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ABSTRACT

Rare earth Eu®* doped Ba,Al,O, phosphors with different concentrations of dopant were
synthesized using a microwave assisted Solid state metathesis (SSM) process. Along with the
structure, surface morphology its photoluminescence (PL) characteristics were studied. Eu* emission
in Ba,AlQO, lattice was observed at 496 nm which lies in Bluish green color wavelength range of
the spectrum, when it is excited at 354 nm. The emission of bluish green color is because of the
Eu? ions moves from 4f° 5d to 4f”.The presented phosphor has band gap energy E_ = 2.50eV. The
maximum peak for PL intensity was obtained for a 1 mol% concentration of Eu?* in Ba,Al,O, host
lattice. The results indicated that the material could be a strong contender as a bluish green-emitting
phosphor it could be promising phosphor materials can be used for solid state lighting and in the
modern display systems. As it is known that the w-LEDs (white light-emitting diodes) uses Red,
Green, and Blue emitting phosphors and they are the next generations lighting system and this can
also be used for PDP (plasma display panel) application. The described phosphor can serve as a
source for bluish-green light-emitting LEDs, enabling the fine-tuning of light spectra to optimize plant
growth in controlled environment agriculture.

Keywords: Eu?, Photoluminescence, Solid state metathesis reaction,
X-ray diffraction, SSL, White light emitting diode.

INTRODUCTION

With the fast expansion of modern
civilization, the long-term development of energy
and environmental concerns has got a lot of attention
and has become a major concern for today's society.
As everyone knows, lighting electricity accounts for
a significant portion of total power usage in people's
everyday lives and work. Traditional fluorescent and
incandescent lamps, on the other hand, have a
number of drawbacks related to Power consumption,
efficiency to convert the energy provided, durability
and environmental pollution caused's. Past 4-5

years, the industrial persons and researchers were
fascinated by rare-earth ions doped luminescent
materials, as these materials have several applications
in variety of industries, including fiber amplifiers, solid-
state illumination that includes light-emitting diodes
(LEDs), medical diagnostics, biological imaging, solar
cells and many more*”. White LEDs (WLEDs) have
been extensively used in lighting sector as a new form
of solid luminescent material due to its outstanding
luminescent properties, like having outstanding
fluorescence efficiency, effective energy conservation,
low weight, extended lifespan, less heating effect and
eco friendliness. As the next generation solid-state
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optical source, WLEDs are increasingly replacing
traditional incandescent bulbs®?.

In recent years, light emitting diodes have
largely superseded all types of lights and display
devices. Combining a blue color light emitting light
emitting diode with a cerium doped yttrium aluminium
(YAG:Ce) phosphor was the first practically created
white LEDs.

Phosphors in older flat panel displays and
fluorescent lights were sulfur-based but prone to
decay under high currents. In contrast, phosphors
that are oxides and rare earth doped, offer higher
thermal stability along with the chemical stability.
These properties, along with high brightness and
tunable emissions, have made them desirable for
modern applications. Aluminate-based phosphors
doped with Ce3* or Eu?* stand out for their durability,
low toxicity, and versatile uses in LEDs, X-ray
imaging, and digital displays, employing the efficient
4f-5d transitions for luminescence'®-'6.

The quality of luminous material
depends on many factors some of them are the
precursors used, dopant used and also depends
on the synthesis method used. For the production
of phosphorescence materials, traditional methods
some of them are solid-state reaction, combustion
and sol-gel approach have inherent drawbacks like
they require very high temperature and a lengthy
processing time'”. The solid state metathesis
synthesis assisted with microwave approach, on the
other hand, is quite straightforward. Furthermore, the
SSM synthesis has several advantages. Solvent less
self-propagating solid-state reactions, thus this make
sure the production of a enormous variety of ceramic
materials in a small span of time. These rapid solid-
state metathesis reactions uses the reaction enthalpy
that is released during a specific reaction. As a by-
product of the SSM process, a salt having very high
lattice energy was generated, which serves as the
process's driving power. It is both energy-efficient
and safe. A alternative source microwave oven is
been used to start the reactions. Many materials like
borides, metal oxides, chalcogenides and carbides
synthesized via SSM processes, which are now
widely acknowledged in the scientific community.
Microwave radiation has been acknowledged as a
practical and straightforward means to synthesis
compounds since it is quicker, more cheap, and

cleaner As a result, the SSM approach is a viable
method for producing complicated oxide ceramics
like aluminates.

We synthesized Eu** doped Ba,Al,O,
phosphors utilizing SSM synthesis. The structural
property (XRD), morphology and photoluminescence
(PL) properties were analyzed. The concentration
quenching, behaviour Eu?* luminescence in Ba,Al,O,
hosts is described in this work.

