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ABSTRACT

In the present era, the demand of optoelectronic and display devices has increased
enormously. For this purpose, phosphors with desirable emission characteristics
are synthesized at a larger scale. The rare-earth doped phosphors have attracted a
great attention owing their better emission properties over the non-rare earth
materials. In the quest of synthesizing phosphors with better emission properties,
the present work reports the synthesis and photoluminescence features of europium
(Eu) doped SrY:04 phosphors. It is a red light emitting phosphors and finds
potential applications in the field emission displays. A series of Eu doped (1 to 11
mol%) SrY»04 are synthesized via solid-state method. The structural and
photoluminescent properties are synthesized via X-ray diffraction (XRD), Fourier
transform infrared (FTIR) spectroscopy and photoluminescence (PL) technique.
The quenching mechanism and type of interactions involved are studied via
applying Dexter and Blasse’s theory. The photometric parameters are calculated
via determining the CIE coordinates. Further, the SrY.04:Eu samples are co-doped
with titanium (Ti) to study its effect on the emission characteristics. All the results

are discussed in detail.
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Chapter 1: Introduction

CHAPTER 1
INTRODUCTION

1.1. Introduction

In recent years, nanosize materials have attracted gigantic attention of researchers
owing to their unique structural, optical, chemical, and electrical properties as compared
to their bulk counterparts. Nanophosphor is one such class of nanomaterials that has
emerged as potential candidates in the light industry. Lately, it has been found that rare-
earth (RE) doped nanomaterials are of great importance in the field of optoelectronics
device applications. The rare-earth doped materials are used in light emitting diodes
(LEDs), display devices, sensors, lasers, field emission displays, etc. [1-3]. This is due to
the sharp, narrow and intense emission spectra originating from the f-d and f-f transitions
in the rare-earth elements. The demand of these materials is increasing tremendously due
to increased consumption of optical sources. Generally, the transition metal or rare-earth
ions are often used as dopants in phosphors. The transitions in transition metal ions
originate because of d orbital electrons, resulting in the broad spectra. In rare earth ions,
it is because of presence of electrons in f orbitals, which result in the sharp, narrow and
strong emission spectra. However, the f orbitals of the Re* ions are effectively shielded
by completely filled 5s and 5p subshells. The narrow emission are also a consequence of
this shielding effect [4]. These transitions resulting from the f orbitals are barely affected
by the environment in the host lattice, thus contributing the use of rare earth ions in
various optoelectronic applications. There are 17 rare-earth elements (Scandium, Yttrium,
and Lanthanides). Some of the trivalent rare earth ions such as La®*, Y3*, Sc3*, Lu®* have
1Sy ground state, as a result of which transitions in 4f configurations are not observed.

1.2. Phosphors

Phosphors are the materials that generate visible light upon interaction with
different types of radiations such as ultraviolet, infrared radiations, X-rays, electron
beam, etc. It is a Greek word that stands for ‘torch bearer’. Phosphors consist of a host
material and a luminescent center also referred to as an activator ion as shown in Fig. 1.1
(a). A brief description about the three main constituents of a phosphor is mentioned as

follows:
(@) Host lattice: The selection of host lattice depends on many factors and the

desired application of the phosphors. The host material can be nitrides, sulphides,
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silicates, oxides, aluminates, etc. [5-8]. There are some basic requirements for a good
host material. It should possess a stable crystal structure, chemically and thermally stable,
low phonon energy, etc. [3,9,10]. For a good host lattice, the energy losses due to heat
energy should be comparably less. The emissions in the host lattice without any dopant
is a result of Schottky or Frankel defects. For example, ZnO and ZnAl.O4 are such
materials in which luminescence is observed due to the presence of defects [11,12].

(b)  Activator: The host lattice are generally doped with an intentionally added
impurity element called activator. The activator ion is chosen on the basis of interaction
with the host lattice. The use of transition metal and rare-earth ions have been widely
encouraged as activators because of the transitions of f-f and f-d electrons. In the process
of luminescence, the activator ions absorb the incident radiation and are stimulated to
higher energy levels. These excited atoms return to the ground state with the occurrence
of radiative and non-radiative emissions. These absorbed energy is converted into visible
light resulting in radiative emission. Thus, only dopants/activators called emission centers
result in luminescence. So for an emission of desired color for particular applications
activator ion is chosen accordingly. For example, Gd.Os doped with Eu gives strong red
emission, whereas Y203 doped with Dy gives intense yellow emission [13,14]. Here, Eu
and Dy are the activator ions.

(c) Sensitizer: In some phosphors, the absorbed energy via the activator is
insufficient to generate enough luminescence, because of forbidden transitions, so another
impurity ion called sensitizer is added for energy transfer [15]. The energy absorbed by
the sensitizer is then transferred to the activator ions via different mechanisms such as
cross relaxation process. Then activator ion again goes to excited state and comes back
to its ground state causing emissions. For example, when Eu doped CaAl204 is co-doped
with Nd than the luminescence intensity of the phosphors increases as a result of energy

transfer from Nd ion [16]. Here, Eu and Nd are playing the role of activator and sensitizer,
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respectively. Fig. 1.1 (b) and (c) illustrate the role of activator and sensitizer in

luminescent materials.
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Figure 1.1: (a) Composition of a phosphor and (b-c) display luminescence phenomenon
through energy transfer from sensitizer to activator [17].

