phosphor at 601 nm emission wavelength

4.5.2 Emission spectra

Moving on to the emission spectra, they were obtained by exciting the phosphors at the
wavelength of 404 nm, which corresponds to the excitation peak with the highest intensity.
The emission spectra exhibited distinct bands centered at wavelengths of 564 nm, 601 nm,
646 nm and 708nm. Among these, the emission at 601 nm, resulting from the *Gs—%H7

transition, displayed the highest intensity.

The luminescence characteristics of Sm3* ijons in the SrMgSi»O¢ host lattice are strongly
influenced by the coordination symmetry of the surrounding environment. This coordination
symmetry can lead to the splitting of energy levels and subsequent splitting of emission
peaks, known as the Stark effect. In the emission spectra, the observed splitting of the peaks
corresponds to the different Stark sublevels associated with the 25*L; multiplet, where S
represents the total spin and J represents the total angular momentum. For an odd number of
electrons in an f orbital, the highest possibility of Stark sublevels for a given multiplet is
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(2J+1)/2. Consequently, Stark splitting is observable for J values of 5/2, 7/2, 9/2 and 11/2
as depicted in the emission spectra.[37]

The emission transitions in the phosphors can be classified as magnetic dipole and electric
dipole transitions based on the selection rule established by Laporte. The *Gs,—®Hzp
transition, characterized by a AJ value of 0, is a magnetic dipole transition. On the other
hand, the transitions involving the *Gs;z—°Hs;2 and *Gs;2—°Hz2 transitions are electric dipole
transitions, following the selection rule AJ'<6, where | or J'=0 and AJ=2, 3, 6 . The
emission intensity ratio between electric dipole and magnetic dipole transitions provides
valuable information about the site symmetry surrounding the Sm*' ions. In this
particular study, the emission intensity of the magnetic dipole transition was found to be
higher than that of the electric dipole transition, indicating a symmetric environment
surrounding the Sm** ions within the SrMgSi2Os lattice. The relatively lower intensity ratio
for the electric and magnetic dipole transitions also suggests a lesser degree of distortion
from the inversion symmetry.[38]
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Fig. 4.7.Emission spectra of Sm®* doped SMSS phosphor at 404 nm excitation
wavelength

In addition to studying the excitation and emission characteristics, the effect of Sm®" ion
concentration on the luminescence behavior of the SrMgSi>Os phosphors was investigated.
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The concentration of Sm3* ions was varied in the host lattice, and its impact on the emission
intensity was examined. It was observed that the emission intensity initially increased as the
Sm?3* concentration was increased from 0.01 to 0.02 mol.

However, beyond this critical concentration of 0.02 mol, known as concentration quenching,
the emission intensity started to decrease. At higher concentrations, non-radiative energy
transfer processes between Sm** ions are responsible for this behavior. The likelihood of
non-radiative energy transfer becomes predominant when the Sm** ions are too close to one
another, which lowers the overall luminescence efficiency. As a result, 0.02 mol of Sm®*

was found to be the ideal concentration for the SrMgSi>Os phosphor to produce the highest
emission intensity.

4.6 Temperature Dependent Photoluminescence

An extensive investigation was carried out with a focus on temperature-dependent
photoluminescence (PL) studies to evaluate the SrMgSi>Oe phosphor's thermal stability.
After being optimized, the phosphor was excited at 404 nm. Analysis of the data obtained

showed that the PL intensity gradually decreased as the temperature rose above room
temperature (RT).

SrMgSi, 0,:0.028m™ -300 K
A

; ( 323K
1ey= 404 nm \ 248 K

373K
' 398 K
| | 423 K
\ 448 K

Intensity (a.u.)

\ A
,/ \\\ // \ f \\
of W gl

- e S

———

S e 4

540 575 610 645 680 715 750

Wavelength (nm)

Fig. 4.8. Temperature dependent photoluminescence of 2.0 mol% Sm3* doped SMSS
phosphor at 404 nm excitation wavelength

33



Further examination allowed for a more detailed observation of the PL intensity at specific
temperatures. Notably, at 423 K and 448 K, the phosphor maintained 85.9% and 82.1% of
the PL intensity observed at RT, respectively. This decline in PL intensity can be attributed
to the heightened thermal energy, causing electrons to undergo non-radiative transitions
between the excited and ground states, resulting in energy dissipation rather than radiative
emission.[39]

