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Introduction

Among heavy metal oxide glasses (HMOG), antimony oxide glasses possess low phonon
energy (~ 600 cm™) [1, 2], high refractive index [3, 4], high chemical durability and good
corrosion resistance, which makes them suitable for laser sources and optical amplification in
telecommunications. Antimony oxide glasses, free from traditional glass formers such as
SiO2, P.Os or B20O3z, have shown an extended near infrared transmission cutoff up to 8 um [4,
5].

Antimony oxide has been incorporated into several combinations of glasses for various
usages. In silicate glasses, it is used as a refining agent to remove gas bubbles [6]. The
combination of antimony borate or antimony phosphate glasses has proven their high third-
order non-linearity, making these glasses very promising for all-optical switching, 3D optical
storage as well as holographic data storage [7-12]. Antimony phosphate glasses with ZnO,
PbO, WO3 or MoOs3, have been studied for various purposes [13-16]. A Sb.O3 content greater
than 30 (mol%) considerably improves the water durability of phosphate glasses [14]. It has
also shown that the incorporation of WO3 in Sh203-SbPO4-WO3 glasses improves thermal
stability and increases the glass transition temperature (Tg) [17], and a photosensitive
response under laser irradiation [18] by affecting the redox behavior of the different oxidation
states of tungsten W*, W*® or W**. So the why tungsten oxide has been widely used in smart
windows, anti-glare mirrors for automobiles, non-emissive displays, optical recording
devices, semiconductor gas sensors, and non-linear optics [19]. We also point out that in
addition to its application in optical devices, phosphate glasses can also be used for
biomedical applications [20].

The structure of vitreous Sb.Oz is an infinite double chain identical to the valentinite
crystalline form of Sh,0s, Sb** cation has bonded to 3 oxygens, and the free pair of electrons
at the fourth corner forms a triangular pyramid SbOs unit [8, 21, 22]. Crystalline WO3 forms a
three-dimensional arrangement of WOs octahedral shared by their corners. However, in WO3
containing glasses, the main structural units are tetragonal WO, (four-fold coordinated W**)
or octahedral WOg units (six-fold coordinated W*®) [23]. NaPOj3 glasses have structuring from
an arrangement of tetrahedral PO4 forming linear chains [23].

Glasses with the mixture of antimony, phosphate or WO3 oxides have been reported in
different cases in binary or ternary glasses NaPO3-WQO3, Sh203-SbPO4, Sb203-SbPO3-WO3 or
Na>0-WOs3-SbPO4. [17, 18, 24-26]. The main investigations are focused on thermal properties

and structural organization in these glasses. Furthermore, glasses containing a large amount of



WO3 enhance the connectivity of the network by forming W-O-W linkages and exhibit large
polarizable clusters of WOe.

In the other hand, over the past few decades, great attention has been given to the
development of rare-earth (RE) doped glasses used as functional material in visible and
infrared lasers, color displays, amplifiers for telecommunications, switching and the
wavelength converting devices, etc. [27, 28] The praseodymium (Pr*®) ion exhibits efficient
fluorescence from the visible to infrared region. These glasses have found wide applications
in many optical devices such as solid-state lasers, up conversion lasers and optical fibers [29,
30]. Praseodymium (Pr*®) doped materials can easily achieve simultaneous emissions in blue,
green, orange, red and infrared regions. Due to the rich energy level diagram of Pr*3, the
emission lines of the metastable states *P0,1,2, ‘D2 and G4 provide an intense visible laser
[31]. Pr*3 ions possess three-level laser action associated with the transitions from the 3Py state
in certain activated host systems which are potentially useable for visible laser generation.
Yb*? ion is commonly used as a sensitizer because of the large absorption cross-section
around 980 nm (%F72/ 2Fsi2) which lead to efficient absorption of pump photons resulting in a
large enhancement of up-conversion luminescence in RE doped materials. It has been
observed that the fluorescence intensity of rare earth (RE) ions are increased several folds
when a glass host has low phonon energy due to the reduction of the non-radiative relaxation
mechanisms.

Glasses within Sh203-NaPO3-WO3 system are selected in this work as hosts for Pr¥* or
Pr3*/Yb® couple [32, 33]. We report the advantage of SNW host glass and the impact of its
structure on the radiative properties and the efficiency of energy transfer from Yb*3 to Pr*3
ions. Emphasis was placed on the calculation of the visible emission and NIR laser properties
of the different radiative transitions of Yb*3 and Pr*3 ions. [34].

Since these new glasses are made for the first time, a systematic study of influence of the
substitution of NaPOs by WOs on the physical properties of these glasses. It includes the
structural, thermal, mechanical, physical, optical properties, including the dispersion of
refractive index of the different glasses synthesized. In the structural investigation, the
possible structural role of WOs is taken into account.

As a new glass host for rare earth element, Sh2.03-NaPO3-WOs3 glasses doped with PregO11 or
co-doped with Prt3/Yb*® couple are fabricated to investigate the luminescence properties
supported by the study of judd ofelt formalism. The different studied glasses as follow (in
molar concentrations):

Host glasses: 60Sb203-(40-x) NaPO3-xWO3, where x = 0 to 25 (mol.%),
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Doped glasses:
e 60 Sh203 (40-x) NaPOs x WO3 0.1 Pr203 (x=0,5,10,15,20,25),
e 47.5Sh20347.5 NaPO3 5 WOs- x PreO11 (x=0.05, 0.1, 0.25, 0.3),
e 47.5Shy0347.5 NaPO3 5 WO3 0.1 PrsO11 XYb20s3, (x=0.25, 0.5,0.75,1).

The thesis is structured in four chapters, starting with a general introduction and ending with a

general conclusion.

The first chapter is reserved for the study of bibliographic searches of antimony-based glasses
and the systems chosen. Afterwards will be dedicated to the spectroscopic study of rare earth
ions and the optical transitions studied using the theory of Judd-Ofelt, which also contains the

different methods for calculating the basic spectroscopic quantities.

The second chapter presents the chosen systems and details of the experimental procedures

used in this work.

The third chapter presents the experimental results and analysis of the different
characterizations Raman, FTIR, DSC, density, some physical properties, Vickers hardness,

UV-visible and infrared transmission, the optical gap, disorder, elastic, Refractive index.

The fourth chapter is dedicated to the study of spectroscopic characterizations and results of
the analysis made by Judd-Ofelt theory, for SNW doped Pr*® and SNW co doped Pr*3/ Yb*®
glasses a detailed study is carried out to calculate the various parameters. radiative properties
such as spontaneous emission probabilities (Arad), radiative lifetimes (trad), branch rate (B), the
values of the integrated effective section (X), the effective sections stimulated emission (ose),
Optical gain (cem™ X Trd) and the gain bandwidth (cem™ % Aless), in the other hand, the
experimental study of photoluminescence and also performed as well as the calculation of the

chromaticity coordinates CIE and CCT for these glasses.

Finally, this study is summarized by a general conclusion of all the different results obtained.
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Introduction:

A glass has an unlimited number of chemical compositions. They include oxides,
halides, chalcogenides, metallic or organics.

We are interested in the mixed former antimony and phosphate oxides with the
addition of tungsten oxide WO3 as a network modifier in the system 60Sb20s-(40-x)
NaPO3-xWOs. Antimony oxide as a family of heavy metal oxide glasses has better
properties compared to traditional glasses silicate, borate or phosphate [1].

In this study, undoped glasses and doped with ion Pr*® are investigated to obtain new
luminescent materials emitting in the visible and the near infrared range. The
characteristics expected of this type of glass have made it a material of choice for
many recent applications such as optical amplification; fibers and lasers [2].The
investigation of spectroscopic properties of Pré* ions are related to energy phonon; the
transitions between the different energy levels of the dopant [3]. Judd-Ofelt theory is
used to study the spectroscopic properties of rare-earth elements by the evaluation of
the phenomenological intensity parameters Qt (t = 2, 4, 6) and other related
spectroscopic properties [4].

This chapter is devoted to a general presentation of antimony glasses and glasses
containing phosphates and tungsten oxides. The general concepts on the spectroscopy
of rare earth ions (TR) in particular Pr3* are presented. The formalism of Judd-Ofelt

theory is set out in detail.

1.1 Definition of glass and glass transition:

According to the definition proposed by Zarzycki, the glass is a non-crystalline solid
without periodic arrangement at long distances. All glasses exhibit the glass transition
phenomenon. It can be explained by the change in enthalpy as a function of the
temperature which occurs during the passage from the liquid to the glassy solid. This
change in enthalpy occurs at lower temperatures. The transition temperature (Tg)
varies depending on the cooling rate during the formation of glassy state. So if the

cooling is faster, the Tg is a little higher than the slower cooling speed [5, 6].
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1.2 Oxide glasses:

For a long time, glass has been formed from oxides of silica, germanium, boron or
phosphates). These glasses are called: traditional glasses. Apart from these oxides,
several families of heavy oxide glasses have emerged. They are known by the
abbreviation HMOG (Heavy Metal Oxide Glasses). Glasses based on antimony oxide

were one of them.

The synthesis of heavy metal oxide glasses is made from the air melting of the
mixture of oxides in crucibles: Pt, Au, SiO2 or Al>Osz [7]. The synthesis is carried out

at temperatures below 1000 ° C. Lower than in silica glasses.

Due to the high atomic mass and high polarizability, HMOGs are of great interest for
specific applications such as optoelectronics [8, 9]. Their high infrared transmittance
and high refractive index allows HMOG to be potential candidates in several
applications in telecommunications devices, sensors and nonlinear optics [10]. They
are very efficient in optical amplification in infrared and lasers when doped with rare
earths [11].

In addition to their optical transmission in the visible and excellent transmission in the
infrared range, heavy metals oxide glasses has low phonon energy, high refractive
indices [12-15], low glass transition temperature, high thermal expansion, high

density and high solubility of rare earth ions [16].
1.3 Antimony oxide and antimony Glass:

The crystallographic study shows that antimony oxide appears either in cubic or
orthorhombic form, which are called senarmontite or valentinite respectively
consisting SbOsz chains and SbsOs units [17]. While Sb.Os can be monoclinic
(clinocervantite) or often orthorhombic (cervantite); antimony tetra oxide [Sh2Oa4] is a
mixture of enter-valence components containing the ions: Sb*3, Sb*® in its crystal
lattice and it is stable up to 1000 ° C [18, 19].

Antimony trioxide Sb,O3 comes in the form of a very fine, odorless white powder,
which when heated takes on a yellow color but turns white again on cooling.
Antimony oxide is toxic, especially in the form of vapors [20,21].

The main physical and chemical characteristics are:
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The melting point is located after the transition from senarmontite to valentinite phase
that can be between 640 ° C and 655 ° C depending on the rate of heating, the Molar
mass: 291.52g / mol, Boiling point: 1425C ° (it sublimes partially before reaching this
temperature), Density: 5.2 (cubic); 5.67 (orthorhombic), Vapor pressure: 133 Pa at
574 °C, Vapor density (air = 1): 19.8 at 1560 °C, the atomic weight of antimony is
122. [22-23]

Antimony oxide is insoluble in organic solvents and very slightly soluble in water; it
dissolves easily in hydrochloric acid, tartaric acid and caustic alkalis, in acid solutions
it dissolves, giving complex poly-antimoniate acids, in basic solutions, it dissolves
with the formation of antimoniates. It is however easily reducible in antimony and in
antimony tri-hydride SbHjs, too toxic gas [24, 25].

Antimony oxide glasses deteriorate on contact with an aqueous solution. The
alteration depends on the composition of the glasses and the alternating solution. This
mechanism is slow at room temperature [26].

Antimony oxide glasses have high density, phonon energy close to 600 cm™, high
refractive index, low softening temperature and high infrared transmission. moderate
attenuation in the visible and near infrared as well as a refractive index, which can be
easily modified, high linear thermal expansion, [27] low melting and glass transition
temperature. The addition such as of B20s3 [28], SiO2, P20s [29,30], or transitional
oxides [31,32] give stabilization of the Sh.O3 network [33,34]. The applications of
antimony glasses are in optical recording media [35] and NLO appliances due to their
photosensitivity, non-centrosymmetric structure and fast response times as a
consequence of the high polarisable Sb** ions with strongly localized
stereochemically active lone pair of electrons (5s?) [36,37] and in optics and

Photonics applications [38].
I.4 Phosphate oxide and phosphate Glass:

Phosphate glasses constitute materials of choice for the development of new analysis
techniques. Thus, the structural characterizations were able to develop and multiply
under good conditions. Techniques such as infrared spectroscopy and Raman and
liguid chromatography have been widely used to study local order. Before
approaching the phosphate glasses, it is essential to ask the question of the nature of

the glass itself. From the user's perspective, it is possible to introduce the
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thermodynamic and structural definitions of the vitreous state. The important notions
of vitrification and vitreous state raise a number of problems such as the nature of the
glass transition, the structure of glass and its thermodynamic properties. It is then that
the place of glass can be determined in the context of the other states of condensed
matter [39,40].

