
Abstract 

In recent years considerable research work has been carried out on the spectroscopic 

characterization of rare earth (RE) ions in both crystalline and non-crystalline materials. 

When compared to crystalline materials, non-crystalline materials (glasses) are favourable 

hosts for rare earth ions due to their broad inhomogeneous band widths, possible tuning to 

different wavelengths, large doping capability and easy to mould to different shapes and 

sizes. Quite recently rare earth doped glasses have attracted much attention because of their 

wide range applications in the areas such as solid state lasers, optical fibers, solar energy 

concentrators, optical detectors, optical data storage devices and under water optical 

communications. The design and development of a glassy system for the above said 

applications require a thorough analysis of the optical properties of rare earth ion doped 

glasses through absorption and transient and steady-state emission studies. On the other hand, 

near white light emitting diode (W-LEDs) and next generation solid state lightening (SSL) 

technologies are the focus of current research in lightening industries because of their high 

efficiency, less energy consumption, longer lifetime when compared with the conventional 

light sources like incandescent lamps and fluorescent lamps. SSL technology, now a days is 

emerging as a highly competent and viable alternative for the existing technology in the back 

drop of the increasing demand for energy and environmental friendliness. White light 

emitting LEDs are equally having wide range applications in diversified fields such as LCD 

displays, color displays, traffic signals, automotive displays and cellular phone 

illumination. White light LEDs are in general realized as a combination of single phase 

crystalline phosphors and UV/blue InGaN type LEDs. Recently rare earth doped glassy 

systems are considered as an alternative source for crystalline phosphors, due to their obvious 

fabrication and integration advantages. The rare earth doped white light emitting glasses are 

expected to be superior than conventional white light emitting phosphors (such as Ce
3+

doped 

YAG)  because of their homogeneous light emitting capacity, simple manufacturing process, 



low production cost and better thermal stability. One of the ways to combine the luminescent 

glass with semiconductor chip is to mold the glass into a lens and replaces the normal plastic 

lens in the current LEDs.  Moreover, glass lens integrated with semiconductor chip (LEDs) 

can also act as a protecting layer for LED chips and such systems doesn’t require any extra 

encapsulation.  

Among the conventional glass formers, boric acid (B2O3) is one of the best glass 

former and can form glass alone with wide spectra range of transparency, high thermal 

stability and large concentrations of rare earth ion solubility. All the aforementioned novel 

characteristic features possessed by the borate glasses makes them to act as an exalting host 

matrices and the best choices for rare earth ions doping for the applications (Such as short-

length waveguide amplifiers) where the flexibility of size and compositions of the material 

are necessary. On the other hand, the high phonon energies (~1300-1500 cm
-1

) possessed by 

borate glasses encourage non-radiative emission process thereby decrease in the radiative 

efficiencies. The flexibility in the addition of heavy metals to borate glass host (such as 

Bi2O3, BaF2, CaF2 etc.,) can efficiently suppress these high phonon energies and thereby 

enhance the radiative properties. Furthermore, the addition of network modifiers such as ZnO 

and Al2O3 helps to increase the mechanical and thermal stability of the glass system. Hence 

the modified borate glass systems give us an unique opportunity for the realization of more 

efficient host systems for Lasers and LEDs. Keeping in view the advantages, the present 

thesis is to investigate the enhanced optical properties of rare earth doped novel borate 

systems having systematic stoichiometric compensation with heavy metal oxides/ fluorides 

and network modifiers. The two new glassy systems used in the present investigation are 

having their generic chemical composition as follows. 

1. ZnO - Al2O3 - Bi2O3 - B2O3 

2. ZnO - Al2O3 - BaF2 - CaF2 - B2O3. 



Based on the constituent chemicals present in the above glasses, the first glass system is 

named hereafter as Zinc Alumino Bismuth Borate (ZnAlBiB) Glasses and the second glass 

system is named as Oxy-fluoroborate (OFB) glasses. To the best of our knowledge, these 

glassy systems are new and not been reported so far.  

The number of applications possessed by rare earth activated optical materials in various field

s  made us to study the “Spectroscopic Studies and Lasing potentialities of Nd
3+

, Pr
3+

, 

Ho
3+

 ions doped Zinc Alumino Bismuth Borate and Dy
3+

, Sm
3+ 

ions doped Oxy-

fluoroborate Glasses”. 

