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1.1General Introduction

Glass is a non-crystalline solid material, often transparent amorphous solid and usually

transparent or translucent. It is hard as well as brittle and impermeable to the natural

particles applied in optics and houseware [1]. The American Society for Testing

Materials (ASTM) described glass as an inorganic compound of fusion that has been

cooled to a solid and hard condition without crystallizing. The amorphous nature of

glasses is obtained by melting and cooling at a sufficient rate to avoid crystallization.

Glass is also described as an amorphous solid material that can exhibit a glass transition

and the material is characterized by a distinct changes in heat capacity, thermal

expansively, enthalpy, etc.

Glass materials are an essential part of our daily life. The history of the glass

fabrication process of the devolvement of mankind is nearly six hundred years old. But

the research on glass materials is still dynamic and productive in the assessment the of

the last few decades due to the very simple fabrication technique and novel applications

with better performance of glasses than the solid crystalline materials. Day by day the

usefulness of glass materials is gaining interest for scientific components in many fields

such as fiber optics, laser, electronics, and optoelectronics. The application of glass

materials in optoelectronics devices is also increasing for the increasing technological

advancement and the rising demand for technical grade glasses [2-5]. The hybrid

formulation of glass and other materials can explore a new area for future technology due

to the advancement of the fabrication process.

1.2 Types of Glasses
There are different types of glasses exist for various technological applications depending

on their composition and structure. According to their composition, oxide and non-oxide

glasses are the two types of glasses. Historically, Oxide glasses are familiar as the oldest

glasses because they can be simply made by melt quenching method. Most oxide glasses

are familiar as non-crystalline materials with their competing properties as compared to

chalcogenide glass materials. The oxide glasses hold oxygen as an anion, which takes

place continuation as bridging oxygen during the melting of glass compositions. The

radius ratio of cation/oxygen ions are varied by the coordination number of oxide glasses.
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These glasses are produced using different oxides generally GeO2, TeO2, SiO2, P2O5,

B2O3, etc. Although the main apprehension of the research effort is to detail the tellurite

glass, from a historical view point here we discuss some essential oxide glasses at a

glance.
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Fig 1.1 Block diagram of classification for different glass materials.

Glass materials are classified into two types depending on their properties. There are

three types of glass classified according to the composition of glass materials. These are

silicate, non-silicate, and the mixture of different glasses.

1.2.1 Silicate Glasses
Silicate glasses are used in the chemical laboratory as glassware like a crucible, beakers,

evaporators, etc. It is also very much useful for high-quality watch glass. These glasses

are structured by three dimensional networks with intermediate ionic/covalent bonds. A

similar structure has been observed in alkali phosphate glass but the alkali phosphate

glasses are described as chains. The basic units of a silicate glass network having silicon-

oxygen tetrahedron are shown in Fig.1.2. The formation of three dimensional structures

is obtained by linking all the tetrahedra together by their corners. The center of the

linked tetrahedral is occupied by a common oxygen atom between two silicon atoms.

The structure of this network may be easily distorted by changing the Si-O-Si bond angle

and also the bond lengths between the adjacent tetrahedrons. These glasses are also used

in optics, optoelectronics, and electronics [46].
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Fig 1.2 Structure of silicate glass showing basic silicon tetrahedron and SiO4 network.

1.2.2 Borate Glasses
Borate glass is widely used in linear and non-linear optical applications for its high

transmittance and thermal stability. The structure of these oxide glasses (shown in Fig.

1.3) consists of five boron-oxygen bonds for forming a glass network.

Fig 1.3 Structure of tetra-borate glass materials.
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These glasses form BO3 triangles and BO4 tetrahedra with alumina, alkaline, and alkali

earth combination and are compatible to other elements. Due to the small size of the B3+

ion, it can adjust well into the trigonal void generated by three mutually linked oxygen

ions [47-49].

1.2.3 Bismuthate Glasses
Bi2O3 is not only a glass former but also in combination with some other glass formers

such as SiO2, B2O3, etc., it forms glass relatively in bulk [50]. Bi2O3 doped glass has a

large number of applications in optical, electronic devices, thermal and mechanical

sensing, etc. [51-55]. Annealed Bi2O3 doped glass exhibits few interesting characteristics

of a high-temperature super conductors [56]. Since the transmission range is high and

sharp cut off in UV-VIS and IR regions, these glasses are used in spectral devices. The

physical properties of the bismuth borate glasses can be modified by introducing the

alkali oxide [57].

Fig 1.4 Structure of bismuthate glass materials.



8

1.2.4 Germanate Glasses
GeO2 glass gets high academic interest for its high performance and large-scale

application in fiber optic devices. GeO2 can be used to make glass and it is expected to

have structural similarities with SiO2. It can form a glass network in coordination with

oxygen’s [58]. There is a number of germanates glasses such as Bismuth germanates,

lead germanates, etc. These glasses are very much useful in optical devices due to their

interesting properties like high density, nonlinear refractive index, and high IR

transmission [59].

Fig 1.5 Structure of germanate glass materials.

1.2.5 Tellurite Glass
The study of tellurite glass receives tremendous interest among researchers in the recent

time because of its many interesting properties like low melting temperature, relatively

high refractive indices, large relative permittivity, and low phonon energies (640-790 cm-

1) considerable chemical and thermal stabilities. Tellurite glasses are eco-friendly and

safe from environmental pollution for their hygroscopic nature. These are useful for

optical fiber applications as the materials have low melting points and low glass

transition temperatures. The transparency and absorption percentage in tellurite glasses is

controlled by the vibration of the structural subunits of tellurite. Therefore, to achieve a

stable and wide transmission or absorption window, the preparation of raw materials

must be pure [60-62].
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The polarizability of TeO2 glass is very high, so they have large nonlinear refractive

indices. Therefore, these glasses are suitable for nonlinear optical devices. Tellurite

glass has wide range of optical transmission from 400 nm and 5μm due to the low level

of phonon energy, so these are applicable efficiently for visible and mid-IR spectroscopic

devices.

Tellurium oxide has been found in 1934. Though the material has been observed

nearly 190 years ago the investigation of the properties of many tellurite glasses has been

started in the 1950s [63]. Since then, many different TeO2-based glass systems have been

observed and the development of tellurite glass fiber has been reported in1990s [60, 64].

Research is still going on actively in tellurite glasses for their unique and interesting

properties [60, 65].

The interesting properties such as transparency at room temperature, highly corrosion

resistance, and satisfactory strength of hardness have been observed in tellurite glass

materials. Recently, the applications of rare-earth doped tellurite glasses are used in the

region of visible optical instruments, particularly for white LED applications like

indicators, automobile headlights, back-light, and general illumination [66]. White LED

can be the next generation system of solid-state lighting devices and the technology has

become very familiar because of its various potential applications in lighting technology.

The solid-state LED is of great significance to reduce the global electricity utilization

convention of fossil fuels. Doping of rare-earth in tellurite glass helps to increase the

densities of tellurite glasses and their thermal properties as well as a network structure.

The nature of these glasses allows the doping of rare-earth ions with large concentrations

depending on the final applications.

The melting point of tellurium dioxide (TeO2) is 733ºC and is more stable than the

other oxide form of tellurium (Te). TeO2 has band gap of ~3.0 eV. The stability of

tellurium oxide makes it the material of intensive attention for researchers towards the

tellurite glasses. A large number of elements can be permitted to mix in tellurite glass

compositions for the inherent stability of tellurium oxides [1]. Tellurite glass materials

are of unique interest for the purity of TeO2 approached 98.5 mol% in recent years due to

improvement in synthesis technology and ultra-pure ingredients [67, 68]. Again, pure

TeO2 is not a good glass former, but with the addition of a network modifier, it can
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simply form glass, therefore, it is classified as a conditional glass former [69]. Recently,

tellurite glass materials are the topic of intensive research because of their high

homogeneity, high chemical stability, and electrical conductivity. These properties make

them appropriate for applications in optical, electronics, electric, laser, and fiber optics

fields.

1.3 Structure of Tellurite Glass
TeO2 shows worthy non-linear optical properties. Especially, the value of susceptibilities

(χ(3)) is 50–100 times larger than that of SiO2 glass and probably the highest value among

the oxide glasses [70]. The silicates are mainly focused as the glass materials because of

their technological usefulness in the field of chemistry and physics. In the present study,

the focus has been put to understand the dynamical processes that occur in rare-earth

doped tellurium oxide glasses. In order to achieve this, it must be understood the

molecular structure of prepared tellurium oxide glass. It has been reported earlier that the

structural unit of tellurite is similar to the tellurite crystal according to Zachariasen

random network theory. Tellurites are not tetrahedral as silicates but distorted

octahedral/trigonal bipyramid. The trigonal bipyramidal structure is the fundamental unit

of tellurium oxide, composed of two long bonds to oxygen identified as Bridging

Oxygen’s (BO) and two relatively shorter bonds to an electron pair, corresponding to the

fifth place, shown in Fig. 1.6 below [71,72].

A three-dimensional network structure with the trigonal bipyramid units in random

orientations is involved to compose the tellurium oxide glass shown in Fig. 1.6. This

structure is maintained to the connection of the direct bonding of tellurium atoms via four

oxygen atoms. The non-bridging oxygen’s (NBOs) are generally created by the addition

of modifier oxides.

Breaking of the covalent network structure (de-polymerization) due to the addition of

modifier oxides creates mobile ions in the material. The tellurite structural units modify

as the form of TeO3/TeO3+1 [Fig. 1.6]. The structure of TeO2 has been ascribed that the

oxygen atoms are bonded to the lone pair (LP) of tellurium (IV) atoms in its electronic

configuration of (5s2) lone pair [70]. These LPs of tellurium atoms seemed to be electron

structures of TeO2 glass and were capable to show linear and nonlinear polarizability.
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Fig 1.6 TeO4 trigonal bipyrimidal, TeO3+1, and TeO3 structure.

Recent studies have shown that the form of Te–O–Te bridges is mainly responsible for

the nature of the structure of TeO2 glass [70]. Pure tellurite glass is not much stable

because of the presence of electronic lone pair of TeO4 units, at the equatorial position.

These are actually the limits of the structural rearrangement for the necessary conditions

to make the glass formation. However, the addition of alkali metal oxides like Na2O with

a very small amount makes TeO2 as good glass-former [73]. The

O=Te⟨O…O⟩Te⟨O…O...⟩Te=O chains as the chemical particularity is reflected in the

structure of TeO4 coordination polyhedrons and this particular form is known as

bisphenoid or trigonal bipyramid. Te-O bonds form an O-Te-O angle of about 100°. The

lone pair of Te atoms form an equatorial plane of the polyhedrons. Therefore, these

bonds are known as equatorial bonds, Te-Oeq. The other two longer Te-O bonds are

almost normal to the equatorial plane and are known as axial bonds, Te-Oax. The Te-Oeq

bonds are generally covalent in nature [74]. Thus, the Oeq-Te-Oeq units are similar to the

TeO2 molecules. The Te-Oax bonds are relatively weaker and considered as



12

intermolecular contact with the electrostatic origin [74]. Actually, the total molecular

dipole moment of the chains has decayed due to the localized molecular orbitals (LMO).

This localized molecular orbital can be assigned to a lone-pair of the Te atoms [75].

Accordingly, it seems that the structure of alkali-based tellurite crystals is used as the

basic model for tellurite glass structures.

1.4 Literature Review
J T. Berzelius investigated the glass forming capacity of the glass combination of TeO2

and BaO [1]. After a long period J E. Stanworth studied systematically the properties of

tellurite glass materials and made an analogy to phosphorous oxide according to the same

electro-negativity in 1952 [60]. He incorporated outstanding glass former into the

Pauling scale and consider whether tellurium oxide or tellurites or tellurates will make

the glass. In 1957, Barady studied the structure and distribution of electrons in the glass

and informed unusual behavior of tellurite glass as it is octahedral to the faces that

demonstrate a close-order configuration. He also included that TeO2 like Li2O or Na2O

are act as a modifier to convert the material into glass materials by sudden cooling [76].

Initially, he identified TeO2 as a potential glass material for the application of fiber optics

in the host glass for the losing ion process in 1976. Burger et al. prepared a material with

the binary combination of 60 mol% TeO2 and 40 mol% B2O3 compositions in 1984 and

found the distribution of different compositional elements in this material [77]. Analysis

of XRD, found a depositing of 80% tellurium at the middle portion, decreasing to about

4% at the tail. E F. Lambson et al. found that the prepared glass materials were

contaminated by the material of the crucible (SiO2 or Al2O3) in which the initial glass

composition melts. The concentrations of the mixture were very high to affect largely the

properties of glass [78]. El-Zaidia et al. observed in 1985 that the infrared transmittance

occurred in the spectral region a far 2.5 μm tellurite glass samples. These glasses can be

used to make mid-infrared optical fiber devices [79]. A. Ghosh observed the nature of

electrical conductivity of semiconducting glass materials in 1993. He explained the

experimental results with the help of polaron hopping theories. The hopping mechanism

of tellurium in glass materials has been investigated from non-adiabatic to adiabatic

changes due to the presence of bismuth oxide [80]. M M. Elkholy et al. found in 1995
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that the ac conductivity increased with increasing frequency. They also observed that the

value of the frequency exponent was reduced with increasing temperature. The

conductivity spectra revealed a strong dependence on the transition of metal ions in the

glass materials [81]. M R. Sahar et al. investigated the optical and thermal characteristics

of TeO2 –ZnO–ZnCl2 glasses using FTIR and DTA in 1997 [82]. They found that the glass

materials display transmission beyond 6 µm.

M H. Bhat et al. reported the conductivity of the glass material was increased due

to the higher concentration of non-bridging oxygen. It was found that total conductivity

spectra slightly changed by the doping of LiCl. AC conductivity and dielectric properties

discovered that it does not change in conductivity mechanism in all materials and

temperatures [83]. S. Szu et al. showed in 2005 that the conductivity of glasses increased

due to the low content of BaO. They worked out the electric modulus depending upon

exponential relaxation. They calculated the activation energy from DC conductivity and

relaxation time spectra, which are similar [84]. M M. El-Desoky found in 2005, that

glass transition temperature and the density of the glass samples were decreased due to

the increase of V2O5 [85]. The conduction was followed by the adiabatic small polaron

hopping due to the V2+ ions mechanism. Small polaron hopping (SPH) Mott model was

maintained at high temperatures and the Greave’s Variable Range Hopping (VRH) model

was followed at a medium range of temperature. J. Ozdanova et al. investigated the

optical band gap and found 3.55 eV for the glass materials in 2007. They also

determined the optical band gap dependent on temperature [86]. Raman scattering

measurements analyze that the content of TeO2, and TeO4 trigonal bi-pyramidal

transformation leads to making TeO3 trigonal pyramids. In 2008, D. Saritha et al.

observed that the glass transition temperature (473 ºC to 449 ºC) and optical band gap of

glass samples were decreased due to the increase of bismuth. They also found that the

glass network system becomes loosely packed and the degree of disorder increases by

increasing bismuth content [87]. In 2008, S. Rada et al. observed that the structural

variations of TeO2-B2O3 glass materials are explained by Fourier Transform Infrared

(FTIR) spectroscopy and Discrete Fourier Transform (DFT) calculations. They observed

that the tetrahedral [BO4] units were frequently changed to trigonal [BO3] units for a

large number of non-bridging oxygen (NBO) atoms present in the glass system. They
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also studied the formation of [TeO6] distorted octahedral and changing coordination of

the Te atom [88]. M P. Kumar and T. Sankarappa investigated alkali-doped vanado-

tellurite glasses in 2008 and reported the variation of conductivity with the density of

vanado-tellurite glass materials. The conductivity decreases up to 40-mol% doping of

Li2O and then increases for further increase of Li2O doping concentration [89]. These

changes may be due to structural changes at x = 0.4 and changes in the conduction

mechanism. M. Pant et al. studied the large range of frequencies for DC and AC

conductivity in 2009. DC activation energy is obtained from the relaxation principle.

The DC activation energies were calculated from the impedance and modulus spectra

which followed the hopping mechanism due to the presence of silver ions in the host

glass matrix. It can occur harmonic electron-phonon interactions during the hopping

process [90].

B. Sujatha et al. observed the temperature and frequency dependent DC conductivity

of B2O3 doped tellurite glass materials in 2010. DC conductivity obeyed the Arrhenius

mechanism over the large temperature range. Scaling property has also been described

that the transport mechanism does not follow the composition and temperature [91]. R.

El-Mallawany et al. found in 2010, the relaxation process correlated with changing of

peak position to high temperature in high frequency regions. The acoustic activation

energy and relaxation frequency both were linked with the relaxation strength and the

potential for structural deformation present in the prepared tellurite glass materials [92].

In 2011, J N. Ayuni et al. studied the IR spectra of glass network with Zn2+ ions as

modifiers forming BO4 units. The absorption edge transferred towards lower energy with

the higher concentration of ZnO. The direct and indirect optical band gap energy

decreased with the incorporation of ZnO in the host glass system. These glass samples

followed the Urbach rule. The refractive index of glass material increases but the molar

refractivity decrease for the higher concentration of ZnO content [93]. P G. Pavani et al.

in 2011 calculated the Urbach energy and optical band gap energy which decreased while

the refractive index of the glass materials increased due to the large concentration of ZnO.

They also studied the various physical parameters like density, optical basicity, molar

volume and also the oxygen packing density etc [94]. K. Maheshvaran et al. investigated

the structural properties from FTIR spectra in 2011. They reported the structure of Te-O
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bending vibrations and Te-O-Te linkage associated with the TeO6 and TeO3 units

respectively. It is also studied that the ionic character decreases with the increase in TeO2

content [95]. In 2011, R. Punia et al. studied that the density, molar volume, optical band

gap energy, and thermal stability increased due to the higher concentration of Bi2O3 in

host glass materials. They investigated the conversion of tetrahedral VO4 to trigonal-bi-

pyramid VO5 configuration. The DC conductivity and hopping carrier mobility of the

zinc vanadate glass system were found to increase due to the incorporation of Bi2O3. The

experimental data obeyed Mott's Variable Range Hopping (VRH) models and the

magnitude of inverse localization length was found much higher than the obtained value

for transition metals by using Mott’s model [96].

In 2012, H M. Oo et al. found that the molar volume, density, and refractive index

increase with increasing bismuth content may be attributed to the increased polarization

of Bi3+ ions. Optical band gap energy was also found to decrease with bismuth content

[97]. H A A. Sidek et al. exposed the prepared glass materials having amorphous nature

by using an X-Ray diffraction pattern in 2012. They reported the various physical

parameters of the glass materials like molar volume and density were changed due to the

incorporation of fluoride [98]. V. Kamalaker et al. investigated the physical parameters

like molar volume, density etc., and glass transition temperature was determined from

Differential Scanning Calorimetry (DSC) measurement in 2012. Band gap energy and

Urbach energy were estimated from optical absorption spectral data [99]. In 2013, G.

Zhao et al. observed that the physical properties like density, optical basicity and

refractive index of the glasses increased for the larger concentration of Bi2O3 content.

They analyzed the glass network structure made by the [BiO6] octahedra, [TeO3] trigonal

pyramid, [TeO4] trigonal bipyramidal, [BO3] trigonal pyramid, and [BO4] tetrahedral by

using Raman spectra [100]. In 2014, V. Sreenivasulu et al. studied the Raman spectra,

optical properties of the glasses, Differential Scanning Calorimetry (DSC), Erythrocyte

Sedimentation Rate (ESR) etc. Structural studies showed that V4+ ions survive as VO2+

in octahedral coordination along with tetragonal distortion. The glass network consists of

TeO4, TeO3+1/TeO3 and ZnO4 units as fundamental structural units [101]. In 2014, R S.