The description of phosphate glasses begins by dealing with their structure and their

vitrification. Successively described:

v’ the consequences of the pentavalent of phosphorus on the specific nature of
the phosphate glass network,

v' the structural entities forming the phosphate network and their nomenclature,

v’ the evolution of this network concerning the nature and concentration of the
cations and anions incorporated,

v' The description of structural models involving the formation of mixed

networks, both anionic and cationic.

Finally, it is important to mention the problem of chemical durability, which is an
imperative condition for the development of this type of material. To obtain stable
glasses, in particular with respect to water, their composition can be optimized by
playing on the modification of the phosphate network by the introduction of acid
oxides or even amphoteric or on the partial replacement of oxygen by other ligands.
[41,42]

Phosphate compounds have very variable structures. They can form three-dimensional
or linear networks. In all cases, these networks are based on the arrangement of PO4
tetrahedra. In fact, phosphorus when combined with oxygen forms 5 covalent bonds
with 4 oxygen (3 single bonds and a double bond). Oxygen having a single bond with
phosphorus can then be terminals (P-O-) or linked to another atom of phosphorus (P-
O-P). It is the number of terminal and bridging oxygen that will determine the nature
of the phosphorus site. There is a nomenclature to describe the PO4 tetrahedron [43].
This tetrahedron is called Q", n being the number of bridging oxygen atoms. There are

therefore 4 possible types of Q" tetrahedra:

Phosphate compounds have very variable structures. They can form three-dimensional

or linear networks. In all cases, these networks are based on the arrangement of PO4

10
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tetrahedra. In fact, phosphorus when combined with oxygen, it forms 5 covalent
bonds with 4 oxygen (3 single bonds and a double bond). The oxygen having a simple
bond with phosphorus can then be terminal (PO-) or linked to another phosphorus
atom (P-O-P), this is the number of terminal oxygen and bridging which will
determine the nature of the phosphorus site.

There is a nomenclature to describe the PO4 tetrahedron [44]. This tetrahedron is
called Q" n is the number of bridging oxygen atoms. There are therefore 4 possible
types of Q" tetrahedra [45]. Phosphates can be classified in the following categories,
see fig I.1:

a) Mono phosphates (ortho phosphates): is phosphorus compounds made up of PO4
grouping 3- isolated.

b) Poly phosphates: are linear sequences formed from POg tetrahedra, formula [PnOsn
+ 1] (n + 2) -. Depending on the value of n we can cite:

« Pyrophosphate or di phosphate [P.07] * for n = 2.

« Poly phosphate or triphosphate [P3O10] ® for n = 3.

* Tetra poly phosphate or tetra phosphate [P4O13] 6-for n = 4. If n tends to infinity we
define meta phosphate (long chain poly phosphate) described by the formula [PnOs] n
[46].

11
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Figure 1.1: sites of tetrahedral phosphates and Schematic representation of phosphate
groups and their denomination in terms of Q"; the bridging oxygen atoms being linked
to POs groups and the non-bridging oxygen atoms have their negative charge
neutralized by a cation. The red arrows indicate the creation of non-bridging links.
[47, 48].

I. 5 Glass and Oxide of tungsten:

Tungsten oxide belongs to the intermediate oxides. It cannot form a glass but on the

other hand he can play the role of second glass former in binary or ternary glasses.

WOs3 undergoes many phase changes depending on the temperature. WO3 tungsten
trioxides are characterized by a more or less significant distortion of the WOs

octahedron so by a more or less high symmetry, the glasses that incorporation

12
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tungsten oxide have an extremely high thermal stability specially in the binary of
WO3-NaPO3 and the heating of glasses do not have the phenomenon of crystallization
generally due to intermediate nature of WOs3 in the network of some composition of

glasses in the form of WOes. It has high resistance to heat, corrosion and strong bonds.

The Increasing of tungsten in the antimony glasses and phosphate glasses lead to an
increase in the absorption and the transition to IR [49-51] thus increasing the
connectivity of the vitreous network. Also the polarizable WOs unites present non-
linear optical and photosensitive properties; tungsten trioxide (WO3) is used as a base
material for sensors chemicals. It is well studied because of its electrical, catalytic and
photochromic properties. Among the photocatalysts declared sensitive to visible light

corrosion resistivity [52].
1.6 Rare earth ions:

Rare earth ions are also called lanthanide ions. The properties of these ions come
mainly from the shielding of the 4f orbitals which are, for the most part, completely
filled, by the 552 and 5P® orbitals. Thus, the valence electrons are little disturbed by
the external environment and their electronic transitions produce fine and intense
lines, [53] The electronic configurations of the rare earth ions used are shown in Table
I-1 [54]:

Table I-1: Electronic configurations of the rare earth ions used.

Trivalent rare earth ion Electronic configurations
Praséodyme, Pr*3 1S? 257 2P83S? 3P3d104S%4P°4d105S25PP4F?
Ytterbium, Yb*3 1S? 252 2P3S? 3P°3d104S24Po4d105S?5Po4F!3

1.7 Electronic energy levels of the praseodymium Pr*3ions:

The energy diagram of praseodymium ion (Figure 1.2) [55] is made up of 13
multiplets corresponding to three triplets (*Ha, s, 6, 3F2, 3, 4, °Po1,2) and 4 singlets (‘Ga,
1Dy, e, 1Sg). The praseodymium has two active electrons, Hund's rule determines the

fundamental spectral term; it is that of multiplicity (2S + 1) maximum and having the

13
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maximum orbital quantum number L. in the case of praseodymium is 3Ha. [56] The
energy distribution of the LS terms of the two ions is identical. The essential
difference appears due to the spin-orbit interaction, the coupling constant b is positive
for the praseodymium, b (Pr®*) = 700 cm™. [57] As part of the spin-orbit coupling;
these energy levels of the same spectral term are classified in increasing order of J for
the praseodymium ion when the energy increases (the fine structure constant b being
positive when the layer 4f is less than half full) where the 13 bytes or 6 bytes appear

to correspond to optical transitions located in the infrared range and 5 in the visible

range [58].
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Figure 1-2: Praseodymium ion energy diagram Pr*3,

The S level located at 47000 cm™ from the fundamental level corresponds to an
optical transition at a wavelength of 213 nm (ultra-violet). The Intraconfigurational
Af-4f transitions of the Pr3* ion have aroused great interest because of the 16 laser
transitions observed in the visible and the infrared domain from the 3P;, D2, 1G4, 3Fs
levels [59]. The 3Po S 3H4 transition corresponds to the shortest wavelength in the

blue, while the Fs S 3F, transition corresponds to the longest wavelength in the far
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infrared at 7.24 pum [60]. In emission in a broad spectral range, many studies have
been carried out for the Pr3* ion due to the blue (°Po S*Ha), green (°Po S Hs), yellow
(3Po S®He) and red (3PoS °F2) emissions in fluorinated matrices [61, 62].

In summary, a low Pr3* content in glasses presents a large and intense emission in the
near infrared. In addition, trivalent praseodymium is a well-known active ion
exhibiting the phenomenon of quantum cutting (QC) and a good up-conversion
emission alone or co-doped with other rare earth ions [63].

1.8 Ytterbium Yb*3 ions:

The Ytterbium ion offers several advantages in the following literature. The
disadvantage is that the Yb*? lasers are at almost 3 levels, which increases the laser
threshold by reabsorbing the emission [64]. In the phosphate glass host, Yb* ions act
as sensitizers that absorb strongly at 980 nm, a length wavelength that corresponds to
the emission wavelength of diode lasers at present available. The Yb*3 ions have very
attractive characteristics for laser emission in the ~ 1 range pum. Optical spectra
correspond to the transitions between the Stark sublevels of the two bytes [65,66]:
2F72¢>2Fsp2 (figure 1.3). The Emission Levels of Pr*3, Yb*3 are 3Py (21800 cm™), 2Fsp
(10000 cm) and the Final Levels are *H, (J=4.5.6) °F; (J=2.3.4), 2F7 respectively
and Emission Wavelength (nm) are 490, 540, 600, 650, 705, 730 of Pr*® and 980 of
Yb*3 [67].
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Figure (1.3): Energy diagram of the Yb*2 ions (transition) [68].
1.9 Co-doping:
The term co-doping is associated with doping ions added to the main doping ion, the
doping Ytterbium — Praseodymium in figure 1.4. [69] In energy transfer processes rare
earth ions can be different. One donor or sensitizer, mean this ion allows the pump's
energy to be better harnessed before transmits it to the acceptor or activator ion. The
co-doping interests: Performing a wavelength match when the accepting rare earth

would only present no absorption lines at laser diode wavelengths [70].
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Figure (1.4): Co-doping Ytterbium - Praseodymium.

1.10 JUDD-OFELT Theory:
The theory developed by Judd and Ofelt makes it possible to calculate the

probabilities of transitions radiative dipoles between 4fn levels of a rare earth ion
from parameters reflecting the interaction of this ion with the local field created by the
atoms of the host matrix [71, 72]. Indeed, these transitions prohibited by the Laporte
rule, can only occur when they are "forced" by a non-centro-symmetrical field
allowing a mixture between states of two configurations 4fn and 4fn-1 5d. Judd-Ofelt
theory, resides in the ability to predict the forces of oscillators, via the determination

of parameters phenomenological Q (-) (A =2, 4, 6) [73].

I.11 Electrical dipole transitions:

In the case of an electric dipole transition, the calculation of the intensities of the
transitions is very difficult. Judd and Ofelt's approximations have solved this problem

at the price of these approximations:
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- The burst of an electronic configuration is negligible compared to the
deviation between two configurations. The resulting results are no longer valid for

intraconfigurational transitions that involve close to the other configurations.

- The population of each electronic level is assumed to be equally distributed

over all the Stark components.

- The absorption spectrum required for these calculations should generally be
recorded at room temperature. [74]

The theory is based on the study of the absorption bands of the rare earth ion to
determining the oscillator forces of the transitions from the fundamental level. These
oscillator forces characterize, as their name suggests, the strength of a transition
between two levels. These forces are dimensionless magnitudes of the order of 10-8 to
10-6 for rare earth ions in solid matrices [75]. The fex, oscillator forces and the
measured transition forces Smeas, for all the transitions from the fundamental level is

given by the relation: [76].

mc?
fexp = Ff Oabs (AdAa I.1
3hc(2] + 1) 3 72
Smeas = 8132 /1_ n [nz T 2] fo-abs O\.)dx 1.2

m: Mass of the electron (9.109382x10-28 g).

D

: Charge of the electron (4.8032x10-10 e.u.).

: Speed of light in vacuum (3x1010 cm.s™?).

(]

h: Planck's constant (h=6.62x10-27 erg.s).

(@]

: The total angular momentum of the ground state is from the designation 2S+1LJ.

n: Refractive index of the matrix.

b

: Wavelength barycentres (nm).

cans(M): Absorption efficiency section as a function of wavelength.
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I oans (Z )dZ: The integrated area of the line considered (cm?) is determined by the

calculation of the peak areas attributed to the different transitions.
Z: Mean wavelength of the transition (nm).

Intra " transitions are known to have one or the other electric dipole (~10%).
Magnetic (~10®) or electric quadrupole (~107?) dipole, character or a contribution in
more than one of these modes. The order of the contributions shows that the

transitions are mainly electric dipole in character [77, 78].

This last approximation eliminates odd terms and limits the calculation of to even t
parameters. This is why, in the expression of the transition force electric dipolar, t
only takes the values 2, 4, and 6 [79 ,80]:

Sep = Q. |<fa[SL]J||UY|fra [SL]) > |? 1.3
t=2,4,6
| <4f™a[SL]J|| UY]4f* o' [S'L]J > | The reduced matrix elements of the tensor
operator Ut of rank t. They depend mainly on the TR considered and have been
calculated for different TRs by Nielson and Koster [81], Carnall [82], Weber and
Kaminskii [83]. Later, we will use the matrix elements computed by Weber for
Praseodymium [84]. The three phenomenological intensity parameters Qt=2, 4, 6,
called "Judd-Ofelt parameters”, are characteristic of the couple formed by the TR ion
and the host matrix. They describe the intensity and symmetry of the electrostatic
field created by the ligands (closest neighbors of the TR), as well as the

interconfigurational radial overlap [85].