Motivation and Objectives of the work 

The present thesis elaborately reports the preparation, characterization, absorption and  photol

uminescence properties of intra-configurational 4�� −	4��  of rare earth ion transitions in 

the novel modified borate glass host for visible - NIR - Mid IR spectral region applications. 

The main aim of the present work is to identify novel borate glass hosts with low phonon 

energies so that they can give efficient radiative properties like branching ratios, stimulated 

emission cross-sections and quantum efficiency. The lasing potentialities of the glass systems 

can be characterized by the above mentioned radiative properties. Based on the lasing 

potential values, one can estimate whether a particular transition in glass can be used as a 

laser transition or not. Thus transitions that can be used as lasing transitions in visible, NIR 

and Mid IR regions can be declared which are very useful in several fields.  

The thesis is organized in eight chapters as summarized below: 

Chapter 1:- General Introduction 

This chapter describes an overview on the science and technology of the glasses, fabrication 

issues, spectroscopy of rare earth ions along with the essential theoretical concepts used to 

investigate the absorption and photoluminescence spectra of the rare earth ions. Judd-Ofelt 

(JO) theory that elucidates the radiative transition probabilities (AR), branching ratios (βR), 



radiative lifetimes (τR), stimulated emission cross-sections (σse) and quantum efficiencies (η) 

of various excited levels has been summarized. Inokuti-Hirayama (IH) model which is used 

to study the fluorescence decay and energy transfer mechanisms has been described. The 

evaluation of CIE chromaticity colour coordinates (x, y) from the photoluminescence spectra 

to test the white light tunability has also been explained.      

Chapter 2: Experimental Techniques 

In this chapter the method of preparation of ZnAlBiB glasses doped with different 

concentrations of Nd
3+

, Pr
3+

, Ho
3+

 ions and OFB glasses doped with Dy
3+ 

and Sm
3+ 

ions has 

been described. The experimental techniques utilized to determine the physical parameters 

such as refractive indices, densities and concentrations of dopant ions in these glasses have 

been presented. The structural and optical techniques such as X-ray diffraction (XRD), 

Fourier transform infrared spectra (FT-IR), absorption, steady-state photoluminescence (PL)  

and PL lifetime spectra, Regular and PL imaging optical microscope  (commercial as well- as 

home-built systems) are illustrated along with the operation and description of the 

instruments used in the present investigation. 

Chapter 3: Spectroscopic properties and luminescence behaviour of Nd
3+

 doped                        

Zinc Alumino Bismuth Borate glasses 

In this chapter, we have discussed the preparation and characterization of ZnAlBiB Glasses 

doped with different concentrations of neodymium with chemical composition 20 ZnO + 10 

Al2O3 + (10-x) Bi2O3 + 60 B2O3 + x Nd2O3 (where x=0.5, 1.0, 1.5, 2.0 and 2.5 mol %) used to 

study their physical, absorption and luminescence properties to understand the lasing 

potentialities of these glasses. From the spectroscopic parameters evaluated from the 

absorption spectra, it was found that the radial properties are not much affected in these 

ZnAlBiB glasses with different concentrations of Nd
3+

. The bonding parameter (δ) evaluated 

using the nephelauxetic ratio values indicates that, the bonding of between Nd
3+

 ions and host 



glass is ionic. The Judd-Ofelt (JO) theory has been successfully applied to analyze the 

absorption spectra and is found to be valid with less rms deviation in the glasses studied. In 

the present investigation, it was observed that the JO parameters (Ω2, Ω4 and Ω6) are taking 

maximum values for 1 mol% of Nd
3+

 ion concentration indicates that ZnAlBiB glass with 

this concentration is more asymmetric, more covalent and more rigid when compared with 

other concentrations.  Relatively large Ω2 value observed for all the ZnAlBiB glasses 

indicates that these glasses possess more rigidity. The JO parameters evaluated in the present 

investigation are also used to calculate the transition probability (AR), radiative lifetime (τR) 

and branching ratios (βR) for most of the fluorescent levels of Nd
3+

. The emission spectra 

recorded for these glasses give three prominent transitions 
4
F3/2→

4
I9/2, 

4
F3/2→

4
I11/2 and 

4
F3/2→

4
I13/2 of which 

4
F3/2→

4
I11/2 transition observed around 1060 nm gives more intensity 

than the remaining two and is potential for lasing action. The intensity of Nd
3+ 

emission 

spectra increases with increase in the concentrations of Nd
3+

 ions up to 1 mol% and beyond 1 

mol% the concentration quenching is observed due to non-radiative energy transfer caused 

between Nd
3+

 ions and host defects.  For all the emission transitions observed in the emission 

spectra, the effective band widths (∆λP) and stimulated emission cross-sections (σse) values 

are evaluated. βR and σse values measured for all these glasses shows that the 
4
F3/2→

