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ABSTRACT

The present work illustrates a detailed spectroscopic analysis carried out on dysprosium ions doped
Zinc Alumino Sodium Phosphate (ZnAINaP) glasses with a chemical composition of (10-x) ZnO-
20A1203-10Na20-60P20s5- xDy203 (x = 0.1 to 2.0 mol%). The XRD spectrum recorded for an un-
doped ZnAINaP glass demonstrates a broad hump confirming its non-crystalline nature. The
FT-IR and Raman spectrum recorded for an un-doped ZnAINaP and ZnAINaPDyl.0 glass
elucidates various functional groups and vibrational modes involved. The DSC & TGA studies
conducted on an un-doped ZnAINaP glass revealed its overall weight loss and thermal stability.
The absorption spectra recorded were used to calculate the optical bandgap for the titled glasses
and were found to be in the range from 4.52 to 4.81 eV. To understand the applicability of the
titled glasses for epoxy-free solid-state lighting devices, photoluminescence (excitation, emission,
and decay) spectra were recorded and analysed. The photoluminescence (PL) emission recorded
under 350 nm excitation show two significant bands, *Fo» > ®Hisn (blue) and *Fon > *Hisn
(yellow) at 484 nm and 573 nm respectively. Temperature-dependent PL studies conducted on
1.0 mol% of the Dy*" ions in ZnAINaP glasses revealed activation energy of 0.212 eV with a
percentage of loss 25.6% in PL intensity. The CIE-chromaticity coordinates and color correlated
temperature (CCT) were evaluated from the PL spectral characteristics. All the spectroscopic
investigations conducted on the titled glasses finally reveal their superior nature in fabricating

epoxy-free white light-emitting diodes and other related optoelectronic devices.

viii



Chapter 1: Introduction

1.1 Light Emitting Diodes

Since the beginning of mankind, people have always tried to invent, innovate, and discover new
things that can benefit human civilization. Therefore, it should not come as a surprise, but at the
same time, we can admit these commendable advancements made by researchers, which are useful
for lighting applications in day-to-day life. One of the most remarkable innovations of the
twentieth century was light-emitting diodes (LEDs). These devices are a great source of artificial
lighting and at the same time eco-friendly.

Today, white- LEDs (w-LEDs) have become fourth-generation solid-state lighting (SSL)
gadgets due to the wide range of benefits, such as power saving, higher dependability, brilliant
productivity, life span, luminous efficiency and earth-friendly. The w-LEDs are now made with
optical excitation sources that have a single or many layers of phosphors [1,2]. The concentration
of epoxy resin placed on the phosphor has a significant impact on the emission of phosphor
converted (pc) w-LEDs. The sealant used in pc w-LEDs gets degraded at high temperatures, which
considerably affects its characteristics such as luminous efficiency and color rendering index [3—
6].

The research in rare earth (RE) doped luminescent materials has taken a quantum leap due
to impressive advancements in SSL technologies. RE doped glasses have proven to be more
advantageous than phosphors due to their unique properties including broader non-homogeneous
bandwidths, large doping capacity, and improved thermal stability. RE doped glasses are used in
optical devices such as fibre optic amplifiers, lasers, pharmaceuticals, photovoltaics,
telecommunications, and civil-military purposes for instance infrared detectors, infrared fairings,
nuclear imaging and surveillance [7—11]. The above-mentioned applications of RE doped glasses
are possible only if it is chemically & thermally stable, has relatively minimal phonon energies,
have better RE** solubility with excellent transparency. The host glass's structure and ligand field
environment affect the bandwidths of emission bands and decides the photoluminescence (PL)
adequacy of RE*". Thus, selecting a host material with relatively lower phonon energies is very

important [6,12].



Fig. 1. White LED

Phosphate glasses, in contrast to commonly used glass formers such as silicate, borate, and
others, are known to have good mechanical and thermal stability, excellent transparency, better
RE*" solubility, low melting point (compared to silicate glass), eco-friendly and isotropic
refractive index [13—17]. Nonetheless, pure phosphorus pentoxide (P20Os), a chemically unstable
oxide is a compound that comes in the category of glass formers. P2Os is immensely hygroscopic
in nature when it comes to moisture-induced hydrolysis of the P-O—P bonds. As a result, its usage
as a substitute for silicate glasses is frequently limited to a narrow range of technological
applications. Despite this, the high solubility of P,Os glasses makes them useful in synthesizing
bioactive materials [18-21].

The morphology of glass is decided by two main components, the network former and the
network modifier. Network formers are considered to be an integral component in the construction
of any glass matrix. It can be a metal oxide and one such case is that of Al,03; which we have also
used in the composition of our glass. AI>O3 conjugation in phosphate glass can act as a network
former as well as a network modifier. Al2O3 increases the crosslinks with POy tetrahedra in the
glass. It gives the phosphate glass moisture resistance and thermal stability, as well as a lower
thermal coefficient of expansion, which makes it suitable for ion exchange planar waveguide
devices. Aluminium oxide in phosphate glass can improve the host glass's physical and chemical
stability [22-24].

The addition of network modifiers in the host matrix modifies its internal structure and
simultaneously builds an integrated environment for the RE**, allowing them to maintain a high
luminescence efficiency [25]. The glass modifiers that we have used in our study are zinc oxide

(ZnO) and sodium oxide (Na;O). We can improve the noble features of phosphate glass by adding



divalent metal oxides like zinc oxide (ZnO) to it, such as lower glass transition temperatures and
higher chemical stability. Furthermore, glasses containing ZnO are less hygroscopic and toxic,
making them more efficient for developing optoelectronic devices [6,12,24,26]. In glasses,
alkaline metal oxides like sodium oxide (Na,O) can influence and regulate their optical properties.
Adding Na,O to the phosphate glass matrix as a network modifier promotes the formation of non-
branching oxygen atoms. Also, it improves the solubility of RE ions, making it suitable for higher
concentration of dopants in the glass and also useful for short-length optical amplifiers [27,28].

Doping RE*" in phosphate glasses has several advantages, including lower propagation
losses, a high number of intra-configuration transition channels for RE**, an isotropic refractive
index, and the ability to produce them more easily. The outer 5s and 5p shells shield the RE**
surroundings, affecting the 4f-4f transitions in RE*", resulting in intense and narrow emissions
[3]. From the existing seventeen RE ions, Dy** ions when used as a dopant in glass, makes it quite
suitable for producing white light due to two major bands of emission corresponding to the
“F9n->%Hjs/2 transition which is a magnetic dipole and *Fon—>°Hi3/ transition which is an electric
dipole pertaining to 480-500 nm and 580-600 nm ascribing to the blue and yellow part of the
visible spectrum, respectively [29,30]. The yellow band is more susceptible to the nature of the
host’s material and is heavily dependent on it, whereas the blue band is less susceptible to the host
material. As a result, Dy** doped glasses with an acceptable yellow and blue transitions ratio can
create white light [31].

Apart from being a single-phase white light source, Dy** doped glasses have a wide range
of applications, including luminescence lamps that are free of mercury and light generating
materials when mixed RE ions are added. All of the aforementioned advantages of the constituent
chemical species like P,Os, A1,O3, ZnO, Na>O and Dy>O3 gave us an incentive to prepare a series

of phosphate glasses by name zinc alumino sodium phosphate (ZnAlNaP) glasses.

1.2 Literature review

H. George et. al. conducted spectroscopic investigation by evaluating the CCT values for the Dy**
doped NaBiSrP glasses which lie in the neutral white zone under n-UV excitation [32]. The
structural, thermal and optical studies of Dy** doped B203—~W03—ZnO-Li>0O—-Na,O glasses were
performed by G. Lakshminarayana et al [33]. The PL studies performed on the aforementioned

glasses show strong peaks at blue and yellow emission bands when observed using UV excitation



and the Y/B values show relatively higher values, making this combination a suitable candidate
for white light generation [33]. The optical and radiative properties of dysprosium doped sodium
aluminum phosphate (NAP) glasses were investigated by A. Amarnath Reddy et al [34]. The Y/B
ratios found in visible emission imply the prominent nature of covalency and asymmetry effects
in the aforementioned glasses, and the Y/B intensity ratios observed in visible emission showing
the ease of producing white light in the Dy** doped NAP glass [34].

All of above-mentioned researchers motivated us to work in this field utilizing Dy** doped
phosphate glasses that can be suitably significant for white light applications in photonic devices.
In the present work, we have investigated the glassy nature, structural aspects, thermal stability
and spectroscopic features of the as-prepared glasses using various characterization techniques
like XRD, FT-IR, Raman, DSC-TGA, optical absorption, PL (excitation, emission and decay) and
temperature dependent PL (TD-PL).
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Chapter 2: Theoretical Framework

2.1 Photoluminescence of materials:

Luminescent materials are substances that, in addition to black-body emission, transform an

incident energy source into electromagnetic wave output in the ultraviolet (UV), visible, or infrared

regions of the spectra. Luminescence can be classified on the basis of the simulation that is

provided and the Table 1 given below summarizes it [1].

Table 1: Types of luminescence and their origin

DESIGNATION STIMULATED BY TRIGGER ACRONYM
PHOTOLUMINESCENCE UV, Visible Photons - PL
X-Ray, Gamma Rays,
RADIOLUMINESCENCE - RL
Charged Particles
CATHODOLUMINESCENCE Energetic Electrons - CL
Collisional excitation
Applied Electric
ELECTROLUMINESCENCE of internal electrons Field EL
ie
accelerated
Photons, Charged
THERMOLUMINESCENCE Heat TSL
Particles

2.2 Difference between fluorescence, phosphorescence and chemiluminescence:

o Photoluminescence is classified into fluorescence and phosphorescence. If the substance’s glow

is triggered by light, then it is photoluminescence, whereas if the glow is caused by a chemical

reaction, then it is chemiluminescence.

o Fluorescence and phosphorescence are both caused by a substance's capacity to absorb the light

and subsequently release the light with a longer wavelength and consequently less energy.




2.3

o The basic difference between these two phenomena is the time taken to complete the process.
In the case of fluorescence, the emission occurs immediately, so it can be observed only when
the light source is kept on (for example, UV lights); however, in the case of phosphorescence,
the absorbed light energy can be stored for a period of time and then released later, as a result,

even after the light source has been switched off, there is an afterglow.

o To conclude, if it fades away quickly, it is fluorescence; if it lasts longer, it is phosphorescence.

It's chemiluminescence if it requires some type of activation.

o A good example of it can be considered if we imagine a scenario at the nightclub: Teeth, eyes
and fabric glowing under the black light are considered fluorescent, the emergency exit sign is

phosphorescent and the glow sticks are chemiluminescent [1].

Rare earth (RE) materials:
e There arel7 RE elements in periodic table. Scandium, Yttrium and some 15 other lanthanide

series elements come under this category.

e Since, all RE elements are metals, therefore they are sometimes known as the "Rare Earth

metals".

e They are also called "Rare Earth oxides" since most of them are available in the market as oxide

compounds.

e Rare earth elements are commonly employed as catalysts, phosphors, and polishing agents. In
air pollution management, illuminated screens in electronic devices, and a variety of other

applications rare earth elements are commonly used [2] .



¥ tare ‘h Elements He

Li |Ba B | C|N|O|F [Ma

MNa Mg Al [Si|P | S |Gl Ar

K Ea%ﬁlﬂ WolCr|MAa|Fe |Co|MNE|Cu | Zn |[Ga |[Ga|As |Sa |Br | Kr

Rb|[Sr| Y | Zr |Nb(Mo|Te |Ru|Rh|Pd|Ag|Cd]| In |[Sn|Sb|Ta| | | Xea

Cs|Bapsss|Hf | Ta (W |[Re|ODs| Ir |Pt|Au{Hg| Tl |Pb|Bi |[Po|At |Rn
Fr |[Ra [s=|Rf|Db|(Sg|Bh|Hs| Mt

La |Ce|Pr Hd=}Pml$m Eu|Gd|Tb |Dy|Ho |[Er [Tm|Yb|Lu

Ac |Th |Pa| U |H|:| PulaAmiCm| Bk |Cf |[Es|Fm|Md (No| Lr

Fig. 2. Location of Rare Earth elements in the periodic table

e Actually, rare earth elements are not "rare" as the name suggests. For example, the two least
abundant rare earth elements are Thulium and Lutetium but each of them has an average crustal
abundance approximately 200 times more than that of the gold. Although these metals are not
rare but are quite tough to mine as it is uncommon to obtained these metals in enough

concentrations for economical extraction.

® Yttrium, cerium, lanthanum and neodymium come under the category of the most abundant
rare earth elements. The average crustal abundances for these elements are similar to some of
the most frequently used industrial metals for instance chromium (Cr), nickel (Ni), zinc (Zn),

and lead (Pb) etc. But again, they can rarely be found in extractable concentrations [2].