Kundu et al. found that the molar volume of glass materials increase and the glass

transition temperature decrease with increasing of Bi2O3. The percentage of
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transmittance of the glass materials is increased with the increase in bismuth ions and

band gap is decreased with the increase in bismuth ions [2]. In 2015, N. Berwal et al.

shows that molar volume, crystalline volume and the density of glass materials decreased

with the increase of B2O3. However, the glass transition temperature follows the reverse

tendency. The optical band gap shows nonlinear properties due to the induced structural

variation [102]. Nanda et al. showed in 2015 that the molar volume, density and

equivalent crystalline volume are increased with the incorporation of Nd2O3 in glass

materials. The doping Nd3+ ions decrease the optical band gap energy [103]. S.

Dhankhar et al. investigated that the presence of zinc in glass materials increases the

activation energy of the glass [104]. They also observed that dc conduction can be

understood via variable range hopping (VRH), initially proposed by Mott and then with

some alteration suggested by Punia et al. The AC conduction in glass materials is

occurred by tunneling of overlapped large polaron.

N. Berwal et al. found the nonlinear properties of prepared glass materials with the

variation of structure interrelated to optical band gap energy. The optical band gap

energy was determined by fitting Hydrogenic Excitonic Model and Mott-Davis's Model

[105]. O A. Zamyatin et al. calculated the molar refraction, Urbach energy, optical band

gap and criterion of the metallization of glass structure in 2017. The optical band gap

energy decreases due to the incorporation of copper content whereas the Urbach energy

decreases due to the possible structural defect in the host glasses [106]. The

luminescence for the transition corresponding to the cross-relaxation process has shown

the non-exponential behavior. The decay curves in the NIR region represented simple

exponential behavior. The calculated lifetime of Er3+ doped zinc-tellurite glasses is found

large [107]. P. Yasaka et al. studied the structural and spectroscopic properties of zinc-

tellurite glasses mixing with different concentrations of BaO. O-H and Te-O bonds are

observed in the measurement of FTIR spectroscopy in the tellurite glass system.

Refractive index, colour coordinates and brightness are increased with the increase of

BaO concentration [108]. N N. Yusof et al. observed the spectral properties and self-

cleaning features of the glass materials. A relationship between Titanium nanoparticles

(TNPs) and self-cleaning properties has been established. The influence of embedded

Titanium nanoparticles (TNPs) on the spectral properties and self-cleaning is examined
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and established their correlation for the first time [109]. A I. Yakovlev et al. observed

that the glasses are transparent in the NIR and mid-IR regions. This stability against

devitrification has been demonstrated and found to be very high for the investigated

glasses. This type of glass was used for magneto-optical fiber waveguides or magneto-

optical devices [110].

S A. Tijani et al. found that this glass has better radiation protective characteristics

than lead glass. These glass materials are recommended for preparing radiation

protective glasses and building barriers for both Computed Tomography facilities and

general diagnostic centers [111]. In 2018, Sayyed et al. calculated the mass absorption

coefficient (µ/ρm) values, electron density (Ne), mean free path (MFP), the effective

atomic number (Zeff) and Exposure Buildup Factor (EBF) values using Geometric

Progression for fitting method. The cross-section for fast neutrons is evaluated for their

potential applications as neutron radiation and γ-ray shielding materials. The obtained

results demonstrated that the mass absorption coefficient increase with the increase of

concentration of Sb2O3 and Bi2O3 modifiers in the B2O3-Sb2O3 and B2O3-Bi2O3 glasses,

respectively [112].

Al-Buriahi et al. and Tonguc et al. have shown shielding properties of gamma-ray for

the high concentration of Bi2O3 in glasses [113, 114]. Gaikwad et al. has also reported

the best shielding properties of the glass composed of higher concentration of Bi2O3 [115].

Matori et al. has studied buildup factors for gamma-ray in phosphate glasses [116]. The

shielding properties of these glasses can be improved by the substitution of ZnO for PbO.

But lead (Pb) material is harmful to the environment and human health due to the toxicity

and hazardous nature of the element. So, lead (Pb) material is replaced by other high

atomic number elements such as Mo, Ba, W, Bi, Gd etc. to save the environment and

human health. Therefore, many efforts are being put to supply suitable substitution

instead of lead to get equivalent shielding, physical and chemical properties. Tellurite

glass has also been used to protect the X-ray radiations and other ionizing radiations

coming from radioactive materials. Radiation exposure can have negative effects on the

human body coming from different nuclear sources like radioactive mining, nuclear

power plants etc. There is number of disadvantages have been observed in case of lead

as a shielding material. Material scientists have proposed the efficiency of the shielding
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material using the tellurite/borate glasses without any environmental pollution. P. Vani et

al. and Sayyed et al. have synthesized and investigated different types of Pb-free tellurite-

based glass materials [117, 118].

The rare-earth doped tellurite glasses are more suitable for designing and fabricating

optoelectronic devices. Reddy et al calculated the emission cross-sections of rare-earth

doped tellurite glass and its quantum efficiencies. It has been observed that the designing

of optoelectronic devices is more suitable for tellurite glass with 1 mol% of Sm3+ ions. It

is also used as a laser active medium for laser applications at 601 nm emission

wavelength. Branching ratios and emission cross-sections were estimated from the

luminescence spectra. The measurement of quantum efficiencies of as-prepared glasses

is correlated with the experimental lifetimes (τexp) corresponding to decay spectral

profiles. All the mentioned results of these glasses are suitable for the fabrication of

optoelectronic devices like WLEDs and lasers [119].

The chromaticity coordinates have also been estimated to find the suitability of these

tellurite glasses as red luminescence devices. Sharma et al. studied the emission spectra

and determined the band-widths, emission cross-sections and branching ratios. To find

out the quantum efficiency (η) of the host glasses the experimental lifetimes and radiative

lifetimes are calculated. Relatively higher values of cross-section, branching ratios, and

quantum efficiency (η) are found [120]. It can be used for visible photonic devices. Y.

Ruan et al found the Magnetic effect of the glass materials. Tellurite glass has been

applied to realize the magnetic field sensitive object. The physical properties like

structure, fluorescence, and decay times of the glasses have been studied. To produce

high sensitive device it has been better to choose the low doping sample indicating the

possibility of high power laser. It is also described the up-conversion processes and

sensitivity of these glasses [121]. R. Kaur et al. calculated the emission cross-sections,

Commission Internationale de l'Elcairage (CIE) coordinates and quantum efficiency in

2019. Pr2O3-doped tellurite glasses have been used for preparing visible optoelectronic

devices [122]. The doping of Pr3+/Er3+ ions in tellurite glass materials is used for the

ultra-broadband and amplifiers covering the explanation of low-loss communication

window. The Judd-Ofelt parameter, spontaneous transition probability, fluorescence

branching ratio, and radiative lifetime are calculated from fluorescence decay curves
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[123]. Yu et al. photoluminescence properties were investigated. The doping of Dy3+

and Eu3+ ions in tellurite glass matrix can perform for the UV converted WLEDs. L.

Yuliantini et al. observed the molar volume, density, and refractive index of the quenched

glass materials. It has also been calculated branching ratios of 4F3/2 → 4I11/2 transition

(1072 nm) and that represents the possibility of application in NIR under 584 nm

excitation [124].

1.5 Motivation and Objectives of Study
As explained above, pure and rare-earth doped NZT glass materials are extensively

applicable in different devices due to their structural, thermal, optical, and electrical

properties. The doping of various rare earth ions like Eu3+, Nd3+, Sm3+, and Pr3+ in host

glass materials, NZT has grown interest among scientists and researchers for their various

application potentialities. Individual rare-earth ions with their specific size, charge and

spin arrangement improve the optical and electrical properties of the host glass material.

The optical and electrical properties are enhanced for the doping of rare-earth (RE) ions

in the host glass matrix which act as efficient photo luminescence centers. In chapter 2,

the various synthesis techniques used for the preparation of NZT and rare-earth doped

NZT glass materials with their merits and drawbacks have been discussed in detail. In

this chapter, a brief outline of the different characterization techniques used for the

structural, thermal, optical, and electrical properties of the prepared glasses has also been

presented.

In Chapters 3, 4, 5, and 6 we have reported our investigation on Eu3+, Nd3+, Sm3+, and

Pr3+ doped NZT glass materials respectively. Rare-earth doped NZT glass materials are

prepared by the melt quenching method. The study for each of the doped samples is

carried out for four different doping concentrations of 0.5, 1.0, 1.5, and 2.0 %. Thermal

properties like Differential Thermal Analysis (DTA) and also Thermo-gravimetric

Analysis (TGA) studies have been carried out to find out the glass transition temperature,

critical temperature, and melting temperature for each of the different doping

concentrations. Thermal stability has been calculated using glass transition temperature,

critical, and melting temperatures. The X-ray diffractogram (XRD) and Fourier

Transform Infrared (FTIR) studies have been presented in this work for the structural



20

analysis of the prepared glass samples. The absorption and emission spectra are

characterized by using a UV-VIS spectrophotometer and photoluminescence

measurement for these samples. The absorption and emission spectra are used to

investigate the optical properties of pure and doped NZT glass materials. The band gap

energy is estimated from Tauc’s plot using absorption spectra. The absorption and

emission cross-section for a particular transition is also calculated for specific

applications in optoelectronic devices. The electrical properties have been studied

through the measurement of dielectric constant with the variation of frequency at room

temperature and DC conductivity with temperature for the pure and doped samples of

NZT glass materials. The variation of conductivity with temperature is used to

investigate the conduction mechanism and to find out the value of activation energy of

NZT glass materials. Finally, the conclusions of our findings and the further scope of

work have been arranged in Chapter 7.
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Chapter-2

Preparation and Characterization techniques
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2.1 Introduction

Amorphous materials like glass, polymer, plastics and polycrystalline materials like

ceramics, thin films, and hetero-structure materials can be prepared using various modern

techniques. These techniques are mainly categorized as physical and chemical routes.

The chemical route deserves the techniques like chemical precipitation method, sol-gel

method, hydrothermal method, solid-state reaction technique, chemical vapor deposition

method (CVD), and melt-quenching processes which are useful for the synthesis of

amorphous glass materials [125-130]. In this chapter, we have discussed the three

methods: sol-gel method, CVD method and melt-quenching process briefly. Here, the

melt-quenching method is mainly used for the preparation of pure and rare-earth doped

NZT glass materials for its various advantages.

The properties of the prepared glass materials have been obtained through the

characterization of the samples. The structural characterization of pure and rare-earth

doped tellurite glass materials has been studied by performing X-ray diffraction (XRD),

Fourier Transform Infrared (FTIR), and also Raman spectroscopy. Glass transition and

glass melting temperature have been investigated using the Differential Thermal Analysis

(DTA) and also Thermo-gravimetric Analysis (TGA). The characterization of optical

properties like absorption and emission spectra is made by UV-VIS spectrophotometer

and Photoluminescence measurement set up respectively. The electrical properties

regarding the conduction mechanism etc. are achieved using computer-controlled LCR

meter.

2.2 Sol-gel Method
The sol-gel method is known as the wet chemical process for the formation of various

crystalline and non-crystalline materials, especially metal oxide nanoparticles and glass.

In this process, the molecular precursor (generally metal alkoxide) is formed as gel

dissolving in water or alcohol by heating land stirring by hydrolysis/alcoholysis [131]. It

should be dried up using suitable methods depending on the preferred application and

properties of the gel. After drying, the formed gels are milled and then calcined. Various

steps of glass formation through the sol-gel method are shown in Fig. 2.1 [132].
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Fig 2.1 Schematic flow chart of a sol-gel method for the development of glass particles.

The generic form of metal alkoxides is M(OR)n, where R is usually a simple organic alkyl

group. The metal alkoxides M(OR)n, have been prepared by the sol-gel method. Usually,

in the formation of tellurium metal alkoxides, these compounds Te has the tetravalent

state. Initially, TeCl4 is prepared through the dissolution of research-grade TeO2 in HCl.

TeCl4 reacts with alkoxide like sodium methoxide to produce tellurium methoxide. In the

same way, higher alkoxides like tellurium isopropoxide were prepared.

TeCl4+ 4 Na(OCH3) = Te(OCH3)4 +4 NaCl … … … (2.1)

Telluric acid Te(OH)6 and allotelluric acid [TeO2(OH)2]n derived by autoclave heating

of telluric acid at 100–150 oC are soluble precursors for tellurium oxides. These are not

suitable for device/film fabrication as they precipitate due to drying to form coarse

powders. However, organo-metallic compounds of tellurium like tellurium catecholate or

tellurium methoxide are synthesized using the ingredients of these acids to generate

telluric esters. According to Eq. (2.2), allotelluric ethyl ester is developed by the reaction

of ethanol and allotelluric acid.

[TeO2(OH)2]n + nC2H5OH =[TeO2(OC2H5)2]n + nH2O … … … (2.2)



24

This compound presents some advantages in sol-gel processing and holds a remarkable

hexavalent structure of tellurium [133].

However, some specific problems have been observed in these tellurium alkoxides.

Tellurium alkoxides and tellurium isopropoxide are both moisture sensitive. It is difficult

to handle the precursors for conventional sol-gel processes and make precipitates instead

of gels. The alkoxide compounds oligomerize suddenly in the presence of very small

amounts of water and modify their reactivity. They are contaminated with sodium

chloride frequently from the preparation process and have limited thermal stability [133].

It creates a problem with preferential precipitation of a particular oxide during sol

formation due to the different reactivity of the alkoxide precursors. It is difficult to avoid

residual porosity and OH-group. For this result, the materials lead to fracture due to the

shrinkage of a wet gel upon drying. The sol-gel method is not a cost-effective process. It

is a time taking process for deposition and a very costly process for the fabrication of

glass. It is impossible to connect a thick layer of nanoparticles on the substrate. In this

method, high temperature is required to prepare anatase nano-crystals.

2.3 Chemical Vapor Deposition
Chemical vapor deposition (CVD) is the deposition of solid through the chemical reaction

on a heated surface [134]. Chemical vapor deposition is a method that occupies the

reaction of a volatile precursor which is inserted into a chamber (vacuum). This vacuum

chamber is heated to a particular temperature at which the ancestor gas to respond for the

reaction. After this reaction the required coating material deposits on the surface and

makes a coating throughout the surface of the substrate [135, 136]. CVD is a versatile

technique and is broadly applied for coatings, synthesis of powders, thin films, glass fibers,

and other monolithic components [134]. It is possible to make alloys and compounds

through the CVD process of metallic and non-metallic materials. Recently, this method

can also be used to prepare tellurite glass materials [137-139].

https://www.cram.com/subjects/chemical-reaction
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Fig 2.2 Schematic diagram of chemical vapor deposition method for the glass deposition on the

substrate.

The zinc-tellurite glass can be made by using the CVD technique with alkyl organo-

metallic compounds as the initial volatile precursors of tellurium and zinc such as

diethyltellurium (Te(C2H5)2), dimethyltellurium (Te(CH3)2, diethylzinc (Zn(C2H5)2) and

dimethylzinc (Zn(CH3)2). These compounds were taken based on the high reactivity of

organo-metallic compounds compare to oxygen and water and with highly saturated

vapor pressure. The metal impurities in these compounds should not be more than 10-5

mass % [139]. Carrier gas for organo-metallic compounds was argon and the compounds

with argon gas were interacting in an oxy-hydrogen burner with the required temperature

of reactions. The formation of the condensed phase was made by this process. Then the

mixtures are ready for tellurite glass.

However, the CVD method is not the entire coating panacea [134]. It also has some

disadvantages. The major disadvantage is to supply a high temperature than the room

temperature to control the reactions. Normally, the substrates are not stable at that high

temperature. Again, the organic exhaust soot is usually toxic to human health and

endangers the environmental problem without proper treatment.

https://www.cram.com/subjects/temperature
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2.4 Melt-quenching Process

The most common technique is the melt-quenching technique for the preparation of

photonic/electro-optic glass materials. Melt-quenching is the conventional technique of

glass making and it includes heating up to a temperature well above the melting point of

the mixed ingredients and then quenching of melting glass [140]. This melt-quenching

technique has the flexibility of preparing with different compositions of the glass of

borate, phosphate, silicate, and other oxide systems. In this method, the thermal stability

of the prepared glass materials is high. However, the melt-quenching technique

represents a valuable glass fabrication process and recent research has depicted its

potential and is not yet explored thoroughly. The doping of different active ions in the

glass matrix is quite easy by using this technique. We have chosen this method to

increase the hardness and toughness of the glass materials. The melt-quenching

technique is also used to refine the structure of the system.

Initially, raw materials are ground into powder form by an agate mortar. For obtaining

a more homogenous particle size, the mixture of raw materials is transferred to the agate

mortar and ground for several hours initially in a wet medium such as acetone, ethanol

etc. [141]. The grounded mixture of raw materials is transferred to the alumina crucible

and melted in a furnace. The melted substance is poured into molds for the fabrication of

a disk, cylindrical shape, or any other desired size and shape. To get quenched of melting

material in air, stainless steel plate can also be used for as prepared glass. The quenched

glass is annealed to avoid the internal stresses present within the glasses [142]. The

following schematic diagram represents the steps of the melt-quenching technique for the

development of dense and transparent glass for photonic applications [143, 144].
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Fig 2.3 Schematic diagram of melt-quenching method for the fabrication of glass.

Na2O-ZnO-TeO2 (NZT) glasses have been prepared by conventional melt-quenching

technique, using high purity precursors ZnO (Zinc Oxide), TeO2 (Tellurium oxide) and

Na2CO3 (Sodium Carbonate) manufactured by Merck. ZnO, TeO2 and Na2CO3 powders

have been mixed in such a ratio Na2O: ZnO: TeO2 is 1:2:7 as a host glass matrix. Rare-

earth Oxide like (Eu2O3, Nd2O3, Sm2O3, Pr2O3) was added to the host glass as a dopant

for (0-2 wt%). The starting materials have been weighed by using an electronic balance

after the calculation of the required raw materials. The required amount of mixture has

been well ground in an agate mortar and pestle for 2 hours for better homogeneity. The

organic material acetone is evaporated from the resulting mixture when the mixture is

dried in the air. To get good quality tellurite glass, the melting has been done in two

stages at 550 °C for 1 hour and then 650 °C for ½ hour in an electrical box furnace. The

mixture is heated up to different temperatures for different rare-earth doped materials.
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The alumina crucible is used for the melting purpose of raw materials at relatively low

temperatures. If the melting temperature of the glass composition is very high then the

alumina crucible will not be used to avoid the diffusion of alumina into the glass

composition. Hence, for making the glass material at high temperatures, a platinum

crucible can be used for the preparation of melt quench glass. The stainless steel plate is

covered with a mica sheet which is cut according to its size from a large mica sheet. The

produced melt sample was poured onto a smooth surfaced stainless steel plate (depth 0.15

cm and diameter 3 cm) and cooled down slowly to room temperature to remove internal

stress present in the glass samples. The prepared samples were polished using fine emery

papers of different grades to increase the brightness. The prepared samples are

translucent with different colour according to the rare-earth doped ions.

2.5 Characterization Techniques
An outline of the characterization techniques has been presented in this section to study

the various properties of amorphous and or semi-crystalline pure and rare-earth doped

NZT glass samples.

2.5.1 Structural characterization by XRD
X-ray diffraction can supply information about crystal structure and unit cell parameters a,

b, c, α, β, γ of a crystalline material, crystallinity and crystal size, certain structural

defects, phase composition, micro-stress and -strain and texture (orientation of the

crystallites in a polycrystalline material). Samples have been ground in an agate mortar

to prepare for X-ray powder diffraction.

2.5.1.1 Principle of X-ray Diffraction
X-ray diffraction was performed to establish the actual structural properties of the

materials and their crystalline or amorphous phase. The XRD data also supply

information about the amorphous or crystallinity nature of the material, inter-planar

spacing and average crystalline size. When the selected wavelength of X-ray incident on

an atom, the scattering will occur in all directions. If the atomic arrangement is

encountered by X-ray, the scattered beams will make stronger in particular directions and
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diminish in others. When an X-ray strikes a specified group of planes, the scattered

beams produce constructive interference due to the arrival at the detector in the same

phase [145]. The beams are realized due to constructive interference in a direction with

Bragg angle 2θ obeying Bragg’s law (shown in Fig. 2.4).