4
I11/2 

transition under investigation has the potential for laser applications. The high σse and βR 

observed for the present glasses suggests their potential for infrared lasers. From the 

absorption and emission spectral studies it was found that, 1 mol% of Nd
3+ 

ion concentration 

is optimum for ZnAlBiB glasses to generate a strong laser emission at 1060 nm. All such 

interesting results discussed in this chapter have already been appeared in an international 

journal “Journal of Physics and Chemistry of Solids, 74 (2013) 1308-1315.”  

Chapter 4:- Reddish-Orange emission from Pr
3+ 

doped Zinc Alumino Bismuth Borate 

glasses 



In this chapter we explained in detailed the preparation and characterization of praseodymium 

doped Zinc Alumino Bismuth Borate (ZnAlBiB) glasses with chemical composition 20 

ZnO+10 Al2O3 + (10-x) Bi2O3 + 60 B2O3 + x Pr2O3 (x=0.1, 0.3, 0.5, 1.0 and 2.0 mol %). The 

ZnAlBiB glasses with the above chemical composition were prepared by using melt 

quenching technique and characterized by using spectroscopic techniques such as optical 

absorption and emission. The bonding parameters measured from the absorption spectra 

confirms the ionic nature which decreases gradually with increase in Pr
3+

 ion concentration in 

these glasses. Shifting of peak wavelength in these glasses indicates the decrease in the 

degree of covalency of R-O bond with increase in Pr
3+

 ion concentration. From the 

absorption spectra, the Judd-Ofelt intensity parameters Ωλ (λ=2, 4 and 6) and other radiative 

properties like transition probability (AR), radiative lifetimes (τR) and branching ratios (βR) 

have been evaluated. The emission spectra recorded for different concentrations of Pr
3+

 ions 

under 445 nm excitation show three emission bands one in yellow region (
3
P1→

3
H5), the 

second one in reddish-orange region (
1
D2→

3
H4) and the third one in red region (

3
P1→

3
F3). 

Among the three emission transitions observed, 
1
D2→

3
H4 is more intense and is falling in 

reddish-orange region. The intensity of Pr
3+ 

emission spectra increases from 0.1 to 1 mol% of 

Pr
3+

 ion concentration and beyond 1 mol% concentration quenching is observed. The suitable 

concentration of Pr
3+ 

ions in ZnAlBiB glasses to act as a good lasing material at reddish-

orange wavelength (604 nm) region has been discussed by measuring the emission cross-

sections for the intense emission transition 
1
D2→

3
H4. The CIE chromaticity co-ordinates 

were also evaluated from the emission spectra for all the glasses suggests the suitability of 

these materials for reddish-orange emission. From the measured emission cross-sections and 

CIE chromaticity co-ordinates, it was found that ZnAlBiB glasses doped with1 mol% of Pr
3+

 

ions are aptly suitable for the development of visible reddish-orange lasers. All such 



interesting results discussed in this chapter are published in an international journal “Physica 

B: Condensed Matter 428 (2013) 36-42.” 

Chapter 5:- Visible red, NIR and Mid-IR emission studies of Ho
3+

 doped Zinc Alumino 

Bismuth Borate glasses 

This chapter explains in detailed the preparation and characterization of Ho
3+

 doped ZnAlBiB 

glasses at different concentrations of holmium ions with its composition 20 ZnO + 10 Al2O3 

+ (10-x) Bi2O3 + 60 B2O3 + x Ho2O3 (x=0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mol %). Melt quenching 

is the technique employed to prepare above said glasses. Optical absorption, excitation and 

photoluminescence spectra of these glasses have been recorded at room temperature. The 

Judd-Ofelt theory has been applied successfully to characterize the absorption spectra of the 