Since there are only three Judd-Ofelt parameters, N must be greater than 3.
For example, since Ytterbium (Yb) has only one absorption level, the theory

872 mc

= Spr+ Xpu S 1.4
fcal 3h(2]+1)l *[-XDE DE DM DM]

(n?+2)’
9n

electric dipole and magnetic dipole components, respectively [86, 87].

and Xpy = n3 Are the effective field corrections associated with

XpE =
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The magnetic dipole transition force is expressed as follows: [88, 89]

Spu = U3 |< 4f"a [SL]J||L + 2S||4 f"a. ' [S'L]] > |? L5

Ug = [ ] and |< 4f" o, [SL]J ||L + 2S||[4f"a ' [SL]] > |? L6
477zmc

Represents the reduced matrix elements of the L+2S operator between two Eigen
states of the coupled ion intermediary. The method for calculating reduced matrix
elements is described in the literature [90]. For example, the Eigen states of the Pr*
ion are tabulated by Weber [91] and Nielson and Koster [92], these reduced matrix
elements do not depend on the rare-earth host medium but only on the doping ion and
the transition under consideration, the same applies to the magnetic dipole transition
forces. The strongest DM transitions will generally be in the infrared for Pré* is the
3H,—3Hs transition, but exceptions may be expected. All other absorption transitions

have a magnetic dipole contribution [93].
V.3 Quality of adjustment:

The quality of fit, characterized by the value of r.m.s "Root Mean Square error",
between the experimental and theoretical values of the electric dipole transition and

oscillator force intensities is determined by the following equation [94]

q(,exp_ ycaly?
rm.s= \/M 1.7

q-p

With

g: Number of transitions considered experimentally.
p: Number of unknowns, in this case p=3.

Xexp = Texp OF Smeas and Xcai= fcal OF Scal

Error percentage [95]:

2
r.m.s
N 2 X car 1.8
r.m.s(S) q

erreur% =

With the standardized method, for each transition, the transition forces calculated are

normalized by the effective absorption cross section. In the case of the standard, an
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adjustment on transition forces gives greater weight to transitions long wavelengths, a
problem that does not occur with the standard method [96].

IVV.4. Probability of emission:

The theory of Judd-Ofelt allows determining the probabilities of transitions radiative

radiation between these two bytes can be broken down into two terms: [97,98]

AJ =D =Ape(' =D+ Apy J' =) 1.9

The probabilities of electric (ADE) and magnetic (ADM) dipole transitions are
expressed as follows as a function of the forces of electric and magnetic dipole
transitions, SDE and SDM respectively, according to equation (1.19). The magnetic
dipole transition forces are most of the time much lower than the forces of electrical
dipole transitions. [99]

AJ -] = 3h($ff)2 P l" (= Z)ZSDE +n’ SDM] 110

The transitions from level 5d to level 4f are transitions between different
parity levels and are therefore allowed by the selection rules. They have so a short life
span of a few dozen to a few hundred years is possible. Nanoseconds, and have high
luminescence intensity. Similarly, in this case, the effective direct excitation cross
section is much larger (of the order of 10-18 cm2 [100]. The integrated emission

efficiency section (X) becomes [101]:

Y =2 Araa L11

IVV.5. Calculation of lifetimes and connection ratios:

Indeed, the radiative lifetime of a given rare earth ion emitting level can be calculated

according to the relationships:

T

rad .12

1
2 A0-D)
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Another important radiative parameter characterizing the excited state is the ratio of
connection, which accounts for the probability of a level de-energize to a level of
lower energy in particular. It is expressed as a % and the sum of the connection ratios

calculated for a level is equal to 1. For a de-excitation from J' to J: [102]

AU D _ Traa XAJ =]) 1.13

P=sa0-n"

The connection report is directly accessible through the experiment, from a
photoluminescence spectrum. The transition with B > 0.5 is a potential candidate for
the laser. All the tools have been developed, and it is now just a matter of finding the
radiative lifetime trad, and the connection report B. This is the purpose of the Judd-
Ofelt program. In conclusion, the Judd-Ofelt technique appears as a predictive tool
allowing the determination of the different spectroscopic properties of a rare earth ion
in a given material. However, it does not give access to the spectra of effective cross-
sections of stimulated emission, which are necessary for any laser system modeling.
[103]

1V.6. Effective cross-section of emission:

To determine these cross sections, we combined the results obtained by Judd-Ofelt

analysis using so-called spectroscopic methods:
-The McCumber method, also called reciprocity [104]
-The Fuchtbauer-Ladenburg (FL) method [105]

-The “laser” methods, ie the “small signal gain”, gain saturation, threshold
and yield measurements [106].The first two methods are the most common and are

the ones developed and used later:

22



Chapter I: Glass, generalities and theoretical considerations

The "McCumber'™ method:

The reciprocity method, therefore, does not use the fluorescence spectrum but the
spectrum absorption. This method proposed by McCumber [107] and reformulated by
Payne [108], is calculated at the following equation:

hc
Ez——7

Z
OemMcC (/1) = Oubs (/1) Z_ exp KBT
u

Zjand Zy: are respectively the partition functions of the bytes.
gi and gj: are the respective degenerations of the Stark sublevels i and j.

Ei and E;: are respectively, the energies of the sub-levels of the fundamental state and
of the state excites.

Ez.: Zero-line energy (Ez.=hc / Az1)

The constants used here are hc=1x10" nmcm?, and kT=208 cm™ at temperature

ambient. This method gives accurate results, but can only be used when the lower

level of the transition is the fundamental level. This disadvantage may be
circumvented by using the Fichtbauer-Ladenburg method. For the study of sections
stimulated emission between two excited bytes, it is necessary to exceed by the
Fuchtbauer-Ladenburg method. [109]

The ""Fuchtbauer-Ladenburg™ method:

To calculate the stimulated emission cross section of a given transition by the
Fuchtbauer-Ladenburg method, it is necessary to have knowledge of the spectrum of
the fluorescence I(L) of the TR ion in the matrix, the refractive index n of this matrix,
the lifetime of the transmitter level trad and the connection report B of the transition
concerned. The stimulated emission rms section cem calculated, for each transition,
from the following relation: [110]

I
Oem (/1) = A @

8an2¢ trqq [ A I(A) dA L.15

This method of calculating the stimulated emission RMS cross section is relevant

when the emission spectrum is not altered. This method is therefore complementary to
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the This is a very different approach than the previous one since it is mainly valid for
transitions leading to sparsely populated levels, i.e. the low-energy part of the
emission spectrum [111]

Experimentally the branching ratio of a transition m — i is given by the ratio between
the area under the band corresponding to this transition in the spectrum of quantum

fluorescence I(1) and the surface of the whole spectrum [112]:

AdAi
ﬁ — fbandeml( ) l 16

fspectre 1A)da

Three MATLAB programs have been developed: one for Judd-Ofelt's theory, the two

for the reciprocity method and the other for the Flichtbauer-Ladenburg relationship.
IV.7. Quantum efficiency:

The luminescence quantum efficiency noted n is defined as the ratio between the
number of emitted photons corresponding to the laser wavelength on ions in the

excited state of the laser transition. This performance is written:

n= 22 .17

Trad

Texp. 1Ne fluorescence lifetime of the emitter level is determined. Experimentally by

studying the decline in luminescence from this level in function of time.

Traa- The theoretical lifetime calculated using Judd Ofelt's theory. The higher the
quantum efficiency, the more thermal energy deposited on the laser is limited

promotes good performance (reduction of non-radiative radiation) [113].
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Chapter I1: Glass preparation and experimental techniques

Introduction:

This chapter defines the experimental procedure followed during this thesis; it is mainly
devoted to the description of different techniques used to characterize glasses studied. In
this chapter, we present all the experimental details of the thermal characterization
technique (measured by DSC), the mechanical properties, density measurement, the
refractive index measurement, and Raman spectroscopy, FTIR infrared spectroscopy, UV-
V spectroscopy and luminescence spectrofluorometer.

11.2 Experimental strategies:
11.2.1 Choice of the matrix:

In order to find a new glassy matrix capable of incorporating the amount of antimony and
phosphate, glasses containing Sb have a high refractive index and non-linear properties.
These characteristics can be used for non-linear optical devices [1] and as photosensitive
materials [2,3]. Recently, some interesting properties of Sb.0O3-NaPQOs3 glasses have been
demonstrated. These glasses have been shown to have good thermal properties, a glass
transition temperature and a higher refractive index [4,5]. Among the properties of these
glasses is a large transmission window, a high gain density and low phonon energy [6,7].
These studies have shown that there is a considerable improvement in the infrared
transmission of these glasses [8,9] and that large bulk samples can be obtained. Tungsten
oxide was chosen as the 3rd oxide of the ternary system. The incorporation of WO3 into
the phosphate matrix also shows great transparency in the visible and near infrared [10,11].
Tungsten ions are supposed to have an influence on the properties of antimony phosphate
glasses, for the simple reason that tungsten ions exist in different valence states W "¢, W *°
and also in state W * 4 independently of the oxidation state of the tungsten ion also
tungsten oxide participates in the glass network with different- structural units like the ions
WO, (Td) and WOg (Oh) of W *© and W *°03 (Oh) of the ions W *° [12].

Sodium metaphosphate (NaPOs) is chosen here as a network former in our system. The
glasses are then synthesized with a constant content of Shb.Os. By setting this parameter,
namely the variation in the concentration of tungsten oxide, we can better understand the
influence of WOz on the thermal, physical, optical and structural properties of these
glasses. After choosing the composition which has good properties and we studied the

spectroscopic properties of doped glasses with rare earth.
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11.2.2 Synthesis method:

The starting materials used for the synthesis of the glasses are: Sh203, NaPO3, WO3, Pr.0O3
and Yb.O3 high-purity raw materials (99.6%). Glasses are made using the melt quenching
technic were the raw powders are put in a silica crucible and heated to 300 °C for 1 hour to
remove residual moisture and the adsorbed gases. The reagents are weighed according to
the chosen compositions and mixed in stoichiometric proportion. After choosing the
composition, we calculated masses of Sb20s, NaPOs, WO3, Er203, Pr.03z and Yb20s by the

following relation:

m glass

my= Xx X X MX (11.2)

M glass

Xx: stoichiometric coefficient, Myx: The molar mass of raw material, Mgiass: the mass of
glass, Mglass: The molecular weight of glass and the molecular weight of raw materials.
Finally placed in silica crucibles. The mixture of approximately 3 g is brought into fusion
over a Bunsen burner flame, for 10 to 15 minutes in the air close to a temperature of
approximately 1000 ° C. time necessary for the total melting of the powder, the
homogenization they have been quickly soaked by pouring it onto a stainless steel plate to
be heated below the glass transition temperature (Tg-10) ° C to avoid excessive thermal
shock; the glasses were annealed for 6 h at a temperature (Tg-10) ° C to relieve the
mechanical stresses than the glasses polish using Minitech 233 Megapol Pressi, using
abrasive papers in gradation from coarser to thinner "240", 400", "800", and "1200 to
obtain samples with 1 to 2 mm parallel faces, and appropriate thickness for optical analysis
and elastic measure.

11.2.3 Glass synthesis steps:

Step 1: heating the raw material at 300 ° C for 1 h (fig 11.4).

Step 2: Powder weighing of batch compositions mixed in stoichiometric proportion
(figll.1).

Stage 3: Fusion on a Bunsen burner for 10 to 15 minutes at 1000 ° C (fig 11.2).

Step 4: Pouring onto a heated plate at T = (Tg-10) ° C (figll.3).

Step 5: Annealing at a temperature (Tg-10) ° C for 6 hours (figll.4).

Step 6: Polishing the glasses (figll.5).

Step7: Final requiring cylindrical glasses (figll.6).
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Figure 11.1: Balance. Figure 11.2: Benzene spout

=
=
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Figure 11.3: heated plate Figure 11.4: Nabertherm oven

Figure 11.5: type polisher Minitech 233 Megapol Pressi  Figure 11.6: Glass

34



Chapter I1: Glass preparation and experimental techniques

11.2.4 Starting materials:

The starting oxides used in the synthesis of the glasses have a minimum purity of 99% and
they come from Sigma Aldrich. The physicochemical characteristics of the oxides used are

collated in Table 11.1 and the compositions of the synthesized glasses are in Table 11.2.

Table 11.1: Physicochemical characteristics of the starting materials.

Starting materials Molar mass Density (g/cm?) T+ (°C)
Sh,0; 291,5 5,2 (séna) 5,67 (val) 656
NaPOs3 119,98 2,48 628
WOs; 231,84 7,16 1473
Pr,03 329,8 7,07 2183
Yb20s 394,08 9,17 2355

Table 11.2: Nomenclature of processed glasses.