Fig 2.4 Presentation of Bragg’s diffraction of X-ray beam from atomic planes.

Fig 2.5 Photograph of X-ray diffractometer experimental set-up.

The constructive interference of the beams arises when the path difference of two beams

is an integral multiple of wavelength λ, i.e.,
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2d sinθ = pλ … … … (2.3)

Where p is as an order number, d is the interplanar spacing, and the grazing angle is θ.

Fig. 2.5 shows the experimental set-up of XRD. Rigaku Mini Flex-600 with CuKα (λ

= 1.5418 Å) is used for the X-ray characterization of the materials with the angle of

deviation 2θ between 10o and 80o. The peak intensity of X-ray spectra is changed due to

the doping in the host glass materials and the peak intensity varies with the variation of

dopant concentration. These peaks offer important information of glass materials. The

XRD pattern of each glass sample displays different significance. The determination of

crystal or amorphous structure of the unknown materials can be obtained by investigation

of the XRD data using appropriate software like POWD, COD and also through

comparing with known database. The Scherrer equation has been used to calculate the

average crystalline size of the particles.

D = k cos … … … (2.4)

Where D = average crystalline diameter, k = 0.89 a constant, λ = wavelength of X-ray, θ

= Bragg’s angle, and β = FWHM of the diffraction peak for the Bragg angle θ.

Broad peak identified that the materials give an amorphous nature and sharp peak gives

the information about the specific crystal structure of the materials.

2.5.2 Structural Characterization by FTIR spectroscopy
Fourier Transform Infrared (FTIR) spectroscopic analysis methodology is used in

industry, organic chemistry, forensic science and academic laboratories to realize the

structure of separated molecules, and the component of molecular mixtures. The

vibrational band energy of atoms or molecules is absorbed infrared beam at a particular

frequency. Various wavelengths of FTIR radiation are absorbed to vibrate by the

different bonds in a molecule at different energies. The peak positions and intensity of

FTIR spectra of absorption bands create a characteristic fingerprint of the atoms or

molecules. FTIR spectroscopy has been widely used in the chemical, pharmaceutical and

polymer industries [146]. It is also applied in industry and academic laboratories to
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better understand the molecular structure kinetics, pathways in chemical reactions,

mechanism and catalytic cycles. FTIR spectra identified the particular specification of

final products, raw materials and intermediate materials. It is also applied to build up the

scale of chemical reactions and optimize the by-product impurities. FTIR spectra can be

used to control and achieve the final product of the samples. It is also applied in process

analytical technology (PAT). The working formula of FTIR and Michelson

interferometer are the same.

Fig 2.6 Schematic view of FTIR spectrophotometer.

A specific wavelength which is absorbed by covalent bonds of molecule changes the

vibrational energy in the bond. The vibration (stretching or bending) induced by IR

radiation depends on the atomic bonding. The transmission pattern is different for

different types of molecules and functional groups due to the absorption of different

frequencies. To get the spectrum of FTIR one can plot transmittance along Y axis and

wave number (cm–1) along X-axis. All the data are taken using BX-II spectrophotometer

within the wave number range of 400-4000 cm  1 to find out the vibrational bond and

https://www.mt.com/in/en/home/applications/L1_AutoChem_Applications/L2_PAT.html
https://www.mt.com/in/en/home/applications/L1_AutoChem_Applications/L2_PAT.html
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bond angle in the present work. Peaks of the FTIR spectra are fitted to their separate

positions with the help of Gaussian and Origin software. The study of FTIR has been

performed in open-air condition. Fourier transform infrared (FTIR) spectroscopy has

been used to characterize the chemical bonds and/or detect the molecular structure of

organic/inorganic samples, using the techniques of absorption/transition, emission and or

photoconductivity of solid [147-148]. The schematic diagram of the FTIR spectrometer

has been shown in Fig. 2.6. Our FTIR spectrometer (RX1 Perkin Elmer FTIR) collected

spectral data with the resolution of 1 cm-1 for 50 scans in the wave number range 400 to

4000 cm-1.

2.5.3 Thermal Characterization by DTA/TGA

The study of the thermal properties i.e., the temperature-dependence properties of

materials can be studied by a group of technique known as Thermal Analysis (TA). It

provides the characterization of mass changes, enthalpy and coefficient of heat expansion

and thermal capacity of the prepared materials with the variation of temperature [149]. It

is also applied in solid-state chemistry to investigate the thermal degradation reactions,

reactions in the solid state, phase transitions and phase diagrams. Differential Thermal

Analysis (DTA) curve can be explained by the change in crystal structure, melting

temperature, critical temperature, glass transition temperature etc. DTA can be explored

the thermal properties of polymers, minerals and biological materials. DTA can explain

the change in the crystal structure, and the chemical reaction whether the reaction is

endothermic or exothermic. It can determine Crystallization temperature (exothermic),

Melting temperature (endothermic, Vaporization temperature (endothermic) and

Sublimation temperature (endothermic).

TGA can be applied to investigate the characterization of metals, plastics, inorganic

and organic materials, ceramics, composite materials, and glasses. Thermo gravimetric

analysis (TGA) determines mass change, thermal stability, presence of moisture, material

purity, etc. as a function of temperature.
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Fig 2.7 Experimental set-up of DTA/TGA.

2.5.4 Optical property analysis by UV-Visible Spectroscopy

Ultraviolet and visible (UV-Vis) spectroscopy is a simple and powerful tool for detecting

the presence of ultraviolet to visible optically active molecules/components in the sample.

Arnold Beckman in July 1941, first time introduced a UV-Vis spectrophotometer, based

on the UV and Visible light absorption mechanism [150]. A beam of light is reflected or

transmitted from a sample, and a part of the incident light is absorbed. According to

Bohr’s law, excitation and de-excitation states are taking place in molecules of the

sample due to the absorption of light. Collecting the transmitted and or reflected light

beam from the sample by detector we found a discrete spectrum. Analyzing the spectrum,

we detect the presence of molecules/chemical bonds and calculate various optical and or

physical properties of the sample [151-152]. Basic mechanisms, structure, some specific

applications and accuracy have been discussed in this work.
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Fig 2.8 Schematic view of the absorption spectrophotometer.

Fig 2.9 Photograph of UV-Visible spectrophotometer (Perkin-Elmer).

2.5.5 Optical and Electronic properties analysis by Photoluminescence
Spectroscopy

In the photoluminescence process, xenon lamp is used as an excitation source due to its

emitted wavelength lying from ultraviolet to the infrared region. A specific wavelength
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of light is produced by an excitation monochromator for excitation and then a preferable

slit is used to control the intensity of the incident beam striking the material. The sample

absorbs the incident light beam for exciting one of its electrons to the higher electronic

excited state. The materials release energy through the radiation of electromagnetic

waves due to the return of electrons to a lower energy state. These electromagnetic

radiations are detected by the detector with a secondary monochromator, positioned,

perpendicular to the arriving light and then associated with a computer for receiving the

emission data. Fluorescence is one of the main characteristics of photoluminescence

spectroscopy. Different types of parameters of the samples like a defect, impurity level,

and band gap, etc. are described with the help of photoluminescence characterization.

(i) The PL energy attributed to various defects and energy levels of impurity can be

predicted with the PL intensity and detect the amount of impurity present in the materials.

(ii) Recombination is connected to the radiative and nonradiative mechanisms. The

recombination mechanism depends on the temperature of the photo-excitation and

provides the PL intensity.

(iii) The PL spectra occur due to the transition between various states of the conduction

and valence bands of the materials and in effect calculate the optical band gap of the

materials. Band gap energy determination is generally useful when working with

prepared semiconductor materials.

The fluorescence spectrometer (Perkin Elmer LS 55) has been used to study the

luminescence properties and the samples are excited with Xe-Laser of wavelength 325

nm.
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Fig 2.10 Photograph of photoluminescence spectrometer.

2.5.6 Electrical Characterization by LCR Meter

Dielectric properties of pure NZT and rare-earth doped NZT glass materials have been

measured by 3522-50 LCR-meter Hi TESTER (HIOKI, Japan). Dielectric constant can

be measured in frequencies of 10 Hz to 8 MHz. The dielectric constant depends on the

polarization method such as dipolar, ionic, interfacial and electronic polarization

remaining in the sample. The electrical property of the glass materials has been

performed at desired temperatures for the different rare-earth doped NZT compounds. A

small part of the large glass slab is cut as a round-shaped pallet and polished on both the

flat faces. The flat faces are painted with thin silver paint to form the electrodes. The

polished pellets are heated at the required temperature to avoid moisture.
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Fig 2.11 Experimental set-up of LCR meters.

Then the sample is ready for measurement by using LCR-meter. This measurement

supplies the phase angle, impedance, capacitance of parallel plate, dielectric loss, and

other parameters at room temperature for different frequencies [153].ε = Ctε0A … … … (2.5)
Where t is the thickness of the samples, C is the capacitance of the parallel plate, �0 is the

dielectric constant in free space, and the area of the samples is denoted by A. The

thickness and radius are measured with the help of a screw gauge. The dielectric constant

(�) of the samples is determined using Eq. 2.5

2.5.7 DC Conductivity

Electrical conductivity measurement is required for a production method for quality

control and as well as quality assurance. Specifically, it is applied to determine the

conduction of an electrical current through the material. The DC conductivity depends

on the temperature [154]. The pure and rare-earth doped NZT glass materials are

prepared as a round-shaped pallet. The flat faces of the pellets are electroded and studied

the DC conductivity measurement with temperature.
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Fig. 2.12 shows the schematic circuit diagram of DC conductivity measurement. The

current data in nano-ampere order with various temperatures are collected using a simple

Ohms circuit. The DC electrical conductivity ( ��� ) can be determined using the

following formula

� = ��� … … … (2.6)
��� = ��� … … … (2.7)

Where � is the resistivity, R is the resistance, A is the area and t is the thickness of the

sample. The actual experimental set up for the measurement of DC conductivity is

displayed in Fig. 2.13.

Fig 2.12 Schematic circuit diagram of DC conductivity measurement.
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Fig 2.13 Experimental set-up for temperature dependent DC conductivity measurement.

Now, the activation energy Ea can be estimated from the DC conductivity measurement,

and the conduction mechanism can be explored from this measurement. The activation

energy is related to the DC conductivity and expressed by Arrhenius empirical relation as

follows [155]

��� = �0�������� … … … (2.8)
Where, �0 = pre-exponential factor, KB = Boltzmann constant, and T = absolute

temperature.
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Chapter-3

Enhancement of optical emission and dielectric
properties of Eu3+-doped Na2O-ZnO-TeO2 glass material
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3.1 Introduction

Rare-Earth ions (RE3+) doped tellurite glasses have drawn much attention recently due to

their large potential applications in optoelectronic devices such as solid-state lasers,

three-dimensional displays, optical amplifiers, planar waveguides, field emission displays,

white light emitting diodes and high-density frequency domain optical data storage [156,

157]. Glass scintillators are an important component of optical devices that can be

fabricated easily depending on the various shapes and sizes. During the last two decades,

the precise properties of tellurite glass have been investigated for demonstration of

various spectroscopic and nonlinear optical device applications such as broadband light

emission and optical communications network [158].

TeO2 is a very important material to form glass and glass ceramics along with the

alkali-based or alkaline earth, and transitional element or transition metal oxide (TMO)

[159]. TeO2 is a semiconducting material with strong covalent bonding between oxygen

with tellurium. This bonding does not allow creating the required level of deformation to

form the glass itself by TeO2 [160-163]. In comparison with the other families of glasses

like borate, silicate, fluoride, chalcogenide or lead-based glass, tellurite glass has

interesting physical properties such as high thermal stability and corrosion resistance in

accountability with this strong tellurium oxygen bond. It has been reported that tellurite

glass fibers are very good broadband amplifiers than the normal rare-earth, like

neodymium and/or erbium doped silica optical fibers. This broadband amplifier is more

applicable to the optical communications devices and data transfer technology [64].

Tellurite glass matrix produces a wide band frequency window (from the visible to the

mid-infrared region) with low cutoff phonon energy (~ 700 cm-1), high refractive index (~

2.0), and large chemical stability. This family of glasses has been used as a host matrix

for studies in large wavelength ranges with the doping of trivalent rare-earth ions [164].

Again, the study of luminescence properties of the rare-earth elements hosted in

tellurite non-crystalline glass, and glass ceramics are strongly attractive because of their

applications in optoelectronics devices. Europium (Eu) is a rare-earth element which is

more suitable as a dopant ion in the TeO2 glass matrix for photonics devices because the

Eu3+ ions are useful for photo conversion due to the 4f6 electronic configuration. Eu3+
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doped tellurite glass can carry out attentively persistent spectral hole-burning in the 7F0

→ 5D0 transition among all glasses [165]. However, little attention has been made to

investigate thoroughly the Eu3+doped tellurite glass, and glass ceramics.

In this present work, the focus has been made to study thoroughly the glass formation,

optical, dielectric constant, and conduction mechanism of the Eu3+ doped Na2O-ZnO-

TeO2 glass ceramics with various doping concentrations.

3.2 Experimental Outline

Na2O-ZnO-TeO2 (NZT) glasses have been prepared by conventional melt-quenching

technique, using high purity precursors ZnO (Zinc Oxide), TeO2 (Tellurium oxide),

Na2CO3 (Sodium Carbonate) and Eu2O3 (Europium Oxide), manufactured by Merck.

ZnO, TeO2 and Na2CO3 powders have been mixed in such a ratio Na2O: ZnO: TeO2 is

1:2:7 as a host glass matrix. The host glasses were doped with (0-2) wt% Eu2O3. The

required amount of mixture has been well ground in an agate mortar and pestle for 2

hours for better homogeneity. To get a good quality telluride glass, the melting has been

done in two stages at 400 °C for 1 hour, and then 475 °C for ½ hour in an electrical box

furnace. The alumina crucible was used as a molt mixture materials container. The

produced melt sample was poured onto a smooth surfaced stainless steel plate (depth 0.15

cm and diameter 3 cm) and cooled down slowly to room temperature to remove internal

stress present in the glass samples. A Perkin Elmer Instrument (Pyris Diamond TG/DTA,

thermo-gravimetric/differential thermal analyzer) was used for the thermal

characterization and analysis of the mixtures of precursors to form the telluride glasses in

the presence of an argon environment. The rate of scanning was 10 °C/min between the

temperature range of room temperature (30 °C) and 600 °C.

An X-ray diffractometer (RIGAKU model: Japan, XRD 6000, λα = 01.5418 Å) was

used to study the X-ray diffraction of these samples. Optical measurements of pure, and

doped glasses were carried out using Perkin-Elmer UV/VIS/NIR (Lambda-35) a double

beam optical spectrophotometer for optical absorption spectrum in the wavelength range

350-800 nm, and using fluorescence spectrophotometer HITACHI Model F-7000 for
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fluorescence measurements from the wavelength 500 - 775 nm at room temperature. The

dielectric constants (�) of these samples were studied using HIOKI MI- 3536 LCR

HiTESTER at room temperature for the frequency range 100 Hz - 8 MHz. The

conductivity of these samples was measured using laboratory-made experimental set-up

in the temperature range 50 oC to 160 oC.

3.3 Results and Discussion

3.3.1 Thermal Analysis

DTA curve of the pure, and Eu2O3 doped NZT glasses from the temperature 35 °C to

650 °C at a heating rate of 10 °C/min is shown in Fig. 3.1. Three consecutive

endothermic peaks are observed on the DTA curve between (92 - 162) °C for the pure

sample and Eu2O3 doped NZT glasses. These endothermic peaks on the DTA curve are

ascribed to the desorption or removal of moisture [166]. DTA curve attributed the

exothermic peaks that occurred when the CO2 is released from the precursor powders in

the temperature range (392 - 415) °C for pure, and (1 and 2) wt% Eu2O3 doped NZT

glasses respectively.

These curves also suggest that the phase transition occurred due to the transition of

solid powder form to liquid form through melting at around 446 °C. Actually, the

melting point of TeO2 is around 730 oC [167] which is decreased due to the presence of

Na2CO3 mixed with ZnO. This decrement in melting point can be explained by the

decomposition of Na2CO3 and the mixture of TeO2-ZnO compounds.
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Fig 3.1 DTA curves for pure, 1.0 wt%, and 2 wt% of Eu2O3-doped NZT glass materials.
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Fig 3.2 TGA and DTG curves of pure, 1.0wt%, and 2wt% Eu2O3-doped NZT glass materials.
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Fig. 3.2 represents the TG with DTG curve of the pure and Eu2O3 doped NZT glasses.

The weight loss started when the powders heated beyond 70 °C. TG/DTG curve

represents the 10.6% mass loss out of total mass from room temperature (35 oC) up to

650 oC through stepwise decomposition of the compounds, and release of volatile

substances, like water, and carbon dioxide. It is found from Fig. 3.2 that the mass losses

5.46% of its weight at about 92 - 160 °C attributed to the removal of moisture [168]. The

DTG analysis curve shows the confirmation of weight loss due to the escape of absorbed

water, and other volatile materials through displayed three maxima at 86 oC, 115℃, and

159 oC. The DTG peak is observed near 395 oC for all the samples because of the

decomposing of anhydrous Na2CO3. The CO2 evolved through the reaction mechanism

Na2CO3 → Na2O + CO2 at that particular temperature which is also predicted from the

DTA curve of Fig. 3.1. The CO2 produced at 380-409 °C was identified by the TGA

curve. However, the decomposition temperature of the Na2CO3 was decreased when it

was mixed with TeO2 and decomposition occurred at 392 °C for the first time.

The last peak in the DTG curve at 444 °C has shown a small change of mass loss

during the melting of the solid powder samples. This may be suggesting that remain part

of Na2CO3 completely decomposes, and evolve CO2 with a small mass at that

temperature and also with some volatile materials. After the temperature of 460 °C there

is no weight loss revealing that the samples have been prepared as glass materials.

3.3.2 X-ray Diffraction

The XRD pattern of pure NZT and (0.5 wt% - 2 wt%) Eu2O3 doped samples have been

recorded by using an X-ray diffractometer with CuKα radiation, λα= 0.15418 nm, and

shown in Fig. 3.3. The pattern of XRD shows no discrete sharp peaks, and there are two

broad peaks have been found in the region of the glancing angle at 18o to 34o.
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Fig 3.3 XRD pattern of pure and various concentrations of Eu3+-doped NZT glass samples.

A large broad peak around 2Ѳ ≈ 28°-33° has been displayed, which is typically the

characteristics of long-range structural disorder. The broad continuous pattern of X-ray

diffraction, therefore, reveals the amorphous nature of these glasses [169-170].

3.3.3 Optical Properties

3.3.3.1 Optical Absorption

The optical absorption spectra of Eu2O3-doped NZT glasses have been displayed in Fig.

3.4. The recording of absorption intensity was carried out in the visible region (350 - 800

nm) at room temperature with the band assignments. It is found from Fig. 3.4, the

absorption intensity increases gradually with the increase of doping concentration of

Eu2O3. There is a very small anomaly present in the absorption spectra of Eu3+doped

glasses at wavelength 535 nm.
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Fig 3.4 The absorption spectra of pure and different concentrations of Eu3+-doped NZT glass
samples.
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This anomaly predicts the transitions from the (7F1) ground state to (5D1) for the doping of

Eu3+ ions. The weak anomaly occurs due to the spin-forbidden transitions for the

absorption lines 7FJ → 5DJ [171]. The increment of this anomaly in the absorption band

edge may be due to the internal conversion of the ZnO by oxy-telluride groups which has

been already confirmed through fluorescence measurement [71]. ZnO is interlinked to

the oxy-telluride groups through the axial Te-O bonds. It has been found that the number

of non-bridging oxygen increases due to the modification of ZnO and oxy-telluride group

exchange interaction.