1.3. Luminescence

The term luminescence comes from the Latin word called Lumen, which means
light. This was introduced as ‘luminescenz’ by a German scientist named Eilhardt
Wiedemann in 1888 [18]. Luminescence is the phenomenon of emission of light from a
substance as a result of absorption of energy from an external source. This process occurs
from electronically excited states [19]. The emitted light includes light in the visible
region (400-750 nm) and near-ultraviolet and near-infrared region lying in close
proximity of both the ends of the visible range. The gap between the lower and the higher
energy states determines the frequency of the produced radiation. The phenomenon of
luminescence by phosphors generally occurs in three ways that are up-conversion, down-
conversion and down-shifting [20,21]. In up-conversion, the emission of a high energy
photon of a shorter wavelength occurs by the absorption of two photons. In down
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conversion phenomenon, two or more low energy photons are emitted by one high energy
photon. Down shifting involves the conversion of a photon of higher energy to a photon
of lower energy. The type of luminescence phenomenon depends on the choice of host
and dopant.
1.4. Types of luminescence

There are many ways such as chemical reactions, energetic electrons, pressure on
crystal, electric field etc. which stimulate the process of luminescence. Based upon the
type of excitation source employed for excitation, luminescence can be categorized as

follows:

Chemiluminescence- Chemical and electrochemical reactions cause this types of
emission to occur.

Electroluminescence- An externally applied electromagnetic field results in the
excitation of atoms and molecules of a substance. As a result of which, light is produced.
Bioluminescence- This phenomenon of light emission occurs as a consequence of

Chemiluminescence in living organisms. For example fireflies produce light when

luciferin, a chemical, produced by them reacts with oxygen.
Cathodoluminescence- The emission takes place when electrons from an external
source are bombarded on luminescent material, e.g. CRTs used to make displays.
Mechanoluminescence- It results from any mechanical impact upon a solid

material. It may cause rupturing of bonds and can also result in elastic deformation of

the material.

Sonoluminescence- The emission takes place as short bursts of light when busting
bubbles in fluid are energized by a sound.

Thermoluminescence- It is a phenomenon when a crystalline material previously

excited by ionizing radiation emits light upon heating. It is an important method for

dating archaeological artifacts.
Photoluminescence- The absorption of photons causes the excitation of atoms and

molecules in a substance. Based on the nature of excited state, photoluminescence is

classified into two categories as described below:
a) Fluorescence: Fluorescence is a phenomenon in which emission of light takes place

from a singlet excited state. The absorbed light is instantaneously emitted by the
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substance. Also the light emission stops abruptly when the excitation source is

removed.

b) Phosphorescence: In this phenomenon the emission of light takes place from a

triplet energetic state. The absorbed light is not emitted instantaneously by the

substance. The glow of phosphorescence lasts for several seconds after the elimination

of excitation source. Afterglow is the term for this glow. The schematic mechanism

of fluorescence and phosphorescence is shown in Fig. 1.2.
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Figure 1.2: Fluorescence and phosphorescence mechanism in a substance [22].

1.5. SrY204 (SYO) as host material

The selection of host material for phosphors is an important task. Good stability,

better solubility and wide band gap are some of the significant characteristics of the host

matrix. For this purpose, oxide based phosphors have been examined as potential options

owing to their chemical and thermal stability, gas free emission, corrosion resistant

properties, low phonon energy. Lately, many sulphide based phosphors have been used

for commercial purposes like field emission displays (FEDs). These phosphors, on the

other hand, are environmentally benign as they release hazardous sulphur gas and degrade

when bombarded by an electron beam. A ‘dead layer’ is formed on the surface of the
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optoelectronic device by the deposition of oxides and sulphates which are formed as a
result of electron bombardment. This forbids the use of sulphide based phosphors in
FEDs. On the contrary, oxide based phosphors are eco-friendly and are potential
candidate for commercial applications like FEDs [15,23]. SrY204 (SYO) is one such
oxide that has intrigued researchers for its use as a host matrix due to its unique thermal
stability and also unique chemical, optical and magnetic properties [24,25]. It is an inter
oxide of Y203 and SrO in pseudo binary phase diagram. The structure is composed of
Y204 framework with Sr?* ions residing inside the framework. In this structure, the
tetrahedral sites are occupied by half of the Y3* ions and octahedral sites are occupied by
remaining half of Y3* ions and Sr?* ions. Y3* ions are surrounded by six oxygen atoms at
both places and the Sr?* ions are surrounded by eight oxygen atoms [26,27]. The dopant
atom may substitute any of these two Y sites. Owing to its exceptional properties SYO
has been widely used by researchers in many fields are shown in Fig. 1.3.

In recent times, the demand of field emission displays (FEDs) has increased
enormously and has gained significant attention. Field emission display is a promising
flat panel display technology that use field emission cathode as electron source. These
electrons then strike the phosphor and produce coloured images. Thus,
cathodoluminescence is a source of illumination in FEDs. In recent times, the demand of
FEDs has increased enormously due to their less power consumption, quick response,
excellent contrast ratio, high brightness, broad viewing angle and light weight. These
FEDs are the future of flat panel display devices. For FEDs, phosphors are operated at
high current densities (10-100 nA cm™) and low excitation voltage (< 10 kV). Therefore,
it is crucial to use phosphors which show good stability and high efficiency at a low
voltage and a high current density and are chemically and thermally stable [28-30]. SYO
is one of the promising host material and has been widely used in FEDs from the past few
years. Its chemical and thermal stability, emission properties and environment friendly

nature makes it a promising candidate for use in FEDs.
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Properties/Applications of

SrY,0,
High thermal properties Thermo—luml.nescent Photocata'lytlc Luminescent properties
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thermosensors

Figure 1.3: Various applications of SrY,0s.

1.6. SrY;0. doped with Eu®*

SrY204 is an efficient host matrix for the doping of many rare-earth ions due to
similarity in ionic radii and valency. Till now, SYO doped with different rare-earth ions
has been reported by various research groups. However, SYO is an ideal host matrix for
the doping of europium (Eu) ions as the ionic radii of Y3* (0.89 A) and Eu* (0.95 A)
ions are close to each other [31]. Europium ions can replace any of these two Y?3* sites in
SrY»04 and influence the luminescence properties of the phosphors. SrY >04 doped with
Eu is a red light emitting phosphor under ultraviolet excitation. It exhibits sharp, narrow
and intense emission spectra corresponding to *Do—'Fy=0,1,2.3.4) transitions of Eu®* ions
[32, 33]. In the chapter 2, synthesis of SrY.O4 by different synthesis routes and key

findings by different researchers have been elaborated.
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CHAPTER 2
LITERATURE SURVEY

Un-doped and doped SrY 204 (SYO) are synthesized via various synthesis routes.