Samples Sh>03 NaPO; WO; Pr,0; Yb,0s
SNW 60 40 0 - -
SNW 60 35 5 - -
SNW 60 30 10 - -
SNW 60 25 15 - -
SNW 60 20 20 - -
SNW 60 15 25 - -

SNWPr 60 40 0 0,05 -

SNWPr 60 35 5 0,05 -

SNWPr 60 30 10 0,05 -

SNWPrF 60 25 15 0,05 -

SNWPF 60 20 20 8’82 i

SNWPr 60 15 25 ' -

SNWPr 47,5 47,5 5 0 -

SNWPr 47,5 47,5 5 0,05 -

SNWPr 47,5 47,5 5 0,1 -

SNWPr 47,5 47,5 5 0,25 }

SNWPF 47,5 47,5 5 0,3 )

SNWPrYb 47,5 47,5 5 0,1 0,25
SNWPrYb 47,5 47,5 5 01 0,5
SNWPrYb 47,5 47,5 5 01 0,75
SNWPrYb 47,5 47,5 5 0.1 1
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I1.3 Characterization techniques:

11.3.1 Thermal properties (Differential scanning calorimetric (DSC)):

The thermal characterization was carried out by differential scanning calorimetry
(LABSYS Evo (fig 11.7)), the samples from 10 to 40 mg are placed in aluminum crucibles,
which can withstand a temperature of 600 ° C. The capsule is sealed with covers to avoid
any risk of contamination of the oven cell; another empty capsule of the same kind is taken
as a reference [13]. The two capsules are placed in the oven enclosure on highly sensitive
contacts (thermocouples) the temperature rise speed is 10 ° C / min and the maximum
temperature used is 500 ° C. The estimated error is = 2 ° C. The DSC curve of glass allows
us to determine the characteristic temperatures of the material Tg, Tx, Tp and Tf Glass
transition temperature, the start of crystallization, maximum crystallization peak, and
melting respectively for different heating rates and, for isothermal holdings, to determine
the kinetics of crystallization at a given temperature. The absolute uncertainty on the

measurement is estimated to be less than £ 2 °C for Tgand Tx, and = 1 ° C for Tp.

Figure 11.7: Differential scanning calorimetric (DSC).
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11.3.2 Mechanical properties:

11.3.2.1 Density measurement:

The density of the glasses is measured according to Archimedes' principle using an Ohaus
Adventurer AX type microbalance (figll.8) with a sensitivity of 10 (g) and pure water as
the immersion liquid, where accuracy of approximately + 0.05% is achieved.

Figure (11.8): Balance equipped with a hydrostatic weighing device (type OHAUS
Adventurer AX).

Elastic Properties (Ultrasonic Method):

The elastic properties are measured by the Pulse-Echo technique. The ultrasonic
measurements were carried out using a high power ultrasonic Pulse Receiver (Olympus
NDT, 5900 PR, USA) using respectively X-cut and Y-cut quartz transducers each with a
frequency of 10 MHz and a digital storage oscilloscope (Lecroy, Wave Runner 104 MXi
1GHz, USA), for recording ultrasonic signals. As can be seen in Figure 11.9, the set-up
allows measuring the sound velocity in a glass sample with a known thickness L where the
longitudinal velocity Vi and the transverse velocity V1 are calculated using the same

procedures used in reference [14].
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Figure (11.9): Pulse-Echo set up: Immersion transducer with Olympus Panametrics-NDT
Model 5800 generator, coupled with an oscilloscope 20GHz (type HAMEG).

11.3.8 Vickers hardness ( Duramin struers ):

The principle consists in applying a force to the polished and flat surface of a sample. To
characterize the hardness and the deformation mode of the glass surface, the indentation
technique was used. The deformation of the surface depends on the retention time of the
Vickers indenter on the glass surface, on the temperature and on the applied load, and the
hardness of the material can then be calculated from the projected surface of the

impression [15].

Vickers hardness (HV) was measured using a Duramin20 (Struers equipment) micro
hardness tester, where an indentation load of 200 g (HV0.2) is applied for a time of 20
seconds. At each load, at least five indents were spaced at about 38.97 um intervals

averaging the HV values were obtained using the formula 11.2 [16, 17].
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HV = 1,8544* F/d? (11.2)

Where HV is Vickers hardness, F is the applied force and d is the value of the measured

mean diagonals of the indentation mark.

Zero Load 1981 N Hug,?
Set Tine 13 sec

d Hardness
Left H 263

Lens Conv.MPs  g33

Figure 11.10: Duramin struers of Vickers hardness.

11.3.3 Optical properties:

11.3.3.1 UV-Visible spectroscopy:

The transmittance spectra of the glasses were recorded between 200 and 1100 nm at a
spectral resolution of 0.1 nm using a Perkin Elmer Lambda 35 UV / Vis spectrophotometer
(Figll.9).

The spectroscopic techniques which are based on the interaction of radiation with glass in
the area extending from the near ultraviolet-visible, we can measure the optical properties
(transmittance, absorbance, absorption coefficient, index of refraction, thickness, gap

energy and Urbach energy).
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Spectroscopy The absorption in the UV-visible spectral range directly influences the
perceived color of the chemicals involved, it's associated with the transition element
present, A spectrum, therefore presents bands due to the absorption of glass, it measures
the intensity of light passing through a sample (1), and compared it with the intensity of
light before it passed through the sample (10). The ratio (I / Io) is called the transmit tance,
and is generally expressed as a percentage (T%). The absorbance, A is based on the
transmittance, and is generally expressed in transmission Eq 11.3:

A= —log (T/100%) (11.3)
The optical absorption corresponds to the transitions it is conditioned by its interaction
with the glass ions. The absorption limit, therefore corresponds to the threshold from
which all radiation is absorbed [18,19].

Figure I11.11: Perkin Elmer Lambda 35 UV-Vis spectrophotometer.
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11.3.3.2 Determination of absorption coefficients:

To determine the absorption coefficient (o)), we used the Bouguer-Lambert-Béer relation
1.4, 11.5 [20]:

I/Ip=T=e—ad (1.4)

a = (1/d) = (In 100/T(%)) (11.5)

d: the thickness of the sample.

T(%): measured transmission.

11.3.3.3 Optical gap and disorder:

From the transmittance spectra, we deduced the optical gap Eg and the parameter Eoo
(Urbach energy), We evaluated the optical band gap energy (Eg) by extrapolating the
linear region of (ahv) 2 with respect to ( hv) to the values where (ahv) 2 = 0 for the direct

transition, obtained from Eq 11.6 [21] and indicate in Figure 11.10 (a).

(ahv)’= C (hv — Eg) (11.6)

The optical absorption coefficient a (1) was obtained from Eqll.7 [22]

a(d) = 1/d Ln (10/It) (1.7)

d: is the thickness of the sample.
lo: is the incident light intensity.
It: is the transmitted light intensity.

The Urbach energy values Eoo were calculated from the extrapolation of the linear portion
of the curves In (o) with respect to hv, they were obtained from Eq 11.8 [22] and shown in
figure 11.10 (b).

Lna = (hv/E00)- C (11.8)
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C is a constant.
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Figure 11.12: @) determination of the energy gap by extrapolation from (ahv) 2 as a

function of (hv) and b) Variation of In a as a function of hv.

11.3.7 Refractive index measurements:

The refractive index was measured by a UVISEL ellipsometer from HORIBA Jobin Yvon
in wavelengths selected between 400 and 700 nm and with a fixed 70° incidence angle.
When light passes through two media with different refractive index, it is refracted

according to the law of Snell Descartes defined by:

nl.sinpl = n2.sing2 (11.9)

The refractive index increases with the molar mass of the glass elements (the electronic
density). The index thus depends on the polarizability of the elements. It decreases when

the wavelength increases [23].
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The ellipsometer is showed in fig 11.14.The UVISEL software allows to control the
acquisition data, modulator frequencies, high Voltage, light source and associated devices,

the monochromator, and the communication remote, It consist five Important parts:
1-Auto collimating system.

2-Detection head.

3-Manual sample (stage with height, tilt, theta adjustment).

4-Automatic goniometer.

5-Excitation head with manual microspot.

The Principe of determination of absorption coefficient is obtained by solving Maxwell's
equation for a plane wave (Eq 11.10)

E = Re[EOexpi(wt — k.r + )] (1.10)
Eo: Amplitude

W frequency: 2zf = 2nZ/c (1.11)
K: propagation vector (2z/ A) * z (1.12)
¢: phase

The attenuation of the wave is described by Beer’s law:

l = loexp (—az) (1.13)
With: @ = 4zk/A Absorption coefficient (11.14)
z: direction of propagation

k: is the extinction coefficient the absorption of light in a material

Refraction index is: n = c/v (11.15)

It is the ratio between the light speed in vacuum and the light speed in matter where light

speed in vacuum is larger than light speed in material.
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The measurements were carried out on glasses having parallel faces with repeated scans by
the changing the integration time up to 2s. , We have confirmed there is the backside
reflection met on transparent substrates, to adjust the light line between 60 and 80° using
395 volt. [24,25,26].

Figure 11.13: Uvisel ellipsometer from HORIBA Jobin Yvon.

11.3.4 Infrared spectroscopy:

The infrared transmission spectra of the glasses are measured at room temperature by a
Fourier transform infrared spectroscopy (FTIR) using a Perkin Elmer spectrum Two

spectrophotometer (fig 11.11), it covers the spectral range from 8300 to 350 cm™.
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Figure 11.14: Perkin Elmer Spectrum Two FTIR spectrophotometer.

IR transmission characterizes the transparency of glass in the infrared and makes it
possible to obtain molecular information which some infrared radiation can absorb at
wavelengths that correspond to the vibration frequencies of the bonds in a compound,
given and corresponds to some low energy electronic transitions in the infrared region
because the absorption bands are directly related to the bond strength constant between
atomic nuclei.

In an infrared spectrometer, the infrared beam coming from the IR source is directed
towards the interferometer. The generation of this last during the recombination of the
beams coming from the fixed mirror and the rest passes through the separator and is
directed on the mobile mirror which moves at a fixed frequency. The beam then arrives at
the detector to be transformed into an electrical signal. The detector signal appears as an

interferogram, ie a signature of the intensity as a function of the position of the mirror and

it is possible to convert the interferogram by a Fourier transform [27, 28].

Three intrinsic phenomena that condition is:
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v' Electronic absorption: electronic absorption limits the transmission
window towards high frequencies, it calculated from the relation
11.16:

—Eg
=z (11.16)

v Phonon absorption: Many phonons absorption limits transmission
in the low frequency range, the vibration frequency is given by Eq
11.17:

v =— |X (11.17)

_27r u

K: is the force constant of the bond and u: the reduced mass of the

two atoms.

Diffusion phenomena: depending on the wavelength and the size of the

scattering centres (CD <)\): Rayleigh scattering
(CD order ofi): broadcast of Mie.

(CD>\): important distribution.

The presence of transition elements or rare earth, traces of water, hydroxyl, sulfate or other
groups of impurities causes the appearance of absorption bands that alter the transmission
window [29].

11.3.4.1 Fourier Transform Spectrometers (FT-IR):

There are two main types of devices. Their differences lie mainly in the system of
wavelength selectors: the Dispersive spectrometers and Fourier transform spectrometers
(FT-IR) (non-dispersive) the latter is This device is the interferometer for measuring all the
frequencies simultaneously, it comprises of a light source, the device, the sample

compartment, the detector and the analog-to-digital converter (fig 11.12 (b)).

11.3.4.2 UATR technique:

The UATR is made up of an optical base on which is fixed the crystal stage the latter is a
solid diamond is set in a stainless steel stage to ensure the best mechanical and chemical
resistance, we put the glasses on the stainless steel stage and we start the analysis (fig 11.12
(a)), The detector measures the amount of energy for each frequency that passes through
the sample, the diamond stage is fully recognized by the software, which identifies the

number of reflections, the serial number and nature of the crystal. This information is
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recorded with each intensity spectrum as a function of the wave number. Finally, the
stainless steel plate can be cleaned with a dry cloth or soaked in water or solvent after

analysis [30].

Figure 11.15: a) UATR techniques of the Perkin EImer spectrophotometer.
Spectrum Two. b) Spectrum Two spectrometer (FT-IR).

11.3.5 Raman spectroscopy:

Raman scattering spectroscopy is a method of structural analysis the frequency difference
between the incident rays and the scattered rays called Raman displacement. This
technique allows obtaining a lot of information’s on the molecular composition such as the
modes of molecular vibrations (phonons) as well as the chemical bonds.