The optical band gap has been studied using the formula of Davis and Mott for the

coefficient of absorption α(ν) from the optical absorption spectrum and band edge

measurement

� � = 1� ln �0�� … … … 3.1
Where t is the thickness of the sample, and I0 and It are the intensities of the incident and

transmitted radiation respectively [172].

The variation of (αhν)1/2 with hν (Tauc’s plot) is shown in Fig. 3.5 for some of the

glass samples of the NZT with different concentrations of Eu2O3 doped series. The

indirect band gap energy varied between 2.86 eV, 2.71 eV, 2.47 eV, 1.94 eV, and 1.43

eV due to increasing concentration of the Eu2O3 from 0 to 2 wt% respectively. The

values of band gap energy of pure and doped samples are tabulated in Table 3.1 and

depicted a continuous decreasing trend with the increase of Eu2O3 concentration [172].

This results in an increase in the structural compactness in the network of the glass [169].

The decrease in the values of band gap energy may be carried out by the accumulation of

electron localization caused by the glass network’s structural changes.
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Table 3.1 Band gap energies of pure and Eu2O3-doped NZT glass samples.

Sample name Band gap energy (Eg in eV)

NZT+0.0% Eu2O3 2.86

NZT+ 0.5% Eu2O3 2.71

NZT+ 1.0% Eu2O3 2.47

NZT+ 1.5% Eu2O3 1.94

NZT+ 2.0% Eu2O3 1.43

3.3.3.2 Fluorescence Spectra

Fig. 3.6 shows the emission spectra for different concentrations (0.5 wt% - 2 wt%) of

Eu3+ ions doped with NZT glasses. The spectra have been recorded for samples with four

different concentrations of Eu2O3 at an excitation wavelength of 395 nm in the range 520

- 775 nm. It is found that there is no transition occurred for the pure glass sample

whereas the intensity of the emission due to transition increases with increasing the

doping concentration of Eu3+ ions gradually. The peak positions of emission spectra of

Eu3+ ions doped glasses are similar to 5D0 → 7FJ (J = 0 to 4) transitions. Six emission

bands are displayed corresponding to 5D1 → 7F1 at 537 nm, 5D1 → 7F2 at 556nm, 5D0 →
7F1 at 591 nm, 5D0 → 7F2 at 614 nm, 5D0 → 7F3 at 653 nm, 5D0 → 7F4 at 703 nm with the

excitation wavelength λex = 395 nm. The energy level diagram of Eu3+ ions doped NZT

has been shown in Fig. 3.7.
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Fig 3.6 Luminescence spectra of pure and Eu3+-doped NZT glass system excited at 395 nm.

Fig 3.7 Energy levels diagram of Eu3+ions.

The narrow emission bands are produced because of the shielding effect of 4f6

electrons by 5s, and 5p electrons in outer shells in the Eu3+ ion [165, 172-174]. The 5D0
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→ 7F3 and 5D0 → 7F4 emissions are comparatively very weak similar to other reported

Eu3+ glass systems [174-175].

The spectra displayed very high intense emission at 614 nm with the transition line
5D0 → 7F2. This transition has been produced due to the electric-dipole transition mainly

depending on the localized symmetry of coordination surroundings around Eu3+ ions in

the host matrix of telluride glasses [164, 172]. The transition line 5D0 → 7F1 at 591 nm

arises for the magnetic-dipole transition which does not depends on the local symmetry

of the surroundings of Eu3+ ions [174]. All other transitions in the lower, and higher

regions for the lines 5D0,1 → 7F2,4 and 5D0,1 → 7F1,3 are carried out due to electric-dipole

(ED) and magnetic-dipole (MD) orientations respectively [172].

3.3.3.3 Cross Section
From the Lambert-Beer dependency, the absorption cross-section of the 5D0 → 7F2

transition of Eu3+ ions has been determined from the emission absorption spectra using

the formula

σab (λ) = 2.303 log(I0/I)/(N t) … … … (3.2)

Where log(I0/I) is absorbance, t is the sample thickness, and N is the Eu3+ ion (ions/cm3)

density in the host matrix telluride glass. There are many ways to find the emission

cross-sections. The emission cross-section is calculated using Ma-Cumber (1964) theory

[176]. The absorption and emission cross-section are related as

σemi (λ) = σab (λ) exp[(E - hν )/KBT] … … … (3.3)

Where ν is the phonon frequency, E is the net free energy required to excite one Eu3+

from 5D0 → 7F2 state at temperature T, h is the Planck’s constant, and KB is the

Boltzmann constant. Fig. 3.8 shows the calculated emission cross-sections for the 5D0 →
7F2 transition of Eu3+ ions in different concentrations of tellurite glasses. The emission-

cross section is decreasing for the higher concentrations of Eu3+-doped in different

concentrations of NZT glass samples, which is shown in Fig. 3.8.
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3.8 Emission cross-section spectra for pure and Eu3+-doped NZT glass samples.

3.3.4 Electrical Property

3.3.4.1 Dielectric Constant
The dielectric constant (ε) of Eu3+ doped NZT has been measured in the frequency range

100 Hz to 8 MHz at room temperature and shown in Fig. 3.9. This figure depicts that the

variation of ε is linear and nearly independent within this wide frequency range. This

behavior arises due to the insignificant contribution of ionic, orientation, and space

charge polarization in this frequency range [177]. Only the electronic polarization may

contribute to the total polarization enhance the dielectric constant remains independent of

frequency in the frequencies under investigation. Again, it is also found that the values

of ε are increased with increasing the doping concentration of Eu3+ ions. This behavior is

attributed mainly to the ionic polarizability arising from the contribution of the Eu3+ ions

in the glassy semiconducting material. Therefore, the numerical values of ε increase with

the doping concentration of Eu3+ ions.
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Fig 3.9 The variation of ε with the frequency for pure and Eu3+-doped NZT glass samples at room
temperature.

3.3.4.2 DC Conductivity

The temperature dependence of electrical conductivity has been shown in Fig. 3.10. The

variation of ln σ with 1000/T plots shows conductivity increases with increasing

temperature for all the samples and also increases with a doping concentration of Eu2O3.

Yilmaz et al. reported in 2011 electrical DC conductivity has increased with increasing

concentration of Eu2O3 due to the movement of mobile oxygen ions for (Bi2O3)1-

x(Eu2O3)x ceramic sample [178]. Similarly, we have predicted that the electrical DC

conductivity has been attributed due to the movement of mobile oxygen ions with

increasing concentrations of Eu2O3.
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Fig 3.10 Temperature dependence of the electrical conductivity of the pure and Eu2O3-doped
NZT glass samples.

The activation energy of our samples has been decreased with increasing concentrations

of Eu2O3, and activation energies were calculated (detail in Table 3.2) using the empirical

formula (Arrhenius relation) [178].σT = σ0e(−Ea/KBT) … … … (3.4)
Where Ea is the activation energy, σ0 is the pre-exponential factor, T is the absolute

temperature and KB is the Boltzmann constant.

It has been found that the activation energy decreases with increasing concentrations

of Eu2O3-doped glass samples. It may be possible to increase the oxygen ions due to the

increase of doping concentration for the defects states within the bulk samples. This

prediction may be confirmed from the measurement of the dielectric constant of the

samples as the dielectric constant increases with increasing doping concentration.
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Table 3.2 Activation energies of pure and Eu2O3-doped NZT glass samples.

Sample name Activation Energy (Ea in eV)
NZT+0.0% Eu2O3 0.64
NZT+0.5% Eu2O3 0.59
NZT+1.0% Eu2O3 0.58
NZT+1.5% Eu2O3 0.58
NZT+2.0% Eu2O3 0.53

3.4 Conclusions

In summary, Europium-doped Na2O-ZnO-TeO2 (NZT) glasses were successfully

synthesized by the melt-quenching method. The X-ray diffraction characterization

strongly indicated the amorphous nature of the prepared glasses. We present the results

of the preparation and characterization of the luminescent system based on Na2O-ZnO-

TeO2 (NZT) glasses doped with four different Eu3+ concentrations ions (0.5 wt%, 1.0

wt%,1.5 wt%, 2.0 wt%). There are six emission sites of Eu-doped NZT glass samples

from the transitions of 5D1 → 7F1, 5D1 → 7F2, 5D0 → 7F1, 5D0 → 7F2, 5D0 → 7F3, 5D0 → 7F4

respectively. The photoluminescence graph made it clear that the small variation in the

peak value occurred when the sample was doped with a rare earth element. This

indicated that the wavelength of excitation purely depended upon the material

composition. The dielectric constant of glass samples was studied for different

frequencies at room temperature and found a stable material within the frequency range 1

kHz to 1MHz with dielectric constant 200 to 500. These glass samples may be useful as

substrate devices as these materials show high dielectric constant. The variation of

conductivity with temperature confirmed the Arrhenius conduction mechanism and the

estimated activation energies were in the range of 0.64 eV to 0.53 eV. So, these samples

have a high potential for application in optoelectronic devices.
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Chapter-4

Optical and electrical properties of Nd3+doped Na2O-
ZnO-TeO2 Material
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4.1 Introduction

Tellurite glasses are extremely attractive materials for linear and non-linear applications

in optics, due to their important aspects such as their low melting temperature, low

phonon energy, high refractive index, high dielectric constant, good chemical durability,

high thermal stability, non-hygroscopic, with large transmission window and the

possibility to integrate a large number of rare-earth ions [71, 179-185]. It can be used as

micro-lenses, IC photo masking glass, hard disks, press modeling of spherical lenses,

glass substrates for solar cells, artificial bones, dental implants, and crows. The optical

property of rare-earth ions in tellurite glasses depends on the chemical composition,

which determines the structure and the nature of the bonds of the glass matrix. Besides,

the understanding of their microscopic mechanism of structural and optical behavior gave

much thrust and basic interest for both academia and industries. Tellurite glasses doped

with rare-earth ions have attracted researchers for their broad spectrum of applications in

optoelectronic and photo-electronic devices viz solid-state lasers optical switches, broad-

band amplifications, nonlinear optical devices, infra-red (NIR) laser windows, optical

fibers [186, 187]. The doping of rare-earth ions in tellurite glasses has shown interesting

properties like an amplification of optical signal in the visible and NIR region, optical

data storage, white light emission, and planner waveguides which are applicable to

micro-chip lasers, biomedical diagnostics, light-emitting diodes and high-density optical

data reading [188-190]. Recently, the precise properties of tellurite glass have been

investigated for the demonstration of various spectroscopic and nonlinear optical device

applications such as broadband light emission and optical communications network.

The applications of neodymium-doped glass materials are most commonly useful than

the different types of rare-earth ions-doped glasses [191]. In 1961, Snitzer initiated the

application of glass material as a medium for containing neodymium ions (Nd3+) [192].

Neodymium-doped lasers have been used in various applications due to perform within

the high-efficiency range at room temperature. The phonon energy is decreased due to

the amalgamation of heavy metal oxides into the tellurite glass system [193]. Also,

alkaline earth metal oxides such as Na2O, CaO, and MgO reduce the crystalline structure

and increase the amorphous nature of the glass system [194-196]. For this result, the
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thermal stability of glasses is increased [99]. The fundamental structural units of tellurite

glass are adapted to the rare-earth oxides like Nd2O3 from 4-coordination to 3-

coordination by exchanging TeO4 trigonal bipyramid units to the TeO3 trigonal pyramid

units [69].

In this present work, the focus has been initiated to study systematically the glass

formation, structural, optical, and electrical properties constant at room temperature with

frequency variation, and thermal conduction mechanism of the Nd3+ doped Na2O-ZnO-

TeO2 (NZT) glass materials with different doping concentrations.

4.2 Materials and Methods

The conventional melt-quenching technique has been used to prepare Na2O-ZnO-TeO2

(NZT) glasses using research great initial ingredients Zinc Oxide (ZnO), Tellurium di-

Oxide (TeO2), Sodium Carbonate (Na2CO3) manufactured by Merck and Neodymium

Oxide (Nd2O3) made by Loba Chemie. The mixing ratio of Na2O, ZnO, and TeO2 is

maintained as 1:2:7 to prepare the host glass. Neodymium Oxide (Nd2O3) was added to

the host glass as a dopant for (0-2) wt%. The homogeneous mixture of these compounds

was obtained by grinding the ingredient powders in an agate mortar. The mixture was

kept in an alumina crucible, and the crucible was placed in an electrical box furnace. The

melt quenching process was obtained by two stages of heating with the temperature at

400 °C for 1 hour and temperature at 475 °C for the next half an hour to produce the

quality telluride glass. The cylindrical stainless steel plate was used to hold the melted

sample for quenching and the prepared glass was placed again in the furnace at 400°C for

1 hour to anneal the sample. The annealed glass was allowed to reach room temperature

gradually through the slow cooling process for avoiding thermal stress.

The thermal properties, differential thermal analysis, and thermo-gravimetry of the

initial mixtures (raw materials in the powder form)were analyzed in the argon

environment by using Perkin Elmer Instrument (Pyris Diamond TG/DTA, thermo-

gravimetric/differential thermal analyzer). These were studied properties for the

temperature range of 30 °C to 650 °C with a scanning rate of 10°C/min. X-ray

diffraction patterns were obtained using an X-ray diffractometer (RIGAKU model: Japan,
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XRD 6000, λ = 1.5418 Å) with a slow scanning rate 3°/min between the angle 10º and

70º for all the samples. FTIR spectrometer (HITACHI Model F-700) was used to

identify the nature of pure and doped glasses in the wave number range 400-3000 cm-1.

Optical absorption and emission spectra of all the glasses were obtained using

UV/VIS/NIR spectrophotometer (Perkin Elmer Lambda-35) for the wavelength range

400-800 nm and fluorescence spectrophotometer (HITACHI Model F-7000) for 300-600

nm at room temperature. The dielectric constants (�) of prepared glass samples were

measured using LCR- HiTESTER (HIOKI, Japan) for the large frequency range of 200

Hz- 4 MHz at room temperature. The temperature-dependent DC conductivity of these

glasses was studied for the temperature range 36 °C-227 °C using a constant voltage

supply and current meter.

4.3 Results and Discussion

The color of the pure NZT glass is white, while Nd3+ doped NZT glasses revolved into

purple color due to the doping of Nd3+ions in the host glass NZT. The prepared

transparent NZT glasses were shown in Fig. 4.1. The color of the glass samples varies

from bluish to violet with the increase of doping concentration. It has been found that

there are no visible crystallites present in these transparent samples [197].

Fig 4.1 Pictorial view of Nd2O3-doped NZT glasses.
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4.3.1 Thermal analysis
Fig. 4.2 shows the DTA curve of the mixed precursor of pure, and Nd3+ions doped NZT

glasses for the temperature range 35 °C to 650 °C. There are three successive

endothermic peaks evolved in the temperature range of 72 °C to 160 °C for all the

samples. These endothermic peaks in this specified temperature range reveal the

desorption or evaporation of the moisture from the precursor ingredients [166]. It has

been also observed that there are exothermic peaks present in the DTA curve within the

temperature range of 330 °C to 463 °C.

Fig 4.2 DTA graphs of pure, 1.0 wt%, and 2.0 wt% of Nd2O3-doped NZT glasses.

These peaks demonstrate the removal of CO2 through the decomposition of Na2CO3

present in the initial ingredients and the phase transition from solid powders to liquid

form through melting. The phase transition has come about through the melting at the

temperature of 447 °C. The melting point of TeO2 (730 oC) is reduced to 447 °C due to

the existence of Na2CO3 and ZnO in the initial mixture [167, 198].
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Fig 4.3 TGA and DTG vs temperature graph of pure, 1.0wt%, and 2wt% Nd2O3-doped NZT glass

samples.

It is also observed that the melting point of the mixture slightly decreases with increasing

the concentration of Nd2O3.

TG and its differentiation curves of the precursor powders of the samples are shown in

Fig. 4.3. These curves for all the samples depict the weight loss during heating at

different temperatures. The total weight loss in the measured temperature range 35 °C to

650 °C is 10.71%, and this amount of loss occurred from the removal of moisture,

evaporation of the volatile substances, and decomposition of Na2CO3 by releasing CO2,

etc. The major mass loss in the temperature range 64-125 °C is taken place due to the

desorption of water, and removal of moisture, and other volatile materials which is also

confirmed by the DTA curves [168]. The emission of CO2 is observed at 385 °C to

395 °C which is displayed in DTG curves for pure and doped samples. The little amount

of mass is reduced within the temperature range of 442 °C to 460 °C during the melting

of solid powders. No weight loss is observed beyond the temperature of 460 °C.
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4.3.2 X-ray Diffraction

Fig. 4.4 shows the XRD pattern of the glass samples. The XRD peaks of pure NZT glass

are observed at 10.86º, 21.92º, 23.26º, 29.03°, 29.86°, and 31.39° for the corresponding

planes (010), (110), (011), (021), (111) and (030) respectively. It has been found that the

sharp peak at 13.24° signifies new hybrid compounds and it may develop due to the

presence of Na2Te2O5, 2H2O [199]. This new hybrid compound has not been formed in

case of the addition of doping material Nd2O3, as the peak position at 13.24° is absent in

the doped NZT glass samples. The broadening of XRD peaks in higher doping

concentrations reveals the amorphous nature of the doped samples. The shifting of the

peak positions is observed for the higher concentration of Nd2O3 doped NZT glass

samples and this shifting has ascribed to the modification of the crystalline pattern

embedded in the glass samples due to the incorporation of Nd3+ ions.

Fig 4.4 XRD pattern of pure and Nd3+-doped with NZT glass samples.
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4.3.3 Optical Properties

4.3.3.1 FTIR

The FTIR spectra for pure and doped NZT glasses are shown in Fig. 4.5. The analysis of

these spectra is a useful process to investigate structural studies with functional groups

and bonding information in the crystalline and non-crystalline systems [200]. The

transmission spectra of the various concentration of neodymium oxide doped glass

samples are recorded for the region 400-3000 cm-1. The position of the structural unit of

ZnO is observed in the band range 424-440 cm−1. The absorption band at 426 cm−1

appeared due to the symmetric stretching vibration of the Zn-O bond [201]. The

characteristics of tellurite oxide found the structural unit in the range of 600-800 cm-1.

Fig 4.5 FTIR spectra of pure and different concentrations of Nd2O3-doped NZT glass materials.
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In this broad range, pure TeO2 is characterized by an infrared absorption at around 644

cm-1. The formation of tellurite glass contains two types of fundamental structural units

TeO4 trigonal bipyramidal, and trigonal pyramidal. Symmetrical stretching vibration of

Te–O bond in trigonal bipyramids (TeO4) and Te–O bending vibrations in trigonal

pyramids (TeO3) in the tellurium network were observed around 644 cm-1 [202-205].

The broad peaks can be attributed to the mixing of two groups, and the absorption peaks

broaden with the addition of Nd2O3. This broadenings of peaks and increase of intensity

confirm Nd3+ ions in the host glass matrices. The band at 771 cm-1 is evolved for pure,

and doped glasses due to trigonal pyramidal structural units. This band is attributed to

the stretching vibration within the tellurium and the non-bridging oxygen of the trigonal

pyramidal structure [195, 206].

The absorption peaks around 1658cm-1, and 2922 cm-1 are ascribed to a stretching

vibration of hydrogen bonding and mental bonding with the hydroxyl group as the

hydroxyl group is coupled with the Te4+ glass network [207].