In this chapter, a peer-review survey of various synthesis routes of SYO has been done.
The important findings of synthesis routes and their luminescent properties reported as

of now by the researchers are discussed in the chronological order.

2.1 Literature survey of synthesis of SrY 04

Yang et al. [1] in 2009 synthesized Yb3/Er* co-doped SrY»04 nano crystalline
phosphors via nitric decomposition method. XRD results revealed that all the peaks were
indexed to orthogonal phase of SrY»O4 without any other impurity phase. The SEM
images showed that the as prepared nano phosphors had sphere like particles with a
diameter of about 1 um. PL observations concluded that under 980 nm excitation red and
green emissions were observed at 661 and 549 nm respectively.

Zhang and Wang [2] in 2010 prepared Eu®* doped SrY,0s nano crystalline
phosphors synthesized via sol-gel and solid-state method. The photoluminescence spectra
of the as synthesized samples was studied in vacuum ultraviolet and ultraviolet region.
The morphologies of the products were determined by scanning electron microscopy
(SEM) and X-ray diffraction method was employed to study the diffraction pattern. The
excitation and emission bands monitored for the sample prepared by solid-state synthesis
were found to be absent for the sample prepared using sol-gel synthesis. The phosphor

doped with 2 mol% Eu resulted in maximum emission intensity at 147 nm excitation.

Zhang et al. [3] in 2012 synthesized rare-earth ions (Tb**, Eu®*, Yb®", Tm**, Er®*,
and Ho®") doped SrR204 (R = Y and Gd) via solid-state method. The prepared samples
were analyzed by photoluminescence spectra (PL) and X-Ray diffraction. It was noted
that Th®", Eu®*, doped SrY:0s resulted in green and red emissions respectively.
Luminescence properties of Yb%, Tm3*, Er®*, and Ho®*" doped SrGd,O. were also
investigated. It was concluded that SrR.O4 are outstanding phosphors.

Dubey et al. [4] in 2013 synthesized Eu®* doped SYO phosphor by solid-state
reaction method. X-Ray diffraction (XRD), SEM and PL techniques were employed to
characterize the as synthesized samples. The crystal structure of the samples was found

to be orthorhombic. The excitation spectrum consisted of peaks at 247 and 364 nm and
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the emission spectra consisted of peaks around 590, 612 and 624 nm. Thus the phosphors

gave intense peak at red emission.

Pavitra et al. [5] in 2014 synthesized Dy3* ion single-doped and Dy**/Eu®* co-
doped white light emitting SrY204 nano crystalline phosphors synthesized via sol-gel
method. The crystalline phase was observed at 1300 °C. X-Ray diffraction pattern
confirmed the orthorhombic structure of the sample. The PL spectra of Dy3* ion single-
doped phosphors showed that the yellow emission band was more dominant than the blue
emission band and the PL spectra of Dy**/Eu®* co-doped SrY,04 samples exhibited warm
white light emission. The samples were found out to be promising materials to obtain
natural white light for optical display systems and indoor applications.

Pavitra et al. [6] in 2014 prepared Er¥*/Tm3*/Yb®* ions tri-doped SrY204 nano
phosphors via sol-gel method. The pure orthorhombic structure was confirmed by XRD
patterns and the particles were found to have spherical morphology. A bright green
emission around 551 nm was observed in Er®* ions single-doped phosphors. The intensity
of the red emission band around 664 nm was improved by co-doping of Yb%* with Er3*
ions in the host matrix. This resulted in a greenish yellow emission under 980 nm
excitation. White light emission was observed in the tri-doped SrY20a.

Singh et al. [7] in 2015 synthesized europium doped MY.04 (M=Mg, Ca, Sr) via
combustion route. It was observed that the photoluminescence properties of these Eu3*
activated oxides exhibited red luminescence. The structural and morphological studies
were conducted by the analysis of X-ray diffraction pattern, scanning electron microscopy
(SEM), and transmission electron microscopy (TEM) micrographs. The emission

intensity of SYO:Eu3* was found to be maximum among the other samples.

Opravil et al. [8] in 2016 prepared SrY204samples using solid-state method. The
reaction of SrO with equimolar amount of Y»03 resulted in the synthesis of these
phosphors. The properties and the behaviour during the reaction of SrY 204 powders with
water were investigated in order to evaluate the properties, to explain the hydration
process and to identify the synthesized products.

Xianlang et al. [9] in 2016 synthesized Er®*/ Yb®* co-doped SrY,04 phosphors using
SrCOsz and Y2COs as initial precursors by solid-state reaction method. Luminescence
spectrum studies showed that the main red peaks and the minor green peaks of up-

conversion emissions were located at approximately 634-681 nm and 543-570 nm,
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respectively. It was found that the emission color of the proposed phosphors could be
successfully modulated by the joint contributions of altered Yb3* composition and

excitation power.

Tamarkar and Upadhayay [10] in 2017 prepared Th3* doped SrY,04 phosphors
using solution combustion synthesis route. The structure of the prepared phosphor was
determined by using X-ray diffraction technique and morphology by the field emission
scanning electron microscopy (FESEM). Under 254 nm ultra violet excitation, the
phosphor exhibited an intense green emission around 543 nm. The sample was also used
to prepare efficient green LEDs. Also the phosphor was found to be useful for sensing
applications such as biological and chemical sensing.

Taikar [11] in 2018 synthesized SYO from SrCO3s and Y203 using combustion route.
The as-synthesized phosphors were activated with Eu®*, Th®, Sm3®", Ce®" and Bi®** as
dopants. The samples were characterized by photoluminescence technique. The emission
wavelengths of SYO activated with Eu3*, Th3*, Sm3*, Ce3* and Bi®* were found around
611, 553, 610, 460 and 420 nm, respectively. The prepared phosphors were found to be
very useful in display devices and related applications.