2.4 Rare earth elements in glass synthesis:

e Researchers have been studying rare earth oxides for a long time now, especially how the
addition of rare earth oxides can change the properties of the glass. It was for the first time in
the 1800s that Drossbach, a German scientist patented his work of manufacturing a mixture of
rare earth oxides to decolorize the glass. It is said to be cerium is firstly commercially used
although it is in their raw form combining with other RE oxides. Later in 1912, Crookes from
England discovered cerium’s excellent properties for ultraviolet absorption without giving any

color hence making it quite useful in making protective eyeglasses.
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2.5

Some of the most commonly used Rare Earth Elements in glass are erbium, ytterbium, and
neodymium. Some of the uses are: Erbium-doped silica fiber is widely used for optical
communication; ytterbium-doped silica fiber is used in manufacturing some engineering
materials, and neodymium-doped is useful in making glass lasers. Addition of rare earth oxides

in glass have the ability to change the fluorescent properties of the glass [3].

White LEDs:

One of the most remarkable innovations of the twentieth century was that of the light-emitting
diodes (LEDs). These devices are a great source of artificial lighting and at the same time eco-
friendly. Today, white- LEDs or w-LEDs have become fourth generation solid-state lighting
(SSL) gadgets due to the wide range of benefits that they offer, such as power saving, higher

dependability, brilliant productivity, life span, luminous efficiency and earth friendly.

At present, w-LEDs are fabricated using optical excitation sources with a coating of one or
many phosphors. In the case of phosphor converted (pc) w-LEDs, the resulting emitted light is
immensely affected due to concentration of epoxy-resin coated on phosphor. The sealant used
in pc w-LEDs, gets degraded at high temperatures which in turn considerably affect its

characteristics such as, luminous efficiency and color rendering index.

The research in the field of rare earth (RE) doped luminescent materials have taken a quantum
leap due to impressive advancements in SSL technologies. Owing to their peculiar qualities
such as high doping capacity, broad inhomogeneous bandwidths and better thermal stability,

rare earth doped glasses have proved to be more advantageous over phosphors [4].

References:
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4. Yulei Zhao, et.al., “Luminescent properties of Tm3+-Dy3+ co-doped P205-SrO-BaO-B203-ZnO
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Chapter 3: Experimental Techniques

3.1 Materials & Methods:

A. Preparation: The most common methods to prepare a glass are melt quenching method, Chemical
vapor deposition and sol-gel method. Out of these three techniques, melt quenching has been the
most popular and quite feasible so far in the research field. The key feature of this melt quenching
technique is that it is widely applicable to prepare all kinds of compositions of glasses like borate,
phosphate, silicate, oxide or non-oxide systems. We have all kinds of options available as dopants
and co-dopants to give a variety to our glass system which becomes quite easy using this technique.
There are minor chances of the sample being prone to some kind of impurities but that can be

avoided using the crucibles made of noble metals like Gold, Platinum, etc. [1].

B. Melt-quenching Technique: We have prepared a phosphate glass for our research work and the
Rare Earth ion that has been used as a dopant is Dysprosium (Dy3*). The high purity analytical
grade oxides or salts were taken as precursors. Powders such as zinc oxide (ZnO), sodium oxide
(Na20), aluminum oxide (Al>O3), di-ammonium hydrogen orthophosphate ((NH4)> HPO4) and the
dopant dysprosium oxide (Dy203) were weighed in required quantities using a high-accuracy
electronic balance. Then using acetone as the dispersing medium, the components were then
grinded in an agate mortar for about 45 minutes until the mixture was a soft powder. The so-
obtained fine powder was then transferred to a silica crucible and a constant heat of 1270 °C was
applied in a programmable furnace for two hours. Thereafter, the as obtained melt was cast into a
coin shaped glass by pressing it between two pre-heated brass plates. This process is known as
quenching and since the melt was quenched into a coin shape, this is why we call it the melt
quenching technique. The coin shaped glasses were then immediately transferred to an annealing
furnace at 350 °C for 2 hours to eradicate the internal stresses, air bubbles and to maintain the

stability of the internal glass structure [ 1, 6].
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Fig. 3. Furnace used for melt quenching
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Fig. 4. Flow chart of various steps involved in the synthesis process of glasses using

melt-quenching method.
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3.2

Using a Bruker D8 Advance Diffractometer with nickel filtered Cu-Ka radiation (A = 1.5406 A)
and diffraction angles ranging from 10°<20<80°, the XRD spectrum of an un-doped ZnAINaP
glass sample was obtained. Perkin Elmer's Frontier Spectrometer (450—4000 cm™') was used to
measure the FT-IR spectrum of the identical sample utilizing the KBr-disk method. Raman
spectroscopy was performed using a Renishaw model Invia Reflex Raman microscope. The optical
absorption studies were done using a Jasco V-770 Spectrophotometer. A JASCO made (FP-8300)
spectrofluorophotometer (resolution of 1.0 nm) with a Xenon flash lamp as an excitation source
was used to make the spectral recordings of PL excitation, PL emission and PL decay. All
measurements were recorded at an ambient temperature. TDPL studies were conducted on

FLMS15147 Spectrometer.
Characterization Techniques:

a. XRD: Diffraction of light refers to the bending of light around the corners of an obstacle. It is
the required condition for diffraction to occur. The size of the obstacle needs to be almost
equivalent to the frequency of light being used. X-ray, as other EM rays, can also be diffracted,
but for the diffraction of X-ray the size of the obstacle ought to be a couple of angstroms
(approx. 1 A), which is approximately the frequency of X-rays. The reason behind this is that
the atomic spacing in the Crystal is almost a few A. The constructive interference of
monochromatic x-rays is the basic principle of XRD. X-rays are directed towards the sample
under investigation, and sample's crystal structure causes the X-rays to spread in a variety of

directions. It is recorded by a detector and further amplified to be analyzed on a monitor screen

[7].
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Fig. 6. Experimental setup for XRD analysis

Bragg's Law:
This law implies that if an x-ray is incident at an angle of incidence (0) onto a crystal surface,
then that x-ray reflects at the same angle of scattering (0). If the path difference (d) is a whole

number (n) multiple of wavelength (A) then an interference pattern can be seen.
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Fig. 7. Diagram showing the incident and diffracted x-rays from the crystal surface

Bragg's Law is:
n A = 2d sin(0) (1)
here, A is the incident wavelength of x-rays, d is the spacing between the crystal layers (i.e.,

path difference), 0 is the angle of incidence & n is the diffraction order.

X-Ray Diffraction (XRD) Methods

There are several XRD methods:

1. Laue's Photographic Method

2. Bragg's X-Ray Spectrometer Method

3. Rotating Crystal Method

4. Powder Crystal Method

Since we have used powder method, so elaborating on that:

The sample to be tested is homogenized and ground into a fine powder. The powdered sample
is then struck on a hair and mounted vertically in the axis of a cylindrical camera with a piece
of gum.

A monochromatic beam is permitted to fall on it, various possibilities exist. A few particles
may emerge from the random alignment of tiny crystals. For each set, there is the probability

of reflections in different orders. In addition, another proportion of grains will have a different
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set of planes in the appropriate positions for reflections to occur [3].

b. ABSORPTION: Absorption spectroscopy of a glass sample is carried out using the radiations
lying in the UV-Visible region of Electromagnetic spectrum. The amount of light absorbed by
a particular glass sample is observed in the phenomenon. When the radiation of a particular
wavelength falls on the glass sample, the electrons in the outermost shells of the compound
participate and get excited to the first excited state of the material. The light from a source
(usually tungsten lamp or deuterium) after passing through a monochromator falls on the beam
splitter and a series of mirrors. Thereafter, the light finally falls on the sample holder where the
glass sample is placed. The absorption data corresponding to a particular wavelength range of
that particular sample is obtained on a computer screen connected to the spectrophotometer.
This data shows how much light of a particular wavelength is absorbed by the sample. The
measurements are carried out using a reference sample for which the absorption data is already
known. It is to be noted that this process involves relative measurements and not direct
measurements. This phenomenon is used to determine the optical properties of the glass sample

like optical band gap, refractive index and other such properties [5].

Fig. 8. The Spectrophotometer used for Absorption spectroscopy

¢. PHOTOLUMINESCENCE (PL) SPECTROSCOPY: PL spectroscopy is a type of light-
emitting spectroscopy in which the emission of light arises due to a process called photo-

excitation. As the light is directed to the sample, the electrons inside the material go to the
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excited regions (excitation). After releasing energy in non-radiative forms, the electron goes
down to an intermediate level called the conduction band. Thereafter, when electrons flow from
the conduction band to their ground states, energy can be released in the form of light (called
radiative relaxation). This phenomenon is shown in fig. 9. The experimental setup is quite
similar to that of Absorption spectroscopy except for the monochromator near the source. PL
spectroscopy is beneficial to estimate the electronic structure and assets of the compound as it

provides the peak light intensity that objects can emit at a certain wavelength [1].
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-
< photon
£
valence
band
electrons

Fig. 9. Phenomenon of Photoluminescence

d. FT-IR: FT-IR Spectroscopy (fourier-transform infrared spectroscopy) is a characterization
technique that is concerned with the vibration of molecules. The source, interferometer, and

detector are the three important parts of an FT-IR Spectroscopy (fig. 10).
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Fig. 10. Parts of an FTIR spectrometer with source, interferometer & detector.

The source energy is directed onto the sample through an interferometer. All source radiation
must reach the sample during each scan. The light is then split into two directions at right angles
by passing through a beam splitter. One of these beams is divided and sent to a fixed mirror
before returning to beam-splitter. Another beam is channeled at a movable mirror. Furthermore,
both of these two beams will recombine at the beam-splitter, although difference in path lengths
will cause constructive and destructive interference, resulting in interference pattern. The
sample is next passed through the earlier recombined beam, which absorbs all of the distinct
wavelength’s characteristic of its spectrum. The detector records the change in energy and time
corresponding to many wavelengths for same time. A laser beam is imposed throughout the

procedure to give a reference for instrument operation.
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Now, one could think that recording a spectrum in terms of energy vs time is strange, unless

one considers the correlation between time and frequency: they are reciprocal. Using the Fourier

transform (FT) function, an I-vs-t spectrum can be transformed to an I-vs-v spectrum. The FT
can be given by the expression:

A(r =Y Xk)exp(-2x %}

2)

here, A(r) are the frequency domain & X(k) are the time domain points and N are the total

points in the spectrum.

Because each functional group has its own distinct vibrational energy that may be utilized to
identify a molecule by combining all of the functional groups, FTIR microscopy is an excellent
tool for identifying samples, characterization of multilayer films, and particle analysis. Because
each functional group is made up of distinct atoms with variable bond strengths, each of these
functional groups, and categories of functional groups, has its own set of vibrations. Because
each molecule's collection of vibrational energy bands is distinct, these peaks can be utilized to

identify the functional groups involved utilizing literature analyses of large sample datasets [8].

. RAMAN SPECTROSCOPY: Raman spectroscopy is a method for measuring the vibrational
energy modes of a material by means of diffused light. CV Raman, an Indian physicist, was the
first to see Raman spectra in 1928, along with his research partner KS Krishnan. Raman
spectroscopy may offer both chemical and structural information, as well as material
identification via Raman fingerprints. By detecting the Raman Scattering of a material, Raman
spectroscopy retrieves this information. Whenever light is scattered by a molecule, the photon's
electromagnetic oscillatory field results in the polarization of the electron cloud, leaving the
molecule in a high-energy state with the photon energy imparted to it. This results in the
production of a virtual state of the molecule, which is an extremely short-lived combination
between a photon and a molecule. Like scattered light, this virtual state is unstable, and the

photon is expelled almost instantly.
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The energy of a molecule does not vary after interacting with a photon in the most of the
scattering and energy, & therefore the wavelength, of the scattering photon is equal to incident
photon. This is known as elastic scattering Rayleigh scattering (Ascatter = Maser) and is the most

common mechanism.

But to observe Raman scattering, we need to use certain kinds of filters in order to let in only
that wavelength which satisfies the conditions for Raman Scattering. The conditions imposed
on the wavelength to observe Raman Scattering is that the wavelength of the scattered photon
should be either greater than or less than that of the laser used. Former is the case when we get
to observe the Stokes Raman Scattering (Ascatter > Aaser) and latter is the case when we get to

observe the Anti-Stokes Raman Scattering (Ascatter < Maser) [4].
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Chapter 4: Spectroscopic Characterization of Dy** ions doped

Phosphate glasses for epoxy free white LED applications

4.1 Structural analysis

4.1.1. XRD spectrum:

Fig. 13 shows the XRD spectrum obtained for an un-doped ZnAlINaP glass in the 10°<26<80°
spectral region. The existence of a large hump in the recorded XRD spectrum in absence of intense

peaks indicates the non-crystalline behavior of the as-prepared glass, which is a sign of long-range

structural instability.