4.3.3.2 Optical Absorption

The absorption spectra of pure and Nd2O3-doped NZT glasses are shown in Fig. 4.6 for

the visible region (400-800 nm) at room temperature. It has been found that the

absorption transition occurs only for Nd3+ ions doped glasses, and the intensity of

absorption spectra increases with the increase of doping concentrations. There is no

transition of the pure glass sample. The peak positions of absorption spectra for Nd3+

ions doped glasses are designated as similar to4I9/2 → 4FJ(J = 9/2,7/2) and 4I9/2 → 4GJ (J =

11/2,9/2,7/2,5/2) transitions corresponding to the six absorption band at 430 nm (4I9/2 →
4G11/2), at 512 nm (4I9/2 → 4G9/2), at 525 nm (4I9/2 → 4G7/2), at 583 nm (4I9/2 → 4G5/2), at

683 nm (4I9/2 → 4F9/2), and 746 nm (4I9/2 → 4F7/2). Though the absorption band of rare-

earth doped tellurite glasses arises in the ultraviolet region in general, the current glass

network displays the absorption in the visible region with large intensity due to the

presence of Nd3+ions as a dopant in the glass samples. The introduction of Nd3+ions

behaves as crystalline material confirming the sharp absorption band which is also

confirmed from XRD. The different forbidden transitions concerning 4f levels are also
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involved in the exhibition of absorption bands in the visible region [99, 208]. It has been

also found from Fig. 4.6 that the peak positions of absorption bands for different dopant

concentration of Nd2O3 are slightly shifted towards a lower wavelength. This

displacement of the absorption band may be occurred due to the change of structural

arrangement and various fundamental units of the present glass materials. The peak

position of the absorption band may also be shifted due to the change of strength in the

oxygen bond in the glass materials. Similar absorption spectra are observed for the

addition of rare-earth oxide of the same type in the other tellurite glasses [187, 209-212].

Fig 4.6 Absorption specta of pure and Nd3+ ions doped NZT glass materials.

Fig. 4.7 shows the variation of (αhν)1/2 with hν (Tauc plot) for all of the glass-ceramics

at room temperature. Here, the coefficient of absorption α(υ) of optical absorption

spectra is obtained according to the formula of Davis and Mott
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� � = Ab� … … … (4.1)
Where, Ab is the absorbance and t is the thickness of the sample [169, 193, 213].

The indirect band gap energy is decreased from 2.63 eV and 1.32 eV due to the higher

concentration of the Nd3+ions.

Fig 4.7 Band gap energy of Nd3+ions doped NZT glasses.

The band gap energy and other physical properties of pure and doped glass samples

are tabulated in Table 4.1. The physical properties are performing an important part to

estimate the optical property of rare-earth doped glasses. The structural efficiency of the

glass samples is developed in the glass network. The physical parameters of prepared
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glasses like concentration ions, inter-ionic distance (ri), polaron radius (rp), and field

strength (F) are calculated and displayed in Table 4.1. The variation of inter-ionic

distance (ri) and field strength (F) with different ion concentrations of rare-earth ion

(Nd2O3) is shown in Fig. 4.8.

Fig 4.8 Nd3+ion dependence inter ionic distance (ri) and Field strength (F) for NZT glass

compound.

Table 4.1 Band gap energy and physical properties of pure and Nd3+-doped NZT glass materials.

Physical properties Nd2O3 doped different samples

Doping concentration of Nd2O3 in NZT (wt%) 0.0 0.5 1.0 1.5 2.0

Concentration of Nd3+ions N(1020 ions/cm3) - 1.49 2.08 2.19 3.31

Inter-ionic distance between the Nd3+ ions(ri in Å) - 18.87 16.87 16.60 14.46

Polaron radius (rp in Å) -- 7.61 6.80 6.69 5.83

Electric Field strength F(in 1016 cm−2) -- 2.49 3.12 3.22 4.25

Band gap Energy Eg indirect (n = 2) eV 2.63 1.90 1.63 1.50 1.32
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It has been found that the Inter-ionic distance (ri) decreases and field strength (F)

increases with the increase of doping concentration of Nd2O3. The stronger field strength

evolved around Nd3+ ions with the increase of Nd-O bond strength. The compactness of

the glass structure is confirmed by the result of density and increasing concentration of

Nd3+ ions in the doped glasses. The electron localization may be formed due to the

decrease of ri and rp. This formation of electron localization can affect directly band gap

energy according to the structural change of the glass system. The donor centers in the

glass matrix increase with the increase of electron localization and the outcome is the

decrease of optical band gap energy (Eg) which is also confirmed by Tauc’s plot for pure

and Nd3+ doped glasses [214-218].

4.3.3.3 Fluorescence Spectra

The fluorescence spectra of pure and Nd2O3 doped with NZT glasses have shown in Fig.

4.9. The spectra have been obtained at room temperature for the wavelength range

355nm to 600 nm with an excitation wavelength of 325 nm. No transition takes place for

a pure NZT glass sample. The intensity of the emission spectra for all the doped glasses

increases with increasing the doping concentration of Nd3+ ions. It has been found that a

broad spectrum of wavelength 370-556 nm is emitted from the doped samples. This

spectrum contains several emission lines which are evaluated from the de-convolution of

each spectrum. We have observed five emission bands emitted a broad spectrum 2P3/2 →
4I9/2 at 371 nm, 2D5/2 → 4I9/2 at 421 nm, 2P1/2 → 4I9/2 at 431 nm, 4G11/2 → 4I9/2at 467 nm,

and 4G7/2 → 4I9/2 at 546 with the excitation wavelength λexci = 325 nm. The emission

corresponding to the 2P1/2 → 4I9/2 transition is stronger than the other emissions bands

[188, 219]. As the Nd3+ ions are populated in the 2D5/2 level some of them relax

radiatively to this level by emitting fluorescence. The green emission of Nd3+ ion in

doped NZT glass is observed due to the decaying transition from 4G7/2 → 4I9/2 at 546 nm.

The peak position of the transitions shifted towards a higher wavelength for 2% doping of

concentration of Nd2O3. This shifting may arise due to the presence of excited Nd3+ ions

in 2D5/2 and 4G11/2 state for the respective transitions with blue emissions [188].
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Fig 4.9 Fluorescence spectra of various concentrations of Nd3+ions doped NZT glasses, excited at

325nm.

4.3.3.4 Cross Section

The absorption cross-section of the glass samples for the 4G5/2 → 4I9/2 transition has been

calculated using the Lambert-Beer formula

σab() = 2.303 Ab/(Nt) … … … (4.2)

Where Ab is absorbance, t is the thickness of the sample and N is the density (ions/cm3)

of the Nd3+ ion of the telluride glass. Fig. 4.10 shows the absorption cross-section

decreasing for increasing the concentration of the Nd3+ doped NZT glass samples. The

emission cross-section is measured using MaCumber (1964) theory [176].
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Fig 4.10 Absorption cross-section vs wavelength (nm) for 0.5, 1.0, 1.5, and 2.0 wt% Nd2O3-

doped NZT glass materials.

The absorption and emission cross-section are associated with the formula

σem () = σab () exp[(E -hν)/KBT] … … … (4.3)

Where, ν is the phonon frequency, E is the free energy needed to excite Nd3+ from 4I9/2 →
4G5/2 state at temperature T, h is the Planck’s constant, and KB is the Boltzmann constant.

The emission cross section for the 4I9/2 → 4G5/2 transition of Nd3+ doped glasses is

shown in Fig. 4.11. The emission cross-section is decreased for a higher concentration of

Nd3+ions of NZT glasses.
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Fig 4.11 Wavelength dependence emission cross-section for Nd2O3-doped NZT glass materials.

4.3.4. Dielectric Property

4.3.4.1 Dielectric constant

Fig. 4.12 shows the real part of the dielectric constant (ε) of Nd3+ doped NZT at room

temperature in the frequency range of 200 Hz to 4 MHz. The value of ε of Nd3+doped

NZT glass samples is decreased with increasing frequency from 200 Hz to ~ 2 kHz. At

lower frequencies, the value of ε is high due to the absence of spontaneous polarization in

oxide glass materials [220]. The values of ε of our samples are almost frequency

independent in the frequency range ~ 3kHz to ~ 1MHz due to a decrease of ionic, space
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charge, and orientation polarization. The dielectric constant is increased in the frequency

range ~ 1 MHz to 4 MHz with a higher concentrations of Nd3+ ions. A similar result has

been observed in Eu3+ ions doped NZT glass samples [221].

Fig 4.12 The variation of dielectric constant (ε) as a function of frequency for Nd3+-doped NZT

glasses at room temparature.

4.3.4.2 DC Conductivity

Fig. 4.13 shows the variation of electrical conductivity with temperature for pure, and

Nd3+ doped NZT glass materials. It has been found that the conductivity of all the glass

samples is increased with increasing temperature, and also with the increase of doping

concentration in the host glass. This increment of conductivity with temperature reveals

that the electrical conduction mechanism is Arrhenius type. This Arrhenius mechanism
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of electrical conduction can be used and estimated the activation energy of the samples

using the relation

σdc = σ0exp − EaKBT … … … (4.4)
Where Ea is the activation energy, σ0 is the pre-exponential factor, T is the absolute

temperature, and KB is the Boltzmann constant.

The estimated activation energies for all the samples have been calculated from Fig.

4.13. The activation energy decreases (666 meV to 552 meV) with increasing

concentrations of Nd2O3 doped glass samples [220].

Fig 4.13 Arrhenius plot of ln vs 1000/T for Nd3+ ions doped NZT glasses.
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The increment of conductivity due to the increase of doping concentration of rare-earth

ions can be explained based on the interaction between the rare-earth ions and structural

units of host glass. The atomic weight, doping concentration, and location of Nd3+ ions

describe the mechanism of conductivity in the glass structure. The addition of rare-earth

ions in the host glass creates a large number of non-bridging oxygen in the glass

materials. This is also confirmed from the analysis of obtained FTIR spectra for all the

samples. So, the increases of Nd3+ ions in the NZT glasses enhance the creation of non-

bridging oxygen atoms, and hence the conductivity is increased for all the doped glass

samples [154].

4.4 Conclusions

Neodymium (III) doped NZT glasses were effectively manufactured by the melt-

quenching method. The X-ray diffraction characterization sturdily signified the

amorphous nature of the prepared glasses for the higher concentration of Nd3+ ions. The

results of the preparation and characterization of the luminescent system are obtained for

the addition of various concentrations (0.5 wt%, 1.0 wt%, 1.5 wt%, 2.0 wt%) of NZT

glass samples. Six absorption bands are displayed corresponding to 430 nm (4I9/2 → 4G11/2),

at 512 nm (4I9/2 → 4G9/2), at 525 nm (4I9/2 → 4G7/2), at 583 nm (4I9/2 → 4G5/2), at 683 nm

(4I9/2 → 4F9/2), and 746 nm (4I9/2 → 4F7/2). The peak value of photoluminescence spectra

is slightly changed due to the addition of the higher concentration of rare-earth ions in the

NZT glass sample. It specifies that the excitation wavelength simply depends upon the

glass composition. Field strength (F) was observed to increase with increasing the Nd3+

ions concentration. Inter-ionic distance (ri), and polaron radius (rp) were found to

decrease with increasing the Nd3+ ions. The role of Nd3+ ions in modifying the structural

and optical properties has been understood. The decrease in the value of direct optical

band gap energy was ascribed to the change in the structure of such glasses. The

dielectric constant of Nd2O3-doped NZT glasses was measured for various frequencies

and seen as a stable substance within the frequency of 3 kHz to 1 MHz. So, Nd2O3 doped

NZT glass samples have a large prospect for application in optoelectronic devices.
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[This work has been published in Biointerface Res. Appl. Chem., 2022, vol.

12, pp. 7927 -7941. https://doi.org/10.33263/BRIAC126.79277941.]
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Chapter -5

Enhancement of optical properties and dielectric nature
of Sm3+doped Na2O-ZnO-TeO2 Glass materials
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5.1 Introduction

Tellurium dioxide (TeO2) is a promising glass network maker in the existence of alkali,

alkaline earth, and transition metal oxides (TMO) as modifiers, but it does not form glass

itself. So, TeO2 is familiar as a conditional glass producer, as it requires a modifier to

produce the glassy state of the materials. Tellurite glass materials have some interesting

properties like transparency at room temperature, hardness of satisfactory strength, and

attractive corrosion resistance [222-224]. Tellurite glasses are very interesting materials

for linear and non-linear applications in optics, due to their significant characteristics

such as low melting point, small phonon energy, and large refractive index. It has also

important for high dielectric constant, good chemical durability, high thermal stability,

non-hygroscopic, with a large transmission window and the possibility to integrate a

large quantity of rare-earth ions. It can be also applied as micro-lenses in photocopiers

and mobile-phone cameras, IC photo masking in photolithography, photosensitive glass,

hard disks, substrates for solar cells, artificial bones for mankind, and dental transplants,

etc. Besides these applications, tellurite glass has been used for the protection of X-ray

radiations, gamma radiations, and other ionizing radiations from radioactive materials.

Radiation exposure from different nuclear sources such as nuclear power plants,

radioactive mining, conservation of radioactive sources etc. can have a serious negative

effect on the human body. Earlier, lead (Pb) has been used to protect these radiations.

But several disadvantages have been found to using lead as a shielding material against

nuclear radiation. Recently, material scientists have suggested that tellurite/ borate glass

can be used as an efficient shielding material of nuclear radiations without any

environmental pollution [225-232]. Glass materials are practically used for optical

appliances due to their various compositions, physical isotropy and deficiency of grain

boundaries. Tellurite glasses are useful to study by industrial researchers not only

because of their methodological applications but also owing to a fundamental

significance in thoughtful their microscopic mechanisms [233, 234]. The luminescence

properties of optical materials have been broadly observed not only for applications in

phosphors, scintillators, and laser crystals but also for scientific importance during the

last two decays [235-241]. In presence of rare-earth ions, the glass materials are
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excellent luminescence intensity because of their emission power due to 4f-4f and 4f-5d

electronic transitions [217, 242, 243].

Rare-earth ions doped tellurite glasses are applied due to their large potential in

optoelectronic instruments such as solid-state lasers optical switches, broadband

amplifications, nonlinear optical devices, infra-red (NIR) laser windows, optical fibers

three-dimensional displays, optical amplifiers, field emission displays, colour displays

white light-emitting diodes, high-density optical data reading, biomedical diagnostics,

microchip lasers, planar waveguides, and high-density frequency domain optical data

storage [244]. Samarium (Sm3+) can be used as a dopant in glass hosts for powerful

emissions in the visible area. Especially, the reddish-orange emission section from

Sm2O3 doped NZT glasses holds strong photo-luminescence intensity, large emission

cross-section, and high quantum efficiency, which could be fit for laser applications.

Therefore, Sm3+ ions are the significant luminescent activators that are useful in

illustrating the fluorescence properties because its 4G5/2 level shows comparatively high

quantum efficiency [233].

In this present work, the focus has been made to study properly the glass formation,

structural, optical, and electrical properties at room temperature of Sm3+-doped Na2O-

ZnO-TeO2 (NZT) glass compounds.

5.2 Experimental Outline

The melt-quenching process was used to prepare pure and Sm3+doped Na2O-ZnO-TeO2

(NZT) glasses using research-grade initial composition Zinc Oxide (ZnO), Tellurium di-

Oxide (TeO2), Sodium Carbonate (Na2CO3) manufactured by Merck, and Samarium

Oxide (Sm2O3) made by LobaChemie. The mixing ratio of Na2O, ZnO, and TeO2 is

continued as 1:2:7 to make the host glass matrix. Samarium Oxide (Sm2O3) was added to

the glass system as a dopant for (0-2) wt%. The standardized mixture of these precursors

was obtained by grinding the ingredient powders in agate mortar. The mixture was put in

an alumina crucible and the crucible was kept in an electrical furnace. The melt-

quenching method was reached by two stages of heating with the temperature at 400 °C

for 1 hour and temperature at 475 °C for half an hour to prepare the good quality telluride
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glass. The cylindrical stainless-steel plate was used to hold the melted sample for

quenching and the prepared glass material was placed again in the furnace at 400°C for 1

hour to anneal the sample. The annealed glass was allowed to reach room temperature

gradually through the slow cooling process to avoid thermal stress.

DTA/TGA of the initial mixtures (raw materials in the powder form) were carried out

through the argon environment by using Perkin Elmer Instrument (Pyris Diamond

TG/DTA, thermo-gravimetric/differential thermal analyzer) for the temperature region of

30 °C to 650 °C with a scanning rate of 10°C/min. X-ray diffraction patterns were

obtained using an X-ray diffractometer (RIGAKU model: Japan, XRD 6000, λ = 1.5418

Å) with a slow-scanning rate 3°/min between the angle 10º and 70º for all the samples.

FTIR spectrometer (HITACHI Model F-700) was used to detect the type of pure, and

doped glasses in the wavenumber region 400-3000 cm-1. Absorption spectra, and

emission band of all the glasses were found using UV/VIS/NIR spectrophotometer

(Perkin Elmer Lambda-35) for the wavelength range 400-800 nm, and fluorescence

spectrophotometer (HITACHI Model F-7000) for 300-600 nm at room temperature. The

dielectric constants (�) of prepared glass materials were measured using LCR-

HiTESTER (HIOKI, Japan) for the wide frequency range of 100 Hz-8 MHz at room

temperature. The temperature-dependent DC conductivity of glass samples was studied

for the temperature range 36 °C-227 °C using a constant voltage supply and current meter.

5.3 Results and Discussion

Fig. 5.1 shows the transparent Sm2O3 doped NZT glass samples. The colour of the pure

NZT glass is white, while Sm3+ doped NZT glasses are turned into yellowish colour due

to the higher doping of Sm3+ions in the NZT glass samples. There are no visible

crystallites present in these transparent samples.
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Fig 5.1 Picture of Sm2O3-doped NZT glass samples.

5.3.1 Thermal properties

Fig. 5.2 shows the DTA curve of the pure and Sm2O3 doped (2.0% wt) NZT glasses from

40 °C to 550 °C at a heating rate of 10 °C/min. The DTA curve for the pure and highest

doping concentration of Sm2O3 (2.0 % wt) is used to investigate the thermal properties of

pure and doped samples. It has been found that there is a small change in peak positions

obtained in the DTA curve of pure and highest-doped samples.

Three consecutive endothermic peaks have been found in DTA curve between (72 -

160) °C for pure and doped NZT glasses. These endothermic peaks on the DTA pattern

are attributed to the desorption or exclusion of moisture. Generally, endothermic peaks

are evolved due to the melting point and exothermic peak indicates the crystallization of

the melted glass [245]. Also, the exothermic peaks occurred when the CO2 is released

from the precursor powders and that has been found at around 406°C for pure and 416 °C

for doped NZT glass.

These curves also suggest that the phase transition occurred due to the transition of

solid powder form to liquid form through melting at around 447 °C. The melting point of

TeO2 is 730 oC which is decreased due to the presence of Na2CO3 mixed with ZnO [198].

The glass transition temperature (Tg) of pure and doped NZT glass materials has been

observed to be 284 °C and 275 °C.
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Fig 5.2 DTA curves of Sm2O3-doped NZT glass samples.

Table 5.1 Thermal parameters calculated from the DTA traces of pure and Sm2O3-doped NZT

glasses.

Sample Name Tg(°C) Tc(°C) Tm(°C) T= Tc-Tg H=(Tc-Tg)/(Tm-Tc)

NZT+0.0% Sm2O3 284 328 447 44 0.37

NZT+2.0% Sm2O3 275 336 443 61 0.57
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The decreased value of Tg of the doped sample indicates the onward formation of stable

glass material. The thermal stability of the glasses is generally defined as the difference

between glass transition temperature and crystallization temperature. This thermal

stability factor is representing the tough stability against the occurrence of crystallization.

Here, the estimated thermal stabilities (ΔT) of the pure and Sm3+ doped NZT glass

materials have been tabulated in Table 5.1. Glass thermal stability is stronger for a glass

host to have ΔT as large as possible [245, 246]. The result specified here that the

prepared Sm3+ doped NZT glass holds good anti-crystallization ability and thermal

stability. The glass-forming tendency can be explained using Eq. (5.1), where H is

Hruby’s parameter, Tc is the softening temperature and Tm is the melting temperature

[247, 248].

