J ourna | Of ISSN: 2321-2810 (Online)
ISSN: 2321-8525 (Print)
Po |ym er & CO m pos |tes Volume 12, Special, Issue 6, 2024

_ DOI (Journal): 10.37591/JoPC
STM JOURNALS

https://journals.stmjournals.com/jopc

Th3* Activated Boro Phosphate Glass: Synthesis and
Photoluminescence (PL) Characteristics

U.A. Nage"*, C.S. Khade®

Abstract

The (40B203+ 3Al,03+(10-x) P20s + XTh + 7ZnO+5LiCOs+ 10HsNO4P+25SrCOs) boro phosphate
glass was successfully synthesized via melt quenching method. The structural confirmation is supported
with X-ray diffraction (XRD) data and surface morphology was defined by scanning electron
microscope (SEM). The (40B203+ 3Al,03+(10-X) P20s + XTh+ 7ZnO+5LiCO3s+ 10HsNO4P+25SrCQO3)
boro phosphate glass has been investigated for its Photoluminescence (PL) under UV excitation. At
544 nm, the excitation was observed, and at 222 nm, the emission was noted. After computation, the
prepared glass's CIE (Commission International de I'Eclairage) coordinates were determined to be (x
= 0.2585, y = 0.7305). Hence the (40B;O3+ 3Al,05+(10-x) P.Os + xTb + 7ZnO+5LiCOs+
10HsNO4P+25SrCOs3)) boro phosphate glass has exhibit great potential as glass in green light-emitting
diode (LED). The boro phosphate glass (40B203+ 3AI203+(10-x) P205 + xTh + 7ZnO+5LiCO3+
10H6NO4P+25SrCO3) was synthesized using the melt quenching method and analyzed for structural
and surface properties using XRD and SEM. Photoluminescence (PL) studies revealed excitation at
544 nm and emission at 222 nm under UV light. The CIE coordinates (x = 0.2585, y = 0.7305) confirm
its suitability for green light-emitting applications. This material holds great promise for green LEDs,
owing to its strong luminescent properties. The boro phosphate glass exhibits strong photoluminescence
with excitation at 544 nm and emission at 222 nm. Its CIE coordinates confirm its potential for green
LED applications.
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INTRODUCTION

Around the world, glass materials are essential to the realization of a wide range of applications, from
lenses to optical fiber communication. They have a number of useful benefits, including easy mass
manufacture at a low cost, diverse forms, and composition variation [1].

Glasses containing transition metal oxides have great interest in academic investigations and
industrial applications. The optical properties of these glass matrices may be changed via addition of
different transition metal oxide ratios [2].
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latent laser transitions. Spectroscopic study of RE ions in glasses suggest information with consider to
transition probabilities, lifetimes, branching ratios of the excited states, which are vital in the design
and growth of diverse electro-optic and optical devices. Much research in the 1960s was concerned with
the improvement of solid state lasers utilize the luminescence of RE ions in glasses and crystals. The
Nd: YAG laser is probably the most central triumph from this period, and there is persistent interest in
novel rare earth doped materials for lasers. All the rare earth ions (Pr3*, Nd®", Sm*", Eu**, Gd®*, Th*,
Dy, Ho*", Er®*, and Tm3") have their respective applications in the production of optical devices to
extend advanced lasers and optical amplifiers to optoelectronic and optical communication applications
in the field of rare earth (RE) luminescence.

More recently, however, optoelectronics has emerged as the principal area of research into RE
luminescence, and the current article therefore focus on the different ways in which RE luminescence
has been exploited in this field [4].

Throughout the last ten years, the area of rare-earth ion luminescence has grown steadily, mostly as
a result of the growing need for optical sources and amplifiers that can operate at wavelengths that are
compatible with fiber communications technology. Seldom used in optical fiber amplifiers, small micro
chip lasers, planar waveguides, and solid state lasers, the 4f—4f electronic transitions of rare earth (RE)
ions are significant.

In the present work, we have investigate the preparation and characterization of (40B.0s;+
3Al;03+(10-Xx) P2Os + xTh + 7ZnO+5LiCOs+ 10HsNO4P+25SrCOs) (x=0.001, 0.002,0.005,0.01 and
0.02) glass via melt quenching method.

EXPERIMENTAL

The Th® activated Boro phosphate glasses with composition (40B,03+ 3Al,03+(10-x) P.Os+ xTh +
7ZnO +5LiCOs+ 10HsNO4P+25SrCOs) (x=0.001,0.002,0.005,0.01 and 0.02) were successfully
prepared by melt quenching method.

X-ray diffraction (PXRD) was used to verify the phase purity of the produced photoshors. A Rigaku
miniflex 11 diffractometer with Cu Ka (A = 1.5405 A) operating at 5 kV was used. Utilizing a 450W
xenon lamp, the Hitachi F-7000 fluorescence spectrophotometer was used to detect the PL and PLE
excitation spectra.