Undoped ZnAlINaP Glass
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Fig. 13. XRD spectrum of the un-doped ZnAINaP glass.
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4.1.2. FT-IR spectral analysis:

The FT-IR spectrum recorded conveys information of various functional-groups involved and the
characteristic vibrational modes of the phosphorus atoms in different configurations with bridging
and non-bridging oxygens in the as-prepared phosphate glass. The FT-IR spectrum of an un-doped
AZNP glass for the spectral range 400 to 4000 cm™', depicted in Fig. 14. Table 2 represents the
positions of various peaks and their related peak assignments. The recorded spectrum indicates the

translucent nature of the as-prepared phosphate glass.
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Fig. 14. FT-IR spectrum of undoped ZnAINaP glass.
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Table 2: Assignment of identified FT-IR bands for Dy** ions doped ZnAINaP glasses.

Wavenumber (cm™) Assignments References
513 harmonic P-O-P bending vibrations along with Zn-O vibrations [1-3]
781 symmetric stretching vibration of P-O-P linkage corresponding [4-7]
to (PO4)* tetrahedra (Q' tetrahedra) with non-bridging oxygens
(NBOs)
935 asymmetric stretching vibration of P-O-P linkage corresponding [8]
to (PO4)"" tetrahedra (Q? tetrahedra)
1143 asymmetric stretching vibration of (PO4)* tetrahedra (Q° [8]
tetrahedra)
1251 asymmetric stretching vibrations of (PO4)!" terminal group [9]

where two binding oxygens are bonded to phosphorus along
with atoms of single NBOs

2828 & 2925 due to vibrations of P-O-H group inside the dissimilar sites [9]

From Fig. 14, a total of seven infrared modes at 513, 781, 935, 1143, 1251, 2828 and 2925 cm™
have been identified. The first band near 513 cm™! could be attributed to harmonic P-O-P bending
vibrations along with Zn-O vibrations [1-3]. The peak at 781 cm™! can be a symmetric stretching
vibration of the P-O-P connection corresponding to non-bridging oxygen’s (NBOs) in (PO4)*
tetrahedra (Q' tetrahedra) [4-7]. Similarly, the peak at 935 cm™ might be due to asymmetric
stretching vibration of P-O-P linkage corresponding to (PO4)!" tetrahedra (Q? tetrahedra). The
vibrational peak marked at 1143 cm! is the result of asymmetric stretching vibration of (PO4)*"
tetrahedra (Q° tetrahedra) [8]. The band seen around 1251 cm™ could be about asymmetric
stretching vibrations of (PO4)'" a terminal group where two binding oxygen’s are bonded to
phosphorus along with atoms of single NBOs. The two consecutive peaks at 2828 and 2925 cm’!
may be due to vibrations of P-O-H group inside the different sites [9]. All the FT-IR bands have
been designated according to the reported papers. The formula below can be used to calculate the

OH content of a glass matrix:

Qon = lD (3)
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Where, T, denotes the greatest transmission value, T, denotes the glass transmission value at
3000 cm™ and [ denotes the thickness of the glass sample in question (i.e., un-doped sample in the
present work). To achieve high quantum efficiency, the sample's OH content must be as low as
possible. The OH concentration of the un-doped AZNP glass is 145 ppm, which is lower than other
published glass samples like GeS> (175 ppm) [10]. Relatively less OH content obtained for the as
prepared glass indicates favorable situation for radiative transitions instead of non-radiative
transitions. This result supports the superior quality of the titled glasses and stood them as better

choice for preparing visible various visible photonic devices with minimal radiative loss.

4.1.3. Raman spectral analysis:

The recorded Raman spectrum (200-1400 cm™) for ZnAINaPDy1.0 glass is shown in Fig. 15. The
Raman spectra of ZnAINaPDy glass is used to study the existing P-O bonds and vibrational modes
in our phosphate glass network. Commonly, phosphate glasses consist of Q™ groups of tetrahedral
sites for connectivity (here n signifies the number of bridging oxygen atoms in each POg4 unit).

Three characteristic bands at 359, 726 and 1195 cm™! have been observed from Fig. 15.

ZnAlINaPDyl.0 Glass

Intensity (arb. units)

359 cm™

200 4(l)0 660 8(l]0 II]I{)O 12'00 1400
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Fig. 15. Raman spectrum of 1.0 mol% Dy>" doped ZnAINaP glass.

Table 3 shows the major peak positions and their accompanying peak assignments. The most

noticeable band is at 1195 cm!, which is a feature of symmetric stretching of an NBO in (PO4)""
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tetrahedra and could be the phonon energy for the as-prepared AZNP glass. The symmetric
stretching of P-O-P connections in (PO4)!" and (PO4)* tetrahedral units is attributed to the band at
726 cm’!. The bending vibration of O-P-O chains in phosphate glass networks is associated with

the band at 359 cm™' [45-48].

Table 3: The assignments of Raman bands for Dy*" ions doped ZnAINaP glasses.

Wavenumber Assignments References
(em™)
359 bending vibration of O-P-O chains in phosphate glass networks [11,14]
726 symmetric stretching of P-O-P linkages in (PO4)" and (PO4)* [12-14]

tetrahedral units

1195 symmetric stretching of a NBO in (PO4)!" tetrahedra [12-14]

4.2. Thermal analysis using DSC-TGA
Fig. 16 shows the results of a DSC examination done on an un-doped ZnAlINaP glass sample with
the temperature ranging between 33°C and 1200°C along with 10°C/min heating rate. Ty, Ty, T,
and T,,are the glass transition temperature, onset crystallization temperature, peak crystallization
temperature and melting temperature, respectively and the values of these parameters have been
found to be equal to 156°C, 482°C, 875°C and 1043°C, respectively. Using these values, glass's

thermal stability can be calculated from the formula [15,16]:
AT =T, — T, 4)

Higher values of AT aids glass formation by impeding the process of crystallization. Therefore,
higher values of AT also suggest that the formed glass is relatively more thermally stable [17]. In
the as-prepared un-doped ZnAINaP glass, AT was found to be 326°C which is a much higher value
as compared to lead aluminum borate glass (27°C) [18] and Zinc Fluoroborate tellurite glass

(153°C) [17]. Glasses having AT values more than 100°C are regarded to be more thermally stable,

28



making them excellent for manufacturing optoelectronic devices, according to the published data

[17].
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Fig. 16. DSC of the un-doped ZnAINaP glass.

One of the other vital parameters to determine the glass's thermal stability is Hurby’s parameter

and 1s estimated from the following equation [16]:

Te—T,
Kiu = 77, ®

Hurby's parameter (Ky = 0.1), has a larger value when the glass is more thermally stable
[18]. The calculated Ky value for an un-doped ZnAINaP glass is 0.5811, which is quite high and
authenticate the thermal stability of the ZnAINaP host glass.

Fig. 17 shows the TGA curve recorded for an un-doped ZnAINaP glass, which shows a cumulative

weight loss of 15.35 percent throughout a temperature range of 33°C to 1200°C. According to the
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TGA curve, the loss in weight of the un-doped host glass with temperature involves in three
different stages. The first stage of weight loss happens between 33°C and 129°C, the second stage
occurs between 129°C and 462°C, and the third stage occurs between 462°C and 1200°C. The
sample's total loss is 15.35 percent, and the sample's remaining mass is 84.65 percent. As shown

in Fig. 17, the ZnAINaP glass is thermally stable and has a lower mass loss percentage at higher

temperatures.
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Fig. 17. TGA of the un-doped ZnAINaP glass.

4.3. Absorption spectral study

The absorption spectra of ZnAINaPDy glasses have been observed in wavelength range of 250-
2000 nm, which covers the UV-Visible and NIR region of the electromagnetic spectrum. The
humps present in the spectra clearly show the amount of absorbed light corresponding to the
particular wavelength. But in the visible region, comparatively less intense bands are present. A

total of 12 bands were observed, amid them five are in the UV region, two are in visible region
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and five are in the NIR region. The bands in the UV region are observed at 224 nm, 325 nm, 350
nm and 387 nm, which resemble “D72, P12, ®P72 and *I1312 energy levels. Whereas those in visible
region are traced at 426 nm and 452 nm corresponding to *Gi12 and *I;s». The bands present in
NIR region are observed at 805 nm, 906 nm, 1097 nm and 1684 nm, which correspond to ®Fsy,
®F75, ®*H7p, SF112 and ®Hiiz energy levels, respectively [11,19,20]. Absorption spectra of Dy**
doped ZnAINaP glass samples are shown in Fig. 18. There were no shifts in band positions as the

concentration of Dy** ions increased, but there was some variation in the corresponding intensities.
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Fig. 18. Absorption spectra of Dy** doped ZnAINaP glasses for different concentrations.

4.3.1. Nephelauxetic effect (B) and bonding parameters (9):

The nephelauxetic effect is triggered by a partially filled f-shell, which aids in establishing the
kind of link between both the RE ions and oxygen ligands in the host glass. Actually, the
nephelauxetic effect causes the 4f orbital of the RE ions to distort when they are doped with the
host glass. The energy level structure of RE ions is compressed, this could have possibly happened

because of the overlapping oxygen and 4f-orbitals, perhaps causing a wavelength shift. We set the
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terms Nephelauxetic ratio () and bonding parameters (8) in this effect, which reveals the bond’s
nature existing among Dy>" ions and the oxygen molecules contained in the host’s matrix [21].

Nephelauxetic ratio is computed from the formula below:

lc

B =3 (6)

[
Q

Table 4: Nephelauxetic ratio (), bonding parameter (8), band gap (eV) and Urbach energy (eV)
for Dy** ions doped ZnAINaP glasses.

Sr. Glass Nephelauxetic Bonding Band Gap (eV) Urbach
No. System ratio Parameters Energy
(eV)
B 0 Direct Indirect
Band Band Gap
Gap
1. ZnAlINaPDy0.1 1.00367 -0.3652 4.70 3.80 0.47
Glass
2. ZnAINaPDy0.5 1.00294 -0.2929 4.66 3.78 0.42
Glass
3. ZnAINaPDyl1.0 1.00396 -0.3946 4.63 3.67 0.43
Glass
4. ZnAlNaPDyl.5 1.00293 -0.2929 4.43 3.28 0.64
Glass
5. ZnAlNaPDy2.0 1.00319 -0.3183 4.33 2.90 1.19
Glass

where, v . denotes the wavenumber related to a certain RE ion transition under consideration, v ,

denotes the wavenumber of the same transition for an aqua ion. Table 4 shows expected  values
to the corresponding glasses as the concentration of Dy>" ions increase. The values of the bonding

parameters (0) can be computed using the equation below:

B

0=

x 100 (7)

where,  represents the average value of p. The field environment of the ligands surrounding the

Rare Earth ions can have a great effect on the bonding parameter 8. The positive or negative values
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of the bonding parameters signify the ionic and covalent behavior of bonding between Dy** ions
and the oxygen ligands. Table 4 lists the estimated values of the bonding parameter for the as-
prepared ZnAlNaPDy glass samples. The negative values signify ionic nature of the bond existing

among the Dy>* ions and the oxygen molecules [21].

4.3.2. Band gap energy and Urbach’s energy:
For each sample, bandgap was calculated by the extrapolation of the linear region in the tauc plot
(as shown in Fig. 19) between absorption coefficient (ahv) and energy (hv), defined by the
following equation [22]:

ahv = C(hv — E,)" (8)

where C is a constant, hv is energy of photon, and exponent is denoted by n, which can vary
depending on the situation, such as 1/2 for direct allowed, 2 for indirect allowed, 1/3 for indirect
forbidden, and 3 for direct forbidden transitions. The evaluated values of direct and indirect band
gap values for the as-prepared ZnAINaPDy glass samples are listed in Table 4 and the respective
graphs are shown in Fig. 19. The optical band gap E,; provides the information about the onset of
the optical absorption and Urbach energy is a concept that is used to describe the energetic
aberrations in the optical band gap. It is obtained by fitting the absorption coefficient (o) as a

function of energy (hv) to the exponential function given by the formula underneath [57]:
h
a = agexp (ﬁ) 9)

where, AE is denotes the Urbach’s energy and « is a constant. The steepness of the beginning of
absorption near the band gap is measured by this energy. A lower Urbach energy is indicated by a
sharp onset of absorption. The calculated values of AE are tabulated in Table 4 and are observed
to be in range of 0.42-1.19 eV. Urbach energies with lower values indicate that the associated

glass system has less disorder.
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Fig. 19. Tauc plot for optical band gap of Dy>* doped ZnAINaP glasses for different concentrations.