EXPERIMENTAL

Samples of Ba,AlLO,:xEu?* (x=0.1,0.2, 0.5,
1.0 mol%) were synthesized through a microwave-
assisted metathesis solid-state reaction method. The
primary components include Eu,0O, (99.99 percent),
Barium carbonate (BaCO,) (99% purity, Loba
chemical Itd.) and Aluminum oxide (ALO,) (99% pure,
Merck lab.), with small amount of activated carbon. All
the reagents used were of the analytical grade. They
are taken with a proper stoichiometric ratio in a pestle
mortar. After mixing the sample rigorously by using
mortar and pestle, the obtained paste is transferred
into the silica crucible. Then kept the sample in the
form of powder inside the microwave oven for 20 min
at 1100K.Then the obtained powder was thoroughly
washed repeatedly with deionized water and ethanol
to remove the impurities, then dried overnight in an
oven at 90°C. The following reaction was carried out
in the synthesis process .

Microwave

5BaCO, + A0, Ba,Al,0, + 5CO,

Finally, harvest Ba,Al,O,:Eu** samples
were collected for further analysis and discussion.

Fig. 1. Schematic diagram of synthesis of Ba,Al,O,:xEu**
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RESULTS AND DISCUSSION

Structural Analysis

The phase verification, structural
parameters, and crystalline structure of Ba,AlO,
phosphor were thoroughly analyzed using Rigaku
Miniflex-1l benchtop X-ray diffractometer. The
readings were taken employing Cu Ka radiation
(wavelength 1.540 A) under operating conditions
of 30 kV and 15 mA, covering a 26 range from 10°
to 80°, prepared by microwave assisted solid state
metathesis method. All of the detected peaks match
ICDD data file Nos. 73-0202 perfectly. The obtained
XRD indicates that the as prepared material is having
high-purity and crystalline. Matching of the XRD
patterns and absence of any extra line indicates
that the desired compound is formed in phase pure
manner. According to XRD readings Ba,Al,O, has
a hexagonal structure with space group P6322.
Table 1 presents the calculated d-spacing and
corresponding hkl planes based on the observed
26 values. The indexed peaks, derived from the
experimental data, highlight the significant planes
contributing to the diffraction pattern. The addition of
Eu?* to the XRD patterns has no discernible impact.

Fig. 2. XRD pattern of Ba_Al,O
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Figure 2: XRD pattern of Ba,Al,O,

20 values 0(P) d-Spacing (A) hkl
19.80 9.90 4.480 (0,1,0)
20.00 10.00 4.436 (0,1,0)
22.72 11.36 3.911 (0,0,2)
28.00 14.00 3.184 0,1,2)
34.04 17.02 2.632 (0,0,3)
40.00 20.00 2.252 (0,1,3)
45.00 22.50 2.013 (0,0,4)
57.60 28.80 1.599 (1,2,1)

Eu?* luminescence
The Shimadzu RF-5301PC Spectrofluoro-
photometer was used to study the excitation and
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emission spectrum of the present samples. The
excitation spectrum of Ba,Al,O,:Eu?* is obtained for
496 nm emission wavelength , can be seen in Fig. 3(a)
which has a peak at 354 nm. The 4f7-485d transition
of Eu?* is attributed to the excitation spectrum.

Fig. 3. Excitation Spectra (a) and Emission Spectra for
Ba,Al,O,:Eu?** (b)

The emission spectra of the Eu?*
concentration x upon 354 nm UV irradiation are
shown in Fig. 3(b) and it is observe that the profiles of
emission spectra are showing almost similar pattern

as the concentration of Eu?* ion is increased.

The luminescence of Eu?*-doped Ba,Al,O,
phosphor arises from the electronic transitions
within the Eu?* ion. The excitation spectrum
exhibits a prominent absorption peak at 354
nm, corresponding to the 4f” — 4f¢ 5d electronic
transition of Eu?*. Upon excitation, the excited
electrons in the 5d state of Eu?* relax to the 4f
ground state, emitting photons in the visible
spectrum with an emission peak at 496 nm, which
corresponds to the 4f6 5d — 4{” transition'®.

The luminescence properties are
influenced by the crystal field environment of the
Eu?ion. In Ba,AlO,, Eu?* substitutes for Ba2* in
the host lattice. The coordination environment and
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crystal field splitting affect the energy levels of the
5d orbitals, leading to variations in the emission
characteristics. The host lattice's low phonon
energy helps minimize non-radiative losses,
enhancing luminescence efficiency'®.

Furthermore, the emission intensity of
Eu?* grew until it reached upto a maximum value
of intensity at a Eu?* concentration of 1.0m% as
shown in Fig. 4(a), after which it began to decline
with increasing concentration. The emission
intensity dropped sharply after the critical point,
owing to the concentration quenching effect.
It is predicted that the energy transfer among
Eu?* ions is to mostly result in concentration
quenching, with the possibility of this increase
with increasing doping Eu?* concentration until
the energy is used. The emission spectrum
shows bluish green color luminescence with a
peak centered at 496 nm. The emission spectrum
is due to 4f¢5d-4f" transition of dopant ion. The
findings reported in the literature?°2'.22 closely
align with the observed photoluminescence (PL)
spectra. The emission spectra helps to determine
the energy band gap of Ba,Al,O,:Eu® and is
obtained as 2.50 eV.