H = Tc − TgTm − Tc … … … (5.1)
The higher value of Hruby’s parameter in the case of Sm2O3 doped NZT glass sample

indicates the improvisation of glass-forming tendency due to doping of Sm3+ ions.

Fig 5.3 TG with DTG curve of the pure and Sm2O3-doped NZT glasses.
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Fig. 5.3 shows the TG with DTG pattern of the pure and Sm2O3 doped NZT glasses. This

TG analysis can also be used for the determination of thermal stability and the glass

transition temperature. It has been frequently used to study the moisture contained, and

decomposition of undesirable organic, and inorganic materials. The weight loss of the

precursor mixture has been observed for pure and doped glasses at different temperatures.

As mentioned earlier, TG/DTG curve illustrates the 5.37 % mass loss out of total mass

due to exclusion of water, the release of moisture and other volatile substances in the

temperature region 58-127 °C [168, 249]. The CO2 is removed at the temperature range

of 380 °C to 406 °C for the decomposition of Na2CO3 which is found in DTG curves for

pure and doped samples. A little amount of mass is also lost within the temperature

range of 435 °C to 450°C during the melting of the solid materials. No weight loss is

detected beyond the temperature of 450 °C.

5.3.2 XRD

X-ray diffractogram of pure NZT and Sm2O3 doped glasses are shown in Fig. 5.4. It has

been found from the figure that the XRD of all the samples demonstrates no discrete

sharp peaks and a broad peak has been found in the region of the glancing angle at 24° to

34°. This broad peak in the XRD pattern indicates the non-crystalline materials as

characteristics of typical long-range structural disorder of the samples. The broad

continuous pattern of X-ray diffraction reveals the amorphous nature of these glasses

[250, 251].
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Fig 5.4 XRD pattern of sample pure and Sm3+-doped with NZT glass materials.

5.3.3 Optical Properties

5.3.3.1 FTIR Spectroscopy
Fig. 5.5 represents the FTIR transmission spectra of pure and Sm2O3 doped NZT glasses

in the wave-number range 400-3000 cm-1 at room temperature. The band at 424-440 cm-1

comes out due to the symmetric stretching vibration of the Zn-O bond. Zn2+ ions perform

as an agent to split bonds and generate a modification in the glass structure. For this

result, TeO3+1 and TeO3 can be twisted from TeO4 units making non-bridging oxygen

atoms [201, 252, 253]. This is also confirmed from the observation of glass transition

temperature in DTA. The band is located at 570–601 cm−1 due to the stretching vibration

of TeO4 (trigonal pyramid) [254, 255]. It is observed that transmission intensity slightly
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changes due to the presence of Sm2O3 in the glass system. The band at 670–685 cm−1 is

observed due to the stretching vibration of TeO4 trigonal bipyramid (tbp) [254]. The

fundamental groups such as (- OH) bond, hydrogen bond, and H-O-H bending appear in

the higher region at 1632 cm-1 [256]. The broad shoulder corresponds to the hydrogen

bonds observed around 2886 cm-1.
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Fig 5.5 FTIR spectra of pure and various Sm3+-doped with NZT glass materials.

5.3.3.2 Absorption Spectroscopy

UV/Viz absorption spectra of pure and Sm2O3-doped NZT glasses are displayed in Fig.

5.6. The recording of absorption intensity has occurred in the visible range (350 - 540

nm) at room temperature with the band assignments. It is found from Fig. 5.6, the

absorption intensity increases gradually with the increase of doping concentration of
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Sm2O3. There is no transition occurred for the pure NZT glass sample whereas the

absorption peaks appeared at specific transitions in the case of Sm3+ ions doping.

Fig 5.6 Absorption spectra of pure and Sm3+-doped with NZT glass materials.

The tail of the optical absorption band is not strongly identified due to the amorphous

nature of glasses which is also established from XRD. The peak value of Sm3+ doped

NZT samples is obtained for the interaction of 4f -5d electronic configurations [217]. It

is observed that there are four absorption peaks for the transitions 6H5/2 → 4P3/2 at 402 nm,
6H5/2 → 4M19/2 at 418 nm, 6H5/2 → 4I15/2 at 462 nm, and 6H5/2 → 4I11/2 at 478 nm. Carnall et

al. approved these transitions [257, 258]. Optical absorption is expressed due to factors

(compositional diversity, dimension, and defect) associated with material [259, 260]. Fig.

5.7 shows the variation of absorption coefficient α(ν) with corresponding energy.
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Fig 5.7 Tauc’s plot for pure and Sm3+-doped with NZT glass materials.

The absorption coefficient in many non-crystalline materials reflects the density of states

at the band tails and can be determined from the optical absorption spectra using Eq. (5.2)

α ν = ��t … … … (5.2)
Where α(ν) is the absorption coefficient, Ab is the absorbance and t is the thickness of the

sample. α ν = B h − Eg mh
… … … (5.3)

Where ν is the phonon frequency, h is the Planck’s constant, Eg is the band gap energy, B
is a constant, and m is an index number.

Eq. (5.3) gives the relation between the absorption coefficient and photon energy. It

has been determined the value of indirect band gap energy for m = 2 from the above Eq.

(5.2) by plotting the absorption coefficient to zero absorption in the graph (αhν)1/2 vs hν.
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For the indirect transitions, the corresponding value of Eg is obtained by extrapolating

(αhν)1/2 = 0. The values of Eg for the glasses are tabulated in Table 5.2. The band gap

energy is a major factor determining the electrical conductivity of a solid. Substances

with large band gaps are generally insulators, those with smaller band gaps are

semiconductors. The band gap measurement can figure out various parameters like

electronic structure, absorption coefficient, and electronic transitions. In case of a large

band gap, the sample can be useful for the insulating device while a low band gap sample

is used in optoelectronic applications. The decrease of Eg with increasing Sm3+ ions in the

glass network can be explained by the creation of a large number of NBO in the samples.

The negative charges of oxygen ions in the NBO create active electrons with a higher

value than that on the bridging oxygen (BO). These active electrons are distributed

irregularly because NBOs are softly bounded by the tellurite atoms [261, 262].

The obtained values of the Eg and the refractive index (n) can be estimated using Eq. (5.4)

[253, 254].

n2 − 1n2 + 2 = 1 − Eg20 … … … (5.4)
The refractive index increases with the increasing number of Sm3+ ions due to the

creation of non-bridging bonds. This effect can be explained by the dissociation of the

bridging Te–O–Te bonds and created non-bridging bonds. The bond energies of non-

bridging oxygen (NBO) bonds are lower with greater ionic character. The cation

refractions have a higher magnitude for the NBO bonds are determined from this

explanation [263].

5.3.3.3 Fluorescence Spectra
Fig. 5.8 shows the fluoresce emission spectra for different concentrations of Sm2O3

doped with NZT glasses. The spectra have been recorded for samples with four different

concentrations of Sm3+ ions at an excitation wavelength of 402 nm in the visible range of

500 - 700 nm at room temperature. The photoluminescence (PL) is an active method to

study the electronic purity, different allowed transitions, presence of external defects,
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existence of impurities in the material, and the transitions related to photo-excitation.

The PL characteristics of pure and Sm3+ doped materials have been investigated using the

spectrophotometer (HITACHI Model F-7000) with a slit width of 5 mm. The emission

intensity is enhanced up to 1wt% doping of the Sm2O3 and then slightly decreases for the

higher doping concentration.

Fig 5.8 Luminescence spectra of pure and Sm3+-doped with NZT glass materials, excited at 402

nm.

PL emission thus confirms the potential credibility of Sm3+ doped NZT glass materials.

The photoluminescence (PL) is an active method to study the electronic purity, different

allowed transitions, presence of external defects, existing of impurities in the material and

the transitions related to photo excitation. The PL characteristics of pure and Sm3+ doped

materials have been investigated using the spectrophotometer (HITACHI Model F-7000)

with the slit width 5 mm. The emission intensity is enhanced up to 1% doping of the
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Sm2O3 and then slightly decreases for the higher doping concentration. PL emission thus

confirms the potential credibility of Sm3+ doped NZT glass materials [264, 265].

Fig. 5.8 displays the three peaks at the wavelengths 563 nm (green), 600 nm (orange),

and 645 nm (red) with the matching to the transitions 4G5/2 → 6H5/2, 4G5/2 → 6H7/2, 4G5/2 →
6H9/2 of Sm3+ ions respectively [244, 217, 266-268]. It is found that the emission band at

600 nm (4G5/2 → 6H7/2) is the most outstanding band in all Sm2O3-doped NZT glasses.

The higher intensity of allowed transition 4G5/2 → 6H7/2 (600 nm) occurred due to the

contribution of a magnetic dipole in the Sm3+doped NZT glasses. In comparison to the

intensity of the three emission peaks, the magnetic transition (4G5/2 → 6H7/2) is greater

than the intensity of electric dipole transitions (4G5/2 → 6H5/2) and (4G5/2 → 6H9/2) due to

the ionic nature and symmetry of the system. The melt quenching of Sm3+ doped NZT

glass samples has also been confirmed from the emission band according to the

increasing and decreasing intensity conforming to the quenching effect of various doping

concentrations. Usually, the quenching effect is created from the non-radiative method

consisting of multi-phonon relaxation and the non-radiative cross-relaxation may be

obtained by two Sm3+ ions through dipole-quadrupole or dipole-dipole or quadrupole-

quadrupole interactions [119, 269-272].

The scattering wavelengths of emission in the visible area can be quantified using CIE

1931 colour coordinates, which is a physiologically apparent colour vision of humans.

The emission band of Sm2O3-doped NZT glass samples was plotted using CIE 1931 (Fig.

5.9). The obtained colour confirmed the different colours of emission of all materials.

The colour coordinates were (0.25839, -0.03215), (0.2526, 0.1042), (0.21879, 0.06764),

(0.24418, 0.1011), and (0.22123, 0.0711) for Sm3+ doped (0.5% wt-2% wt) respectively.

The non-emissive nature of the pure glass sample was confirmed from the coordinates

out of the CIE plot. The changes in coordinates indicated that with increasing rare-earth

oxide percent the emission shifted towards higher wavelengths.
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Fig 5.9 CIE chromaticity color coordinate diagram of Sm3+-doped with NZT glass materials,

excited at 402 nm.

ri = 1� 13 … … … (5.5)
rp = π48N 13 … … … (5.6)
F = Zrp2 … … … (5.7)
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Fig.5.10 shows the variation of inter-ionic distance (ri) and field strength (F) with ion

concentration of Sm3+ ions. Inter-ionic distance (ri) and polaron distance (rp) decrease up

to 1 wt% doping concentration of Sm3+ ions. The field strength (F) between Sm3+- Sm3+

ions is increased with the ion concentration up to 1 wt% of Sm3+ ions obtained using Eq.

(5.7).

Fig 5.10 Variation of inter-molecular distance and field strength with Sm3+ ions concentration.

Again, the inter-ionic and polaron distance increase up to 2 wt% of Sm3+ ions and

correspondingly the field strength (F) decreases due to the variation of Sm3+ ions which

confirmed the fluoresce emission spectra. As the inter-ionic distance (ri) decreases

between two Sm3+ ions for the compactness of the glass structure, the strong interaction
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of Sm3+ ions can transfer the excitation energy from one Sm3+ ion to the other [217]. In a

similar manner, the ion density varies with the emission intensity for the doped samples.

Table 5.2 Band gap energy, refractive index, and other physical properties of pure and Sm3+-

doped NZT glasses.

5.3.3.4 Cross Section
The absorption cross-section of the glass materials for the 4G5/2 → 6H7/2 transition has

been measured using the Lambert-Beer formula

σab  = 2.303AbNt … … … 5.8
Where Ab is absorbance, t is the width of the glass sample and N is the density (ions/cm3)

of Sm3+ ions of the telluride glass.

Samples Name Band gap

energy Eg

(eV)

Refractiv

e index(n)

Inter

Molecular

distance

(ri) in Å

Polaron

Distance

(rp) in Å

Field

strength

(F)× 1016

Ion

density

×1020

NZT+0.0% Sm2O3 2.95 2.41 -- -- -- --

NZT+0.5% Sm2O3 2.28 2.63 14.98 6.037 4.125 2.97

NZT+1.0% Sm2O3 2.22 2.65 13.86 5.586 4.819 3.76

NZT+1.5% Sm2O3 2.12 2.69 19.51 7.862 2.432 1.35

NZT+2.0% Sm2O3 1.58 2.95 20.41 8.228 2.220 1.18
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Fig 5.11 Wavelength dependence absorption cross-section of Sm2O3-doped NZT glass materials.

Fig. 5.11 shows the absorption cross-section is increasing for increasing the concentration

of Sm3+ ions in the NZT glass samples. The emission cross-section σemi is calculated

using MaCumber (1964) theory [176].

The absorption and emission cross-section are related with the formula

σemi  = σab  exp Eg − hνKBT … … … (5.9)
Where ν is the photon frequency, Eg is the free energy needed to excite Sm3+ from

4G5/2 → 6H7/2 state at temperature T, h is the Planck’s constant, and KB is the Boltzmann

constant.
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Fig 5.12 Wavelength dependence emission cross-section of Sm2O3-doped NZT glasses.

Fig. 5.12 shows the emission cross-section of Sm3+ doped glasses for the 4G5/2 → 6H7/2

transition. The emission cross-section of Sm3+ doped NZT glasses is increased due to the

higher concentration of Sm3+ ions. The emission cross-section (  emi) is the main

parameter and its value suggests the rate of energy removal from the lasing material [271].

The higher value of emission cross-section proposes the interesting characteristic for high

gain laser applications, low threshold, which are applied to achieve constant wave (CW)

laser action.
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5.3.4 Dielectric Property

5.3.4.1 Dielectric Constant
The values of the dielectric constant are correlated to the electron density and ionic

charges. The effect of frequency on dielectric constant for Sm2O3 doped NZT glass is

observed in Fig. 5.13 for the frequency range 100 Hz - 8 MHz at room temperature. It

has been observed that the magnitude of ε decreases swiftly with increasing frequency of

100 Hz to 2 kHz. This could be attributed to the dielectric dispersion resulting from the

delay of the polarization process of the molecules behind the interchanges of the applied

electric field [273].

Fig 5.13 Dielectric constant (ε) for Sm3+-doped NZT at room temperature.

At low frequencies, the increase of dielectric constant is also ascribed to the electronic,

ionic, dipolar, interfacial polarization and the absence of spontaneous polarization [274-
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277]. The magnitude of ε of these glasses is almost constant in the frequency region 3

kHz - 2MHz due to the decrease of ionic, space charge, and orientation polarization [278].

It has been also described that the pure and doped glasses are not maintaining any

variation of dielectric constant with frequency because of the stable molecular orientation,

and the electron exchange between the ions does not follow a high frequency applied

field. On the other hand, this may be explained as the applied frequency increases, the

ions are not able to respond quickly and it reveals an almost frequency-independent

behavior that may be due to the diminishing number of dipoles which contributes to

polarization in the high-frequency region [277].

The dielectric constant increases rapidly beyond the frequency region 2 MHz [221,

279]. It has been observed that the dielectric constant increases from 430 to 980 for

Sm2O3 doping in the lower frequency as well as advanced frequency. This effect may be

explained by the charge accumulation due to rare-earth doping. The increasing

concentration of doped ions disrupts the tellurite glass system by producing dangling

bonds and NBOs. These bonds and NBOs create the motion of charges and thus generate

space charge polarization leading to a sharp rise in the dielectric constant [273]. This

result is similar to Eu3+ doped NZT glass materials [221].

5.3.4.2 DC Conductivity
The variation of electrical conductivity as a function of temperature is shown in Fig. 5.14.

The conductivity increases with temperature and also with the doping concentration of

Sm3+ ions concentration. This variation of conductivity with temperature establishes that

the electrical conduction mechanism is Arrhenius type. This Arrhenius mechanism of

electrical DC conductivity can be applied to determine the activation energy of the

samples using the connection

σdc = σ0exp EaKBT … … … (5.10)
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Where Ea is the activation energy, σ0 denotes the pre-exponential factor, T is the

absolute temperature and KB is the Boltzmann constant. The assessed activation energies

for these samples have been measured from Fig. 5.14. The activation energy reduces

(0.63 eV to 0.43 eV) due to the doping of Sm3+ions. The collaboration between the rare-

earth ions and structural units of host glass clarified the increment of DC conductivity

due to the increasing concentration of rare-earth ions [221]. The technique of

conductivity in the glass structure is defined by doping concentration, atomic weight and

position of Sm3+ ions. The doping concentration of rare-earth ions generates a huge

number of NBO in the tellurite glass materials which is also established from FTIR

spectra for Sm3+ doped NZT glass materials. The higher concentrations of Sm3+ ions in

the NZT glasses enhance the creation of NBO atoms and hence the conductivity is

improved for all the glass materials [154].

Fig 5.14 The variation of lnσ versus 1000/T.
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5.4 Conclusions
Samarium (III) doped NZT glasses have been efficiently prepared by the melt-quenching

method. The X-ray diffraction characterization indicates the amorphous nature of the

glass materials for the higher doping concentration of Sm3+ ions. FTIR spectra reveal the

construction of a new glass structure of pure and Sm2O3 incorporated NZT glasses. The

stability of the glass sample is examined by using Hruby's parameter (H), and thermal

stability ΔT from the DTA curve. The value of H is 0.57 for the highest glass stability in

the higher doping of Sm3+ ions. The refractive index increases from 2.41 to 2.95 with the

increase of Sm3+ ions. The absorption bands of the glass materials are found

corresponding to the transitions 6H5/2 → 4P3/2 at 402 nm, 6H5/2 → 4M19/2 at 418 nm, 6H5/2

→ 4I5/2 at 462 nm and 6H5/2 → 4I11/2 at 478 nm. The emissions at 563 nm, 4G5/2 → 6H5/2, at

600 nm, 4G5/2 → 6H7/2, at 645 nm, 4G5/2 → 6H9/2 are observed in the photoluminescence

spectra. Based on the studied optical properties it is concluded that Sm3+ doped NZT

glasses may be used as an active medium for laser emission at 600 nm corresponding to

the 4G5/2 → 6H7/2 transition. Field strength (F) increases with increasing the Sm3+ ions

concentration and consequently, the inter-ionic distance (ri) and polaron radius (rp) are

observed to decrease. The value of band gap energy decreases from 2.95 eV to 1.58 eV

due to doping. The magnitude of the photonic band gap Eg is decreased due to the

change in the structure of such glasses. The dielectric constant increases from 430 to 980

for Sm2O3 doping in the lower frequency at room temperature. The dielectric constant of

Sm2O3 doped NZT glasses has been measured for various frequencies and found as a

stable substance within the frequency of 3 kHz-2 MHz. The DC conductivity increases

with temperature whereas the activation energy decreases with the increase of ion

concentration in the usual manner. So, Sm2O3-doped NZT glass samples have a large

prospect for application in optoelectronic devices.
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Chapter-6

Enhancement of optical and electrical properties of Pr3+

doped Na2O-ZnO-TeO2 glass materials
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6.1 Introduction

Rare-earth (RE) doped tellurite glasses are displayed in different types of applications in

science and technology such as waveguide lasers, bulk lasers, and optical fiber amplifiers.