ZnAlBiB glasses. From this theory various radiative properties such as radiative transition 

probability (AR), radiative lifetimes (τR) and branching ratios (βR) for the prominent emission 

levels 
5
F5→

5
I7, 

5
F5→

5
I8 and 

5
I7→

5
I8 have been evaluated. The photoluminescence spectra 

recorded at an excitation wavelength 586 nm exhibited two strong emission bands at 623 nm 

and 880 nm corresponding to the transitions 
5
F5→

5
I8 and 

5
F5→

5
I7 respectively. These two 

transitions 
5
F5→

5
I8 and 

5
F5→

5
I7 observed in red and near infrared regions are found to be 

more intense. The luminescence spectra recorded at an excitation wavelength 980 nm 

exhibited a strong emission band at 1.91µm corresponding to the transition 
5
F5→

5
I7 falling in 

the mid infrared region. The photoluminescence spectra recorded under 586 nm and 980 nm 

excitation wavelengths exhibit quenching of luminescence intensity beyond 1.0 mol% of 

Ho
3+

 ion concentration in ZnAlBiB glasses. To investigate the lasing potentiality of 
5
F5→

5
I7, 

5
F5→

5
I8 and 

5
I7→

5
I8 transitions, the effective band width (∆λp) and the stimulated emission 

cross-section (���) were determined. The CIE chromaticity co-ordinates were also evaluated 

from the emission spectra for all the glasses to understand the suitability of these materials 

for visible red emission in principle. From the measured emission cross-sections and CIE 



chromaticity co-ordinates, it was found that 1 mol% of Ho
3+

 ion concentration is optimum in 

ZnAlBiB glasses to develop visible red, near infrared and mid infrared lasers. The content of 

this chapter was published in an international journal “Optical Materials, 36 (2013) 362-

371”. 

Chapter 6:- Lasing potentialities and white light generation capabilities of Dy
3+

 doped 

oxy-fluoroborate glasses 

This chapter explains the lasing potentialities and white light generation capabilities of oxy-

fluoroborate (OFB) glasses doped with different concentrations of Dy
3+ 

ions having 

composition 15 ZnO + (5-x) Al2O3 + 10 BaF2 + 10 CaF2 + 60 B2O3 + xDy2O3 (x=0.1, 0.5, 1.0, 

1.5, 2.0 and 2.5 mol %). The aforementioned glasses were synthesized through melt 

quenching technique and characterized by using optical absorption, photoluminescence, 

confocal photoluminescence and decay analysis to understand the lasing potentialities and 

their utility for white light emitting diodes (LEDs). Judd-Ofelt theory has been applied to the 

recorded absorption spectra to measure the radiative properties such as transition probability 

(AR), radiative lifetimes (	
), branching ratios (β
�

) and spectroscopic quality factor (χ) for 

the prominent fluorescent levels. The emission spectra recorded for these glasses gives four 

emission transitions 
4
F9/2→

6
H15/2, 

6
H13/2,

 6
H11/2 and 

6
H9/2 for which effective band widths 

(∆λ�), experimental branching ratios (β
��

) and stimulated emission cross-sections (σ�) are 

evaluated. To know the lasing potentialities of these glasses, the quantum efficiency (�) 

values are measured by recording the decay curves for the prominent emission levels 

4
F9/2→

6
H15/2 and 

4
F9/2→

6
H13/2. From the measured spectroscopic quality factor, branching 

ratios, stimulated emission cross-sections and quantum efficiency, it was concluded that OFB 

glasses doped with 1 mol% of Dy
3+

 ions is quite suitable for lasing emission in yellow region 

(576 nm) when excited at 410 nm. The CIE chromaticity co-ordinates for all the emission 

spectra under the excitation of different n-UV based wavelengths confirm the possibility of 



generating white light from these OFB glasses. Among all the glasses studies in this work, 

the CIE chromaticity colour coordinates possessed by 1 mol% Dy
3+ 

ions doped OFB glass 

under when 410 nm CW laser excitation are very close to the near white light coordinates. 

Hence, it is concluded that OFB glasses doped with 1 mol% of Dy
3+

 ions are aptly suitable 

for near white light generation in principle when excited at 410 nm. This result is also in 

consistent with the confocal photoluminescence image given by OFB glass doped with 1 

mol% Dy
3+

 ions showing more intense white light emission than the other OFB glasses. The 

discussion and interesting results pertaining to this chapter was published in an international 

journal “Journal of Luminescence 153 (2014) 382-39.”. 