Shaik et al. [12] in 2018 carried out photoluminescence investigations on Eu®* doped
Strontium Yttrium oxide (SYO) nano phosphors synthesized via polyol method. The as-
prepared samples were analysed by XRD and photoluminescence techniques for the
identification of phase and luminescence properties. The emissions were observed at 615
nm under excitation at 255 nm for Eu®** doped SYO nano phosphors. The synthesized
SrY,04: Eu®* nano phosphors were found to be a suitable material for field emission

display and LED applications.

Wei et al. [13] in 2018 synthesized SrY,04:Bi®**, Eu* using conventional solid-state
method. X-ray diffraction, excitation and emission spectra, decay curves as well as
temperature-dependent luminescence were applied to characterize the as-obtained
phosphors. Under ultraviolet (UV) excitation, blue luminescence centered at 410 nm was
found in SYO:Bi** phosphors. By altering Eu®* content, tunable emission from blue to
red was realized. These results indicated that this kind of easy fabrication, low-cost and
highly stable SYO:Bi%*, Eu®" are potential candidates for blue-red phosphors for
application in UV chip based w-LEDs.
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Ghorpade et al. [14] in 2020 prepared Dy3*:SrY,04 nanophosphors via solution
combustion method using glycine as an organic fuel. The as-prepared samples were
characterized by XRD, FESEM, HRTEM and Fourier transform infrared spectroscopy
(FTIR). FESEM micrographs showed spherical particles and closely crowded
morphology. The samples were found to be suitable for photocatalytic degradation of
Rhodamine-B dye under UV light treatment. Also PL emission spectra revealed broad

intense blue and yellow emission peaks at an excitation wavelength of 354 nm.

Ghorpade et al. [15] in 2020 prepared Eu®* doped SrY204 nanophosphors via solution
combustion method. The samples were characterized by XRD, FESEM, high-resolution
transmission electron microscopy (HR-TEM), UV-Vis spectroscopy and PL techniques
to know about the structural, morphological and spectroscopic properties. FESEM
micrographs revealed that nearly spherical and agglomerated particles were formed. A
strong red emission at 613 nm was found at excitation wavelength of 254 nm. The analysis
revealed that the as prepared phosphors would be used as red color emitting phosphors in
W-LEDs and FEDs.

Singh et al. [16] in 2020 synthesized Gd3* ion activated SrY,04 phosphors using sol-
gel method. XRD patterns revealed that the orthorhombic phase of SrY.O4 could be
obtained by this method. The photoluminescence spectra were recorded to understand the
luminescence behaviour of the as-prepared phosphors. The phosphors exhibited two
emission bands, one at 309 nm and other at 315 nm upon excitation of 275 nm. The PL
spectra allowed them to consider the prepared phosphor as a potential candidate for
application in phototherapy lamps.

Based on the literature survey, the outcomes of various research papers including
synthesis method, excitation and emission wavelengths, precursors and morphology are

summarised in chronological order in Table 2.1.

14



Chapter 2: Literature Survey

Table 2.1: Summary of various synthesis routes and luminescent characteristics of
SrY 204 phosphors.
SrY204: Dopant Synthesis Precursors | Excitation Emission Synthesis Morphology | Ref.
route wavelength | wavelength temp.
(duration)
SrY,04: Yb3*/Er¥* | Nitric SrCOs, 980 nm 549 nm 1200 °C (10h) | Sphere-like [1]
decomposition Y203, 661 nm
method Yb20s,
Er0s,
Nitric acid
SrY,0q4: Eus* Sol-gel and SrCQOs, 242 nm 616 nm 1300 °C (7h) Highly [2]
Solid-state Y203, 265 nm 610 nm aggregated
method Eu,03 particles
SrR;04: Solid-state SrCOs, 230 nm 611 nm 1300 °C (7h) - [3]
Tb3*/Eu*/Yb*/Tm | method Y203,
SEr¥/Ho* (R=Y, Eu,0s,
Gd) Gd20s,
Er0s,
Tb407,
Yb,03,
Tmy0s,
Ho0,03
SrY,0q: Eus* Solid-state SrCO;, 400 nm 613 nm 1350 °C (3h) - [4]
method Y203,
EUzOg
SrY,04: DY**/Eu®* | Sol-gel Sr(NOs)z, | 351 nm 578 nm 500 °C (5 h) Closely [5]
method Y(NO3)3.6 packed with
H20, single
Dy(NOs3)3.5 crystalline
H>0,Eu(N structure
03)3 .5Hzo
SrY;0.: Sol-gel Sr(NO3)2, | 980 nm 551 nm 500 °C (5 h) Nearly [6]
Er¥/Tm3*/Yb3* method Y(NO3)3.6 Spherical
H-0,
Dy(NO3)3.5
H,0,Er(NO
3)3 .5H20,
Tm(N03)3.
5H,0,
Yb(NOs)3.5
H.0
MY 04 (M=Mg, Combustion M(NOQOz)2.x | 267 nm 612 nm 1100 °C (1h) Spherical [7]
Ca, Sr):Eu®* synthesis H.0, particles
Y (NO3)s.6
H0,
Eu(NQO3)3
.5H,0
SrY ;04 Solid-state SrCOg, - - 1650 °C (1h) | - [8]
synthesis Y203
SrY,04: Er¥*/ Yb** | Solid-state SrCOs, 1550 nm 552 nm 1350°C (3h) | - [9]
synthesis Y203,
EI’203,
Yb,03
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SFY204Z Tb3+

Combustion
synthesis

SI‘(NO3)2,
Y (NO3)3.6
H-0,
Th(NO3)3.5
H.O

254 nm

543 nm

900 °C (2 h)

Agglomerated
particles

[10]

SrY,04: Eudt, The,
Sm®, Ce®* and Bi®*

Combustion
synthesis

SrCOs,
YZO3

253 nm
295 nm
409 nm
345 nm
330 nm

611 nm
553 nm
610 nm
460 nm
420 nm

1000 °C  (3h)