To dive deeper into the phosphor's thermal stability, the activation energy using the
Arrhenius equation is calculated using the following equation:

Io

I+ = 4)

-AE
1+ Cexp<m>
Here, lo and It represent the PL intensity at RT and temperature T (in Kelvin), respectively.
The activation energy is denoted by E, while Kg signifies Boltzmann's constant (8.67 x

107 eV/K), and C represents an arbitrary constant.[40]
I
n|(@)-1] = -5+ ¢ ®)

By plotting In[(lo/IT)-1] against (1/KgT) and analyzing the slope of the resulting linear fit,
the activation energy is found to be 0.268 eV. This higher activation energy value signifies
an enhanced thermal stability for the synthesized phosphor
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Fig. 4.9. Plot for Activation Energy
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4.7 Color chromaticity diagram for SMSS

The CIE coordinates (0.592, 0.406) are clearly located in the pure orange region of the
CIE 1931 diagram for a 2.0 mol% Sm** ion doped SMSS phosphor when evaluated under
404 nm excitation. This shows that the phosphor emits light primarily in the orange range
when excited at 404 nm.
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Fig. 4.10. CIE chromaticity diagram of 2.0 mol% of Sm** doped SMSS phosphor under

excitation wavelengths of Aex=404 nm
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CONCLUSIONS

The Sol-gel method was used to synthesize high-quality SrMgSi>Os:Sm** phosphor, and its
structural and photoluminescence characteristics have been thoroughly characterized. The
phosphor is single phase and exhibits excellent crystallization, according to the analysis of
powder X-ray diffraction (XRD). This shows that the desired material was successfully
formed. Scanning electron microscopy (SEM) analysis of the morphology of the phosphor
revealed an irregular structure. The surface of the phosphor was found to contain submicron-
sized agglomerates of SMSS, as seen in the SEM micrographs. The performance and
characteristics of the phosphor are significantly impacted by this morphology. The excitation
and emission spectra of the phosphor have been used to analyze its luminescent behavior.
The phosphor was excited at 404 nm, and distinct emission peaks were seen that
corresponded to particular transitions of the samarium ions. The optimal concentration of
Sm® ions, 2.0 mol%, produced the strongest reddish-orange emission. Higher dopant
concentrations, however, led to the presence of concentration quenching effects. The SMSS
phosphor was excited by blue and near-ultraviolet (n-UV) light and released an orange light
at a wavelength of 601 nm. The emission spectra showed that the phosphor's color
coordinates were located in the orange region. This demonstrates the phosphor's potential
for use in phosphor-converted white light-emitting diodes (pc-wLEDs), which are
inexpensive LEDs. The SrMgSi>0s:Sm3* phosphor's suitability for pc-wLED applications
was further supported by the CIE chromaticity coordinates derived from the emission
spectra. The coordinates' representation of its orange emission is in line with the qualities
that will produce high quality white light.

37



CHAPTER 6:
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SCOPE OF WORK

Samarium (Sm**) have been successfully doped into SMSS host material, which has been
the focus of recent work. As a result, high purity phosphor that can be used to create
inexpensive phosphor-converted white light-emitting diodes (pc-wLEDs) was synthesized.
Various opto-electronic devices are also among the potential uses of these phosphors.
Co-doping strategies with additional compatible rare-earth ions (RE) can be investigated to
further improve the luminescent properties of these phosphors. Elements like yttrium (Y3*),
gadolinium (Gd®"), terbium (Tb?®"), and lutetium (Lu®*) have shown promising results.
These SMSS phosphors were primarily synthesized using the Sol-gel method, along with
thorough structural and photoluminescence characterization. Alternative synthesis
techniques, like the traditional solid-state reaction method, offer a chance to enhance particle
morphology and shrink particle size. A distinctive black fluffy structure that can be further
sintered at different temperatures is produced by the combustion method, which uses metal
nitrates as precursors and subjects them to high-temperature combustion. Investigating the
combustion process may reveal greater potential for improving the luminescent qualities of
the synthesized phosphors.

Beyond their use in WLEDs, these phosphors have a wide range of applications. Their
adaptability opens up opportunities for opto-electronic applications such as thermal sensing,
bioimaging, and fingerprint sensing, among others. We can create prototype WLEDs
designed especially for these various applications by optimizing these phosphors.
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