Recently, the applications of rare-earth-doped tellurite glasses are used in the region of

visible optical instruments, particularly for white light-emitting diode (w-LED)

applications such as indicators, back-light, automobile headlights, and general

illumination [66]. White light-emitting diodes (w-LEDs), known as the next generation

of solid-state lighting (SSL) technology have become very familiar because of their

potential applications in various fields. The SSL is of great significance to decrease the

global electricity utilization convention of fossil fuels [280, 281]. In comparison to other

conventional light sources like fluorescent tubes and incandescent lamps, the w-LEDs

have a large number of qualities such as relatively high luminous power, eco-friendly

characteristics, larger operation lifetime, and safety [282]. In recent times, these w-LEDs

are developed by the proper arrangement of blue LED and YAG: Ce3+ with a yellow

phosphor [283]. Recently, rare-earth-doped glass materials maintain a very important

role in various scientific and technological applications such as SSL, optical amplifiers,

bar code reading, sensors, display devices and telecommunications [284]. Among the

glass-forming oxides, rare-earth-doped borate glasses are shown large interest due to their

physical parameters and optical properties like lower melting point, large dielectric

constant and photon energy. Along with the above potential characteristics, research

communities illustrate the enormous attention towards tellurite glass materials due to

their benefits such as high density, good durability and mechanical and chemical stability.

Tellurite glass materials have some motivating properties like the hardness of suitable

strength, transparent at normal temperatures and high corrosion resistance [222-224].

Tellurite-based glasses are very exciting glass materials for linear and non-linear

applications in optics, due to their significant characteristics such as their low melting

point and large refractive index. It has also essential for high dielectric constant, non-
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hygroscopic, good chemical durability, and high thermal stability, with a large

transmission window and the possibility to integrate a large quantity of rare-earth ions.

The tellurite glass materials are also used for the safety purpose of gamma radiations,

X-ray emission, and ionizing radiations from radioactive materials due to radioactive

mining, nuclear power plants, etc. Previously, heavy metals like lead (Pb), antimony (Sb),

arsenic (As), bismuth (Bi), etc. have been used to save from damage to these radiations

but Pb has some disadvantages to environmental pollution. Tellurite/borate glass

materials can be used to overcome environmental pollution [285]. Rare-earth doped

tellurite glasses also control the solar spectrum to increase solar cell efficiency as

renewable energy sources [286]. It can be used as a quantum medium for quantum

information [287]. Tellurite glasses are useful to study by industrial research workers not

only because of their methodological applications but also remaining of fundamental

significance in thoughtful their microscopic mechanisms [233, 234]. The emission

characteristics of optical glass materials have not been observed only for application in

laser crystals, scintillators and phosphors but also to serve the purpose of technological

advancement during the last few decades. In presence of the rare-earth ions, glass

materials have shown excellent luminescence properties due to their emissive power of

electronic transitions 4f-4f and 4f-5d [235-241]. It has also been observed that the

intensity of fluorescence spectra of rare-earth-doped tellurite glass samples is increased

when a glass host has low phonon energy, as borate glass(1400 cm-1), silicate glass (1050

cm-1), phosphate glasses (1280 cm-1) [288].

Praseodymium is one of the most interesting optical activators among the rare-earth

elements, which suggests the prospect of instantaneous blue, green and red emission for

laser activity as well as IR emission for optical amplification [288]. Energy levels of the

praseodymium ions reveal the number of meta-stable states. Many of the researchers

highlighted the laser transitions 3P0 → 3H4 (blue), 1D2 → 3H4 (orange) in the visible

wavelength region [284]. Pr3+ doped tellurite glass materials can also be used as a

temperature sensors based on their fluorescence property [289]. Recently, many

researchers concentrate on Pr2O3-doped tellurite glasses for their potential applications in

photonic and optoelectronic devices.
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The present study aims to prepare Pr2O3-doped NZT glasses and to investigate the

transition of the absorption and emission spectra for optical applications. The frequency-

dependent dielectric constant and temperature-dependent conductivity of the pure and

doped glass materials have also been studied.

6.2 Experimental Outline

The melt-quenching process was used to prepare pure and Pr3+ doped Na2O-ZnO-TeO2

(NZT) glasses using research-grade initial composition Zinc Oxide (ZnO), Tellurium di-

Oxide (TeO2), Sodium Carbonate (Na2CO3) manufactured by Merck and Praseodymium

Oxide (Pr2O3) made by LobaChemie. The mixing ratio of TeO2, ZnO, and Na2O is

continued as 7: 2: 1 to make the glass matrix. Praseodymium Oxide (Pr2O3) was added to

the glass system as a dopant for (0-2) wt%. The standardized mixture of these precursors

was obtained by grinding the ingredient powders in an agate mortar. The mixture was

placed in an alumina crucible and the crucible was kept in an electrical furnace. The

mixture was heated in two steps, initially at the temperature of 400 °C for 1 hour and at

475 °C for 30 minutes inside the electrical furnace. The powder materials were melted at

475 °C and the melted compounds were transferred to the stainless-steel plate of

cylindrical shape. The slow-cooling method was maintained to arrive the room

temperature for the removal of thermal stress. X-ray diffractogram of the glass samples

was obtained using an X-ray diffractometer (RIGAKU model: Japan, XRD 6000, λ =

1.5418 Å) with a slow-scanning rate of 3°/min between the angle 10º and 80º for all the

materials. FTIR spectrometer (HITACHI Model F-700) was used to detect the type of

pure and doped glasses in the wave number region 400 - 1500 cm-1. Absorption spectra

and emission band of all the glasses were found using UV/VIS/NIR spectrophotometer

(Perkin Elmer Lambda-35) for the wavelength range 400 - 700 nm and fluorescence

spectrophotometer (HITACHI Model F-7000) for 470-700 nm at room temperature. The

dielectric constants (�) of prepared glass materials were measured using LCR-

HiTESTER (HIOKI, Japan) for the wide frequency range of 100 Hz-8 MHz at room

temperature. The temperature-dependent DC conductivity of glass samples was
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measured for the temperature range 36 °C – 225 °C using a constant voltage supply and

current meter.

6.3 Result and Discussion
The colour of the NZT glass material is translucent and colourless, while Pr3+-doped NZT

glass materials are turn into green colour due to the doping concentration of Pr3+ ions in

the host glasses. The prepared Pr3+-doped NZT glasses were shown in Fig. 6.1. The

coloured glass materials vary from white to green with the incorporation of Pr2O3. It has

been found that there are no visible crystallites present in these transparent samples.

Fig 6.1 Pictorial view of Pr2O3-doped NZT glass samples.

6.3.1 Thermal Properties

Fig. 6.2 shows the DTA curve of the pure and Pr2O3 doped NZT glass materials for the

temperature range 35 °C to 650 °C heating rate of 10 °C/min in the Argon environment.

Three consecutive endothermic peaks are displayed on the DTA curve between 72 °C and

165 °C for the precursor samples and depicted to desorption or elimination of moisture

from the samples. The endothermic peak at 277 °C is revealed the temperature of glass

transition (Tg) and at 447 °C melting point of the samples. It has been found the glass

transition temperatures slightly decrease with the higher doping concentration of Pr2O3

but the melting temperature decreases with the doping concentration. The addition of

rare-earth ions (Pr3+) to the tellurite glass network also causes the decreasing values of

bridging oxygen (BO) and creating non-bridging oxygen (NBO) [290]. As a result, the
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glass transition temperature decreases due to the formation of non-bridging oxygen. The

exothermic peak near 400 °C has evolved due to the decomposition of CO2 from the

precursor powders. The decomposition temperature of CO2 is decreased due to the

doping of Pr2O3 in the host glass materials can be explained through the strength of the

bonds Te–O and Pr–O. The stronger Pr–O bonds replace the Te–O bonds and generate

NBO which can decrease the decomposition temperature.

Fig 6.2 DTA curves of pure and Pr2O3-doped NZT glasses.

The DTA curves also show the phase transition occurred through melting at around

447 °C for pure host glass. The melting point of TeO2 is 730 oC which is decreased due

to the presence of Na2CO3 mixed with ZnO [198]. It is also found that the melting point

decreases with the doping of Pr2O3. The Tg value of the samples are increasing with the

increasing doping concentration of Pr2O3. The structural stability is gradually adapted as

the glass transition temperature increases [249]. Softening temperature (Tc) is increased

for the higher doping concentration of rare-earth ions. The calculation of thermal

stabilities ΔT of the Pr3+ doped NZT glass samples is tabulated in Table 6.1. The thermal

stability of glass materials is estimated for a glass host from the numerical value of ΔT

[246]. The nucleation and crystallization will occur with the increased value of ΔT [247,

248]. This result specified that the glass sample possesses good thermal stability.
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Hruby’s parameter (H) has been calculated by using Eq. (6.1) and found the higher glass

forming tendency as the magnitude of Hruby’s parameter is improved.

H = Tc − TgTm − Tc … … … (6.1)
Table 6.1 Thermal parameters determined from the DTA traces of pure and Pr2O3-doped NZT

glasses.

Fig. 6.3 represents the TG with DTG plot of the powder ingredients for pure and Pr2O3

doped NZT glasses. The weight loss started when the powders heated beyond 60 °C.

TG/DTG curve represents the 9.23% loss out of total mass from room temperature (35 °C)

up to 600 °C through step-wise decomposition of the compounds and release of volatile

substances, like water, carbon dioxide etc. It is found from Fig. 6.3 that the mass loses

5.28% of its weight at about 60 - 125 °C attributed to the removal of moisture [168, 249].

The DTG curve supports the weight loss due to the removal of absorbed moisture and

other volatile compounds through displayed three peaks at 87 °C, 110 °C, and 160 °C.

The peak of the DTG curve is observed near 395 °C for NZT glass samples and 392 °C

for 2% Pr2O3 doped NZT glasses because of the decomposing of anhydrous Na2CO3. The

CO2 evolved at that temperature which is also predicted from the DTA curve of Fig. 6.2.

The CO2 is produced at 365 - 415 °C and is also identified by the TG curve. The

decomposition temperature of Na2CO3 is reduced in the TeO2 environment and the

corresponding decomposition takes place at 392 °C. The last peak at 447 °C has shown a

small change of mass loss during the melting of the solid powder samples.

Sample Name % Pr2O3 Tg (°C) Tc (°C) Tm (°C) T (°C) = Tc-Tg H = (Tc-Tg)/(Tm-Tc)

NZT+

0.0% Pr2O3

0.0 284 328 447 44 0.37

NZT+

2.0% Pr2O3

2.0 285 351 439 66 0.75
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Fig 6.3 TG and DTG curve of ingredients powder for pure and Pr2O3-doped NZT glasses.

The peak positions are shifted to the lower temperature for the higher doping

concentration of Pr2O3 due to decreasing the number of bridging oxygen which implies

the increase of non-bridging oxygen. This may be suggesting that the remaining part of

Na2CO3 decomposes and emission of CO2 with a small mass at that temperature and also

with some volatile substances. After the temperature of 460 °C there is no weight loss

revealing that the glass samples have been melted as glass materials.

6.3.2 XRD

X-ray diffractogram of pure NZT and Pr2O3 doped glass materials are shown in Fig. 6.4.

It is clearly observed that the XRD curve shows mainly the non-crystalline structure with

limiting crystallinity of hexagonal phase (space group P 63/m (176); lattice parameters

are a = b = 9.410 Å and c = 7.640 Å) of Na2Zn2(TeO3)3. The crystallinity develops for

the higher concentration of Pr3+ ions i.e. non-crystalline or amorphous nature decrease for

the higher concentration of rare-earth ions [291]. Gallerande et al 2022 confirmed that

the crystalline nature of TeO2–ZnO–Na2O glasses increases for rare-earth doped ions
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(Nd3+) [292, 293]. The peak positions of XRD pattern for the present studied samples are

observed at 10.87º, 21.83º, 22.45º, 23.07º, 24.95º, 25.49º, 29.01º, 29.95º, 31.29º, 31.95º,

35.05º, 38.29º, 40.60º, 45.13º, 47.13º, 48.73º, 50.67º, 52.83º, 54.03º, 57.87º and 65.29º

for the (100), (200), (111), (002), (201), (012), (210), (112), (211), (202), (301), (220),

(113/302), (222), (004), (320), (402), (411), (313), (501) and (422) planes of

Na2Zn2(TeO3)3 compound. The peak intensity of the XRD pattern is increased due to the

incorporation of Pr3+ ions.

Fig 6.4 XRD pattern of pure and Pr3+-doped NZT glass materials.

6.3.3 Optical Properties

6.3.3.1 FTIR Spectra

Fig. 6.5 shows the structural behaviour of pure and Pr2O3 doped NZT glass samples in

the wave number range 400-1500 cm-1. The band at 424-450 cm-1 comes out due to the
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symmetric stretching vibration of the Zn-O bond. From Fig. 6.5, wave number band 448

cm-1 is found due to the stretching vibration of the Zn-O bond in ZnO4 tetrahedral which

is an indication of incorporation of ZnO into the glass network [255]. The structure of

TeO2-rich glasses contains mainly of a three-dimensional network of TeO4 trigonal

bipyramidal (tbp) units. These units have two equatorial and axial sites that are

connected with oxygen atoms and the third equatorial site is occupied by a lone pair of

electrons. The three-dimensional network can be modified with the transformation of

TeO4 units into TeO3+1 and TeO3 units by using the proper modifier [201]. The intensity

of the vibration band at 677 cm–1 in the tellurite host glass network indicates the

modifications of trigonal bipyramidal (tbp) units. Here, the addition of ZnO acts as a

glass modifier into a chain-like structure with Te3O8 groups built by TeO4 and two

TeO3+1 units connected by six coordinated Zn2+ ions. The contributions of stretching

vibrations due to the Zn–O bond are also expected at this wavenumber. Zn2+ ions

perform as an agent to split bonds and generate a modification in the glass structure [201].

For this result, TeO3+1 and TeO3 can be twisted from TeO4 units making non-bridging

oxygen atoms [205]. The band 648 – 680 cm-1 occurred due to the stretching vibration of

TeO4 [254]. The peak position of the transmission line at 648 cm-1 for the host glass

shifted due to the doping of Pr3+ ions motion of the fraction. The band at around 724 –

790 cm−1 is due to Te–Oeq bond vibrations of distorted TeO4 units.

It has been observed that the 1222 cm-1 band arises for the deformed vibrations of OH-

groups because the absorbed water molecules are bounded to the surface by the weak

hydrogen bonds [38]. These bands are ascribed to the stretching vibration within the

tellurium and the NBO of the trigonal pyramidal structure due to the glass modification

with rare-earth ion (Pr3+) [201].
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Fig 6.5 FTIR spectra of Pr2O3-doped NZT glass samples.

6.3.3.2 Raman Spectra

Fig. 6.6 shows the Raman spectra of pure and doped NZT glass samples. These spectra

of glasses can be the signature of semi-crystallized glass materials as expected. The

bands are sharper and the intensity of bands increases with the increase of doping

concentration also confirmed from the XRD with hexagonal Na2Zn2(TeO3)3 crystalline

phase. The wide band 442 cm-1 is assigned to the structural unit of TeO4 tbps with

symmetric bending vibration. Another sharp and strong band at peak 774 cm-1 is ascribed

to the symmetric stretching vibration of TeO4 tbps and at 700 cm-1 a band arises due to

the asymmetric stretching vibration of Te-O-Te. The strong band around 774 cm-1 is

associated with non-bridging-oxygens present in the glasses and more pronounced than

the neighbouring bands at 700 cm-1. The phonon energy of hosts glass and Pr2O3-doped

glasses represent the vibrational energy in the Raman spectrum.
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Fig 6.6 Raman spectra of pure and Pr2O3-doped NZT glass samples.

The atomic vibration corresponding to the band 442 cm-1 in TeO2 glass may be the

vibrations of oxygen atoms which is lighter than the immobile Te atoms. The bands 700

cm-1 and 774 cm-1 in the spectrum can be assigned for both TeO3 tp units and TeO4 tbps

units [193, 198].

6.3.3.3 Absorption Spectra

Fig. 6.7 shows the absorption spectra of pure and Pr2O3-doped NZT glass samples. The

recording of absorption data has been performed in the visible wavelength region (400 -

700 nm) at room temperature with intense band assignments. It is observed that the

absorption intensity increases gradually with the increase of Pr3+ ions [295-299]. There is

no transition occurred for the pure NZT glass sample, whereas the absorption peaks

appeared at specific transitions in case of Pr3+ ions doping. The tail of the optical

absorption band is not strongly identified due to the non-crystalline nature of glasses

which is also established from XRD analysis.
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Fig 6.7 Absorption spectra of pure and Pr2O3-doped NZT glass samples.

The peak position of Pr3+-doped NZT samples is obtained due to the interaction of 4f -

5d electronic configurations. It is found that there are four absorption peaks in Fig. 6.7.

These transitions are 3H4 → 3P2, 3H4 → 3P1+ 1I6, 3H4 → 3P0, 3H4 → 1D2 at 447, 472, 485 and

594 nm respectively. Carnall et al. approved these transitions [257]. The transition

allowed to the selection rule ∆S = 0, ∆L ≤ 2, ∆J ≤ 2 which are the same as those of a pure

quadruple transition. The transition 3H4 → 3P2 is the hypersensitive transition for the Pr3+

ion, and the peak intensity is modified significantly with the glass composition [296]. Fig.

6.8 shows the variation of absorption coefficient α(ν) with corresponding energy. The

absorption coefficient in many non-crystalline materials reflects the density of states at

the band tails and can be determined from the absorption spectra using the relation.

α ν = Abt … … … (6.2)
Where α(ν) is absorption coefficient, Ab is the absorbance, and t is the thickness of the

sample.
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Again, the relation between the absorption coefficient and photon energy is

α ν = B h − Eg mh
… … … (6.3)

Where B is the constant, m is the index number; Eg and h are optical band gap energy and

Planck constant respectively.

The absorption coefficient has been determined for the indirect band gap energy with

m = 2 by plotting the graph (αhν)1/2 vs. hν [258, 262, 300, 301]. For the indirect

transitions, the corresponding value of Eg is obtained by extrapolating (αhν)1/2 = 0.

Fig 6.8 Tauc’s plot for pure and Pr3+-doped NZT glass materials.

The magnitudes of band gap energy for the glasses are represented in Table 6.2. The

decrease of Eg with increasing Pr3+ ions in this glass network can be explained by the

creation of a large number of NBO in the samples. The negative charges of oxygen ions
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in the NBO create active electrons with a higher value than that on the BO. These active

electrons are distributed irregularly because NBOs are softly bounded by the tellurite

atoms. The obtained values of the Eg and the refractive index (n) can be estimated using

Eq. (6.4) [258, 262,302, 303].

(n2 − 1)/(n2 + 2) = 1 − (Eg/20) … … … (6.4)
The refractive index increases from 2.44 to 2.56 with the increasing number of rare-earth

ions due to the creation of non-bridging bonds [304, 305].

Table 6.2 Band gap energy and refractive index for pure and Pr2O3-doped NZT glasses.

This effect can be attributed to the dissociation of the bridging Te–O–Te bonds and

created non-bridging bonds. The bond energy of NBO is lower with greater ionic

character. The cation refractions have a higher magnitude for the NBO bonds which are

calculated from this relation [290].

ri = (1 N )1 3 … … … (6.5)
rp = (� 48N )1 3 … … … (6.6)

Sample Name Band gap energy (eV) Refractive Index (n)

NZT+0.0% Pr2O3 2.86 2.44

NZT+0.5% Pr2O3 2.59 2.52

NZT+1.0% Pr2O3 2.55 2.53

NZT+1.5% Pr2O3 2.49 2.55

NZT+2.0% Pr2O3 2.46 2.56
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F = Z rp2 … … … 6.7
Fig. 6.9 shows the variation of inter-ionic distance (ri) and field strength (F) with ion

concentration of Pr3+ ions. Inter-ionic distance (ri) and polaron distance (rp) decrease

with the doping concentration Pr3+ ions. The field strength (F) is found by using Eq. (6.7)

and the magnitude of field strength between Pr3+- Pr3+ ions is increased with the ion

concentration of Pr3+ ions.

Fig 6.9 Inter-molecular distance and field strength with Pr3+ ions concentration of NZT glass

samples.

