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Introduction:-

Lanthanide (Ln) doped materials have become increasingly important in recent years in the development of low cost
integrated laser sources, integrated optical amplifiers, displays, sensors, up-conversion fibres, and low loss
components [1]. The research on rare earth doped glasses has been sparked by the aforementioned uses for
Lanthanide (Ln) doped materials [2-5]. Neodymium ion is one of the most effective Lanthanide (Ln) ions for
creating solid-state lasers due to its high emission at 1060 nm [6]. In order to create high power NIR (at 1060 nm)
solid state lasers, trivalent neodymium (Nd**) ion doped varieties of crystals and glasses were extensively studied
under 808 and 885 nm laser diode excitation [7]. For this objective, a variety of glass hosts including the borates,
phosphates, germanates, zinc, bismuth and tellurite families have been widely explored [8-11]. The Tellurite-
Tungsten- Lead (TeO,-WO;3- PbO) glass system (TWP) stands out among all oxide glasses in terms of its optical
characteristics. Tellurite-based glasses can have great mechanical stability, good corrosion resistance, and low
phonon energies equal to 750 cm-1 in addition to possessing high linear and third order nonlinear optical constants
(nonlinear refractive indices). Due to all of these novel characteristics, their transition range has been expanded to
the mid-IR (5-6 Im) area. Glasses made of tellurite also have a good capability for absorbing lanthanide dopants in a
range of concentrations [12]. Tellurite glasses' high refractive index, prolonged transmission range, and low phonon
energy enable the detection of laser emission from rare earth ions over a broad spectral range [13-15]. Optical
waveguides can benefit from the use of such materials. A precise noble semi-conducting transition-metal oxide that
has captured significant interest for a number of years is tungsten oxide (WO3). It is also one of the materials that is
studied and used the most for electro-chromic and photo-chromic devices, where coloration and bleaching may be
obtained through an electro-chemical method [16] and has numerous uses in sensors, display systems, and smart
windows. Due to the fact that Ln ions can exist in multiple valence states, i.e., W®*, W**, and W** regardless of their
initial oxidation state in glasses, tungsten ions are also capable of influencing the luminescence properties of Ln ions
in tellurite glasses [17-21]. Therefore, by adding WO3 at various concentrations, the environment around the doped
rare earth ions in the tellurite glass network may be altered efficiently. As a result, intriguing modifications to the
luminescence properties of lasing ions are anticipated. Lead-based (PbO) glasses are thought to be of particular
relevance at the moment due to their successful application in IR fibre optics, laser windows, and multi-functional
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optical elements. These glasses are more robust against ambient moisture and highly transparent in the mid-infrared
range up to 8 Im. In the realm of solid state batteries as power sources, they are also thought to be more
advantageous materials for electrochemical applications [22]. Both lead oxide (PbO) and lead fluoride (PbF,) are
effective glass modifiers [23—-24]. When added to tungsten tellurite glass, lead oxide (PbF;), in particular with its
lower phonon energies (346 cm™), can significantly lower the phonon energies of the host glass and ultimately
enhance their radiative transition rates. It is good knowledge that a glass substrate with lower phonon energy greatly
promotes radiative transition rates and is extremely beneficial for the design and advancement of photonic devices.
In the current study, we created a system called Lead Tungsten Tellurite (TWP) glass using the aforementioned
chemicals as constituent elements and doped it with Nd** ions at various concentrations to study their spectral
response, NIR emission, and decay spectral characteristics in order to investigate the potential use of these novel
materials for photonic devices in the future.

Glass Preparation

The TWP glasses were created using the melt quenching method using high purity chemicals (more than 99.7%) in
15 g quantities. The TWP glasses had the following composition (in mol%): (70-x)% TeO,+ 15%Pb0O + 15%WO; +
x%Nd,0; (here x = 0, 0.5 and 1.0 mol%). Based on the Nd3+ ion concentration, these glasses are designated as
TWPO, TWPNd1, and TWPNd2, respectively. To obtain a smooth powder, batches having various concentrations of
Nd** ions in base glass compositions were thoroughly combined in an agate mortar. These powders were then
gathered in a silica crucible and cooked for 30 minutes at 730°C in a furnace. The melt was swiftly pushed by
another plate after being quickly poured onto a copper plate with a circular form. To alleviate thermal stresses and
increase the mechanical strength of the manufactured TWPNd glasses, they were annealed at 400 °C for two hours.
In order to prepare the glasses for experiment results, they were lastly polished using emery paper.

