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Abstract

A variety of inorganic compounds known as silicates has grown to be more popular as a result of their
superior chemical resistance and transparency to visible light, which make them suitable for a wide
range of uses. They are more expressively researched because to their excellent thermal and chemical
stability, inexpensive price, and strong near-ultraviolet absorption. Ca2MgSi207:Eu?*, Dy** phosphor
was synthesized by high-temperature solid-state reaction technique. This structure is a member of
melilite group and revealed tetragonal, Akermanite structure with a space group P 421m. The
excitation spectrum shows a broad absorption band at 200-400nm with 365nm wavelength single
broad emission peak situated at 505nm was obtained. The prepared CazMgSi20O7:Eu?*, Dy** phosphors
were characterized using photoluminescence excitation and emission spectra. Prominent green colour
emission was obtained under ultraviolet excitation.
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1. Introduction

Light exhibits remarkable behaviour in the diverse applications of material science and
nanotechnology, and as a result, cross-cutting concerns are inevitably growing in importance
as the world becomes more networked and dependent on renewable energy in the twenty-
first century. One of the most important and fundamental components of the green ecosystem
that offers further innovation for human consumption is the new phrase "Material Diversity”.
The fact that photoluminescence analysis only needs a minimal amount of the sample (nearly
20 mg), and does not require the sample to be in solution form for powdered phosphor
materials gives it a similar advantage over other spectroscopic methods. With the use of this
technique, materials can be investigated quickly. This method was also used to create Eu?*
doped and Dy®* codoped di calcium magnesium di silicate phosphors, and the properties of
the powder were examined with and without the addition of a flux such H3BOs. It is
generally agreed that Eu?* is a most common emission centre in persistent phosphor hosted
by the 4f"— 4f55d* transition 31, Matsuzawa et al., it was stated that Eu?* ions served as
electron traps (Eu?* + e — Eu*) while Dy®* ions served as hole traps (Dy®* + hole — Dy**).
Between the lower energy state (ground) and higher energy state (excited) state of Eu?* ions,
Dy ions serve as deep hole trap levels 31, Silicates are highly transparent to visible light
and possess great chemical resistance, they are a desirable class of inorganic materials that
are employed in a variety of applications 1. Because they have good near-UV absorption,
high thermal and chemical stability, are inexpensive, and have excellent water resistance 4.
Akermanite phosphors serve their purpose in production because of their excellent physical
and chemical stability properties. A calcium magnesium silicate phosphor would be a
fantastic by product from the manufacturing of optical devices for the lighting industries [": .
In the current work, we describe the high-temperature solid-state synthesis method used to
produce the bright green-emitting Ca;MgSi,O7:Eu?*, Dy®* phosphor, as well as its
characterisation and luminous properties. On the basis of photoluminescence (PL), optical
properties were also examined, with excitation and emission being thoroughly discussed.

2. Experimental studies

Sample Preparation

In our study, the prepared samples with stoichiometric ratio of Ca,MgSi>O7:Eu?*, Dy** were
synthesized via conventional high-temperature solid-state synthesis route (shown in fig.1).
Initially, all raw reagents such as CaCOs; (99.99%), MgO (99.99%), SiO, (99.99%) and
H3BOs (99.99%) of Hi-media (AR grade) as well as rare earth ions Eu,03 (99.99%) and
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Dy,Os; (99.99%) were wused in present research
investigations. Very little amount of boric acid [H3BOs] was
used as a flux. Before being transferred to a silica crucible,
the precursor chemical reagents were completely crushed in
an hour in an agate crusher and pestle. Then the mixture was
presintered at 950 °C and subsequently fired at 1150 °C in
high-temperature muffle furnace for 2h in a weak reducing
atmosphere with liberation of gaseous products. The weak
reducing atmosphere have produced by using activated
charcoal ™. To transform Eu®* into Eu®* is the task of
decreasing atmosphere. Further grinding into a fine powder
was used to produce the finished product. The finished
phosphor was produced as a white powder and stored in an
airtight container for further characterisation studies
including photoluminescence spectra.

The chemical reaction of this process is given as follows:

CaCO3 + MgO + SiO; — Ca,MgSi>,O7+ CO2 (1)

CaCO; + MgO + SiO, + Eu,0; + Dy,03 —
Ca;MgSi.07:Eu?*, Dy** + CO2 (1)

Sample Characterization

By using the solid-state reaction technique, the

Ca,MgSi,07:Eu?*, Dy* powder sample was thoroughly
prepared. It was presintered at 950 °C and then fired at 1150
°C in a high-temperature muffle furnace for two hours in a
weak reducing atmosphere. The measurement of the
Photoluminescence (PL) excitation & emission spectra were
carried out using a Spectrofluorophotometer (SHIMADZU,
RF-5301 PC) with a Xenon lamp as the excitation source.

CaCO0: + MgO + SiO2 * H20 + Eu203 + Dy20s3 +
HsBO; (All Analytical Reagents with 99.99%

Purity)

Grind Homogenously using Agate Mortar &
Pestle for approximately 1 h

.