RESULTS AND DISCUSSION
X-Ray Diffraction (XRD) Pattern

The XRD pattern of prepared boro phosphate 40B,03+ 3Al,03+(10-X) P.Os+ XTh + 7Zn0O +5LiCOs+
10HsNO4P+25SrCQO3) glass as shown in Figure 1. From Figure 1 observed that the spectra have not
shown any sharp peaks which indicate the amorphous nature of glass samples.
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Figure 1. X-ray diffraction pattern of 40B,Oz+ 3Al,0s+(10-x) P,Os + xTb + 7ZnO +5LiCOs+
10HgNO4P+25SrCQO3) glass
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Surface morphology

Figure 2 shows the SEM image of Un-doped (40B,03+3Al,03+(10-X)P.Os+
+7Zn0O+5LiCO3+10HsNO4P+25SrCQO3) boro phosphate Glass. It is observed that the microstructure of
the glass consist of irregular grains with light agglomeration. The average size of prepared glass is in
submicron range.
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Figure 2. Surface morphology of prepared (40B203+3Al,03+(10-x)P20s
+7Zn0O+5LiCO3+10HsNO4P+25SrCO3) Boro phosphate glass

Photoluminescence Properties (PL)

The excitation and emission spectra of (40B0s+ 3Al,03 + (10-X) P20s + xTh% + 7Zn0O + 5LiCOs+
10HsNO4P+25SrCQO3) (x= 0.001-0.02) glass was analyzed through fluorescence spectrophotometer at
room temperature. Figure 3 displayed the excitation and emission spectra together. The excitation was
observed under 544 nm and emission was observed under 222 nm. The wide band in the 200-250 nm
range of the excitation spectrum corresponds to the Th®* transitions 4f-5d. The transition of Th®" is
dominant in most of the materials. However, No charge-transfer (CT) transition related to Th*—-0? was
observed, because it is located at much higher energy (60,000cm) than the °d states of Th** [5].

The emission spectrum consists of a series of sharp lines peak at 379 nm, 414 nm and 436 nm,
corresponding to the °Ds to ’F; (J=6, 5, 4) transition of Th** respectively. While, the peaks at 489, 544,
584 and 622 nm were corresponds to the °D4 to ’F; (J=6, 5, 4, 3) transitions within the 48 configurations
Tbh3* [6]. The green emission lines between 490 to 630 nm are ascribed to the °D, — ’F; (J =6, 5, 4, 3)
transitions, while the blue emission lines from 380 to 480 nm are attributed to the °Dj transitions. \
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Figure 3. Photoluminescence excitation and emission spectra of (40B.03+ 3Al,O3 + (10-0.005) P.Os +
0.005 Th% + 7Zn0O +5LiCO3+ 10HgNO4P+25SrCOs) glass monitored at 544 nm and 222 nm
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The Figure 4 showed emission spectra of (40B,03+ 3Al,03+ (10-X) P20s+ xTb** + 7Zn0 + 5LiCO3+
10HsNO4P+25SrCO3) glass doped with different concentration of Th®*. At first, the °Ds —F; transitions
is dominant with low doping concentrations in the emission spectra, and the °Ds—'Fs transition at 544
nm plays an increasingly dominant role with enhancing the doping concentrations. The quenching of
the blue emissions of °Ds—'F; transitions is due to the cross-relaxation between the °Ds—°Dsand "Fo—'Fs
of the two adjacent Th®" ions. In addition, the green emissions of the D, —F; transitions are quenched
via the energy migration between the activators [7-10].

Figure 4 represents emission spectra of (40B,0s+ 3Al,03 + (10-X) P20s + xTb* + 7Zn0O + 5LiCOs+
10HgNO4P+25SrCO:s) glass doped with different concentration Th®* and observed that PL intensity was
optimum at 0.005 mol of Tb ion.
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Figure 4. Photoluminescence emission spectra for various concentration of Th®" in (40B,0s+ 3Al,05 +
(10-X) P20s + XRE3**+ 7Zn0 +5LiCOs+ 10HgNO4P+25SrCOs) glass monitored at 222 nm

Photometric Characterization

Figure 5 Displays the color coordinates for (40B,Os+ 3Al,03 + (10-0.005) P,Os + o005 Th** + 7Zn0O
+5LiCO3+ 10HsNO4P+25SrC0O3) boro-phosphate glass compute by radiant imaging software based on
the standard formulations made available by CIE (Commission International de I’ Eclairage, France)
which recognize that the human being visual system uses three color (red, green and blue).
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Figure 5. CIE chromaticity diagram of (40B,Os+ 3Al,0; + (10-X) P.Os + XRE*+ 7ZnO +5LiCOs+
10HsNO4P+25SrCOs) (RE=Tb?*)
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CIE coordinates of (40B,Os+ 3AlOs + (10-X) P,0s + XxRE*+ 7ZnO +5LiCOs+
10HsNO4P+25SrC0Os) (RE=Th®") was measured as (x = 0.2585, y = 0.7305). The location of coordinate
has been marked in Figure 4. with a black circle.

CONCLUSIONS

The (40B;03+ 3Al03+(10-x) P,0Os + xTh + 7ZnO +5LiCOs+ 10HsNO4P+25SrCOs)
(x=0.001,0.002,0.005,0.01 and 0.02) boro phosphate glass were successfully synthesized by melt
quenching method. The XRD patterns of (40B;Os+ 3Al;03+(10-0.001) P20s + o002 Th + 7Zn0O
+5LiCOs+ 10HsNO4P+25SrCO3) borate glass is similar in shape with Un-doped 40B,0s+ 3Al,03+ (10)
P,0s+ 7Zn0 +5LiCOs+ 10HsNO4P+25SrCO; borate glass and observed that the spectra have not shown
any sharp peaks which indicate the amorphous nature of glass samples.

Monitoring of the PL excitation spectrum took place at 544 nm, whereas emission was observed at
222 nm. The PL emission spectra observed that 0.005 mol is the optimum concentration for the prepared
borate glass. The glass as prepared has the following CIE chromaticity coordinates: (x = 0.2585, y =
0.7305). The results indicate that 40B,Os+ 3Al,03 + (10-x) P,Os + xTb%*+ 7ZnO +5LiCOs+
10HsNO4P+25SrCQO;3 borate glass is a prospective candidate for green emitting lighting.
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