4.3.3. Physical parameters:

The various physical parameters mentioned in the Table 5 are evaluated using the following

formulae:
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Linear refractive index (ng): The linear refractive index of all studied glasses may be computed

using the optical bandgap values in the following equation. [24,25]:

no = [6 [ — 212 (10)

Dielectric constant (&,) [26]:

€,= n3 (11)
Reflection Loss (R) [26]:

R=(2= )2 (12)

ne+1

Linear susceptibility x(V [24,25]:

x® = (%)esu (13)

Non-linear susceptibility x®: Miller's rule is used to define third-order nonlinear susceptibility.

[24,25]:
x® = xMW x 1.7 x 10710 esu

or, x® = (Z=2)x 1.7 x 107 esu (14)

4T

Non-linear refractive index (n,) [24,25]:

n, = (22) x® (15)

o

In Fig. 20, all of the physical properties listed above are plotted versus the Dy** ion concentration
in ZnAINaP glasses. Because of the excitation energy, the optical band gap energy dropped as the
Dy** ion concentration is increased. Because the refractive index is directly proportional to the
concentration of Dy** ions, all other properties were shown to rise with the concentration of Dy**
ions. The third order nonlinear susceptibility x(3) was observed to rise as the amount of Dy*" ions
increased. It could be owing to the glass network's strong polarization caused by Dy** ions in the

ZnAINaP glass.
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Fig. 20. Variation of physical parameters that are dependent on refractive index as a function of

Dy** ion concentration in ZnAINaP glasses.

Table 5: Physical properties of Dy** ions doped ZnAINaP glasses.

Sr. Physical ZnAINaPDy0.1 | ZnAINaPDy(.5 | ZnAINaPDyl.0 | ZnAlNaPDyl.5 | ZnAINaPDy2.0
No. properties Glass Glass Glass Glass Glass
1. Optical band 4.81 4.77 4.75 4.64 4.52
gap (Eg) (eV)
2. Linear 2.029 2.035 2.038 2.056 2.076
refractive index
(n,)
3. Dielectric 4.116 4.141 4.153 4227 4.309
constant (€,)
4. Reflection loss 0.115 0.116 0.117 0.119 0.122
(R)
5. Linear
susceptibility 2.447 2.467 2.476 2.534 2.599
() [esu]
6. Non-Linear 4.161 4.194 4.210 4.308 4.419
susceptibility
() (x107° esu)
7. Non-Linear 77.321 77.697 77.884 79.006 80.249
refractive index,
(n2) (x1071° esu)
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4.4. PL spectral analysis

To investigate the PL properties of the Dy** doped ZnAINaP glasses, it is required to know the
appropriate wavelengths of excitation and emission. One such graph of intensity versus
wavelength for ZnAINaPDy2.0 glass is shown in Fig. 21. In Fig. 21, the left half of the graph
exhibits excitation spectrum in the wavelength region of 300-450 nm under the emission
wavelength of 573 nm. Similarly, the PL emission spectrum for the same is shown on the right
half of the graph for the wavelength range being 450-700 nm under the emission wavelength of
350 nm. It is commonly acknowledged that more atoms can be stimulated to a metastable state
from the ground state when a sharp and intense excitation wavelength is used to excite a
luminescent material. A relatively more intense emission peak observed in the visible PL emission
spectrum at 573 nm was used as the emission wavelength to record PL excitation spectra.
Similarly, the prominent PL excitation peak observed within the UV region at 350 nm, has been

used as an excitation wavelength for recording the PL emission spectra.
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Fig. 21. PL Excitation and PL emission spectrum of 2.0 mol% Dy**ion doped ZnAINaP glass
recorded at dem =573 nm and e = 350 nm.
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Seven major peaks were observed corresponding to 323 nm, 336 nm, 350 nm, 363 nm, 383 nm,
427 nm, 453 nm in the excitation spectrum region and three major peaks at 473 nm, 575 nm and
664 nm in the emission spectrum. The transitions corresponding to the peaks were labelled as P,
o, ®P712, SPs12, *F2, *G11/2 and #1152 in the excitation region and *Fon >°Hisi2 (Blue), *Forz >°His
(yellow) and *Fo/2 >®Hi1/2 (red) in the emission spectrum region [11,27]. In the current PL analysis,
the blue emission transition (*Foz >%His.2) is magnetic-dipole (MD) in nature and the consecutive
yellow emission transition (*Fo» -®Hi312) is electric-dipole (ED) (AL=2, AJ=2) in nature [28,29].
The current research revealed that the magnetic dipole transition is unaffected by the atoms' local
crystal environment in the as-prepared glass samples. The electric dipole transition is described as
a hypersensitive emission, implying that its intensity is affected by the glass matrix's local
surroundings. Furthermore, it was discovered that MD transitions dominate ED transitions in the
current investigation, implying that Dy**ions are occupying high symmetry sites with an inversion
center [30,31]. At 350 nm excitation wavelength, all the glass samples had a comparable profile

of emission spectra, with no shift in emission bands (Fig. 22).
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Fig. 22. PL emission spectra of Dy** ions doped ZnAINaP glasses at Aex = 350 nm [The inset bar

diagram shows Y/B ratio].
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In addition, we can see in Fig. 22 that as we increase concentration of Dy** ions up to 1.0 mol
percent, the emission intensity increases, then decrease. Quenching concentration via resonant
energy transfer (RET) among Dy*" ions can be read as this trend in intensity according to Dy**
ions concentration, which also explains the energy level diagram's two cross-relaxation channels
(CR1 and CR2). Fig. 23 depicts a schematic energy level diagram of as-prepared ZnAlNaPDy
glasses and it describes energy transfer and types along possible cross-relaxation channels in the
excitation and emission spectra, which is based on the down-conversion phenomenon because of
the Dy*" ions present in as-prepared ZnAINaP glasses. As a result of the non-radiative transitions
at the higher energy levels, the metastable state (*For2) becomes densely populated very quickly.
As aresult of the radiative transitions that occur from the metastable state, intense blue and yellow

emission is produced.

Dy
!P”:M .
3 132
30000 A > NRT ‘
A A 2 "P“j+4lll
47 4
25000 - A g 4 71
— \‘ 4(' '_'"
0 - L
E 20000 s|s|E|E E|E = A = ~ Yas
< s|l=s]l= = = g = =) - i 2
- mlmlmls LIGie 12
E’n - rRRv-Y & Il &
S 150007 \ ) i P s
= 'h '\ : ‘. i' ,_Fn
.‘ "‘ \ Wl 4
10000 3 — s
- A | .l i H7”+ an
T i p 6 +n
' '.‘ ‘}w, “ | :19': F||:1
5000 - ! \ i
‘ 6 112
1 ‘ HlJZ
0 v l‘}’ ; "15.
Excitation Emission Resonance Energy Transfer

Fig. 23. Energy level diagram for Dy>" doped ZnAINaP glasses.
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To investigate the non-symmetric characteristics of network surrounding Dy*" ions within host
glass’s matrix, intensity ratios of yellow to blue (Y/B) have been evaluated for each Dy** ions
doped ZnAlINaP glass sample. Table 8 shows the Y/B value calculated for each glass sample. The
effect of Dy*" ions on the local environment of the ZnAINaP glass matrix, and therefore on the
intensity of the hypersensitive (*Fo» >%Hi3/2) transition, could explain the change in Y/B ratios.
The Y/B ratio values decrease as the concentration of Dy** ions increase, as shown in the inset of
Fig. 22. In addition, the Y/B ratio values for the prepared ZnAlNaP glass series is closer to 2,
indicating that the bonds between Dy>" and O* ions have a high covalence nature. These visible
emission Y/B ratio data indicate that as-prepared Dy** doped ZnAINaP glasses are capable of
generating white light [32,33]. The Y/B ratios computed in the present work have been compared
with some other reported studies [42, 34-36] and it was found that for the as-prepared glasses Y/B

ratio is relatively high, shown in Table 6.

Table 6: Comparison of CIE color chromaticity co-ordinates and Y/B ratio of ZnAINaPDyl.5

glass with some reported data.

Sr. No. Glass System CIE Chromaticity Y/B ratio References
Coordinates
1. ZnAINaPDyl.5 Glass (0.34, 0.37) 1.96 Present Work
2. ZPABDy1.0 Glass (0.31, 0.36) 0.74 [42]
3. BCACDYy0.5 Glass (0.38, 0.41) 2.09 [34]
4. AECBDy1.0 Glass (0.29, 0.33) 0.88 [35]
5. SLBDy1.0 Glass (0.36,0.37) 1.11 [36]

4.5. PL decay analysis

The PL decay curves for the *Fo, >H)3, transition observed for the as-prepared Dy*" ions

activated ZnAlINaP glasses at Aex = 350 nm, are shown in Fig. 24. It can be seen that all the decay
curves have a single exponential fit and the normalized experimental decay curves have been fitted

using the formula:

y =y, +Ae” t/Texp (16)
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Here, ‘y’ and ‘y,’ represent the intensities at time ‘t” and t = 0 respectively, A and 7., are the
amplitude and experimental decay time of the spectra. The exponentially decaying curves could
be due to the fast decay of the excited Dy>" ions. Another possible reason for the single exponential
nature of the decay curves could be the lesser effect of ligands on Dy>" ions in the glass matrix
[37]. The measured decay lifetimes for ZnAINaPDy glasses as depicted in Table 8. It can be

perceived that experimental decay time values are decreasing with increasing Dy>" ions

concentration.
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Fig. 24. Decay profile of Dy** ions in ZnAINaP glasses for *Fo,—%H;32 (573 nm) transition and 350

nm excitation wavelength.
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As we increase concentration of Dy>" ions in the host glass matrix, number of Dy>" ions reaching
the metastable state will increase, and this automatically decreases the distance of separation
between them. The distance of separation between the Dy ions reached to an optimum value leads
to energy migration among the Dy ions through cross-relaxation mechanism leading to a
decrease in the experimental lifetime (7y) [20]. The 7.y, values measured for the titled glasses
are compared with the corresponding values for other glasses in Table 7 [42,34,35,38]. As per the
data appearing in Table 7, it can be seen that 7., values of the ZnAINaP glasses are somewhat

relatively higher than the other values reported for other glasses.

Table 7: Comparison of z.x, of ZnAINaPDy1.0 glass with some reported data.

Sr. No. Glass System Texp (MS) References
1. ZnAINaPDyl1.0 Glass 1.26 Present Work
2. ZPABDy1.5 Glass 0.12 [42]
3. BCACDYyS5.0 Glass 0.51 [35]
4. AECBDy1.0 Glass 0.53 [35]
5. PKMADYy10.0 Glass 0.71 [38]
6. PKMFADy10.0Glass 0.79 [38]

4.6. Colorimetric analysis

The CIE chromaticity coordinates were computed from the PL emission spectra to observe the
emission color of the as-prepared ZnAlNaPDy glass series. The following equations can be used

to calculate CIE-coordinates (x, y) using tristimulus X, Y and Z values.

X

= Xivez a7
Y

Y= Yovez (18)

The Correlated Color Temperature (CCT) values of the samples were also calculated using the

following formula [39]:

CCT = —449n3 + 3525n% — 6823.2n + 5520.3 (19)
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X—Xe

where n = with x, = 0.332 and y, = 0.186, which are the coordinates of the epicenter of

Ye

the CIE 1931 diagram [40]. The chromaticity coordinates values and their respective CCT values
are represented in Table 8. The CCT values of ZnAINaPDyl.5 were reported to be in the cool
white region as shown in Fig. 25. The values of the CIE chromaticity coordinate of the present
work have been compared with some other reported studies [34-36] and are listed in Table 6. As
a result of the foregoing discussion, it can be concluded that the Dy*" ions doped ZnAINaP

glasses are the optimum choice for the production of white light under n-UV excitation.
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Fig. 25. CIE chromaticity diagram of Dy** doped ZnAINaPDy1.5 glasses at A= 350 nm.
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Table 8: CIE Co-ordinates, yellow to Blue (Y/B) intensity ratio and experimental lifetime (Texp (ms)) of
Dy** ions doped ZnAINaP glasses.