[11]

SrY,04:Eud*

Polyol method

Sr(NO3).,
Y(NO3)3-6
H-0,
EU(NOs)z

255 nm

615 nm

1000 °C_ (5h)

[12]

SFY204ZBi3+, EU3+

Solid-state
method

SrCOs,
Y20s,
Eu.0s,
Bi.O3

410 nm

611 nm

1200 °C (10
h)

[13]

SrY,0q4: Dy3+

Combustion
synthesis

Sr(N03)2,
Y(NO3);-6
H0,
Dy(NO3)3-
6H,0

354 nm

581 nm

1300 °C (3h)

Nearly
spherical

[14]

SrY,04:Eud*

Combustion
synthesis

Sr(NOs)2,
Y(NO3)s-6
H20,
EU(N03)3-5
H.O

254 nm

613 nm

1300 °C

Nearly
spherical

[15]

SI’YzO;ﬁGd?’Jr

Sol-gel
synthesis

Sr(N03)2,
Y(NO3)3-6
H20,
GA(NOs)s:
6H,0

275 nm

315 nm

1000 °C (3h)

Agglomerates
of varying
shape

[16]
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CHAPTER 3
MOTIVATION AND OBJECTIVES

3.1. Motivation

The emission properties of the host matrix are influenced by a variety of factors
such as type of crystal structure, excitation wavelength, dopants and co-dopants. After
peer-review of literature survey in Chapter 2, it has been observed that solid-state method
is an efficient method for the synthesis of SrY.0O4 samples. Till now, many researchers
have reported the synthesis and emission properties of the rare-earth doped SYO
phosphors. However, the structural changes, bandgap variations, and decay curves are not
studied in detail. In the present study, europium ions as a probe in SYO phosphors have
been chosen to study aforementioned properties.

Furthermore, it is found that the incorporation of co-dopants in the host lattice
significantly changes the optical properties. The co-dopants act as sensitizers and transfer
their energy to enhance the photoluminescent characteristics via various mechanisms.
Many rare-earth ions are used as sensitizers, but their high cost and less abundance make
their limited applications in optoelectronic devices. Cui et al. [1] studied the effect of Ti**
co-doping in Y20,S:Eu®* phosphors synthesized via sol-gel technique. It was found that
luminescent properties of the phosphor improved with changing the co-dopant
concentrations. Sun et al. [2] synthesized BaZrO3:Eu phosphor via solid-state reactions
method and studied the effect of Ti** co-doping on its luminescent properties. It was
concluded that Ti** co-doping is an effective way to enhance the performance of
phosphors as the phosphors showed stronger afterglow, longer decay time as compared
to BaZrO3:Eu phosphors. Sudhakar et al. [3] also observed that Ti** co-doping enhanced
the emission characteristics of lead arsenate glass system (40PbO- (60-x)As203— XTiO2)
doped with Pr3*. With the incorporation of Ti** ions, the intensity of violet-blue emission
of Pr¥* ions was amplified by nearly five times. Ryu and Bartwal [4] investigated
photoluminescent properties of Ti** co-doped CaAl,04:Eu?*. The as-prepared phosphor
was found to exhibit blue emission. With co-doping, the intensity increased and longer
persistence luminescence was observed. Yang et al. [5] studied the effect of Ti*" co-
doping on Cr* doped MAI1,019 (M= Ca, Sr). The intensity of luminescence was enhanced
dramatically with the addition of co-dopant. Thus, it is observed that the co-dopant in
with titanium (Ti*") ions enhanced the luminescent properties of the various phosphors.

Inspiring with such finding, we have taken titanium as co-dopant in the SYO:Eu system
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to study various structural, optical and luminescent properties. To the best of our
knowledge, there is no report on the co-doping of Ti** in the doped SYO phosphors. Thus,
present study will add significant results in the existing literature.

3.2. Objectives

In the present research study, following objectives have been proposed to work
on:

1. To synthesize phase pure SrY204 samples via solid-state method.

2. To study the effect of europium (Eu) ion doping in SrY 204 samples.

3. To study the effect of co-doping of titanium (Ti) ions in the optimized Eu doped SYO
sample. Here, optimized means the SYO sample for which maximum emission
intensity is achieved when doped with particular concentration of europium.

4. To characterize the samples by various techniques such as X-Ray Diffraction (XRD),
photoluminescence (PL) flourospectrometer, Fourier transform infrared spectrometer
(FT-IR), UV-Visible spectrometer, and field emission scanning electron microscope
(FESEM).
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CHAPTER 4
RESEARCH METHODOLOGY

4.1. Materials

Strontium carbonate (Sigma Aldrich, 99%) and yttrium oxide (Sigma Aldrich,
99%) were used to synthesize the SrY204 host lattice. Europium oxide (Sigma Aldrich,
99%) and titanium oxide (Sigma Aldrich, 99%) were used as precursors for doping and
co-doping in SrY204. These reagents were of analytical grade and utilized in as received

condition without further purification.

4.2. Synthesis Method

Un-doped, europium (Eu®*) doped and titanium (Ti**") co-doped SrY204 phosphors
were prepared via the conventional solid-state reaction method. For the preparation of
undoped SrY 204, the stoichiometric amounts of SrCO3 and Y203 were thoroughly ground
in an agate mortar for 1 h. These ground precursors were shifted to an alumina crucible,
which was then placed at 1000 °C for 4 h in the high temperature muffle furnace. The
furnace heating rate was maintained at 3 °C/min. After cooling of samples to room
temperature, the samples were further ground for 30 min and further subjected to sintering
at 1300 °C for 6 h. The pictorial representation of synthesis of un-doped SYO is shown
in Fig. 4.1. Further, in another set of experiments europium was added as a dopant in
SYO using Eu203. The experimental procedure was kept same. In Eu doped SYO samples,
Eu203 was taken in addition to SrCO3z and Y20z in a stoichiometric ratio according to the
formula SrY 2-04:xEu®* (x= 0.01, 0.03, 0.05, 0.07, 0.09, and 0.11). All the synthesis
steps followed same for the Eu doped SYO samples as aforementioned. It was found that
maximum intensity of luminescence was found for 9 mol% of europium ions in the host
lattice. The co-doping of Ti was done by taking stoichiometric amount of TiO2, Eu20s3,
SrCO3 and Y203 according to the formula SrY1.91.yEu0.0004 (y= 0.01, 0.02, 0.03, 0.04,
0.05 and 0.06). The same synthesis steps were followed to synthesize co-doped samples.
The final end products of undoped, doped and co-doped SYO samples were ground to
make fine powder and then used for further characterization to study structural, and

optical properties.