Raman spectroscopy uses the principle of inelastic scattering of an induced dipole that
radiates using a laser beam. This induced dipole is linked to the polarizability of the
molecule and corresponds to a deformation of its electronic cloud. For there to be Raman
scattering, there must be a variation in the polarizability of the molecule during vibration.
In Raman, the excitation is monochromatic, and therefore has fixed energy, greater in order
of magnitude than that of molecular vibrations. During the interaction, the molecule is
brought into a high energy state and of short lifespan: it is called "virtual state"

* The de-excitation is done at the same frequency as the excitation: it is the diffusion

Rayleigh elastic.
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* The de-excitation is done at a frequency lower than that of the excitation: it is the
inelastic Ramokes Stokes diffusion.

* the scattered photon can have a higher energy (anti-Stokes line) or lower (Stokes line)
than the incident photon)): this is the Raman stokes or anti-stokes scattering.

For the last two cases, the energy difference corresponds to a vibrational energy gap.

The scattered light is collected using another lens and is sent to a monochromator, then its
intensity is measured using a photomultiplier and the Raman scattering spectrum of the
material is obtained [31, 32, 33].

The Raman measurements were performed by Thermo Scientific Nicolet™
Almega Raman spectrometer with Olympus visible microscope (50%, 100x) and
two different gratings (2400 and 1200 lines/mm) and laser beam of 532 and 785
nm was used for excitation respectively, Provided an optimum spatial of ~1 pm

and frequency resolution of the order 1 cm™ at the highest resolution.

11.3.6 Luminescence:

The emission, excitation and lifetime spectra were recorded by a FluoroMax®-4 type
spectrofluorimeter using a Xenon lamp as laser excitation source (figure (11.13)). The lamp
is mounted vertically to increase the stability and reduce the lifetime of the lamp. The lamp
source is focused on employing an elliptical mirror. The reflective surface efficiently
collects all wavelengths and focuses them on the input slit of the excitation
monochromator. Before the excitation light reaches the sample, a photodiode reference
detector measures the intensity as a function of time and wavelength. It gives information
on the electronic properties of the material, it explores the long-term average fluorescence
of a glass subjected to UV, visible or near IR radiation, When we have three levels 0, 1 and
2 the energy of light intense must be equal to a level of absorption of the rare earth granted
with the transition 0 — 2, excites the system. Electrons are then promoted on level 2.
These electrons relax up to level 1 Finally, these electrons return to level O by emitting a
photon of energy equal to the energy difference between levels 1 and O or directly from
level 2 to level 0, We then observe an emission of light, called photoluminescence, whose
energy corresponds to the optical transition relative to the electronic levels involved [34,
35, 36].
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Figure 11.16: Horiba Yvon FluoroMax®-4 spectrofluorimeter.

The emission spectra are recorded from the optical converter at wavelengths greater than
300-850 nm or CCD camera with a sensitivity of 1000 nm, the excitation spectra between
200 nm and 750 nm were performed using the Xe lamp (450W), With a continuous

emission spectrum.
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Chapter I11: Structural and physical properties of glasses

Introduction:

This chapter is devoted to the investigation of the different properties carried out on the
different glasses synthesized in this study. The purpose is to study the evolution of the

different properties of glasses as a function of the replacement of NaPOz by WOs3.

Thermal properties include the characteristic temperature of glasses measured differential
scanning calorimetry (DSC). Mechanical properties consist of the micro-hardness carried out
by Vickers apparatus and the elastic properties encompasses the elastic moduli measured by
the pulse-echo method. The optical properties of glasses gather the optical gap, the disorder,
and the absorbance and transmittance spectra. They are measured using UV-Vis
spectrophotometer. Further, the refraction indices of the glasses studied have been measured

by ellipsometry. The structural investigation has been studied using FTIR and Raman spectra.

I11.1 Structural study
I11.1.1 FTIR spectroscopy

Figure 111.1 illustrates the vibration spectra of glasses obtained by FTIR spectroscopy (a) in
the spectral range [1600-400 cm™], (b) in the spectral range [4500-400 cm™] for the undoped
glasses. And (c) in the spectral range [4500-400 cm™] for Pr*3 doped glasses and (d) for
Pr*3/Yb*® co-doped glasses.
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Figure 111.1 (a): Infrared spectrum of glasses (SNW).
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Figure 111.1 (b): Infrared spectrum of glasses (SNO.1Pr W).
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Figure 111.1 (c): Infrared spectrum of glasses (SNWxPr).
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Figure 111.1 (d): Infrared spectrum of glasses (SNWO.1Pr xYb).

In all spectra, the results showed seven characteristic absorption bands. Figure 111.1 (a) of the
host glass, (non-doped) summarizes the structure of the glasses studied. The first band at 525-
540 cm™ is due to the doubly degenerate bending vibrations of [SbOs] unit of Sb,O3
valentinite. This band is generally observed at 540 cm™. Its shift probably related to the
formation of P-O-W linkages of the random phosphate chains Qo formed together with
octahedra WO, the band observed at 670 cm™ is due to the mode of elongation vibration v4
of Sb-O and 673 cm™ due to vibration Sb-O-W. The band from 864 to 900 cm™ is attributed
to W-O-W vibration modes. On the other, the formation of structural units containing
Stretching vibrations of W—O- and W=0 are confirmed by the presence of the band at 990
assigned of units WO4 or WOs. The Q2 (P-O) structural units of metaphosphate transformed
into Q1 and Qo structural units with the addition of Sh>Os and the depolymerization of the
phosphate chain occurred with the increase of WQO3, the band manifested by the shoulder at
about 1090-1130 cm™ is attributed to the P-O-P of phosphate unite Q1 symmetric elongation
vibration mode of PO32, the bands located in the interval (1371-1466 cm™) (1639-1740 cm™)
which have very low intensities due to the presence of water molecules.[1, 2].

(2350-2925cm™) have attributed to the presence of hydrogen liaisons, the characteristic
hydroxyl groups of water from the air. (3400 cm™) just in the compositions 47.5 Sb,03 47.5
NaPOsz 5 WO3 0.1 PreO11 xYh203, (x= 0.25, 0.5, 0.75, 1) this liaisons related to bending
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symmetric stretching vibrations of O-H, the intensity of this band is more for lower
concentrations 0,25 mol% and in the value 1mol% Yb* and it decreases when there is an
increment in the Yb*3 ions concentration, but less of 1 mol% which indicates that the glass is

more stable is because O—H content in the glass decreases as the Yb*® concentration increases.

[3].
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I11.1.2 Raman spectra:

Raman spectra of glasses system is shown in Figure I11.2
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Figure 111.2: Raman spectra of 60Sh,0z- (40-x) NaPOs -xXWO3 glass system.

From Raman analysis, it is concluded that The Boson peak (BP) between (35, 40 cm™Y), this
peak represents the signature of the homogeneity of the glass as a result of the excess density
of vibration states [4], The band positioned around 821 cm™ with structural units WO, and
831 cm! with WOs are ascribed to Asymmetric stretching vibrations W-O and W=0
associated with terminal oxygen atoms associated of unites. In the composition range from 5
to 10 mol% of WOz is an indication of WO4 units and 15,20, 25% is an indication of WOs
units, shift in peak toward the higher wave-numbers due to the higher number of oxygen and
the transformation of [WO4] units to [WQg] units that assigned to the bending vibrations of
W-O-W, the observed rise in intensity indicates that wo4 units (5,10% of WQO3) more than
WOs units(20, 25% of WO3) [5,6,7]. Whereas the band around 602-610 cm™ can be related
to P-O-W vibration due to the bridging oxygen and tungsten atom of WO3 with the Q2 (P-O)
structural units of metaphhosphate. The apparition of a weak band around 1031-1115 cm™ is

due to the formation of symmetric stretching vibration PO3 2 species of (Q1) and asymmetric
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stretching of (PO4)3(Qo) that ascribed to the P-O-P to the breaking of the phosphate chains
by tungsten thus a diminution of the Q2 units [8].

On the other hand, the distinct vibration of the trigonal pyramids (tp) SbOs of the structural
unit and which are located at 453-470 cm, the band of 200cm™ is attributed to Sb-O-W
vibration modes and 1150 cm related to water molecules [9].

I11.2 Thermal properties:

111.2.1 Differential scanning calorimetric results

An illustration (fig 111.3)of the DSC curves of 60 Sb203 (40-x) NaPOz x WOs3, 60 Sb203 (40-
x) NaPO3z x WO3 0.1 Pr203 (x=0,5,10,15,20,25), 47.5 Sh,03 47.5 NaPO3 5 WO3- X PrsOy1 (X=
0.05, 0.1, 0.25, 0.3), 47.5 Sh203 47.5 NaPO3 5 W03 0.1 PrgO11 XYh203, (x= 0.25, 0.5,0.75,1)
mol %. All the DSC measures were performed in the range [30-500°C] to measure Tg, Tx and
Tp of SNW glasses.
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Figure 111.3: System DSC Curves of glasses.
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111.2.2 Characteristic temperatures:

The characteristic temperatures, transition temperature Vitreous (Tg), the onset of

crystallization (Tc), the crystallization peak (Tp), are given in Table IIl. 1.

Tablelll.1: Summary of DSC data of glasses.

Composition (mol %) Tg(°C) Tc(°C) Tp(°C) DT=Tc-Tg (°C)
60S 40N OW 305 442 470 137
60S 35N 5W 309 434 446 125
60S 30N 10W 310 447 460 137
60S 25N 15W 311 450 473 146
60S 20N 20W 326 / / /
60S 20N 30W 334 450 483 116
60S 20N 40W 342 435 435 93
60S 40N OW 0,1Pr 327,82 431,63 239,36 103,81
60S 35N 5wW 0,1Pr 311,14 428,36 457,96 117,22
60S 30N 10W 0,1Pr 315,43 427,33 453,68 111,9
60S 25N 15W 0,1Pr 314,25 432,52 451,60 118,26
60S 20N 20W 0,1Pr 320,62 460,04 411,49 139,42
60S 15N 25W 0,1Pr 320,62 453,68 / 138,06
47,5S 47,5N 5W OPr 317,50 376,57 404,09 59,07
47,5S 47,5N 5W 0,05Pr 316,46 372,41 407,20 55,95
47,5S 47,5N 5W 0,1Pr 318,54 373,45 408,24 54,91
47,5S 47,5N 5W 0,25Pr 320,61 360,73 411,48 40,12
47,5S 47,5N 5W 0,3Pr 314,26 371,3 408,24 57,12
/[ 0,1Pr0,25Yb 314,84 369,43 404,31 58,14
/l 0,1Pr0.5Yb 314,84 371,75 420,59 56,91
/[ 0,1Pr0,75Yb 314,84 370,94 410,05 56,1
/I 0,1PrlYb 314,84 369,43 388,03 54,59
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Figure 111.4: variation of glass temperature Tg and thermal stability DT

When the concentration of WOs increases from 5 to 30 (mol/%), all the characteristic
temperatures Tg, Tc and Tp increase. Consequently, AT takes high values up to 146 °C for
SNW15 glass and probably more for SNW20 glass (Tp and Tc) not seen in the DSC patterns
of figl due to the limited range [0- 500°C] in the DSC set up). For SNW25, SNW30 and
SNWA40, the stability of the glasses decreases gradually down to 93 °C.

The increase in Tg values with the rise in WO3 content can generally be linked to three
factors: either to the increase in the bonding force or to the crosslink density or the tightness
of the packing in the network provided by the tungsten groups [10].

According to the compositional dependence of the Tg drawn in fig. 2, when the level of WO3
is increased from 5 to 15 (mol %), the variation of Tg is practically constant, within the error
range (x2 °C). However, it increases in the range of 15 to 40 (mol.%) with a dramatic increase
from 8 to 15 %. This behaviour is related to the change in the structural role of tungsten
incorporation in these glasses. From 5 to 15 (mol. %), WO3 is probably in the form of discrete
ions of WO4> and Na* groups due to the presence of a high amount of sodium provided by
NaPOs and therefore, discrete tetrahedral units of Na;WO4 are probably formed as reported in
alkali- tungsten oxide glasses [11, 12].
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Recently, C. de Araujo et al reported that the gradual replacement of NaPOs by WOs in
NaPO3-WOs3 glasses first produces P-O-W bonds. The progressive insertion of WO3 induces
the creation of W-O-W bands, which serve for the crosslinking of the PO4 chains and WOe
units. Accordingly, the structure of the glass changes from a uni-or two-dimensional to a
three-dimensional structural network based on tetrahedral ShOs, PO4 and interconnected
polyhedral WOe. It is also possible that the gradual substitution of WO3 instead of NaPO3
causes the P-O-P and Sb-O-P linkages to disappear, which was replaced by the W-O-P or W-
O-Sh. Therefore, As a result of the three factors mentioned above, and the structural roles of
tungsten, sodium and phosphorus ions in these glasses are under investigation.