Sr. No. Glass CIE Co-ordinates Y/B Texp
System CIE X CIEY CCT Ratio (ms)

1. ZnAINaPDy0.1 Glass 0.23 0.20 76006 2.30 1.68

2. ZnAINaPDy0.5 Glass 0.29 0.29 8768 2.26 1.46

3. ZnAINaPDy1.0 Glass 0.36 0.40 4703 2.26 1.26

4. ZnAINaPDy1.5 Glass 0.34 0.37 5214 1.96 1.23

5. ZnAINaPDy2.0 Glass 0.34 0.36 4963 1.52 1.19

4.7. Temperature-dependent PL (TD-PL) studies and activation-energy estimation

To investigate the thermal profile of the as-prepared ZnAINaP glass samples, the optimized glass
of the present series i.e., ZnAINaPDy1.0 glass was taken under consideration and the temperature-
dependent PL spectrum was recorded using FLMS15147 spectrometer with 350 nm excitation
within the temperature range of 30°C (Room temperature) to 200°C. With increasing temperature,
the PL emission intensity was observed to be decreasing for ZnAINaPDy1.0 glass as shown in Fig.
26. The inset of Fig. 26 depicts variation of normalized intensity of *Fo/» - ®Hi3/2 transition within
the temperature range of 298-473 K by considering the intensity as 100% at 30°C. At 200°C, the
emission intensity was 74.4 %, which decreased by 25.6 % only. The 74.4 % retention of the PL
emission intensity at 200 °C signifies the thermal stability of as-prepared ZnAINaP glasses doped

with different Dy>" ions concentration.
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Fig. 26. Temperature dependent PL emission intensity variation of ZnAINaPDy1.0 glass under 350

nm excitation wavelength [Inset shows variation of Normalized intensity with temperature (K)].

In addition, the activation energy (AE) of the glass sample was estimated using the Arrhenius

equation, which describes the relationship between temperature and emission intensity [41]:

1+C exp(—%) (20)

Iy = Lo
Where [, and I are the emission intensities at room temperature and other temperatures in Kelvin
respectively, C and Ky (8.617 x 10 ~ eV/K) denotes the arbitrary constant and the Boltzmann
constant, respectively. The slope of the linearly fitted graph plotted for In((Io/It)-1) versus 1/KgT,
shown in Fig. 27, gives the desired value of the system's activation energy (AE). The estimated
activation energy for ZnAINaP glass doped with 1 mol% of Dy*" ions was 0.212 eV which shows
the good temperature stability of as-prepared Dy>" doped AZNP glasses.
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Chapter 5: Summary & Future Scope

Summary

To conclude, ZnAINaP glasses doped with different Dy** ions concentrations were made using
melt-quench process and investigated using XRD, FT-IR, Raman, DSC-TGA, absorption, PL
excitation & emission, and TDPL analysis in the current study. The measured XRD spectrum
validated the ZnAINaPDy glasses’ non-crystalline phase. The presence of distinct functional
groups was confirmed by the FT-IR spectrum produced for the un-doped ZnAINaP glass. Different
vibrational modes can be seen in the Raman spectra of ZnAINaPDy1.0 glass.

The thermal stability and total loss in weight of the host glass are revealed by DSC and
TGA analysis, respectively. The total mass loss for an un-doped ZnAlINaP glass was determined
to be 15.35 %, confirming its stability at relatively high temperatures. The optical band gap energy
was calculated using absorption spectrum characteristics recorded for the as-prepared glasses and
the Tauc plot. The PL emission were detected for the titled glasses (under 350 nm excitation), with
two enhanced peaks in the blue and yellow regions at 484 and 573 nm, respectively. Due to RET
amid Dy>" ions, concentration quenching for the ZnAINaP glasses is found to be at 1 mol % of
Dy** ions. As the concentration of Dy** ions increase, the experimental lifetime values for as-
prepared ZnAINaP glasses measured from decay profiles pertaining to the *Fo,>%Hj3/2 transition
at Aex = 350 nm excitation decrease, which could be ascribed to cross-relaxation processes taking
place amongst the trivalent dysprosium ions.

The CIE chromaticity coordinates and CCT values reported for ZnAINaP glasses represent
the emission of the cold white light region. The thermal behavior of ZnAINaPDy glasses revealed
by TD-PL analysis shows that at 200 °C, the aforementioned glasses retain 74.4 % of the PL
emission intensity, suggesting that the ZnAINaPDy glasses are thermally stable. The as-prepared
Dy** ions doped ZnAINaP glasses can exhibit luminescence that can be used to produce white
light, implying that they are appropriate for developing w-LEDs based on the aforementioned

results.

Future Scope

e RE doped glasses play a vital role in manufacturing optical devices like optical fibres

amplifiers and have also found great utilizations in lasers, pharmaceuticals, photovoltaic
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devices, telecommunications, and civil military applications like as IR detectors, IR fairings,

nuclear imaging and surveillance.

o The above-mentioned applications of RE doped glasses are possible only if it is chemically
& thermally stable, has relatively minimal phonon energies, better RE ion solubility and
excellent transparency. The structure and ligand field environment of the host glass affects
the bandwidths of emission transitions and decides the luminescence adequacy of a doped RE
ion. Thus, it is quite important to choose a host material with relatively lower phonon energies
[1]. We will try to alter the host glass composition of the titled glasses with suitable elements
and try to attain glasses having relatively less phonon energies than the titled glasses and study

their PL characteristics.

e Quite recently it was observed that, the PL efficiency of the glasses doped with certain rare
earth/transition metal ions can be enhanced by converting them in to glassy ceramics. We
have the plans to convert the glasses investigated in the present dissertation work into glassy
ceramics by heat treating them at an appropriate temperature and time. The glasses heat
treated for longer durations converts them in to glassy ceramics by producing micro/nano
crystals due to nucleation process. Such nano/micro crystals produced due to nucleation
process in fact converts glasses into a glassy ceramics and helps in enhancing the PL

characteristics of the host glass.
References:

1. https://www.sciencedirect.com/science/article/abs/pii/0022508883901637

52



ok kskok Rk TR END* %% % %%k k%

53



7 turnitin

PAPER NAME
Final plag file thesis.docx

WORD COUNT
7888 Words

PAGE COUNT
24 Pages

SUBMISSION DATE
May 10, 2022 12:22 PM GMT+5:30

® 9% Overall Similarity

Similarity Report ID: 0id:27535:16935348

CHARACTER COUNT
41898 Characters

FILE SIZE
55.2KB

REPORT DATE
May 10, 2022 12:23 PM GMT+5:30

The combined total of all matches, including overlapping sources, for each database.

* 4% Internet database
» Crossref database
* 5% Submitted Works database

® Excluded from Similarity Report

« Bibliographic material

» Cited material

M

Prof. A.S. Rao
(Project Supervisor)

* 5% Publications database

» Crossref Posted Content database

* Quoted material

« Small Matches (Less then 10 words)

Vel

At

-

Ankita Vidhi
2K20/MSCPHY/04 2K20/MSCPHY/33

Summary



Chapter 1: Introduction

1.1 Light Emitting Diodes

Since the beginning of mankind, people have always tried to invent, innovate, and discover new
things that can benefit human civilization. Therefore, it should not come as a surprise, but at the
same time, we can admit these commendable advancements made by researchers, which are useful
for lighting applications in day-to-day life. One of the most remarkable innovations of the
twentieth century was light-emitting diodes (LEDs). These devices are a great source of artificial
lighting and at the same time eco-friendly.

Today, white- LEDs (w-LEDs) have become fourth-generation solid-state lighting (SSL)
gadgets due to the wide range of benefits, such as power saving, higher dependability, brilliant
productivity, life span, luminous efficiency and earth-friendly. The w-LEDs are now made with
optical excitation sources that have a single or many layers of phosphors [1,2]. The concentration
of epoxy resin placed on the phosphor has a significant impact on the emission of phosphor
converted (pc) w-LEDs. The sealant used in pc w-LEDs gets degraded at high temperatures, which
considerably affects its characteristics such as luminous efficiency and color rendering index [3—
6].

The research in rare earth (RE) doped luminescent materials has taken a quantum leap due
to impressive advancements in SSL technologies. RE doped glasses have proven to be more
advantageous than phosphors due to their unique properties including broader non-homogeneous
bandwidths, large doping capacity, and improved thermal stability. RE doped glasses are used in
optical devices such as fibre optic amplifiers, lasers, pharmaceuticals, photovoltaics,
telecommunications, and civil-military purposes for instance infrared detectors, infrared fairings,
nuclear imaging and surveillance [7-11]. The above-mentioned applications of RE doped glasses
are possible only if it is chemically & thermally stable, has relatively minimal phonon energies,
have better RE3* solubility with excellent transparency. The host glass's structure and ligand field
environment affect the bandwidths of emission bands and decides the photoluminescence (PL)
adequacy of RE®". Thus, selecting a host material with relatively lower phonon energies is very
important [6,12].

Phosphate glasses, in contrast to commonly used glass formers such as silicate, borate, and

others, are known to have good mechanical and thermal stability, excellent transparency, better



RE®" solubility, low melting point (compared to silicate glass), eco-friendly and isotropic
refractive index [13-17]. Nonetheless, pure phosphorus pentoxide (P20s), a chemically unstable
oxide is a compound that comes in the category of glass formers. P20s is immensely hygroscopic
in nature when it comes to moisture-induced hydrolysis of the P-O—P bonds. As a result, its usage
as a substitute for silicate glasses is frequently limited to a narrow range of technological
applications. Despite this, the high solubility of P2Os glasses makes them useful in synthesizing
bioactive materials [18-21].

The morphology of glass is decided by two main components, the network former and the
network modifier. Network formers are considered to be an integral component in the construction
of any glass matrix. It can be a metal oxide and one such case is that of Al.Os which we have also
used in the composition of our glass. Al203 conjugation in phosphate glass can act as a network
former as well as a network modifier. Al2O3 increases the crosslinks with PO4 tetrahedra in the
glass. It gives the phosphate glass moisture resistance and thermal stability, as well as a lower
thermal coefficient of expansion, which makes it suitable for ion exchange planar waveguide
devices. Aluminium oxide in phosphate glass can improve the host glass's physical and chemical
stability [22-24].

The addition of network modifiers in the host matrix modifies its internal structure and
simultaneously builds an integrated environment for the RE®*, allowing them to maintain a high
luminescence efficiency [25]. The glass modifiers that we have used in our study are zinc oxide
(Zn0O) and sodium oxide (Na20). We can improve the noble features of phosphate glass by adding
divalent metal oxides like zinc oxide (ZnO) to it, such as lower glass transition temperatures and
higher chemical stability. Furthermore, glasses containing ZnO are less hygroscopic and toxic,
making them more efficient for developing optoelectronic devices [6,12,24,26]. In glasses,
alkaline metal oxides like sodium oxide (Na20) can influence and regulate their optical properties.
Adding Na2O to the phosphate glass matrix as a network modifier promotes the formation of non-
branching oxygen atoms. Also, it improves the solubility of RE ions, making it suitable for higher
concentration of dopants in the glass and also useful for short-length optical amplifiers [27,28].

Doping RE®*" in phosphate glasses has several advantages, including lower propagation
losses, a high number of intra-configuration transition channels for RE3*, an isotropic refractive
index, and the ability to produce them more easily. The outer 5s and 5p shells shield the RE3*

surroundings, affecting the 4f-4f transitions in RE®*, resulting in intense and narrow emissions



[3]. From the existing seventeen RE ions, Dy3* ions when used as a dopant in glass, makes it quite
suitable for producing white light due to two major bands of emission corresponding to the

a2—>8Hasp2 transition which is a magnetic dipole and “Fa2->®H1312 transition which is an electric
dipole pertaining to@80-500 nm and 580-600 nm ascribing to the blue and yellow part of the
visible spectrum, respectively [29,30]. The yellow band is more susceptible to the nature of the
host’s material and is heavily dependent on it, whereas the blue band is less susceptible to the host
material. As a result, Dy3* doped glasses with an acceptable yellow and blue transitions ratio can
create white light [31].

Apart from being a single-phase white light source, Dy** doped glasses have a wide range
of applications, including luminescence lamps that are free of mercury and light generating
materials when mixed RE ions are added. All of the aforementioned advantages of the constituent
chemical species like P20s, Al203, ZnO, Na20 and Dy20s3 gave us an incentive to prepare a series

of phosphate glasses by name zinc alumino sodium phosphate (ZnAlNaP) glasses.

1.2 Literature review
H. George et. al. conducted spectroscopic investigation by evaluating the CCT values for the Dy®*
doped NaBiSrP glasses which lie in the neutral white zone under n-UV excitation [32]. The
%ructural, thermal and optical studies of Dy** doped B203-WO3-ZnO-Li20-Na20 glasses were
performed by G. Lakshminarayana et al [33]. The PL studies performed on the aforementioned
glasses show strong peaks at blue and yellow emission bands when observed using UV excitation
and the Y/B values show relatively higher values, making this combination a suitable candidate
for white light generation [33]. The optical and radiative properties of dysprosium doped sodium
aluminum phosphate (NAP) glasses were investigated by A. Amarnath Reddy et al [34]. The Y/B
ratios found in visible emission imply the prominent nature of covalency and asymmetry effects
in the aforementioned glasses, and thﬂ/B intensity ratios observed in visible emission showing
the ease of producing white light in the Dy** doped NAP glass [34].
All of above-mentioned researchers motivated us to work in this field utilizing Dy** doped
phosphate glasses that can be suitably significant for white light applications in photonic devices.
Irﬁm present work, we have investigated the glassy nature, structural aspects, thermal stability

and spectroscopic features of the as-prepared glasses using various characterization techniques



like XRD, FT-IR, Raman, DSC-TGA, optical absorption, PL (excitation, emission and decay) and
temperature dependent PL (TD-PL).