The photoluminescence of as prepared
Ba,Al,O,:Eu?*is compared with the well-known
phosphors YAG:Ce3* used in white LEDs, such
as YAG:Ce®". It is observed that YAG:Ce3* emits
550 nm wavelength in the yellow region, making
it suitable for blue-pumped white LEDs, while
Ba,Al,O,: Eu?* offers a bluish-green emission
having wavelength 496 nm, which can be useful
for color tuning in white LED applications.

This bluish-green emission can be also
useful in display applications where color mixing is
essential to achieving high-quality white light.

The CIE chromaticity diagram of
Ba,Al,O,:0.8Eu?* shown in Fig. 4(b) obtained by
using sciapps.sci-sim.com/CIE1931 indicates
that the prepared phosphor exhibits bluish-green
emission, showing promising research potential
and can be used for green component in w-LEDs.
The coordinates are given in Table 2.

Fig. 4. Graph of emission intensity verses concentration x
in Ba,Al,O,:xEu?* (a) and the CIE chromaticity diagram of
Ba,Al,O,:0.8Eu?* (b)
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Table 2: CIE chromaticity coordinates for
Ba,Al,0,:0.8Eu*

Phosphor CIE chromaticity coordinates Color
x-coordinate y-coordinate
Ba,Al,O,:0.8Eu? 0.185 0.416 Bluish-Green

Surface morphology

Fig. 5. SEM image of Ba,Al,O :Eu*

Additionally,the surface morphology
(Fig. 5) shows particles have a tendency to
accumulate creating small masses having non-
uniform as well as different sizes and shapes which
is obtained by using JEOL (JSM-6380) scanning
electron microscope. The phosphors display irregular
morphologies, with diameters ranging from 2 to 20
pm. There are some spherical structures having
fissures and pores. Many pores are observed is
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due to the release of large amount of gases during
synthesis process. The variation in crystalline sizes,
characterized by sharp boundaries and irregular
particle shapes, can be attributed to the uneven
distribution of temperature and mass flow during the
synthesis process. This is distinctly visible in Fig. 5,
with a resolution reaching up to 5 pm.

The high thermal stability of Ba Al,O :Eu?*
is also influenced by the covalent nature of the
bonding in the host lattice. The presence of Al-O
bonds contributes to the rigidity of the structure,
reducing lattice distortions under high temperatures
and thereby minimizing thermal quenching®. Unlike
sulfide-based phosphors that degrade over time due
to oxidation and moisture sensitivity, Ba,Al,O,:Eu
demonstrates excellent chemical stability, making it
more suitable for long-term applications.

Occupancy of Eu? at different crystallographic
sites from emission wavelength

We utilized Van Uitert's empirical formula?'-2
to explore the link between emission wavelength
and the sites of Ba?* which are occupied by Eu?.
Van Uitert used the following empirical formula to
compute the locations of Eu?* ions that are in the
lower d-band:

(1)

Where E is energy edge of lower d-band
for Eu?* ions in 3D structure, Q is the energy edge of
the lower d-band (for the as prepared sample doped
with Eu?* ion Q = 34000 cm™), V is the valence of
the active cation (here V is +2 for Eu?*), where n
denotes the number of anions in the immediate shell
around this ion, ea denotes the coordination radial's
electron affinity, and r is the radius of the host cation
replaced by the activator. ris 1.47 eV and ea is 1.60
eV in Ba,Al,O, for Ba* ions. Eq. (1) yields 20930 cm™
(496 nm) for Eu?* as the estimated values of E. The
Eu?** doped Ba,Al,O, emission peaks are detected
at 20161.29 cm™ (496 nm), shown in Fig. 3. This

demonstrates that theoretical and experimental
values are extremely well aligned. Eu?* occupy the
Ba?* position in Ba,AlO, as a result.

CONCLUSION

A microwave aided solid state metathesis
reaction technique has been used to effectively
produce Eu®* doped Ba,Al,O, phosphor. The
hexagonal structure of Ba,AlL,O, with space group
P6,22 was verified by XRD patterns for produced
phosphors. The emission peaks of Eu?* doped
Ba,Al,O, phosphors in PL properties are 496 nm
for 0.1, 0.2, 0.5, and 1.0 m%, respectively. In Eu?*
doped Ba,Al,O, phosphor, concentration quenching
occurred at concentrations greater than 1m%.
The energy band gap of Ba,Al,O,:Eu* is obtained
as 2.50 eV. All of the tests demonstrate that this
phosphor can be a bluish green phosphor with
research potential and can be a candidate for green
component in w-LEDs.

The unique bluish-green luminescence
of Ba,Al,O :Eu?, coupled with its superior thermal
stability, high quantum efficiency, and robust
structural integrity, makes it a promising candidate
for next-generation white LEDs.

And this Bluish-green color-emitting LEDs
enhance controlled environment agriculture by
fine-tuning light spectra for optimized plant growth
and photosynthesis, promoting compact, healthy
crops while improving energy efficiency in indoor
farming systems.
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