The increase of the glass transition temperature Tg from 304 to 340 °C (Figure 111.4) with the
addition of WOs in the compositions that continent a high concentration of antimony no
doped and doped by Pr*3 would be due to the fact that the tungsten oxide groups (WO and
WOQOs) form a single network with the phosphate tetrahedral; these groups would enter the
phosphate network. This means that the strengthening of the glass network would be linked to
the presence of Sb-O-W bonds. The addition of WO3 is due to the melting temperature of
tungsten oxide of about 1473°C and that of Sb20O3 which is 656°C and NaPOs (628°C) This
incorporation has the effect of increasing the viscosity of the glasses and the combination of
the three oxides, lead to a vitreous matrix of intermediate Tg according to the old rule of
thumb, where Tg follows T as per the ratio Tg/Ts 2/3 (in Kelvin) [13].These results suggest

that the incorporation of WOs in the matrix makes the glass network much stiffer [14, 15].

In the composition of the same concentration of antimony and phosphate the DT<100 also DT
decrease with the increase of Pr*3 or the co doped Pr*3/Yb* in the glasses, the glass transition
temperature Tg in this composition from 314C° to 320 C° but in the case of co doped
Prt3/Yb*® Tg is constant (Tg=314,84). We observe also the existence of a second peak

exothermic which indicates the crystallization of two crystalline phases.
I11.3 Mechanical Properties:

111.3.1The molar volume (Vm), oxygen molar volume (Vo) and density (d):

The density of the glasses is measured by Ohaus Adventurer AX Explorer balance according
to Archimedes' standard principle. The measurements have measured with an error equal to
+0.0001 g/cm?® and the result is an average calculated over 5 consecutive measurements

carried out on the same, The Vickers hardness was measured using a Duramin20 (Struers).
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The molar volume (Vm) and oxygen molar volume (Vo) was calculated by using the

following equations [16]:

V=Y, Xi Mi / pg 1.1
_«XiMi, 1
Vo=Z = Grxrd) 1. 2

Where xi: the molar fraction, Mi: molecular weight, pg: the glass density, ni: the number of

oxygen atoms in each oxide constituent.
For calculating the thickness of the samples is used, digital caliper type Berent ( BT4171).

The values of density, the molar volume (Vm) and oxygen molar volume (V,) and thickness of

glasses are given in Table 111.2.

Table 111.2: results of density, hardness, molar volume, oxygen molar volume and thickness

Composition (mole%o) d(g/lcm®) Hv  Vm(cmimoll)  Vo(cm® mol?) th (mm)

60S 40N OW 4,394 328  40.16 16,9051 1,68
60S 35N 5W 4,613 345  38.71 16,5067 1,49
60S 30N 10W 4,729 373 38.20 16,4961 1,57
60S 25N 15W 4,87 388 37.52 16,4013 1,47
60S 20N 20W 4,99 403  37.52 16,3805 2,48
60S 40N OW 0,1Pr 4,2535 258 52,4682 17,4719 2,33
60S 35N 5W 0,1Pr 4,459 270 51,3045 17,0844 1,75
60S 30N 10W 0,1Pr 4,6343 301 50,5707 16,8400 1,59
60S 25N15W0,1Pr 4,7971 311 50,0203 16,6567 2,37
60S 20N 20W0,1Pr 5,0338 333 48,7794 16,2435 2,36
60S 15N 25W0,1Pr 5,3474 342 46,9646 15,6392 1,88
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47,5S 47,5N 5W OPr 4,2735 254 48,4673 16,1557 2,24
47,5S 47,5N 5W 0,05Pr 4,263 267 48,6788 16,1965 1,80
47,5S 47,5N 5W 0,1Pr 4,2553 270 48,8869 16,2361 1,76
47,5S 47,5N 5W 0,25Pr 4,2333 278 49,5029 16,3510 1,40
47,5S 47,5N 5W 0,3Pr 4,222 289 49,7563 16,4049 1,65
/I 0,1Pr0,25Yb 4,4664 248 46,7969 16,314 1,61
/I 0,1Pr0,5Yb 4,4063 254 47,8824 16,6489 1,39
/I 0,1Pr0,75YDb 4,3924 259 47,8096 16,5804 2,02
/I 0,1PrlYb 4,3807 265 48,3871 16,7371 1,88
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Figure 111.5: Compositional dependence of density and molar volume of SNWx glasses.

The density and their correspondent molar volume have been collected in Table 111.2, and
their compositional dependence has drawn in Fig. 111.5. the linear increase in density with the
gradual increase in the content of WO3 is consistent with the additive density rule since the
density of WO3 (7.16 g/cm?®) is greater than that of NaPOs (2.48 g/cm®). Therefore the

WO, content (mol.%)

addition of WO3 makes the glass denser.

On the contrary, the molar volume values decreased with the rise in the WO3 content from
40.16 to 35.78 (cm®mol). The diminution in molar volume shows that the structural
arrangement of the network changes significantly with the composition and can be explained
quite simply by a decrease in ionic radii, where R(W*) = 0.80 and 0.56 (nm) for 4 and 6
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coordination, respectively, and R(Na*) = 0.95 (nm). Thus, the gradual decrease in NaPO3 has

led to a decrease in the sodium atoms, resulting in a decrease in the molar volume of the glass.

The increase in density correlates directly with the increase of WO3 content of (231.84 g/mol)
in the compositions 60Sb203- (40-x) NaPO3z -xXWO3 and 60Sbh20s- (40-x) NaPOs -xWOs-0.1
Pr20s, the density dependence on composition is in accordance with the weight and size of

oxides and the density of each element [17].

the increasing of density and number of oxygen atoms relate to the decrease of the molar mass
M of glass, molar volume (Vm) and oxygen molar volume (Vo) were according to equations
I11.1, 1.2, WO3 induces the formation of voluminous tungsten structural units such as WOe
octahedron and WOs in the glass network more than the formation additional no bridging
oxygen thus to the loss of oxygen of the substitution of NaPOs

The influence of concentration of Pr*3and Pr3/Yb*? on the glasses 47,55 47,5N 5W x Pr (x=0,
0.05, 0.1, 0.25, 0.3) and 47,5S 47,5N 5W 0,05Pr x Yb (x=0.25, 0.5, 0.75, 1) is a decrease in the
density and increase in molar volume and oxygen molar volume. Since the ionic radius of Pr*3
ions is large there will be an expansion in the glass structure and hence the molar volume and
oxygen molar volume increases (Vm), also rises by the existence of excess oxygen NBO (non-
bridging oxygen) in the glass network of the addition of PreO11 and Yb20s. [18].

The results of hardness have been collected in table 111.2 accurately to 1%. The values of
HVO0.2 lie between 328 and 425 N/mm? with increasing WOs content. These values are
slightly higher than other NaPOz containing glasses [19] and in the same range of SnO-
NaPO3-WOs glasses [20] but also higher than alkali-antimony glasses [21].

For many glasses, the increase in the hardness with the increase in elastic moduli
like that indicated in the relation (111.3) [22]:

H, = C. (. G. K)'/? (111.3)
Where C: a constant.
o: resistance factor of the link.

K: the volume modulus.

G: the shear modulus.

63



Chapter I11: Structural and physical properties of glasses

Therefore, hardness evolution is closely related to elastic properties. It's also worth noting that
HV is closely related to the dilatometric softening point [23]. This last point is closely related
to the glass transition temperature; therefore, the increase in the hardness is a behavior similar

to that of the glass transition temperature.

Hardness is the merit of surface to endure indentations, Surface hardness is related to
concentrations of glasses components also it depends on polishing procedures that can result
in increased surface hardness affect compressive strength and flexural strength in this system
the Hardness increases with the addition of tungsten, Pr*3, Prt3/Yb*3 concentration, it's noticed
that The hardness values of not doped glass are higher than doped and co doped glasses.
PreO11 acts as a network modifier and increase the number of bridging oxygen (BO) ions that
strengthen the rigidity of the glass [24].

111.3.2 Elastic Properties (Ultrasonic Method):

Elastic properties are suitable to give information on structural stability on the forces between
the atoms or ions to understand the nature of bonds [25]

The elastic properties of the SNW glass series are studied by ultrasound technique using the
pulse-echo method. allows to determine elastic material properties such as bulk modulus (K),
longitudinal (L), shear modulus (G), and Poisson's ratio (¢) and Young’s modulus E, the
results have been measured by sound velocity (VL), shear ultrasonic velocity (Vs) and density
measurements, we report the results in table 111.3

Elastic modulus and Poisson’s ratio of glass were calculated by the following equations [26]:

L=pV, 1L 4

G =pV, 115

k=2@3V," -4V, 11L. 6
_ 23V, 2-4v,?

E=pV =+ 1.7
_vit-ev?

O= v ivD 1118

Young's modulus expresses the ability of a material to deform under the effect of applied

stress. It is higher as the sudden strain is minimal. As a result, the propagation velocity of the
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acoustic wave is faster and higher when the material is more compact. A rigid and undeform

able glassy structure has a high Young's modulus.

Table 111.3: sound velocities, elastic modules

Composition(mole%) e(mm) 7, (us) zr(us Vi (m/s)Vy(m/s)L(Gpa) G(Gpa)K(Gpa)c E(Gpa)

60S 40N OW 168 1,09 1,89 308257 1777,77 41,75 13,89 23,24 0,251 34,74
60S 40N 5W 1,49 0,961 1,67 3100,94 1784,43 44,36 14,69 24,77 0,252 36,79
60S 40N10W 157 0,995 1,73 3155,78 1815,03 47,09 15,58 26,32 0,252 39,04
60S 40N15W 1,47 0,893 1,55 3292,27 1896,77 52,79 17,52 29,44 0,252 43,86
60S 40N20W 248 143 2,5 3468,53 1984,00 60,03 19,64 33,84 0,255 49,37
60S 40N25W 244 135 2,36 3614,81 2067,80 65,47 21,42 36,90 0,257 53,85

60S40NOWO,1Pr 2,33 1,56 2,68 2987,18 1738,81 37,95 12,86 20,81 0,244 31,99
60S40N5SWO,1Pr 1,75 1,17 2,07 2991,45 1690,82 39,90 12,75 22,91 0,265 32,26
60S40N10WO,1Pr 159 1,11 1,74 2864,86 1827,59 38,03 1548 17,40 0,157 35,81
60S40N15WO,1Pr 2,37 1,52 2,73 3118,42 1736,26 46,65 14,46 27,37 0,275 36,89
60S40N20WO,1Pr 236 1,44 25 3277,78 1888 54,08 17,94 30,16 0,251 44,92
60S40N25W0O,1Pr 1,88 1,15 2,1 3269,57 1790,48 57,16 17,14 34,31 0,285 44,09
47,5547 5N5SWOPr 2,24 1,28 2,16 3500 2074,07 52,35 18,38 27,84 0,229 45,20
47,5547,5N5W0,05Pr 1,80 1,08 1,88 3333,33 1914,89 47,37 15,63 26,52 0,253 39,20
47,5547, 5N5SWO0,1Pr 1,76 1,04 1,9 3384,62 1852,63 48,75 14,60 29,27 0,286 37,57
47,5547,5N5W0,25Pr 1,40 0,91 1,41 3076,92 1985,82 40,07 16,69 17,82 0,143 38,16
47,5547,5N5W0, 3Pr 1,65 1,07 1,64 308411 2012,19 40,16 17,09 17,37 0,129 38,61

/1 0,1Pr0,25Yb 161 1,16 191 277586 168586 34,42 12,69 17,49 0,208 30,66
/1 0,1Pr0, 5Yb 139 1 1,66 2780 1674,70 34,05 12,36 17,58 0,215 30,03
/1 0,1Pr0,75Yb 202 136 2,48 2970,59 1629,03 38,76 11,66 23,22 0,285 29,96
//0,1Pr1 1,88 1,22 2,29 3066,88 1641,92 41,20 11,81 25,46 0,299 30,68
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Figure I11. 6. Longitudinal and transverse sound velocity of SNWx glasses, lines are drawn

as guides for the eyes.