Chapter 2: Theoretical Framework

2.1 Photoluminescence of materials:
Luminescent materials are substances that, in addition to black-body emission, transform an
incident energy source into electromagnetic wave outpum the ultraviolet (UV), visible, or infrared
regions of the spectra. Luminescence can be classified on the basis of the simulation that is
provided and the Table 1 given below summarizes it [1].

2.2 Difference between fluorescence, phosphorescence and chemiluminescence:
o Photoluminescence is classified into fluorescence and phosphorescence. If the substance’s glow
is triggered by light, then it is photoluminescence, whereas if the glow is caused by a chemical

reaction, then it is chemiluminescence.

o Fluorescence and phosphorescence are both caused by a substance's capacity to absorb the light

and subsequently release the light with a longer wavelength and consequently less energy.

o The basic difference between these two phenomena is the time taken to complete the process.
In the case of fluorescence, the emission occurs immediately, so it can be observed only when
the light source is kept on (for example, UV lights); however, in the case of phosphorescence,
the absorbed light energy can be stored for a period of time and then released later, as a result,

even after the light source has been switched off, there is an afterglow.

o To conclude, if it fades away quickly, it is fluorescence; if it lasts longer, it is phosphorescence.

It's chemiluminescence if it requires some type of activation.



2.3

2.4

o

A good example of it can be considered if we imagine a scenario at the nightclub@eeth, eyes
and fabric glowing under the black light are considered fluorescent, the emergency exit sign is

phosphorescent and the glow sticks are chemiluminescent [1].

Rare earth (RE) materials:

There arel7 RE elements in periodic table. Scandium, Yttrium and some 15 other lanthanide

series elements come under this category.

Since, all RE elements are metals, therefore they are sometimes known as the "Rare Earth

metals".

They are also called "Rare Earth oxides™ since most of them are available in the market as oxide

compounds.

Rare earth elements are commonly employed as catalysts, phosphors, and polishing agents. In
air pollution management, illuminated screens in electronic devices, and a variety of other

applications rare earth elements are commonly used [2] .

Actually, rare earth elements are not "rare™ as the name suggests. For example, the two least
abundant rare earth elements are Thulium and Lutetium but each of them has an average crustal
abundance approximately 200 times more than that of the gold. Although these metals are not
rare but are quite tough to mine as it is uncommon to obtained these metals in enough

concentrations for economical extraction.

Yttrium, cerium, lanthanum and neodymium come under the category of the most abundant
rare earth elements. The average crustal abundances for these elements are similar to some of
the most frequently used industrial metals for instance chromium (Cr), nickel (Ni), zinc (Zn),

and lead (Pb) etc. But again, they can rarely be found in extractable concentrations [2].

Rare earth elements in glass synthesis:

Researchers have been studying rare earth oxides for a long time now, especially how the
addition of rare earth oxides can change the properties of the glass. It was for the first time in
the 1800s that Drossbach, a German scientist patented his work of manufacturing a mixture of

rare earth oxides to decolorize the glass. It is said to be cerium is firstly commercially used



although it is in their raw form combining with other RE oxides. Later in 1912, Crookes from
England discovered cerium’s excellent properties for ultraviolet absorption without giving any

color hence making it quite useful in making protective eyeglasses.

e Some of the most commonly used Rare Earth Elements in glass are erbium, ytterbium, and
neodymium. Some of the uses are: Erbium-doped silica fiber is widely used for optical
communication; ytterbium-doped silica fiber is used in manufacturing some engineering
materials, and neodymium-doped is useful in making glass lasers. Addition of rare earth oxides

in glass have the ability to change the fluorescent properties of the glass [3].

2.5 White LEDs:

e One of the most remarkable innovations of the twentieth century was that of the light-emitting
diodes (LEDs). These devices are a great source of artificial lighting and at the same time eco-
friendly. Today, white- LEDs or w-LEDs have become fourth generation solid-state lighting
(SSL) gadgets due to the wide range of benefits that they offer, such as power saving, higher

dependability, brilliant productivity, life span, luminous efficiency and earth friendly.

e At present, w-LEDs are fabricated using optical excitation sources with a coating of one or
many phosphors. In the case of phosphor converted (pc) w-LEDs, the resulting emitted light is
immensely affected due to concentration of epoxy-resin coated on phosphor. The sealant used
in pc w-LEDs, gets degraded at high temperatures which in turn considerably affect its

characteristics such as, luminous efficiency and color rendering index.

e The research in the field of rare earth (RE) doped luminescent materials have taken a quantum
leap due to impressive advancements in SSL technologies. Owing to their peculiar qualities
such as high doping capacity, broad inhomogeneous bandwidths and better thermal stability,

rare earth doped glasses have proved to be more advantageous over phosphors [4].

Chapter 3: Experimental Techniques

3.1 Materials & Methods:

A. Preparation: The most common methods to prepare a glass are melt quenching method, Chemical

6



vapor deposition and sol-gel method. Out of these three techniques, melt quenching has been the
most popular and quite feasible so far in the research field. The key feature of this melt quenching
technique is that it is widely applicable to prepare all kinds of compositions of glasses like borate,
phosphate, silicate, oxide or non-oxide systems. We have all kinds of options available as dopants
and co-dopants to give a variety to our glass system which becomes quite easy using this technique.
There are minor chances of the sample being prone to some kind of impurities but that can be

avoided using the crucibles made of noble metals like Gold, Platinum, etc. [1].

. Melt-quenching Technique: We have prepared a phosphate glass for our research work and the
Rare Earth ion that has been used as a dopant is Dysprosium (Dy3*). The high purity analytical
grade oxides or salts were taken as precursors. Powders such as zinc oxide (ZnO), sodium oxide
(Na20), aluminum oxide (Al203), di-ammonium hydrogen orthophosphate ((NH4)2 HPO4) and the
dopant dysprosium oxide (Dy203) were weighed in required quantities using a high-accuracy
electronic balance. Then using acetone as the dispersing medium, the components were then
grinded in an agate mortar for about 45 minutes until the mixture was a soft powder. The so-
obtained fine powder was then transferred to a silica crucible and a constant heat of 1270 °C was
applied in a programmable furnace for two hours. Thereafter, the as obtained melt was cast into a
coin shaped glass by pressing it between two pre-heated brass plates. This process is known as
quenching and since the melt was quenched into a coin shape, this is why we call it the melt
quenching technique. The coin shaped glasses were then immediately transferred to an annealing
furnace at 350 °C for 2 hours to eradicate the internal stresses, air bubbles and to maintain the

stability of the internal glass structure [1, 6].

Usin@ Bruker D8 Advance Diffractometer with nickel filtered Cu-Ka radiation (A = 1.5406 A)
and diffraction angles ranging from 10°<206<80°, the XRD spectrum of an un-doped ZnAlNaP
glass sample was obtained. Perkin Elmer's Frontier Spectrometer (450-4000 cm™) was used to
measure the FT-IR spectrum of the identical sample utilizing the KBr-disk method. Raman
spectroscopy was performed using a Renishaw model Invia Reflex Raman microscope. The optical
absorption studies were done using a Jasco V-770 Spectrophotometer. A JASCO made (FP-8300)
spectrofluorophotometer (resolution of 1.0 nm) with a Xenon flash lamp as an excitation source

was used to make the spectral recordings of PL excitation, PL emission and PL decay. All



3.2

measurements were recorded at an ambient temperature. TDPL studies were conducted on
FLMS15147 Spectrometer.

Characterization Techniques:

a. XRD: Diffraction of light refers to the bending of light around the corners of an obstacle. It is
the required condition for diffraction to occur. The size of the obstacle needs to be almost
equivalent to the frequency of light being used. X-ray, as other EM rays, can also be diffracted,
but for the diffraction of X-ray the size of the obstacle ought to be a couple of angstroms
(approx. 1 A), which is approximately the frequency of X-rays. The reason behind this is that
the atomic spacing in the Crystal is almost a few A. The constructive interference of
monochromatic x-rays is the basic principle of XRD. X-rays are directed towards the sample
under investigation, and sample's crystal structure causes the X-rays to spread in a variety of

directions. It is recorded by a detector and further amplified to be analyzed on a monitor screen

[7]

Bragg's Law:
This law implies that if an x-ray is incident at an angle of incidence (6) onto a crystal surface,
then that x-ray reflects at th@ame angle of scattering (0). If the path difference (d) is a whole
number (n) multiple of wavelength (1) then an interference pattern can be seen.

Bragg's Law is:

n A= 2d sin(0) 1)
here,q is the incident wavelength of x-rays, d is the spacing between the crystal layers (i.e.,
path difference), 0 is the angle of incidence & n is the diffraction order.

X-Ray Diffraction (XRD) Methods
There are several XR[ﬂlethods:

1. Laue's Photographic Method

2. Bragg's X-Ray Spectrometer Method
3. Rotating Crystal Method



4. Powder Crystal Method

Since we have used powder method, so elaborating on that:

The sample to be tested is homogenized and ground into a fine powder. The powdered sample
is then struck on a hair and mounted vertically in the axis of a cylindrical camera with a piece
of gum.

A monochromatic beam is permitted to fall on it, various possibilities exist. A few particles
may emerge from the random alignment of tiny crystals. For each set, there is the probability
of reflections in different orders. In addition, another proportiorgf grains will have a different
set of planes in the appropriate positions for reflections to occur [3].

. ABSORPTION: Absorption spectroscopy of a glass sample is carried out using the radiations
lying in the UV-Visible region of Electromagnetic spectrum. The amount of light absorbed by
a particular glass sample is observed in the phenomenon. When the radiation of a particular
wavelength falls on the glass sample, the electrons in the outermost shells of the compound
participate and get excited to the first excited state of the material. The light from a source
(usually tungsten lamp or deuterium) after passing through a monochromator falls on the beam
splitter and a series of mirrors. Thereafter, the light finally falls on the sample holder where the
glass sample is placed. The absorption data corresponding to a particular wavelength range of
that particular sample is obtained on a computer screen connected to the spectrophotometer.
This data shows how much light of a particular wavelength is absorbed by the sample. The
measurements are carried out using a reference sample for which the absorption data is already
known. It is to be noted that this process involves relative measurements and not direct
measurements. This phenomeno& used to determine the optical properties of the glass sample

like optical band gap, refractive index and other such properties [5].

. PHOTOLUMINESCENCE (PL) SPECTROSCOPY: PL spectroscopy is a type of light-
emitting spectroscopy in which the emission of light arises due to a process called photo-
excitation. As the light is directed to the sample, the electrons inside the material go to the
excited regions (excitation). After releasing energy in non-radiative forms, the electron goes
down to an intermediate level called the conduction band. Thereafter, when electrons flow from
the conduction band to their ground states, energy can be released in the form of light (called

radiative relaxation). This phenomenon is shown in fig. 9. The experimental setup is quite
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similar to that of Absorption spectroscopy except for the monochromator near the source. PL
spectroscopy is beneficial to estimate the electronic structure and assets of the compound as it

provides the peak light intensity that objects can emit at a certain wavelength [1].

d. FT-IR: FT-IR Spectroscopy (fourier-transform infrared spectroscopy) is a characterization
technique that is concerned with the vibration of molecules. The source, interferometer, and

detector are the three important parts of an FT-IR Spectroscopy (fig. 10).

The source energy is directed onto the sample through an interferometer. All source radiation
must reach the sample during each scan. The light is then split into two directions at right angles
by passing through a beam splitter. One of these beams is divided anernt to a fixed mirror
before returning to beam-splitter. Another beam is channeled at a movable mirror. Furthermore,
both of these two beams wilﬂecombine at the beam-splitter, although difference in path lengths
will cause constructive and destructive interference, resulting in interference pattern. The
sample is next passed through the earlier recombined beam, which absorbs all of the distinct
wavelength’s characteristic of its spectrum. The detector records the change in energy and time
corresponding to many wavelengths for same time. A laser beam is imposed throughout the

procedure to give a reference for instrument operation.

Now, one could think that recording a spectrum in terms of energy vs time is strange, unless
one considers the correlation between time and frequency: they are reciprocal. Using the Fourier
transform (FT) function, an I-vs-t spectrum can be transformed to an I-vs-v spectrum. The FT

can be given by the expression:

here,a\(r) are the frequency domain & X(k) are the time domain points and N are the total points

in the spectrum.