Presintered at 950°C and Fired at 1150°C for

2 hours

Obtained Powder Sample

J

Resultant Sample have Restored in Airtight
Bottle for Future Characterization Studies

48 - 3,

Fig 1: Material Synthesization Process

3. Results and Discussion

Photoluminescence Spectra

The photoluminescence approach has become a primary way in a
variety of materials chemistry domains thanks to advancements in
nanoscience. When photons are absorbed under the stimulation of
external energy, a substance will produce light on its own, a
process known as photoluminescence. To examine luminescence
characteristics of materials, such as their excitation and emission
spectra, photoluminescence is a contactless, non-destructive
method [l Jiang et al. reported that the possible sites for
incorporating Eu?* in Ca:MgSi2O- lattice are Ca?* sites, or the
Mg?* sites or the Si** sites, Mg?* (0.58 A) and Si4+ sites (0.26 A)
are small, but Ca?* (1.12 A) is equal to the size of Eu* (1.12 A).
So, Eu?* ions hardly incorporate into tetrahedral [MgO.] and
[SiO4] and only incorporate into [CaOs] anions complexes in host
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1101, Ca2MgSi207:Eu?*, Dy®* is known as an efficient phosphor with
good stability, which also shows green emission with great
stability and persistency [ 111,
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Fig 2: Excitation and emission spectra of synthesized
Ca2MgSi207:Eu?*, Dy** Phosphor

The excitation and emission spectra of Ca,MgSi,O7: Eu?,
Dy3* phosphor prepared was shown in Figure 2. The
broadband emission spectra centered at 505 nm (Green
region) observed under the ultraviolet excitation of 365 nm
correspond to the Eu?* emission arising due to transitions
from sublevels of 4f5d' configuration to 8S7, level of the
4f" configuration but with Eu?* occupying different lattice
sites. Since the crystal field can greatly affect the 4f55d!
electron states of Eu?*, it suggests that the crystal field is not
changed much with the compositional variation [* 12131, The
emission spectra are identical in shape and the bands differ
only in intensities. After stimulation by UV light, ground
states of Eu?* stimulation occurs as a result of electron and
hole pairs generation from the ground state 4f to excited
4f5d state. Some free holes transported into the conduction
band are captured by the Dy®* traps 4. Our results strongly
imply that the popular “hole transfer” models.

Material Diversity and Environmental Protection

During the 21st century, scientific and technological
progress have been closely linked to national advancement,
and in recent years, this connection has gotten even
stronger. In order to understand the chain mechanisms of
material analysis, a large area of bio material engineering

researches physics, chemistry, and the methods of
innovative material modelling. This field applies
fundamental ideas to luminescence behaviour. Human

resources that placed a higher importance on mental and
spiritual purity than on material success. In order to
maintain a clean and natural environment, our brand-new,
state-of-the-art optical device system, which is made of rare
earth minerals, has the ability to absorb and control
environmental pollution sources. When linked with business
operations, it helps build a balanced industrial framework
that has greater potential, better utilises the readily available
natural nanomaterial resources, and upholds the planet's
environmental sustainability.

Materials consider the diversity of habitats as well as human
society. Rare-earth doped nano phosphors have shown to be
a very interesting issue in a number of technological and
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environmental application sectors. Many applications for
white LEDs with phosphor modifications are made possible
by their exceptional key properties, including their long
operational lifetime, clean energy, higher brilliance,
improved luminous efficiency, chemical stability,
compactness, and environmental friendliness.

Light sensors are used to get physical information about an
object without physical contact or manipulation. Recently,
communication has become a part of our daily lives. An
abundance of nano sensor materials detects circumstances,
and communication keeps the weather updated. One of the
most inventive and cutting-edge is silicate-based
nanomaterials, and it has been designed to give a quick
overview of the potential uses of a fast communication
network system.

Using silicate-based nano-sensor optical devices, which are
noise-free and noise-free, the transmission of higher
frequency, faster, and better transmitted messages has been
expedited via this channel. The materials utilised to make
electronics with this phosphor are more eco-friendly and
energy-efficient. As a result, research and development in
the domain of nanostructured silicate-based nanomaterial’s
is extensive and diverse and has been growing rapidly over
the past several years on a global scale.

4. Conclusions

In a summary, biomaterials and biodiversity have the same
conservative components. It makes reference to the variety
of human existence and the overall energetic exchanges that
take place. It is a fundamental part of humanity's eco-
friendly, sustainable behaviour. It plays a number of crucial
ecological tasks related to precipitation, climate change,
environmental adaptation, and dealing with new pests. From
the results presented here, it can be concluded that
Ca,MgSi,07:Eu?*, Dy®* phosphors were prepared easily by
via the solid-state reaction route. The broadband PL
emission peaks exhibited maximum intensity of
photoluminescence signals cantered at 505 nm show
efficient emission colour in green region, which is the most
sensitive to the human eyes. Observed under the ultraviolet
excitation of 365 nm correspond to the Eu?* emission arising
due to transitions from sublevels of 4f85d! configuration to
8372 level of the 47 configuration but with Eu?* occupying
different lattice sites. No emission peaks of Eu®* were
observed in the spectra. This suggests that under the
reducing environment, all of the Eu®* ions in the matrix had
been converted to Eu?* ions. This synthesized material is
Eco-friendly and non-toxic. Moreover, near UV-LED
conversion phosphor, medication delivery, white light
emitting  phosphor,  long-lasting  phosphor, tissue
engineering, bone material, cancer illness detection, image
processing of computer science, etc. are among the
advantageous characteristics for applications.
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