Results and Discussion:-

XRD

Since oxide-containing glasses make the process of micro-/nanocrystals precipitation for the production of glass-
ceramics quite simple, one must be cautious when manufacturing amorphous materials to ensure that the phenomena
do not occur. XRD diffractograms were gathered, as shown in Fig. 1, to ascertain the amorphous structure of the
glasses by ruling out significant crystallization. In line with expectations, only very broad amorphous bands [25]
rather than sharp peaks are visible in the XRD patterns. Therefore, it can be assumed that no crystallization, or at
least none of a magnitude detectable by X-Ray diffraction, occurred during melt solidification.
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Fig.1:- XRD plot of TeO,[70-x]-WO3[15]-PbO[15]-[X]Nd,O5; samples.
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Differential Scanning calorimetry (DSC)

Fig. 2 shows DSC curves obtained for the all glass samples. The characteristic temperatures (Glass transition (Tg),
crystallization onset (Tx) and crystallization maximum (Tp) temperatures) . The value of Tg, and Tx for undoped
glass sample could be observed at Tg = 360 °C, and Tx = 486 °C Thermal stability of the glass was evaluated with
the K2 = Tx — Tg parameter proposed by Hruby [26, 27]. The value so obtained of 126 °C, is in agreement with
literature [27, 28]. All these values are considered high, which means the glass matrix displays high thermal stability
against crystallization on heating [28].
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Fig. 2:- Thermogram of TWPND2 sample.

Raman spectra

The Raman spectra of the glass samples, 70% TeO,, 15% WO;, and 15% PbO, are shown in Fig. 3. Five bands are
present in the (TWPO0) glass's Raman spectrum at wavelengths of 930, 858, 730, 479, and 355 cm™. According to
Raman research on tungsten tellurite glasses, the detected band around 930 cm™ s attributed to symmetric
stretching vibrations of W-O- and W=0 bonds connected to WO6 units, and the Raman band at 858 cm™ s
attributed to stretching vibrations of W-O-W in WO4 or WO6 units [29- 31]. The band around 730 cm™ is
attributed to symmetric stretching vibrations among Te and non-bridging oxygen (NBO) in TeOs,; units (The
TeOs,; Unit can be thought of as a distorted trigonal bipyramidal (TeO,) unit including one oxygen further away
from the core tellurium than the other three oxygens) or possibly to the stretching mode of TeO3 unit [18], most
likely to Te=0 bond. The band around 730 cm™ is typical stretching vibrations of Te-O-W or Te-O-Te connections
are responsible for the 479 cm™ Raman band. The bending vibrations of W-O-W in WOS units are thought to be the
cause of the band at 355 cm™, which symbolises the distinctive bonding of tungsten glasses [29-31]. Significant
alterations in the Raman spectra resulting from the tellurite network and the tungsten network are brought about by
the equimolar replacement of WO3; by PbO. As seen in Fig. 3, the Raman band shifts and the intensity of the bands
at about 479-445 cml drops, which suggests that Te-O-W or Te-O-Te links are broken and that some Te-O-Pb
linkages are forming at the expense of Te-O-Te or Te-O-W linkages [32-33]. According to Fig.3, the Raman band
shifts from 343 to 320 cm™ and the band at 355 cm1 (TWPO0) to 343 cm™ (TWP3) as the PbO level rises from 10 to
20 mol%. This is supported by the Raman band's emergence near 320-336 cm™, which is caused by Pb-O vibration
in PbO4 units [34]. The band at 730 cm1 suffers as the intensity of the shoulder at 658 cm™ increases, however the
position of this band (730 cm™) is unaffected by the PbO content. This suggests that in the current system, PbO up to
20 mol% serves as a network modifier.When PbO is present in small amounts (up to 20 mol%), it enters the glass
network by dissolving Te-O-Te and Te-O-W bonds (normally, PbO's oxygen breaks local symmetry while Pb®* ions
occupy interstitial positions) and introducing coordinate defects known as unpaired electrons. These coordinate
defects then implement non-bridging oxygen ions, which in turn neutralize the negative charge of non-bridging
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oxygen atoms and reduce As a result, the glass network becomes less deformed, which also raises the possibility that
WO4 units may develop at a high PbO levels. This explains why the addition of PbO content causes the band at 858-
831 cm1 and the band at 930-895 cm™ to shift towards lower wave numbers.
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Fig 3:- Raman spectra of TWPO, TWPNd1 and TWPNd2 glasses.