Because each functional group has its own distinct vibrational energy that may be utilized to
identify a molecule by combining all of the functional groups, FTIR microscopy is an excellent
tool for identifying samples, characterization of multilayer films, and particle analysis. Because
each functional group is made up of distinct atoms with variable bond strengths, each of these

functional groups, and categories of functional groups, has its own set of vibrations. Because
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each molecule's collection of vibrational energy bands is distinct, these peaks can be utilized to

identify the functional groups involved utilizing literature analyses of large sample datasets [8].

e. RAMAN SPECTROSCOPY': Raman spectroscopy is a method for measuring the vibrational
energy modes of a material by means of diffused light. CVV Raman, an Indian physicist, was the
first to see Raman spectra in 1928, along with his research partner KS Krishnan. Raman
spectroscopy may offer both chemical and structural information, as well as material
identification via Raman fingerprints. By detecting the Raman Scattering of a material, Raman
spectroscopy retrieves this information. Whenever light is scattered by a molecule, the photon's
electromagnetic oscillatory field results in the polarization of the electron cloud, leaving the
molecule in a high-energy state with the photon energy imparted to it. This results in the
production of a virtual state of the molecule, which is an extremely short-lived combination
between a photon and a molecule. Like scattered light, this virtual state is unstable, and the
photon is expelled almost instantly.

The energy of a molecule does not vary after interacting with a photon in the most of the
scattering and energy, & therefore the wavelength, of the scattering photon is equal to incident
photon. This is known as elastic scattering Rayleigh scattering (Ascatter = Maser) and is the most

common mechanism.

But to observe Raman scattering, we need to use certain kinds of filters in order to let in only
that wavelength which satisfies the conditions for Raman Scattering. The conditions imposed
on the wavelength to observe Raman Scattering is that the wavelength of the scattered photon
should be either greater than or less than that of the laser used. Former is the case when we get
to observe the Stokes Raman Scattering (Ascatter > Maser) and latter is the case when we get to

observe the Anti-Stokes Raman Scattering (Ascatter < Maser) [4].

Chapter 4: Spectroscopic Characterization of Dy** ions doped

Phosphate glasses for epoxy free white LED applications

@ Structural analysis
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4.1.1. XRD spectrum:

Fig. 13 shows the XRD spectrum obtained for an un-doped ZnAINaP glass in the 10°<26<80°
spectral region. The existence of a large hump in the recorded XRD spectrum in absence of intense
peaks indicates the non-crystalline behavior of the as-prepared glass, which is a sign of long-range

structural instability.

@.1.2. FT-IR spectral analysis:

The FT-IR spectrum recorded conveys information of various functional-groups involved and the
characteristic vibrational modes of the phosphorus atoms in different configurations with bridging
and non-bridging oxygens in the as-prepared phosphate glass. Th”T-IR spectrum of an un-doped
AZNP glass for the spectral range 400 to 4000 cm™, depicted in Fig. 14. Table 2 represents the
positions of various peaks and their related peak assignments. The recorded spectrum indicates the

translucent nature of the as-prepared phosphate glass.

From Fig. 14, a total of seven infrared modes at 513, 781, 935, 1143, 1251, 2828 and 292@m'l
have been identified. The first band near 513 cm™ could be attributed to harmonic P-O-P bending
vibrations along with Zn-O vibrations [1-3]. The peak at 78@m‘l can be a symmetric stretching
vibration of the P-O-P connection corresponding to non-bridging oxygen’s (NBOs) in (POs)*
tetrahedra (Q! tetrahedra) [4-7]. Similarly, the peak at 935¢m™ might be due to asymmetric
stretching vibration of P-O-P linkage corresponding to (POs)'" tetrahedra (Q? tetrahedra). The

vibrational peak marked at 1143 cm™ is the result of asymmetric stretching vibration of (POs)*
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tetrahedra (Q° tetrahedra) [8]. The band seen around 1251 cm™ could be about asymmetric
stretching vibrations of (POs)'" a terminal group where two binding oxygen’s are bonded to
phosphorus along with atoms of single NBOs. The two consecutive peaks at 2828 and 292£@m'1
may be due to vibrations of P-O-H group inside the different sites [9]. All the FT-IR bands have
been designated according to the reported papers. The formula below can be used to calculate the

OH content of a glass matrix:

@oH = (3)

Where, T, denotes the greatest transmission value, T, denotes the?lass transmission value at
3000 cm™ and  denotes the thickness of the glass sample in question (i.e., un-doped sample in the
present work). To achieve high quantum efficiency, the sample's OH content must be as low as
possible. The OH concentration of the un-doped AZNP glass is 145 ppm, which is lower than other
published glass samples like GeS2 (175 ppm) [10]. Relatively less OH content obtained for the as
prepared glass indicates favorable situation for radiative transitions instead of non-radiative
transitions. This result supports the superior quality of the titled glasses and stood them as better

choice for preparing visible various visible photonic devices with minimal radiative loss.

4.1.3. Raman spectral analysis:

The recorded Raman spectrum (200-1400 cm™) for ZnAINaPDy1.0 glass is shown in Fig. 15. The
Raman spectra of ZnAINaPDy glass is used to study the existing P-O bonds and vibrational modes
in our phosphate glass network. Commonly, phosphate glasses consist of Q™groups of tetrahedral
sites for connectivity (here n signifies the number of bridging oxygen atoms in each POas unit).
Three characteristic bands at 359, 726 and 1195 cm™ have been observed from Fig. 15.

Table 3 shows the major peak positions and their accompanying peak assignments. The most
noticeable band is at 1195 cm™*, which is a feature of symmetric stretching of an NBO in (PO4)Y
tetrahedra and could be the phonon energy for the as-prepared AZNP glass. The symmetric
stretching of P-O-P connections in (PO4)Y" and (PO4)? tetrahedral units is attributed t%e band at
726 cm™*. The bending vibration of O-P-O chains in phosphate glass networks is associated with
the band at 359 cm™ [45-48].

13



4.2. Thermal analysis using DSC-TGA
Fig. 16 shows the results of a DSC examination done on an un-doped ZnAlINaP glass sample with
the temperature ranging between 33°C and 1200°C along with 10°C/min heating rate. Ty, Ty, T
and T,,are th@lass transition temperature, onset crystallization temperature, peak crystallization
temperature and melting temperature, respectively and the values of these parameters have been
found to be equal to 156°C, 482°C, 875°C and 1043°C, respectively. Using these values, glass's
thermal stability can be calculated from the formula [15,16]:

AT = T, — T, (4)

Higher values of AT aids glass formation by impeding the process of crystallization. Therefore,
higher values of AT also suggest that the formed glass is relatively more thermally stable [17]. In
the as-prepared un-doped ZnAlINaP glass, AT was found to be 326°C which is a much higher value
as compared to lead aluminum borate glass (27°C) [18] and Zinc Fluoroborate tellurite glass
(153°C) [17]. Glasses having AT values more than 100°C are regarded to be more thermally stable,
making them excellent for manufacturing optoelectronic devices, according to the published data
[17].

One of the other vital parameters to determine the glass's thermal stability is Hurby’s parameter
and is estimated from the following equation [16]:

Ty—T,
K= ®

Hurby's parameter (Ky = 0.1), has a larger value when the glass is more thermally stable
[18]. The calculated Ky value for an un-doped ZnAlINaP glass is 0.5811, which is quite high and
authenticate the thermal stability of the ZnAINaP host glass.

Fig. 17 shows the TGA curve recorded for an un-doped ZnAlNaP glass, which shows a cumulative
weight loss of 15.35 percent throughout a temperature range of 33°C to 1200°C. According to the
TGA curve, the loss in weight of the un-doped host glass with temperature involves in three
different stages. The first stage of weight loss happens between 33°C and 129°C, the second stage
occurs between 129°C and 462°C, and the third stage occurs between 462°C and 1200°C. The
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sample's total loss is 15.35 percent, and the sample's remaining mass is 84.65 percent. As shown
in Fig. 17, the ZnAINaP glass is thermally stable and has a lower mass loss percentage at higher

temperatures.

4.3. Absorption spectral study

Th@nsorption spectra of ZnAINaPDy glasses have been observed in wavelength range of 250-
2000 nm, which covers the UV-Visible and NIR region of the electromagnetic spectrum. The
humps present in the spectra clearly show the amount of absorbed light corresponding to the
particular wavelength. But in the visible region, comparatively less intense bands are present. A
total of 12 bands were observed, amid them five are in the UV region, two are in visible region
and five are in the NIR region. The bands in the UV region are observed at 224 nm, 325 nm, 350
nm and 387 nm, which resemble D7z, ®Par2, ®P72and *l132 energy levels. Whereas those in visible
region are traced at 426 nm and 452 nm corresponding to *Gi12 and *l1s;2. The bands present in
NIR region are observed at 805 nm, 906 nm, 1097 nm and 1684 nm, which correspond to*Fsz2,
®F712, ®H7r2, ®F112 and ®Hi12 energy levels, respectively [11,19,20]. Absorption spectra of Dy3*
doped ZnAlINaP glass samples are shown in Fig. 18. There were no shifts in band positions as the

concentration of Dy®* ions increased, but there was some variation in the corresponding intensities.

4.3.1. Nephelauxetic effect () and bonding parameters (0):

The nephelauxetic effect is triggered by a partially filled f-shell, which aids in establishing the
kind of link between both the RE ions and oxygen ligands in the host glass. Actually, the
nephelauxetic effect causes the 4f orbital of the RE ions to distort when they are doped with the
host glass. The energy level structure of RE ions is compressed, this could have possibly happened
because of the overlapping oxygen and 4f-orbitals, perhaps causing a wavelength shift. We set the
terms Nephelauxetic ratio (B) and bonding parameters (d) in this effect, which reveals the bond’s
nature existing among Dy>* ions and the oxygen molecules contained in the host’s matrix [21].

Nephelauxetic ratio is computed from the formula below:

lc
i}

B = (6)

lc
Q
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where, v . denotes the wavenumber related to a certain RE ion transition under consideration, v ,
denotes the wavenumber of the same transition for an aqua ion. Table 4 shows expected  values
to the corresponding glassegs the concentration of Dy®" ions increase. The values of the bonding

parameters (8) can be computed using the equation below:
1_
5= TE x 100 )

where, S represents the average value of . The field environment of the ligands surrounding the

Rare Earth ions can have a great effect on the bonding parameter 8. The positive or negative values
of the bonding parameters signify the ionic and covalent behavior of bonding between Dy** ions
and the oxygen ligands. Table 4 lists the estimated values of the bonding parameter for the as-
prepared ZnAINaPDy glass samples. The negative values signify ionic nature of the bond existing

among the Dy** ions and the oxygen molecules [21].

4.3.2. Band gap energy and Urbach’s energy:

For each sample, bandgap was calculated by the extrapolation of the linear region in the tauc plot
(as shown in Fig. 19) between absorption coefficient (ahv) and energy (hv), defined by the
following equation [22]:

ahv = C(hv — E,)" (8)

whereQ IS a constant, hv is energy of photon, and exponent is denoted by n, which can vary
depending on the situationglch as 1/2 for direct allowed, 2 for indirect allowed, 1/3 for indirect
forbidden, and 3 for direct forbidden transitions. The evaluated values of direct and indirect band
gap values for the as-prepared ZnAlINaPDy glass samples are listed in Table 4 and the respective
graphs are shown in Fig. 19. The optical band gap E, provides the information about the onset of
the optical absorption and Urbach energy is a concept that is used to describe the energetic
aberrations in the optical band gap. It is obtained by fitting the absorption coefficient () as a
function of energy (hv) to the exponential function given by the formula underneath [57]:

a = ayexp (Z—;) 9)
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where, AE is denotes the Urbach’s energy and « is a constant. The steepness of the beginning of
absorption near the band gap is measured by this energy. A lower Urbach energy is indicated by a
sharp onset of absorption. The calculated values of AE are tabulated in Table 4 and are observed
to be in range of 0.42-1.19 eV. Urbach energies with lower values indicate that the associated

glass system has less disorder.

4.3.3. Physical parameters:

The various physical parameters mentioned in the Table 5 are evaluated using the following
formulae:

Linear refractive index (no): The linear refractive index of all studied glasses may be computed
using the optical bandgap values in the following equation. [24,25]:

n, = [6 \/EE — 2]1/2 (10)

Dielectric constant (&o) [26]:

€, = né (11)
Reflection Loss (R) [26]:
__ [ no—1 2
R = (ﬁ) (12)
Linear susceptibility x(» [24,25]:
-1
xM = (n4n )esu (13)

Non-linear susceptibility x: Miller's rule is used to define third-order nonlinear susceptibility.
[24,25]:

x® = xMWx 1.7 x 10710 esu

2_
or, x® = (n"—l) x 1.7 x 10710 esy (14)

41
Non-linear refractive index (n,) [24,25]:
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n, = (1211) x® (15)

o

In Fig. 20, all of the physical properties listed above are plotted versus the Dy*" ion concentration
in ZnAINaP glasses. Because of the excitation energy, the optical band gap energy dropped as the
Dy3* ion concentration is increased. Because the refractive index is directly proportional to the
concentration of Dy®" ions, all other properties were shown to rise with the concentration of Dy>*
ions. The third order nonlinear susceptibility x®) was observed to rise as the amount of Dy®* ions
increased. It could be owing to the glass network's strong polarization caused by Dy®* ions in the
ZnAlINaP glass.