The results show that the sound velocities VL and Vs increase with increasing WOs.
Subsequently, L, G, K and E increase when the content of tungsten oxide rise from 0 to 10
mol% and take more pronounced values for a higher content of WO3, as seen in Fig. Ill. 6.
Thus, the longitudinal modulus L ranged from 41,75 to 66,64 GPa, the shear modulus from
13,89 to 21,80 GPa, the bulk modulus from 23,24 to 37,56 GPa and Young’s modulus from
34,74 to 54,81 GPa. These values are higher than in the zinc-antimony glasses [21]. On the
other hand, similar studies performed on the propagation of ultrasonic waves in tellurium
glasses [27, 28] have shown that increasing the level of WOs3 in glasses increases elastic
moduli.

It is easy for the ultrasonic wave to move inside the network of the glass due to the increasing
density with tungsten oxide, Young’s modulus related to the bonding strength of atoms (the
stiffness of materials), hence, increase the connectivity of the glass network become more
stiff, the values of Poisson's ratio (c) remains constant in the range of 0.25 Elastic properties
provide information for the structure.

Tungsten oxide enters the Antimony phosphate network, Therefore, part of tungsten ions will
exist as WO4 or WOs groups while the remaining exists as bridges between Sb20z and NaPO3
groups such as Sb—O-W, P-O-W producing of polarized oxygen ions. An increase in WOs3
content breaks the P-O—P bonds as discussed in the FTIR analysis, WOs is acting as a very
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good intermediate in the glass network by consuming the NBOs (created in the process of
depolymerization) which effectively increases the rigidity of the glass network, produce a
lesser number of non-bridging oxygen and improves the elastic properties like increasing
network rigidity and stability[29, 30], In the case of glasses doped PrsO11, Poisson ratio is
observed increase from 0.229 at x = 0 mol% to 0.253 at x = 0.05 mol% respectively. The
values then decrease until x = 0.25 mol% at 0.164 and gradually increase until x = 0.3 mol%
at 0.175.while the glasses co doped Pr*3/Yb*® Poisson ratio increased from 0.208 to 0.299.
Young’s modulus is related to hardness and density. Moreover, in 0 and 0.3 mole% Pr*3 low
values for Young’s modulus while Pr*® from 0.1 to 0.25 mole% E increased from 45.62 to
46.82 Gpa, due to Pr*® jons covalent bonds formed resulting in an increase in bridging oxygen.
in the case of Pr'3/Yb*™® when Yb*® from 0.25 mole% to 1 mole% E remains constant in the
range of 30 Gpa. When the values of Elastic modulus decreases as a result of the conversion of
BO to NBO [31, 32].

Microhardness (N/mm?)

Figure I11. 7. Elastic moduli and hardness of SNW glasses.

The replacement of NaPO3s by WO3 seems to significantly affect the structural organization of
these glasses due to the large variation in Young's modulus and another elastic modulus. The
elastic moduli tend to increase as the network evolves from a two-dimensional structure
composed of PO chains distributed randomly within the SbO3z bi-chains in the SNWO glass to

a more strongly cross-linked compact structure in SNW glasses. From the curves drawn in
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Figure.lll.7. It was observed that the increase in elastic moduli is more noticeable when the
level of WOs is higher than 10%, which suggests that the network connectivity and the
crosslink density are improved by the insertion of more WQOs units. This behaviour is closely
correlated with the increase in Tg, as seen in the previous section.

Apart from the elastic modulus, Poisson’s ratio remains practically invariant and close to
0.252. According to T. Rouxel [33], Poisson's ratio could reside indicative of the structural
organization of the vitreous network. Thus, v is equal to 0.4, 0.25 or 0.15 for a glassy network
with the connectivity of one, two or three, respectively. We can conclude that the insertion of
WO3 preserves the two-dimensional structure of these glasses.

111.4 Optical properties

111.4.1 UV-Visible transmission (Transmittance spectra):

The transmittance spectra are shown in figure (111.5). They were recorded using a Perkin
Elmer Precisely spectrophotometer covering the UV-Visible range between 200 and 3000 nm
of glasses 60 Sh203 (40-x) NaPOs x WOs, 60 Sh.Os (40-x) NaPOz x WOs 0.1 Pr203
(x=0,5,10,15,20,25), 47.5 Sbh203 47.5 NaPO3z 5 WOs- x PrgO11 (x= 0.05, 0.1, 0.25, 0.3), 47.5
Sbh203 47.5 NaPO3 5 WO3 0.1 PreO11 XYb20s.
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Figure 111.8: Transmittance spectra in the UV, visible ranges

The transmittance spectra in the UV-Visible range of SNW glasses are shown in Fig. 6.
Except for the 60Sb.0O3-40NaPO3z composition, these glasses are opaque to ultraviolet and
blue radiation, explaining the yellowish colour of the otherwise transparent samples.
Furthermore, the limit of the absorption frontier in the UV-V range depends on the content of
tungsten oxide and shifts to a higher wavelength within the 400-450 nm range of glasses with
more WOs3 content. Apart from the intrinsic absorption and the defects introduced into the
glass, the transparency of the glass depends, also on the refractive index (n > 1.6 in our
glasses) wherever part of the incident radiation undergoes high reflections, that depends on
the following relation R=(n-1)?/(n+1)?> where R is the reflectivity and n is the refraction index
[34].

111.4.2 Optical Gap and Urbach energy:

From the transmission spectra and the thickness of the sample (th) we have deduced two
important parameters, namely the optical gap Eg and the parameter Eqo (Urbach energy)
which gives an evaluation of the width of the band tails of the states located in the gap.
Values of Eg were obtained by extrapolation of the straight lines from the curves representing
(ahv)? to intersect the photon energy axis at zero absorption, as seen in (figure 111.9) .

At low absorption level a(hv) <104 cm™ [35], The Urbach energy values were calculated from
the inverse of the slope of the extrapolation of the linear part of the In (a) vs hv curves.[36]
(figure 111. 10). The values of Eg and AE are listed in Table 3, and their compositional
dependence has shown in figure I11. 11 An accuracy of 0.01 eV estimates for the values of Eg
and 0.005 eV for AE.
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Previous works report that the optical band gap of vitreous Sh203, WO3 and NaPOs was equal
to 3.8 eV [37], 2.75 eV [38], and 5.098 eV) [39], respectively, thus, replacing NaPO3 by WO3

shifts the absorption edge to longer wavelengths and smaller Eg values.

(ahv)’( cm™ev)?

2.8 3.6 3.é 3.21 3.6 26 — 28 20 32 34

hv(eV) (e
Figure 111.9: (ahv) 2 vs. (hv) plot of glass. Figure 111. 10: (Ln o) vs. (hv) plot of glass.

Table 111.4 illustrates the values of the optical gap and disorder of the different samples.

Samples Eoo(ev) Eg(ev)
60S 40N OW 0.042 3.46
60S 40N 5W 0.038 3.02
60S 40N 10W 0.031 2.94
60S 40N 15W 0.030 2.87
60S 40N 20W 0.037 2.79
60S 40N 25W 0.038 2.74
60S 40N OW 0,1Pr 0,3571 3,6
60S 35N 5W 0,1Pr 0,3597 2,97
60S 30N 10W 0,1Pr 0,3649 2,9
60S 25N 15W 0,1Pr 0,3703 2,8
60S 20N 20W 0,1Pr 0,3802 2,77
60S 15N 25W 0,1Pr 0,3921 2,7
47,5S 47,5N 5W OPr 0,35 3
47,5S 47,5N 5W 0,05Pr 0,355 3
47,55 47,5N 5W 0,1Pr 0,357 3
47,5S 47,5N 5W 0,25Pr 0,36 3
47,5S 47,5N 5W 0,3Pr 0,366
47,5S 47,5N 5W 0,1Pr0,25Yb 0,354 3
47,5S 47,5N 5W 0,1Pr0, 5Yb 0,357 3
47,5S 47,5N 5W 0,1Pr0,75Yb 0,358 3
47,5S 47,5N 5W 0,1Pr1Yb 0,384 3
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Figure 111. 11: The optical band gap (Eg) and Urbach energy (AE) of SNW glasses.

The optical gap energy Eg is decreasing slightly with the introduction of tungsten oxide in
SNW and SNWPr glasses and the UV-Vis absorption edge red-shifts with increasing WOs
content in the glass.

The SNWO composition presents the higher value of Eg, and the insertion of WO3 reduces the
band gap energy linearly from 3.02 to 2.74 eV, and enhances the creation of non-bridging
oxygen’s, which modifies the structure of the glass and consequently decreases Eg.

Unlike the optical band gap energy, WOs induces the formation of tetrahedron [WOa]. This
means that we have the creation of oxygen not pontoon and therefore. Also, the addition of
RE (Pr*®) makes the same creation, for more WO3 additions, octahedron [WOs] occurred
inside the glass and the number of the tetrahedron environment increases in the expenses of
the tetrahedron [WQg4] that's decreases the optical gap. Also the optical gap energy Eg
influence on structural changes may increase the degree of electron localization, which
increases the number of centers donors in the glass matrix due to decreases from the donor
centre [40]. The Urbach energy AE in these glasses was found practically constant concerning
the content of WOs. Since Urbach energy generally expresses the scale of the disorder in the

system, smaller values of AE indicate that the defect centres are smaller [41], as observed in
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10 to 15 mol% of WOs. A slight increase is observed for more than 15 mol%, corresponding
to the structural change observed in Tg and sound velocity results.

In the case of the variation of PreO11 and YhOs the optical gap is constant attributed to no
change in the average bond energy of the system because the variation of rare earth

concentration was very small

Also Transmittance is related to the electronic transitions d-d the excited states of the
electrons begin to overlap on the W sites with the increase of WO3. As a result, the strip of
impurities becomes more extensive in the main gap band. The degree of disorder in the gap
band (Eoo) increases with the amount of increase of WO3,Pr203,Yb203 which causes more
defects or localized states (unsaturated bonds) reducing This evolution could have moved the
absorption edge of the lowest energy, at high content of oxides the saturation of defects

Increase because of the formation of dangling bonds[42].
Refractive index (HORIBA Jobin Yvon):

The refractive indexes were measured by a HORIBA Jobin Yvon in wavelengths between 600
and 689 nm, illustration of 60 Sb203 (40-x) NaPO3 x WOs3, 47.5 Sh203 47.5 NaPO3z 5 WOs3- X
Pr¢O11 (x= 0.05, 0.1, 0.25, 0.3) glasses.

In this study, the refractive index, n, has been measured by spectroscopic ellipsometry. For
greater precision, Sellmeier's formula [43] has been utilized to adjust the measured values of

n.

n2= (A+B/(1-C/32)+DI/(1-E/ 32) (111.9)

Where A, B, C, D and E are fitting constants.

As an example, the refraction index of SNW25 glass shows in Figure I1l. 12 the refractive
index depends essentially on the polarizability of the atom. Highly polarizable atoms, like
heavy metal oxides (antimony, lead, tungsten, etc.), increase n. Therefore, with increasing
concentration of WO3 from 0 to 25 (mol. %) in the glass, the refractive index increased in the
range [1.58-1.8] at A=486.1 nm. The increase in the refractive index of SNW glasses is due to
the strong polarizability of the tungsten atoms that gradually replaces the less polarizable
phosphate atoms. Figure Ill. 13 show the compositional dependence of n value for selective

wavelengths.
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Figure I11. 12: Dispersion curve of SNW25 glass in the visible region.
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Figure I11. 13: Refractive index of SNWHx glasses at selective wavelengths.

As shown in Figure I11. 12 For SNW25 glass, refractive index measurements indicate that n
decreases with an increasing wavelength from 400 to 700 nm, mainly due to the dispersion of

the refractive index vs wavelength dn/dA. Experimentally, the Abbe number has commonly
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used to express the refractive index, dispersion dn/dA of the refractive index is given by the

following formula:

Vg=np—1/ng—n I11.10
d D F c

Where nc, np and nr are the refractive indices of the material at the wavelengths of the
Franhaufer C, D1, and F spectral lines (656.3, 589.3, and 486.1 nm, respectively) [43]. The
compositional dependence of the Abbe number of these glasses is indicated in Figure Ill. 14.
We can see the linearity between the Abbe number and the composition of the glass according
to WO3 content. The Abbe number of SNWx glasses is from 40 to 30 with increasing WOs
content from 5 to 25 (mol. %). Traditionally, optical glasses with an Abbe number > 50 have
been called crown glasses, while for < 50, they have been considered flint glasses [44].
Therefore, SNW5, SNW15, SNW20 and SNW?25 glasses, which have an Abbe number less
than 50, can be considered flint glasses, i.e. glasses with high refractive index and a high
degree of light dispersing power compared to other types of glass, thus potential candidates

for optical devices.

70
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Figure 111. 14: Compositional dependence of the Abbe number in the SNWHx glasses, line is
drawn as guide for the eyes.
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Figure 111.15: The results of refractive index of the glasses.