4.3. Characterization Techniques
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(a) X-Ray Diffraction (XRD): XRD studies were carried out to understand the
crystal structure, phase purity, and crystallite size using Panalytical X Pert Pro XRD
diffractometer using Cu-Ka radiation with in-built Ni filter operating at 45 kV. The
XRD data was recorded in a wide range of Bragg angles, 10 < 6 < 80°. The XRD patterns
were analysed for phase identification using X’Pert High Score software using ICDD
database.

(b) Photoluminescence (PL): The emission and excitation spectra of the samples
were recorded using a fluorescent spectrometer (Agilent Technologies- Model Cary
Eclipse) equipped with Xenon lamp. A fixed amount (0.1 gram) of all the doped samples
was used for recording the spectra. The slit width of excitation and emission slit were
setat 2.5 and 2.5 nm.

(c) Fourier Transform Infrared Spectroscopy (FTIR): The FTIR spectra of
the samples were recorded using Perkin-Elmer-Spectrum RX-IFTIR spectrometer in the

range 400 — 4000 cm! range using KBr pellet technique.

o o0 00 o
Grinding Grinding
for 1 h for 30 min

) B (000°Ctorsn [ o) Wl 1300°Cfor6h

$rC0, +Y,0, o o

[ X-Ray Diffraction

L Field Emission Scanning Electron Microscopy
(SEM)

[ Fourier Transform Infrared Spectroscopy Characterizations ] &

@-Visible Spectroscopy

[ Photoluminescence (PL)

SrY,0,

Figure 4.1: Schematic representation of synthesis and characterization of un-doped
SrY 204 phosphors.
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CHAPTER 5
RESULTS AND DISCUSSIONS

5.1. X-Ray diffraction (XRD)

Fig. 5.1 represents the X-Ray diffractograms of undoped SrY .04 (SYQO) samples
heat treated at 1000 and 1300 °C. It is observed that XRD patterns of undoped SYO
synthesized at 1000 °C consist of peaks corresponding to orthorhombic SYO and cubic-
Y203 phase, when matched with International Centre for Diffraction Data (ICDD) card
number 00-032-1272 (SYO) and 00-076-0151 (Y203), respectively. The peaks around
29.20 ° and 48.57 ° correspond to Y203 phase present in the samples.

*Y,0; and+ SrY,0,

H [——sYo0 (1300°C)

— SYO (1000°C)

Intensity (a.u.)

ICDD Card No: 00-032-1272

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
20 (in degrees)

Figure 5.1: X-Ray diffraction pattern of un-doped SrY»04 phosphors calcined at 1000
and 1300 °C.

The SYO sample synthesized at 1300 °C consists of high intense, sharp and
crystalline peaks attributed to pure orthorhombic SYO phase (ICDD: 00-032-1272)
having Pnam (62) group symmetry. In such samples, no other impure phase
corresponding to initial precursors or Y,03 and SrO are found. Fig. 5.2 represents the
XRD patterns of europium doped (1, 3, 5, 7, 9 and 11 mol %) SYO samples calcined at
1300 °C. Eu doped SYO samples are well matched with the ICDD card no. 00-032-1272.
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It is observed that incorporation of Eu®* ions in SrY204 had no effect on the phase change
of the host lattice. No secondary phase corresponding to Eu.O3 is observed in the doped

samples. It indicates that the doped ions are well incorporated into the various sites of the

host lattice.
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Figure 5.2: X-Ray diffraction patterns of Eu3* activated SrY204 phosphors.

The average crystallite size (D) of the samples is calculated via Debye Scherrer

formula [1]:

091
B B cos 6

(5.1)

where, A is the wavelength of incident X-rays (0.15406 nm), 6 is the angle of diffraction
of the observed peak and B is the full width at half maximum (FWHM). B used in equation
1 is highly dependent on both instrumental and sample effects. B is corrected using

standard sample of Si and determined using the following equation [2]:
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:8 = {(ﬁexperimental)z - (ﬁinstrumental)z} 1/2 (5-2)

The calculated values of the crystallite size of all the samples is tabulated in Table 5.1.
It is observed that the average crystallite size of the doped samples is more than the
undoped samples. This is due to the fact that ionic radii (r) of the europium ions (r = 0.95
A) is greater that the yttrium ions (r = 0.89 A) [3], which leads to the increase in the
crystallite size.

Table 5.1. Crystallite size of Eu doped and undoped SrY20a.

Sample ID Dopant 20 (degree) Crystallite size
Concentration (in (nm)
mol%)

SYO 0 30.73 45.88
SYO:E1 1 30.57 47.95
SYO:E3 3 30.60 48.37
SYO:E5 5 30.56 47.27
SYO:E7 7 30.65 51.20
SYO:E9 9 30.58 47.38
SYO:E11l 11 30.65 48.48

5.2. Fourier transform infrared (FTIR) spectroscopy

Fig. 5.3 (a) and (b) represent the FTIR spectra of un-doped and Eu®*" doped
SrY,04 phosphors in the range 400-4000 cm™ and 450-700 cm™, respectively. The intense
absorption band around 3430 cm™ corresponds to O-H stretching vibration, which is due
to the absorption of water molecules from the atmosphere. The bands lying in the range
1473-1634 cm™ are attributed to the presence of Sr-O bond. The peaks ranging from 450-
700 cm™ are the characteristics of Y-O vibrations. The O-Y-O group vibrations are
observed around 606 cm™ [4,5]. The presence of all these bands confirm the formation of

SrY204 phosphors.
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Figure 5.3: FTIR spectra of SrY,04 doped with Eu®* at different concentrations (a) in
the range 400-400 cm™ and (b) in the range 450-750 cm™.