Chapter 7:- Spectral characterization of Sm
3+

 ions doped Oxy-fluoroborate glasses for 

visible orange luminescent applications 

This chapter gives in detailed the spectral characterization of Sm
3+

 ions doped Oxy-

fluoroborate (OFB) glasses for visible orange luminescent applications. The OFB glasses 

doped with different concentrations of Sm
3+

 ions with the composition 15 ZnO + (5-x) Al2O3 

+ 10 BaF2 + 10 CaF2 + 60 B2O3 + x Sm2O3 (x=0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mol %) were 

prepared by using the conventional melt quenching technique and characterized for their 

lasing potentialities using the spectroscopic techniques such as FT-IR, optical absorption, 

emission, confocal photoluminescence and emission decay measurements.  The bonding 

parameter (δ) evaluated from the absorption spectra confirms the ionic nature between Sm
3+

 

ions and the neighbouring ligands. The degree of iconicity decreases gradually with the 

increase in rare earth ion concentration. The Judd-Ofelt intensity (JO) parameters (�λ, where 

λ=2, 4, and 6) measured from the experimental oscillator strengths of the absorption spectral 

futures, are used to evaluate the radiative parameters for the fluorescent transitions of Sm
3+ 

ions in these glasses. The photoluminescence spectra recorded for all the OFB glasses doped 

with Sm
3+

 ions at different concentrations give four emission bands in yellow, orange, red 



and NIR regions at 563, 598,646 and 708 nm corresponding to the transitions 
4
G5/2→

6
H5/2, 

4
G5/2→

6
H7/2, 

4
G5/2→

6
H9/2 and 

4
G5/2→

6
H11/2 respectively.  The asymmetric ratio has been 

evaluated to understand the local disorder of Sm
3+

 ions in the glass network. The 

experimental lifetimes (τexp) measured from the decay curves are coupled with radiative 

lifetimes (τR) to measure quantum efficiency (η) of the prepared glasses. In the present 

investigation, luminescence quenching was observed at 1 mol% of Sm
3+

 ion concentration 

and beyond 1 mol% the decay curves of Sm
3+

 doped OFB glasses change from exponential to 

non-exponential nature.  τexp for 
4
G5/2 emission state are decreasing with increase in Sm

3+
 ion 

concentration due to energy transfer. In order to elucidate the nature of energy transfer 

mechanism, the non-exponential decay curves are well fitted to Inokuti-Hirayama model for 

S=6, which indicates that the energy transfer mechanism is of dipole-dipole type. Under 410 

nm CW laser excitation, an intense orange emission has been observed at 598 nm in all these 

OFB glasses for which branching ratio, stimulated emission cross-section and quantum 

efficiency values are measured and found to be maximum for OFB glass doped with 1 mol% 

of Sm
3+

 ions. From all these studies, it is concluded that OFB glass with 1 mol% of Sm
3+

 ions 

can act as an efficient laser material to produce intense visible orange emission at 598 nm in 

principle. Visible orange emission possessed by these glasses is also further confirmed by 

CIE chromaticity coordinates and the confocal images recorded under 410 nm CW laser 

excitation. The interesting results of this chapter are published in an international journal 

“Journal of Luminescence 154 (2014) 410-42.”. 

Chapter 8:- Summary and scope for future work 

This chapter comprises the summary of results obtained from the thesis and compares them 

with the available values in literature. The futuristic scope for further extension of the thesis 

work is also elaborated with respect to the expected applications of these investigated glass 

systems in various fields of science and technology. In addition to this, by using the same 



composition of the present systems, the plans are to prepare glass ceramics and to investigate 

their luminescent properties. In general, glass ceramics are a class of hybrid materials 

consisting of small crystals embedded in a glass matrix. If the dopant ions are inside the 

crystals, their luminescent properties are broadly those of ions in a crystal. If the crystals are 

much smaller than the wavelength of light, the material is optically homogeneous and thus 

transparent. The transparent glass ceramics, however, retain the material properties of a glass 

and can be processed and shaped with techniques used for glasses. Glass ceramics are thus 

unique as they combine the spectroscopic properties of crystals with the manufacturability of 

glasses. It is evident from the literature that the luminescence efficiency possessed by the 

glass ceramics doped with rare earth ions are superior to their glassy counterparts doped with 

rare earth ions. We anticipate some good results to come if these glasses doped with rare 

earth ions are systematically converted in to glassy ceramics and studied for their 

luminescence efficiency. 

 