4.4. PL spectral analysis

To investigate the PL properties of the Dy** doped ZnAINaP glasses, it is required to know the
appropriate wavelengths of excitation and emission. One such graph of intensity versus
wavelength for ZnAINaPDy2.0 glass is shown in Fig. 21. In Fig. 21, the left half of the graph
exhibits excitation spectrum in the wavelength region of 300-450 nm under the emission
wavelength of 573 nm. Similarly, the PL emission spectrum for the same is shown on the right
half of the graph for the wavelength range being 450-700 nm under the emission wavelength of
350 nm. It is commonly acknowledged that more atoms can be stimulated to a metastable state
from the ground state when a sharp and intense excitation wavelength is used to excite a
luminescent material. A relatively more intense emission peak observed in the visible PL emission
spectrum at 573 nm was used as the emission wavelength to record PL excitation spectra.
Similarly, the prominent PL excitation peak observed within the UV region at 350 nm, has been

used as an excitation wavelength for recording the PL emission spectra.

Seven major peaks were observed corresponding to 323 nm, 336 nm, 350 nm, 363 nm, 383 nm,
427 nm, 453 nm in the excitation spectrum region and three major peaks at 473 nm, 575 nm and
664 nm in the emission spectrum. The transitions corresponding to the peaks were labelled a@F’s/z,
*lar2, ®P712, OPs12, *Fr12, “G11/2 and *l1sr2 in the excitation region and™Farz ->°®Hiss2 (Blue), *Forz >%Ha32
(yellow) and *Fe2 ->®H11/2 (red) in the emission spectrum region [11,27]. In the current PL analysis,
thglue emission transition (*Fer2 ->®H1s/2) is magnetic-dipole (MD) in nature and the consecutive

yellow emission transition (*Fo2 -°®H13r2) is electric-dipole (ED) (AL=2, AJ=2) in nature [28,29].

18



The current research revealed that the magnetic dipole transition is unaffected by the atoms' local
crystal environment in the as-prepared glass samples. The electric dipole transition is described as
a hypersensitive emission, implying that its intensity is affected by the glass matrix's local
surroundings. Furthermore, it was discovered that MD transitions dominate ED transitions in the
current investigation, implying that Dy®* ions are occupying high symmetry sites with an inversion
center [30,31]. At 350 nm excitation wavelength, all the glass samples had a comparable profile

of emission spectra, with no shift in emission bands (Fig. 22).

In addition, we can see in Fig. 22 that as we increase@oncentration of Dy*" ions up to 1.0 mol
percent, the emission intensity increases, then decrease. Quenching concentration via resonant
energy transfer (RET) among Dy ions can be read as this trend in intensity according to Dy**
ions concentration, which also explains the energy level diagram's two cross-relaxation channels
(CR1 and CR2). Fig. 23 depicts a schematic energy level diagram of as-prepared ZnAlNaPDy
glasses and it describes energy transfer and types along possible cross-relaxation channels in the
excitation and emission spectra, which is based on the down-conversion phenomenon because of
the Dy3* ions present in as-prepared ZnAINaP glasses. As a result of the non-radiative transitions
at the higher energy levels, the metastable state (*Fo2) becomes densely populated very quickly.
As a result of the radiative transitions that occur from the metastable state, intense blue and yellow

emission is produced.

To investigate the non-symmetric characteristics of network surrounding Dy** ions within host
glass’s matrix, intensity ratios of yellow to blue (Y/B) have been evaluated for each Dy*" ions
doped ZnAlINaP glass sample. Table 8 shows the Y/B value calculated for each glass sample. The
effect of Dy3* ions on the local environment of the ZnAINaP glass matrix, and thereforeQn the
intensity of the hypersensitive (*For2 >®H1312) transition, could explain the change in Y/B ratios.
The Y/B ratio values decrease as th@oncentration of Dy®* ions increase, as shown in the inset of
Fig. 22. In addition, the Y/B ratio values for the prepared ZnAINaP glass series is closer to 2,
indicatinﬁat the bonds between Dy®* and O% ions have a high covalence nature. These visible
emission Y/B ratio data indicate that as-prepared Dy>* doped ZnAlINaP glasses are capable of

generating white light [32,33]. The Y/B ratios computed in the present work have been compared
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with some other reported studies [42, 34-36] and it was found that for the as-prepared glasses Y/B

ratio is relatively high, shown in Table 6.

4.5. PL decay analysis

The@L decay curves for the *Foz -°®His2 transition observed for the as-prepared Dy** ions
activated ZnAlINaP glasses at Aex = 350 nmgre shown in Fig. 24. It can be seen that all the decay
curves have a single exponential fit and the normalized experimental decay curves have been fitted

using the formula:

y= Yo+ Ae /rew (16)
Here, ‘y’ and ‘y,’ represent the intensities at time ‘¢’ and ¢ = 0 respectively, A4 and z,,,, are the
amplitude and experimental decay time of the spectra. The exponentially decaying curves could
be due to the fast decay of the excited Dy®* ions. Another possible reason for the single exponential
nature of the decay curves could be the lesser effect of ligands on Dy3* ions in the glass matrix
[37]. The measured decay lifetimes for ZnAINaPDy glasses as depicted in Table 8. It can be
perceived that experimental decay time values are decreasing with increasing Dy*' ions

concentration.

As we increase concentration of Dy®" ions in the host glass matrix, number of Dy3* ions reaching
the metastable state will increase, and this automatically decreases the distance of separation
between them. The distance of separation between the Dy ions reached to an optimum value leads
to energy migration among the Dy ions through cross-relaxation mechanism leading to a
decrease in the experimental lifetime (z.,,) [20]. The .,, values measured for the titled glasses
are compared with the corresponding values for other glasses in Table 7 [42,34,35,38]. As per the
data appearing in Table 7, it can be seen that z,,, values of the ZnAINaP glasses are somewhat

relatively higher than the other values reported for other glasses.

4.6. Colorimetric analysis
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ThQIE chromaticity coordinates were computed from the PL emission spectra to observe the
emission color of the as-prepared ZnAINaPDy glass series. The following equations can be used

to calculate CIE-coordinates (x, y) using tristimulus X, Y and Z values.

X

X = vz (17)
Y
Y= Xir+z (18)

The Correlated Color Temperature (CCT) values of the samples were also calculated using the

following formula [39]:

QCT = —449n3 + 3525n% — 6823.2n + 5520.3 (19)

where n = ==2¢

with x, = 0.332 and y, = 0.186, which are the coordinates of the epicenter of

Ye

the CIE 1931 diagram [40]. The chromaticity coordinates values and their respective CCT values
are represented in Table 8. The CCT values of ZnAINaPDy1.5 were reporteo% be in the cool
white region as shown in Fig. 25. The values of the CIE chromaticity coordinate of the present
work have been compared with some other reported studies [34-36] and are listed in Table 6. As

dé\at the Dy*" ions doped ZnAINaP
glasses are the optimum choice for the production of white light under n-UV excitation.

a result of the foregoing discussion, it can be conclude

4.7. Temperature-dependent PL (TD-PL) studies and activation-energy estimation

To investigate the thermal profile of the as-prepared ZnAlINaP glass samples, the optimized glass
of the present series i.e., ZnAINaPDy1.0 glass was taken under consideration and the temperature-
dependent PL spectrum was recorded using FLMS15147 spectrometer with 350 nm excitation
within the temperature range of 30°C (Room temperature) to 200°C. With increasing temperature,
the PL emission intensity was observed to be decreasing for ZnAlNaPDy1.0 glass as shown in Fig.
26. The inset of Fig. 26 depicts variation of normalized intensity of *Far2 = SH13p2 transition within
the temperature range of 298-473 K by considering the intensity as 100% at 30°C. At 200°C, the
emission intensity was 74.4 %, which decreased by 25.6 % only. The 74.4 % retention of the PL
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emission intensity at 200 °C signifies the thermal stability of as-prepared ZnAlNaP glasses doped
with different Dy3* ions concentration.
In addition, the activation energy (AE) of the glass sample was estimated using the Arrhenius

equation, which describes the relationship between temperature and emission intensity [41]:
Io

1+C exp(—%)

It = (20)

Where I, and I are the emission intensities at room temperature and other temperatures in Kelvin
respectively,@ and Kz (8.617 x 10 ° eV/K) denotes the arbitrary constant and the Boltzmann
constant, respectively. The slope of thﬁnearly fitted graph plotted for In((lo/It)-1) versus 1/KgT,
shown in Fig. 27, gives the desired value of the system's activation energy (AE). The estimated
activation energy for ZnAINaP glass doped with 1 mol% of Dy**ions was 0.212 eV which shows

the good temperature stability of as-prepared Dy** doped AZNP glasses.
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Chapter 5: Summary & Future Scope

Summary

To conclude, ZnAINaFQlasses doped with different Dy** ions concentrations were made using
melt-quench process and investigated using XRD, FT-IR, Raman, DSC-TGA, absorption, PL
excitation & emission, and TDPL analysis in the current study. The measured XRD spectrum
validated the ZnAINaPDy glasses’ non-crystalline phase. The*presence of distinct functional
groups was confirmed by the FT-IR spectrum produced for the un-doped ZnAINaP glass. Different
vibrational modes can be seen in the Raman spectra of ZnAINaPDy1.0 glass.

The thermal stability and total loss in weight of the host glass are revealed by DSC and
TGA analysis, respectively. The total mass loss for an un-doped ZnAlNaP glass was determined
to be 15.35 %, confirming its stability at relatively high temperatures. The optical band gap energy
was calculated using absorption spectrum characteristics recorded for the as-prepared glasses and
the Tauc plot. The PL emission were detected for the titled glasses (under 350 nm excitation), with
two enhanced peak91 the blue and yellow regions at 484 and 573 nm, respectively. Due to RET
amid Dy®* ions, concentration quenching for the ZnAINaP glasses is found to be at 1 mol % of
Dy*" ions. As therncentration of Dy®" ions increase, the experimental lifetime values for as-
prepared ZnAINaP glasses measured from decay profiles pertainin& the “Fo2->®H1372 transition
at Aex = 350 nm excitation decrease, which could be ascribed to cross-relaxation processes taking
place amongst the trivalent dysprosium ions.

The CIE chromaticity coordinates and CCT values reported for ZnAINaP glasses represent
the emission of the cold white light region. The thermal behavior of ZnAINaPDy glasses revealed
by TD-PL analysis shows that at 200 °C, the aforementioned glasses retain 74.4 % of the PL
emission intensity, suggesting that the ZnAINaPDy glasses are thermally stable. The as-prepared
Dy ions doped ZnAINaP glasses can exhibit luminescence that can be used to produce white
light, implying that they are appropriate for developing w-LEDs based on the aforementioned

results.

Future Scope

e RE doped glasses play a vital role in manufacturing optical devices like optical fibres

amplifiers and have also found great utilizations in lasers, pharmaceuticals, photovoltaic
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devices, telecommunicationsgnd civil military applications like as IR detectors, IR fairings,

nuclear imaging and surveillance.

The above-mentioned applications of RE doped glasses are possible only if it is chemically
& thermally stable, has relatively minimal phonon energies, better RE ion solubility and
excellent transparency. The structure and ligand field environment of the host glass affects
the bandwidths ogmission transitions and decides the luminescence adequacy of a doped RE
ion. Thus, it is quite important to choose a host material with relatively lower phonon energies
[1]. We will try to alter the host glass composition of the titled glasses with suitable elements
and try to attain glasses having relatively less phonon energies than the titled glasses and study

their PL characteristics.

Quite recently it was observed that, the PL efficiency of the glasses doped with certain rare
earth/transition metal ions can be enhanced by converting them in to glassy ceramics. We
have the plans to convert the glasses investigated in the present dissertation WOI‘I@HO glassy
ceramics by heat treating them at an appropriate temperature and time. The glasses heat
treated for longer durations converts them in to glassy ceramics by producing micro/nano
crystals due to nucleation process. Such nano/micro crystals produced due to nucleation
process in fact converts glasses into a glassy ceramics and helps in enhancing the PL

characteristics of the host glass.

********TH E E N D********
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