5.3. Photoluminescence (PL) studies

The photoluminescence excitation (PLE) spectra of 9 mol% Eu activated SrY»04

(SYO) is shown in Fig. 5.4. The excitation spectra are recorded at 611 nm wavelength in
the range 200-500 nm and a broad band is observed around 227 nm. The broad excitation
band present is called charge transfer band (CTB). The CTB is due to the charge transfer
between partially filled 4f orbital of the Eu®* ion and the completely filled 2p orbital of
the O% ion. Also, the position of CTB depends on the host lattice [6]. The broad and

intense excitation band is observed in the deep ultraviolet (UV) range. Thus, Eu activated

SYO phosphors are UV excited phosphors.
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Figure 5.4: PL excitation spectra of 9 mol % Eu doped SrY,0,.

The emission spectra of SrY,04:Eu?* under 227 nm excitation are recorded in the
range 550-750 nm, as shown in Fig. 5.5. The emission peaks are observed around 580,
587, 592, 597, 611, 625, 652, 656 and 709, 712 nm. All the emission peaks are
corresponding to the europium ion transitions. The emission spectra reveal that the
emission bands are originated from the relaxation of °Dg excited state to 'F1, 'F», 'Fs and
’F4 states [7]. The moderate intense emission band at 580 nm is occurring due to °Do—
’Fo transition of Eu®* ion. The emission peaks centered at 587, 592 and 597 nm are due
to °Do— F1 transition. The strongest emission peak is observed due to °Do— F2 transition
around 611 nm.

There is another peak at 625 nm occurring due to °Do— F2 transition. This splitting
of °Do— F1 and °Do— ’F2 peaks is attributed to ‘Stark splitting’ of 'F1 and ’F, state
respectively. The 'Fy transitions are identified as magnetic dipole transitions and exhibit
splitting sue to the ligand field experienced by them. The transitions corresponding to
°Do— F; are identified as electric dipole and are highly sensitive to the local domain of

Eu®* in the host matrix, therefore the splitting is attributed to Eu®* ions occupying two
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different sites in the SYO host lattice [8]. The weak emission bands observed at 652, 656

nm and 709, 712 nm are due to °Do— 'F3 and °Do— 'F4 transitions, respectively.

270

550 600 650 700 750
Wavelength (nm)

Figure 5.5: PL emission spectra of Eu doped SrY204 phosphors.

The variation in the intensity of the emission peak centered at 582, 592, 611 and
625 nm with varying concentration of Eu in SYO is shown Fig. 5.6. It is observed that
with increase in Eu®* concentration, PL emission intensity first increases and then
decreases beyond 9 mol% Eu®* ions. The decrease in PL intensity beyond 9 mol% of Eu
concentration in SYO occurs as a consequence of quenching effect [9]. Thus, the

maximum emission intensity is found for 9 mol% Eu®" ions in SrY204 host lattice.
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Figure 5.6: Variation in emission intensity of peak centered at A= 580, 592, 611 and 625
nm with changing Eu®* concentration.

There are several reasons of concentration quenching like non-radiative energy
transfer between the europium ions. As the concentration of Eu®" ions increases, the
minimum distance between the Eu®" ions decreases and it leads to the non-radiative
energy transfer [10]. Blasse's equation can be used to determine the minimum distance
(Rc), which is known as the critical distance. According to this theory, if the Rc value is
5 A or less, exchange interaction leads to non-radiative transfer and the value of Rc
greater than 5 A, leads to multipole-multipole interactions [11]. According to Blasse’s

equation, the critical distance Rc is given by the formula:

Re=2[ =173 (5.3)

Where, V is the volume of unit cell, xc refers to the critical doping concentration
and N is the number of available sites for activator in the host. For SrY204:9 mol% Eu®",
V=409.37 A3, xc=0.09 and N=8; results in critical distance of 10.28 A. It implies that the
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multipolar interactions are the major cause for the concentration quenching in the host

lattice.

The sort of multipolar interaction involved in the energy transfer phenomenon can
be determined using Dexter and Schulman’s theory [12]. According to this theory, the
photoluminescence intensity (I) per activator is given by:

d (5.4)

I
X g Ys

where, K and  are constants related with a particular interaction and x is the
concentration of activator ions. The type of interaction is determined by finding value of
Q which is calculated using slope of the graph (-Q/3) plotted between log(l/x) verses
log(x), as shown in Fig. 5.7. Q can take values 6, 8 or 10 and less than 6 corresponding
to the dipole-dipole, dipole-quadrupole, quadrupole-quadrupole interactions, and charge

transfer mechanism, respectively.

3.45

¢ Experimental Data
Linear fitted data

3.40 -

3.35+

3.30-

log (I/x)

Slope =-0.93415
3.25-

3.20

-1.15 -1.10 -1.05 -1.00 -0.95
log (x)

Fig. 5.7. Plot of log(l/x) verses log(x) for SrY.04:Eu* at 227 nm excitation.

For the present case, the slope of the graph for 227 nm excitation is found to be -
0.93415. This leads the Q value to be 2.802, which is less than 6, which implies that the

energy transfer among the nearest neighbouring ions is the primary cause of concentration
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quenching. The energy level diagram of excitation and emission spectra of Eu doped SYO

phosphors corresponding to different transitions is shown in Fig. 5.8.
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Figure 5.8: Energy level diagram of SrY.04:Eu.