Optical Absorption Spectra

At ambient temperature, optical absorption spectra in the visible and near infrared (VIS-NIR) ranges between 400
and 1000 nm were recorded for all of the TWP glasses doped with Nd*" ions. Each spectrum has similar band
locations with a small variation in the strength of the individual absorption bands. The optical absorption spectra of
TWP glasses doped with Nd** ions in the VIS-NIR band are displayed in Fig. 4. All TWP glasses include Nd** ions,
and these ions exhibit eight absorption bands in the VIS-NIR region at 513, 526, 584, 627, 681, 748, 803, and 877
nm [5.37, 5.38], which corresponding to the transitions *ls, —*Gap, *loy —*Gapz, “lan —*Gspy *loe —*Hitn, “lor
—*Fa2, Yoy = Fa, *lo, = Fspo, and *lg;, —*F4p respectively [39, 40]. Few absorption bands have vanished in the
UV region due to the host glass's significant UV absorption.
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Fig 4:- Absorption spectra of TWPNd1 and TWPNd2 glasses.

Photoluminescence Spectra and Radiative Properties
Fig. 5 displays the NIR photoluminescence spectra of TWP glasses doped with Nd** ions stimulated by an 808 nm
light.
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Fig 4, NIR photoluminescence spectra of TWP glasses doped with Nd** ions stimulated by an 804 nm light.
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As shown in Fig. 5, the Nd* ions stimulated to the *Fs; level in TWP glasses immediately relax to the *Fsp
metastable state by fast non-radiative relaxation. Three emission bands at 878, 1062, and 1339 nm, which correlate
to the transitions *Fa, —*lgp, *Fao— *li1jz, and *Fs; —*lisp, respectively, make up the resulting PL spectra shown in
Fig. 3. It can be seen from the PL spectra that as the Nd*" ion concentration rises up to 1.0 mol%, so does the
strength of every emission transition. For TWP2 glass, a transition *Fa, — *1415 detected at 1062 nm has the highest
intensity out of all the emission transitions. Fig. 4 depicts the absorption, excitation, and emission processes as well
as a potential cross-relaxation pathway.

Conclusion:-

There were created new Te-W-Pb oxide glasses. TeO4, [TeO]/[TeOs.1], WO,4, and WO units make up the glass
network, according to the Raman spectra of TeO2-WQO3 glasses. TeO4, [TeO3]/[TeO3.], WO, and WOg, and PhO,
units make up the glass structure, according to the Raman spectra of TeO,-WQO;-PbO glasses. The glass matrix
possesses a high thermal stability against crystallisation on heating as evidenced by the measurement of thermal
stability parameters from DSC curves such as Tg and Tx. Te-W-Pb connectivities are created when WO3 is added to
PbO glass, which results in a unique stability of the glasses. The glassy matrix did not alter structurally as a result of
the neodymium addition. The spectroscopic properties of Nd3+ were examined. Infrared emission at 878, 1062, and
1339 nm were seen during stimulation at 804 nm using a diode laser. Te-W-Pb: Nd during laser operation,
highlighting the stated neodymium-doped lead-tungsten-tellurite glass as a very interesting choice for optically
active elements in addition to its good spectroscopic characteristics.
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