Again, it has been observed that the inter-ionic and polaron distances decrease

whereas, the field strength (F) increases with the variation of Pr3+ ions and has also been

confirmed from the fluorescence spectra [217]. As the inter-ionic distance (ri) decreases

between two Pr3+ ions for the neatness of the glass network, the strapping interaction of

Pr3+ ions can convey the excitation energy from one Pr3+ ion to the other ions [305].
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6.3.3.4 Cross Section
The absorption cross-section of the glass materials for the 3H4 → 3P2 transition has been

estimated with the help of the Lambert-Beer formula:

σab(λ) = 2.303 Ab/(Nt) … … … (6.8)

Where Ab is absorbance, t is the width of the sample and N is the density (ions/cm3) of

Pr3+ ion of the telluride glass [176]. Fig.6.10 shows the absorption cross-section

decreasing for increasing the concentration of Pr3+ doped NZT glass samples. The

emission cross-section is measured using MaCumber's (1964) theory.

Fig 6.10 Wavelength dependence absorption cross-section of Pr2O3-doped NZT glasses.
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The cross-section of emission and absorption spectra are associated with the formula:

σemi(λ) = σab (λ) exp[(E -hν)/KBT] … … … (6.9)

where ν is the phonon frequency, E is the free energy needed to excite Pr3+ from 3H4 →
3P2 state at temperature T, h is Planck’s constant, and KB, Boltzmann constant. The

emission cross-section of the 3H4 → 3P2 transition of Pr3+ doped glass materials is shown

in Fig. 6.11. The emission cross-section is decreased for a higher concentration of Pr3+

ions of NZT glasses [271, 306]. It is worth mentioning that the laser parameter can be

estimated using absorption and emission cross-section.

Fig 6.11 Wavelength dependence emission cross-section of Pr2O3-doped NZT glasses.
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6.3.3.5 Fluorescence Spectra
Fig. 6.12 shows the emission spectra obtained at room temperature for the range of 470 -

700 nm regions with an excitation wavelength of 444 nm for different concentrations of

Pr3+ ions incorporated in NZT glasses. The Pr3+ modified NZT glasses have exhibited

five transitions 3P0 → 3H4, 3P1 → 3H5, 3P0 → 3H5, 1D2 → 3H4, 3P0 → 3F2 at 490, 529, 545,

615, and 645 nm in the total visible region [295, 307-31041, 59-62]. Quite different

context has been found in Pr3+ -doped tellurite glasses. The emission spectra are

considered by two bands with a significant difference in intensity, connected to 3P0 → 3H4

and 1D2 → 3H4 transitions. The emission transition 3P0 → 3H4 exhibits more sensitive

intensity than the other transitions and increases with the increase of Pr3+ ions doped in

the host matrix [311, 312].

Fig 6.12 Luminescence spectra of pure, and Pr3+-doped NZT glass materials, excited at 444 nm.
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The emission intensity increases with the increasing Pr3+ ions in the glasses can be

ascribed to the occurrence of radiative energy transfer (ET) between two adjacent Pr3+

ions. Generally, the emission of Pr3+-doped tellurite glass can be observed for the

electronic transitions from 3PJ levels [313]. The phonon energy of the Pr3+-doped tellurite

glass matrix is lower (~700 cm-1) compare to Pr3+-doped borate glasses (~1400 cm-1).

However, on the emission spectrum, it has been found that the emitted transitions

occurred from the 1D2 level. This event may be the cause of non-radiative relaxation

from the 3P0 level. The intensity of 3P0 → 3H4 and 1D2 → 3H4 transitions is associated

with non-radiative processes and excited states relaxation. The ion-ion interaction of

rare-earth ions in the host glasses may lead to the energy transfer and cross relaxation

(CR) processes. The transition 1D2 → 3H4 may be occurred due to the cross relaxation

(CR) and ET process [284]. Fig. 6.13 shows the energy level graph of the Pr2O3 doped

NZT glass samples.

Fig 6.13 Energy level diagram and transitions of Pr3+-doped NZT glasses.
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The cross-section of stimulated emission (σemi) of emission transition is one of the

important parameters used to identify a good optical material. A good optical material

has a large emission cross-section [296]. Hence, rare-earth (Pr3+) doped tellurite glass

could be considered more appropriate for lasing material.

Fig 6.14 CIE chromaticity diagram of Pr2O3-doped NZT glass materials, excited at 444 nm.

The scattering wavelengths of emission spectra in the visible region can be measured

using CIE 1931 colour coordinates, which is a physiologically clear colour vision of

humans. The emission intensity of Pr2O3-doped NZT glass materials was designed using

CIE 1931 (Fig. 6.14). The acquired colour confirmed the different colour of emission of

all glass materials. The colour coordinates were (0.15215, 0.03578), (0.16257, 0.08245),

(0.16057, 0.10072), (0.16845, 0.17109), and (0.1731, 0.21838) for Pr3+-doped (0.5% wt-
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2% wt) respectively. The non-emissive nature of the pure glass sample was confirmed

from the coordinates out of the CIE plot [314]. The changes in coordinates specified that

with increasing rare-earth oxide percent the emission moved towards higher wavelengths.

6.3.4 Electrical Properties

6.3.4.1 Dielectric Constant

The effect of frequency on dielectric constant for Pr2O3-doped NZT glasses is depicted in

Fig. 6.15 in the frequency range 100 Hz - 8 MHz at room temperature. The numerical

value of dielectric permittivity is associated with the electron density and ionic charges.

Fig 6.15 The variation of dielectric constant (ε) with frequency for pure and Pr3+-doped NZT

glasses at room temperature.

It is found that the magnitude of ε decreases quickly with increasing frequency up to 500

Hz. This could be ascribed to the dielectric dispersion from the delay of the polarizability
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process of the molecules in the applied electric field [273]. The dielectric constant is

decreased with the increase of frequency for the lag of quick rearrangement, the

molecular rotation, and the increasing friction between molecules [315]. The observed

increasing dielectric constant towards the low-frequency region is ascribed to the

interfacial polarization, space charge polarizations, motion of conducting charges, and

absence of spontaneous polarization [277, 316]. Polarizability is mostly motivated by

ionic and sources and decreased with the increase of frequency and ultimately develops

into almost constant because of the inertia of ions and molecules [317].

The value of ε of these glasses is almost constant for the frequency 500 Hz to 2 MHz

due to reducing of ionic, space charge and orientation polarization. The large value of

the dielectric constant is obtained in the frequency range of 2 MHz to 8 MHz with a

higher concentrations of rare-earth ions. This result is similar for rare-earth (Eu3+, Nd3+

and Sm3+) doped NZT glass materials [221, 279, 318, 319]. It describes the polarizing

performance of the material in the presence of the applied electric field. The large value

of dielectric constant at high frequency may be explained through the charge

accumulation in the host glass due to rare-earth doping. This increase of dielectric

constant at high frequency may also be explained through the electronic polarisation due

to the excessive vibration of molecules in the host glass. From the plotted data, it is

revealed that the tellurite glasses are not demonstrated any significant variation as there is

no major modification in the orientation of the molecule. Again, the electron exchange

between the ions does not follow the variations in the applied field. As the concentration

of the rare-earth ions increased, these ions disrupt the glass network by creating dangling

bonds and non-bridging ions which creates comfortable ways for the migration of charges.

Thus, developed space charge polarization leads to the increase in dielectric constant as

observed initially [154]. Here, the doping of Pr3+ ions may be creating more and more

non-bridging oxygen ions. These non-bridging oxygen ions may create migration paths

for the charge carriers which in turn increases space charge polarization and hence

increases dielectric constant [320]. The dielectric constant increases with an increase in

the substitution percentage of rare-earth ions and attains a maximum for 2 wt% Pr2O3

doped NZT glass. Other reasons are the impurities and imperfections in the crystal lattice.

High porosity and low density led to a low dielectric constant. As the applied frequency
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increases, the ions are not able to respond quickly and it reveals an almost frequency-

independent behavior [316, 278].

6.3.4.2 DC Conductivity

The variation of electrical conductivity with temperature is shown in Fig. 6.16. The

conductivity increases with temperature and also with the doping of Pr3+ ions. This

variation of conductivity with temperature found that the electrical conduction

mechanism is Arrhenius type. This Arrhenius mechanism of electrical DC conductivity

can be applied to establish the activation energy of the glass materials through the

relation:

�dc = σ0exp −Ea KBT … … … (6.10)
Where Ea is the activation energy, σ0 denotes the pre-exponential factor, T is the

absolute temperature and KB is the Boltzmann constant. The assessed activation energies

for these samples have been measured from Fig. 6.16. The activation energy reduces

(0.59 eV to 0.46 eV) due to the doping of Pr3+ ions. The interaction between the rare-

earth ions and structural units of host glass explains the increment of DC conductivity

due to the increasing concentration of rare-earth ions [221]. The mechanism of electrical

DC conductivity in the glass structure depends on doping concentration, atomic weight,

and position of Pr3+ ions. A large number of NBOs are produced due to the doping of

rare-earth ions and hence the DC conductivity is enhanced for Pr2O3-doped NZT glasses

[154].
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Fig 6.16 The variation of ln versus 1000/T.

6.4 Conclusions
Praseodymium-doped NZT glasses have been effectively made by the melt-quenching

process. The X-ray diffraction characterization indicates the semi-crystalline nature of

the materials for the incorporation of Pr3+ ions. FTIR spectra develop the creation of a

new glass network of pure and Pr2O3-doped NZT glasses. The refractive index increases

from 2.44 to 2.56 with the incorporation of Pr3+ ions. The absorption bands of the glass

materials are found corresponding to the transitions 3H4 → 3P2, 3H4 → 3P1+ 1I6, 3H4 → 3P0,

3H4 → 1D2 at 447, 472, 484, and 594 nm respectively. The emissions 3P0 → 3H4, 3P1 →
3H4, 3P1 → 3H5, 1D2 → 3H4, 3P0 → 3F2 at 490, 529, 545, 615, and 645 nm are found in the

photoluminescence spectra. Field strength (F) increases with increasing Pr3+ ions

concentration and consequently, the inter-ionic distance (ri), and polaron radius (rp) are

decreased. The indirect band gap energy (Eg) is decreased in the modified glass structure.
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The dielectric constant for pure and doped NZT glass materials has been obtained for

various frequencies and observed as a stable substance within the frequency of 500 Hz - 2

MHz. The DC conductivity increases with temperature whereas the activation energy

reduces for the higher concentrations of Pr3+ ions in the usual approach. Hence, the

present Pr3+ ions doped tellurite glasses can be exploited in optical devices.

[This work has been accepted in the Journal of Glass Physics and

Chemistry 29th May 2023]
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Chapter-7

Conclusion
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The major results are summarized in the current thesis in concise form. Pure NZT and

rare-earth (Eu, Nd, Sm, and Pr) doped Na2O-ZnO-TeO2 (NZT) glasses have been

prepared by melt-quenching method and studied their thermal, structural, optical, and

electrical characterizations.

7.1 Sample Preparation and Characterization

Amorphous and crystalline materials of the following tellurite glass systems have been

prepared by normal and slow-quenching techniques:

1. 0.1Na2O-0.2ZnO-0.7TeO2

2. (100-x) (0.1Na2O-0.2ZnO-0.7TeO2)-xEu2O3 (x = 0.5, 1.0, 1.5 and 2 wt %)

3. (100-x) (0.1Na2O-0.2ZnO-0.7TeO2)-xNd2O3 (x = 0.5, 1.0, 1.5 and 2 wt %)

4. (100-x) (0.1Na2O-0.2ZnO-0.7TeO2)-xSm2O3 (x = 0.5, 1.0, 1.5 and 2 wt %)

5. (100-x) (0.1Na2O-0.2ZnO-0.7TeO2)-xPr2O3 (x = 0.5, 1.0, 1.5 and 2 wt %)

The structural, optical, electrical, and thermal characteristics of all the glass samples

have been characterized by using various analytical methods. The thermal factors

including glass transition temperature, crystallization temperature, and melting

temperature have been determined by Differential Thermal Analysis (DTA) and mass

loss has been found by Thermo-Gravimetric Analysis (TGA). The optical absorption and

luminescence properties have been investigated by UV-visible spectroscopy and

photoluminescence (PL) spectroscopy respectively. An X-ray diffractometer has been

used for the structural analysis of the glass samples.

7.2 Findings of the work on rare-earth doped NZT glass

The pattern of XRD of Eu3+ doped NZT samples shows no discrete sharp peaks and there

are two broad peaks have been found in the region of glancing angle at 18o to 34o. The

broad continuous pattern of X-ray diffraction reveals the amorphous nature of these

glasses. A weak anomaly transition 7F1 → 5D1 at 535 nm occurs in the absorption band of

Eu3+doped NZT glasses due to the spin-forbidden transitions. Six emission transitions
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5D1 → 7F1 at 537 nm, 5D1 → 7F2 at 556nm, 5D0 → 7F1 at 591 nm, 5D0 → 7F2 at 614 nm,
5D0 → 7F3 at 653 nm, 5D0 → 7F4 at 703 nm are observed with the excitation wavelength

λex = 395 nm. From the photoluminescence graph, it has been observed that the peak

intensity of Eu3+doped NZT glasses increases for the incorporation of Eu3+ ions. The

intensity of the transition 5D0 → 7F2 at 614 nm is maximum due to the electric dipole

depending on the localized symmetry coordination surroundings of Eu3+ ions in the glass

matrix. So, Eu3+doped NZT glass samples have been used as a red laser source. The

dielectric constant of glass samples was found as stable material within the frequency

range 1 kHz to 1MHz with dielectric constant of 200 to 500. These glass samples may be

useful as substrate devices as these materials show high dielectric constant. These glass

materials can be used as a core material in optical fiber, as their refractive index is high.

The variation of conductivity with temperature confirmed the Arrhenius conduction

mechanism and the estimated activation energies were in the range of 0.64 eV to 0.53 eV.

So, these samples have a high potential for application in optoelectronic devices.

In Chapter 4, we reported that the XRD pattern of Nd3+-doped NZT glasses indicates

the crystalline nature and decreases the crystalline nature due to the incorporation of Nd3+

ions. The absorption transition of Nd3+-doped NZT glass materials are (4I9/2→4G11/2) at

430 nm, (4I9/2−4G9/2) at 512 nm, (4I9/2→4G7/2) at 525 nm, (4I9/2→4G5/2) at 583 nm,

(4I9/2→4F9/2) at 683 nm, and (4I9/2→4F7/2) at 746 nm. The peak intensity increases for

higher concentrations of Nd3+ ions and is maxima for the transition (4I9/2→4G5/2) at 583

nm. The peak value of photoluminescence spectra is slightly shifted due to the addition

of the higher concentration of rare-earth ions in the NZT glass sample. Generally, the

emission transition of Nd3+ doped tellurite glass materials is found near 1160 nm but the

emission transition of Nd3+-doped NZT glasses is observed in the visible region due to

excitation of 325 nm. Nd3+doped NZT glass samples have been used as a purple laser

source. Polaron radius (rp) and inter-ionic distance (ri) decrease, and the corresponding

value of field strength (F) increases for higher concentrations of Nd3+ ions. The value of

optical band gap energy has been ascribed to the semi-conducting nature for doping of

Nd3+ ions. The permittivity of Nd2O3-doped NZT glasses are seen as a stable substance

within the frequency of 3 kHz to 1 MHz. So, these glass samples have a large prospect

for application in optoelectronic devices.
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In Chapter 5, we reported our investigation on samarium-doped NZT glasses the

amorphous nature of the higher doping concentration of Sm3+ ions. FTIR spectra reveal

the construction of a new glass structure of pure and Sm2O3-incorporated NZT glasses.

The thermal stability of Sm3+ doped NZT glasses is increased with the increase of

Hruby's parameter (H). The value of H is 0.57 for the higher doping of Sm3+ ions. The

value of band gap energy decreases from 2.95 eV to 1.58 eV due to the doping of Sm3+

ions. The decreasing values of band gap energy of Sm3+ doped NZT glasses show the

semi-conducting nature. The refractive index increases from 2.41 to 2.95 with the

increase of Sm3+ ions. The absorption transitions 6H5/2→4P3/2, 6H5/2→4M19/2, 6H5/2→4I5/2,

and 6H5/2→4I11/2 are observed at 402 nm, 418 nm, 462 nm, and 478 nm respectively. The

emission transitions 4G5/2→6H5/2, 4G5/2→6H7/2, 4G5/2→6H9/2 are observed at 563 nm, 600

nm, 645 nm in the photoluminescence spectra with the excitation at 402 nm. Sm3+ doped

NZT glass samples have been used as a red laser for emission at 600 nm corresponding to

the 4G5/2→6H7/2 transition. The pattern of photoluminescence spectra has confirmed the

quenching effect. The value of inter-ionic distance (ri) and polaron radius (rp) are

decreased up to 1 wt% doping concentration and then increased up to the highest

concentration of Sm3+ ions. The permittivity increases from 430 to 980 for Sm2O3 doping

in the lower frequency at room temperature. The dielectric constant of Sm2O3-doped

NZT glasses has been observed as a stable substance within the frequency range of 3 kHz

to 2 MHz. Sm2O3-doped NZT glass samples have been used in optoelectronic devices.

The DC conductivity increases with temperature whereas the activation energy decreases

with the increase of ion concentration in the usual manner.

In Chapter 6, the preparation and characterization of Pr3+-doped NZT glass has been

reported. X-ray diffraction of Pr3+-doped NZT glass materials has shown the hexagonal

structure for the planes of Na2Zn2(TeO3)3 compound. FTIR spectra modify the creation

of a new glass network of pure and Pr2O3-doped NZT glasses. The thermal stability of

Pr3+ doped NZT glass samples is higher than other rare-earth doped NZT glass materials.

The value of Hruby's parameter is 0.75 for the higher doping of Pr3+ ions. The absorption

transitions of Pr2O3 doped NZT glasses are 3H4 → 3P2, 3H4 → 3P1+ 1I6, 3H4 → 3P0, 3H4 →
1D2 at 447, 472, 484, and 594 nm respectively. The indirect band gap energy (Eg) is

decreased in the modified glass structure. The refractive index increases from 2.44 to
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2.56 with the incorporation of Pr3+ ions. These glass materials can be used as a core

material in optical fiber, as their refractive index is high. The emission transitions 3P0 →
3H4, 3P1 → 3H4, 3P1 → 3H5, 1D2 → 3H4, 3P0 → 3F2 at 490, 529, 545, 615, and 645 nm are

found in the photoluminescence spectra with the excitation wavelength λex = 444 nm.

Field strength (F) increases with increasing Pr3+ ions concentration and consequently, the

inter-ionic distance (ri) and polaron radius (rp) is decreased. The dielectric constant for

pure and doped NZT glass materials has been observed as a stable substance within the

frequency of 500 Hz-2 MHz. The DC conductivity increases and the activation energy

reduces with temperature for a higher concentration of Pr3+ ions. Hence, the present Pr3+

ions doped tellurite glasses can be exploited in optical devices.

7.3 Future Scope
The simultaneous possessions of optical properties and environmental applications of the

synthesized rare-earth-doped tellurite glasses present a striking opportunity for the

innovation of smart optoelectronic devices in various fields. The production of reliable

optoelectronic devices for today’s speedy world is the ultimate aim. The prepared rare-

earth doped tellurite glasses and their studied characterization might be supportive in the

above aspect. In this research work, we have made an effort to enhance the optical

properties of tellurite glasses by introducing some exciting rare-earth dopants. However,

there are various scopes for enhancement in material properties of the different rare-earth

compounds through proper doping/substitutions, which we would like to pursue in the

future.

 Preparation of rare earth element gadolinium (Gd) doped tellurite glasses

by low-cost method and to establish it as a good magnetic effect.

 Preparation of rare earth element lanthanum (La) doped tellurite glasses by

low-cost method enhance the optical property in the visible region.

 Synthesis of tellurite glass semiconductor through inexpensive method for

significant laser and optoelectronic device applications.
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