The emission spectra of the as-synthesized phosphors are further analyzed via
plotting the CIE (International Commission on Illumination) diagram. The CIE
coordinates are calculated from the emission spectra using a CIE color calculator program
in MTLAB 9.1 (version R2016b). Fig. 5.9 illustrates the CIE diagram of SrY,04:xEu®*
(x= 0.01, 0.03, 0.05, 0.07, 0.09 and 0.11). The computed CIE coordinates of the as-
synthesized phosphors fall in the red region. According to National Television Standard
Committee (NTSC), the ideal value of coordinates for red color are x =0.67, and y =0.33
[13]. The calculated CIE coordinates of Europium doped phosphors lie close to the red

region. Thus, these phosphors have potential to be utilized in optoelectronic devices for

red light emission.
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Figure 5.9: CIE coordinates diagram of SrY,04:xEu®*(x = 0.01, 0.03, 0.05, 0.07, 0.09
and 0.11)

Further, effect of co-doping of titanium is studied in the optimized sample, i.e.,
9mol% Eu doped SYO sample at which maximum PL intensity is observed. The
concentration of titanium is varied from 1 to 5 mol%. The emission spectra are recorded
under 227 nm excitation in the range 550-800 nm, as shown in Fig. 5.10. The major
emission peaks are observed around 580, 587, 592, 598, 611, 616, 623, 652, 656, 709,
and 712 nm. All the emission peaks are corresponding to the transitions from °Do-"F1,2,3.4
states of europium ion. The most intense and prominent emission peak is observed due to
°Do— F transition around 616 nm. It is observed that maximum intensity peak for the
Eu doped SYO samples is around 611 nm, while for co-doped samples, it gets red shifted

to 616 nm. This indicates that after co-doping samples exhibited more red emission.
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Figure 5.10: PL emission spectra of Ti doped SrY204:Eu®* phosphors.

The variation in the PL intensity of the emission peaks centered at 580, 592, 616
and 623 nm with varying concentration of Ti in SYO for a fixed 9 mol % of Eu®* ion is
shown Fig. 5.11. It is observed that with increase in titanium concentration, PL emission
intensity increases and reaches its maximum when the co-doping concentration is found
to be 3 mol %. With increase in the doping concentration of Ti ions beyond 3 mol% PL
intensity decreases due to concentration quenching. This quenching is attributed to
presence of excessive doping of Ti ions in the Eu doped SYO phosphors which leads to
cross relaxation of neighbouring Ti ions. The emission intensity of co-doped samples is
more than that of doped samples because the energy transfer between co-doped ions and

Eu" ions leading in increase in intensity of radiative emission.
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Figure 5.11: Variation in emission intensity of peak at A= 580, 592, 611 and 625 nm with
changing Eu®* concentration.

Fig. 5.12 illustrates the CIE diagram of SrY204:9 %Eu®"/xTi (x= 0.01, 0.02, 0.03,
0.04 and 0.05). The computed CIE coordinates of the as-synthesized phosphors fall very
close to the red region. The ideal value of coordinates for red color according to National
Television Standard Committee (NTSC), are x = 0.67, and y = 0.33. The calculated
chromaticity coordinates for Ti co-doped samples are (0.637,0.362), (0.636,0.363),
(0.639,0.360), (0.638,0.361) and (0.635,0.364) for SrY,04:9Eu3*/1Ti, SrY,04:9Eu**/2Ti,
SrY204:9Eu3*/3Ti, SrY204:9Eu*/4Ti and SrY,04:9Eu®*/5Ti respectively. Thus, due to
enhancement of PL emission intensity and more red shifted emission wavelength the co-

dopes samples found potential applications in various optoelectronic devices.
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Figure 5.12: CIE coordinates diagram of SrY»04:9 %Eu®**/x Ti(x = 0.01, 0.02, 0.03, 0.04
and 0.05)
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CHAPTER 6
CONCLUSION AND FUTURE SCOPE

6.1. Conclusion

In the present work, structural and photoluminescent studies of Eu doped SrY 04
(SYO) have been conducted. All the undoped SYO, Eu doped SYO, Ti co-doped SYO:Eu
samples have been successfully synthesized via solid-state method. The pure phase,
crystalline SYO was formed at 1300 °C, which was confirmed by the XRD results. The
phase of synthesized SYO samples was orthorhombic with Pnam space group. The
average crystallite size of the doped samples was found to be more than the undoped
samples. This is owing to the fact that size of europium ions is more than the yttrium ions.
FTIR results also confirmed the formation of pure SYO samples. In FTIR spectra, the
vibrations corresponding to Y-O, O-Y-O and Sr-O were observed. The concentration of
the Eu®* ions in SYO lattice was varied from 1 to 11 mol%. In the excitation spectra, the
broad band was observed around 227 nm, thus implying that synthesized phosphors are
UV excited phosphors. Further, emission spectra consisted of several peaks
corresponding to the transitions of Eu®* ions. The maximum PL intensity was observed
at 9 mol% of Eu3* ions in the SYO lattice. For the Ti co-doped SYO:Eu samples maximum
PL intensity was observed at 616 nm for 3 mol % concentration of Ti. The CIE of both
Eu doped and Ti co-doped phosphors lie in the red region. The as-synthesized samples

find potential applications in the optoelectronic and display devices.

6.2. Future Scope

In the present work, SrY»04 phosphors doped with europium and co-doped with
titanium have been synthesized. The structural and photoluminescent properties have
been studied in detail. There are still further research possibilities are left to carry out in
future. The other rare-earth such as Dy®*, Pr3*, Sm3*, Tb3*, Er®*, Pr3*, Gd**, and Ho®* etc.
can be used as activator ions in order to get emissions of desired colors for various
applications. Also, the other transitions elements such as Mn, Sc, Co, Mo, V, Mo, etc.
can be utilized as sensitizers to enhance and improve the emission characteristics of doped
SrY»04 phosphors. Apart from the solid-state reaction method, other synthesis routes and

reaction conditions can be optimized to get different nanostructures of SrY 204 phosphors.
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