Figure 111.15 shows the refractive index increases with WQOs, Pr20s, concentration, in the
respect of WO3s concentration, at 600 nm (1.62, 1.67, 1.72, 1.78, 1.82, 1.83) at 655 nm (1.61,
1.68, 1.72, 1.80, 1.83, 1.84), it related to the increase of non-bridging oxygen's (NBOs) and
the molar mass of the glass elements (the electronic density). The density of WO3zis 7, 16
g/cm® higher than that of NaPOs: 2, 48 g/cm?, the tungsten increase from 0 to 25 with the
decrease of phosphate from 40 to 20 thus to make increasing in refractive index, also the
tungsten atom is highly polarizable. It therefore, interacts strongly with light transmitted and
thus modifies some of its properties such as its speed. Moreover, the introduction of transition
metals WOz in glass generally increases their refractive index [45], which also can be
explained by the fact that WOe units are more polarizing than SbOgz units. In addition, the rise
in WO3 content results in W-O-W linkages, As a result, WOz Indicated large clusters of
WOs. These clusters are considerably more polarizing than WOs units, the refractive index
decreases with the increasing wavelength of the incident photon as seen in Figure 111.15 [46,
47].

On the other hand, the density of Pr.Os is 7,07 g/cm?® higher than other elements in SNWxPr
glasses [48].
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I11. Conclusion:

In this chapter, we have studied the different structural, thermal, mechanical, physical, and
optical properties of the three systems SNxWr glasses with different concentrations of WOs3
(0-25 mol.%), SNWxPr (x = 0.05, 0.1, 0.25, 0.3) and SNWPr0.1xYb (x = 0.25, 0.5,0.75,1)
mol% glasses are very thermally stable and have good transparency were prepared using a
melt quenching process, The Fourier transform infrared (FTIR) and Raman spectra show that
glasses include SbOs, PO32, WO4, and WOs groups with P-O-W, Sb-O-P, P-O-P, and W-O-
W vibrations, such increase is also observed for the measurement of density, micro hardness,
and the elastic moduli (longitudinal modulus (L), shear modulus (G), bulk modulus (K), and
Young's modulus (E)). However, Poisson’s ratio constant is practically invariant; the insertion
of WOs reduces the optical band gap while the insertion of PreO1:1 then Yb2Os remains
constant and increase the refractive index, the glasses studied prove to be potential candidates

for optical devices.
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Chapter V- Spectroscopic study of the Prt3doped and Pr®* /Yb? co-doped Sb,0s-
WO3-NaPOs glasses.

Introduction:

Antimony oxide glasses are favorable for optical amplifiers because of their
properties [1]. The addition of WOz to various amorphous materials makes them
photochromic. In addition, the luminescence characteristics can be influenced [2, 3].
The attention paid to broadband optical amplifiers has constantly stimulated research
on NIR transmitters. Among the RE, the praseodymium Pr*® ion is particularly
interesting because of its broadband NIR luminescence in the low-loss wavelength
region which corresponds to the D, — G, transition of Pr*3. Praseodymium doped
glasses have many applications in devices such as semiconductor lasers where laser
action in the visible spectral region has been observed for the transition 'D,—3Ha,
because its energy level contains many metastable multiples *Po,1.2, D2, G4 which
offer emission in the blue, green, orange and red wavelengths [4,5]. Another
important rare earth element consist of Ytterbium Indeed,Yb*® is important for its use
as an infrared sensitizer due to its large effective absorption cross section, and as an
effective excitation donor to other rare earth ions, the combination of Pr*3 and Yb*
ions have a greater potential for further development in optical applications[6]. In this
chapter, we study the visible and nearby emission infrared of the Pr*3 jon and
Pr*3/Yb*3 of glasses in the compositions 47.5 Sh,03 47.5 NaPOz 5 WOs- X Pr,03 (x=
0.05, 0.1, 0.25, 0.3), 47.5 Sh203 47.5 NaPO3z 5 WO3 0.1 Pr203 xYb203, (x= 0.25, 0.5,
0.75, 1), using the theory of Judd-Ofelt (J-O) to determine the spectroscopic

properties (absorption and emission cross sections, radiative lifetime, etc.).
Iv. Spectroscopic properties

IV.1. Absorption spectroscopy:

From the absorption spectra, it is possible to calculate the absorption coefficients as
well as the absorption cross sections at different wavelengths. In addition, various
spectroscopic information’s can be determined, such as the probabilities of radiative
transitions, branching ratios, integrated emission cross sections and the radiative

lifetime of different energy levels of rare earth ions, using Judd-Ofelt analysis.
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WO3-NaPOs glasses.

Absorption spectra for the glasses studied are recorded between 200 and 1100 nm at a
spectral resolution of 0.1 nm using a Perkin Elmer Lambda 35 UV / Vis
spectrophotometer. The optical density is defined by:

I
DO=A= —logl— (IV.1)
0

With

A: is the absorbance or optical density at a wavelength A.
I: transmitted intensity.

lo: is the intensity of the incident beam.

On the other hand, Beer-Lambert’s law describes the variation in the intensity of
radiation electromagnetic radiation through a transparent medium (a glass), given by

the following relation:

I(A) = TIo(A).e aMd (IV.2)

Where:
o ( A) : the absorption coefficient in cm-!

d: the thickness of the sample.

By combining the two equations (I1V.1) and (1V.2), we obtain:

DO.Ln10 2.303.D0
a(d) = no_

; - (IV.3)

The effective absorption section caps at the wavelength A of a transition between the
level of rare earth is the coefficient of proportionality between the absorption
coefficient a()) and the number of doping ions per unit of volume N (cm™), given by

the following relation:
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ca()t) = T (IV. 4)

The number of N-doping ions per cm?® can be expressed by the relationship (1V.5):

b.N,. p.
N(ions/cm?) = 2-Na-P-X) (IV. 5)
Mglass

With

X: The concentration of the rare earth ion in molar percentage.

Na: The number of Avogadro (6.022045 *10?° mol™?).

p: The density of the glass

b: Factor represents the number of rare earth atoms in the molecule.

Mglass: The molar mass of the glass.

» Case of 47.5 Sb203 47.5 NaPO3z 5 WO3- x PrsO11 glasses:

The absorption spectra of glasses doped with praseodymium are shown in Figure
(1V.1) From these spectra, there are eight absorption bands. Four absorption bands in
the visible region and four bands in the infrared attributed to internal transitions of the
*f, configuration of the Pr*3 ion at 2269, 1974, 1549, 1449, 590, 483, 472 and 443 nm,
and corresponding to the absorptions of the ground state *Hj to the excited states 3He,
3F,, 3Fs, %F4, D2, *Po, P1 and 3P, respectively. These absorption bands are used for

the calculation of Judd-Oflet parameters.
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Figure 1V.1: Absorption spectrum in visible, NIR of SNW glasses
doped xPr*3 (x = 0.05, 0.1, 0.25, 0.3 mol.%)

The 3F, 3Fsand 3F4 bands show that there is a double peak structure, due to electric
dipolar and low magnetic dipole contribution [7] which is neglected in our
calculation. It can be noted that there is no peak absorption of level G4, transmitter
level for transition to 1.3. The optical density of the different bands was found to

increase with the dopant Pr*3 in the glasses.
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doped Sb203-WQO3-NaPOs glasses.
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Figure (IV.2): Energy diagram of praseodymium ion in the SNW glasses.

1v.1.1. Determination of Judd-Ofelt parameters:

IV.1.1.1 Oscillator strengths and Judd-Ofelt intensity parameters

Judd-Ofelt theory allows us to determine the radiative properties of rare earth ions from
the forces of oscillators F or the forces of transitions S via the determination of the
phenomenological parameters Q», Qa, Qs. The measured oscillator force Smeas for an
electrical dipole transition of each multiple was determined using the following

expression [8]:
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Smeas (J — J’) =

3ch(2J+1) [ 9n
8m32e? (n%+2)2

| S o@yaa (IV. 6)

Judd-Ofelt theory provides a theoretical expression of oscillator strength [9], given
by:

N2
Scaicd — I°) =Xi—2.46 2 [(P|UO [9')] (IV.7)

h: Planck constant

c: Speed of light in vacuum,

e: Charge of the electron

n: Refractive index

[ o(A)d\: The integrated area of the absorption bands.

Judd-Ofelt analysis minimizes the square of the difference between Smeas (equ. IV. 6)
and Scaic (equ. IV. 6) by the least squares method [10]. The reduced matrix elements of
the tensor operator U (t) of rank t, do not depend on the host matrix either and were
calculated by Carnall [11]. The results obtained from the forces of the transitions, the
RMS deviation and the Q; parameters of the SNWxPr*3 glasses are collated in Tables

1 and 2 respectively.

The calculations of the parameters of (J-O) Sed, Sca, r.m.s, of the 47.5 Sb,0O3 47.5
NaPOs 5 WOs- x PreO11 (x=0.05, 0.1, 0.25, 0.3) glasses are presented in table (IV.1).
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WO3-NaPOs glasses.

Table IV.1: Transition, oscillator strength and RMS of 47.5 Sh,03; 47.5 NaPO3z; 5 WOs- x
PreO11 (x=0.05, 0.1, 0.25, 0.3) glasses.

Variati
;ff’”s X=0.05 X=0.1 X=0.25 X=0.3
PreO11
Scal
Transi x 1020
tion Amax Sed Scal Amux Sed Scul lmux Sed Scul Amax Sed
from (nm) X 107298 x 1072 (mm) x107%° x1072° (nm) %1072 x107%° (nm) x1072°
3Ha to
3
P2 443 347 265 443 194 1740 443 0163 0682 443 0071 0628
3
P1 472 982 994 472 648 6566 472 2604 2652 472 2406 201
3
Po 483 163 149 483 1075 9787 483 4322 3863 483 3992 998
1
D: 500 774 912 590 511 5983 590 2054 2340 590 1.897 2193
S, 1449 0 1.04 1449 0 0.683 1449 0 0.269 1449 0 0.247
0.219
3, 1565 0 082 1565 O 0551 1565 O 0235 1565 O
0.216
3, 1974 0 081 1974 0 0544 1974 0 0232 1974 0
W 0.615
b 2267 0 260 2267 0 1703 2267 O 0668 2267 0
A 1.65 1.06 0.48 0.46

Large r.m.s will be observed, which is mainly caused by inclusion of hypersensitive
transition (*Ha — 3P2) only [12]. Therefore, in the present work, the Judd-Ofelt

parameters were recalculated excluding the *Hs — 3P, transition, in order to reduce

the r.m.s which gave a significant improvement.

The calculations of the parameters of y and ZQ; of the 47.5 Sh,03 47.5 NaPO3z 5 WOs-
X PrsO11 (x= 0.05, 0.1, 0.25, 0.3) glasses are presented in table (1V.2).
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WO3-NaPOs glasses.

Table 1V.2: Judd-Ofelt parameters and spectroscopic quality factor of 47.5 Sb,0; 47.5
NaPOs; 5 WOs- x PrsO11 (x=0.05, 0.1, 0.25, 0.3) glasses compared with other glass systems
reported in the literature.

Paramétres (J-O) (x10%° cm?)

Glass code References Q, Q, Qe X=0,/Q6 Trend
47,55 47,5N 5W
[Present] 11.63 477 17.88 0.26 Q, <0, <0
0,05Pr
47,55 47,5N 5W
o [Present] 7.67 319 1171 0.27 Q, <0, <0
APr
47,55 47,5N 5W
0.25p [Present] 3.075 1.316 4.567 0.28 Q, <Q, <04
y r
47,55 47,5N 5W
030 [Present] 2839 1268 4.200 0.30 0, <0, <0
3Pr
SL1W1Pr0.25 Q,<0,<0
[13] 4762  2.207 6549 0.33 P
TeO2-WO3-PbO- 0,<0,<Q
T [14] 309 132 413 0.31 $m e
Laz:03
PbO-Al205-SiO2 [15] 0707 1333 b5.135 0.25 0y <€ <0
PbO-Sb20:-B20s [16] 5917 4770 2135 0.22 0, <0, <0

When the JO model was applied with the (3Hs — 3P,) hypersensitive transition
included in the procedure, it was observed that the omega, parameters assumed a
negative value. But, with the exclusion of this transition, the omega (Q,) become
positive and in this case, these parameters could be used to improve the calculated
radiative properties of the glasses doped with Pr*3, this can be seen from the
comparison between the calculated and experimental results of the radiative.

The parameters of (J-O) follow the trend q, < o, < o, for SNWPrx glasses (x = 0.05,
0.1, 0.25, 0.3 mol.%). Similar results have been reported in the literature [13, 14, 15,
16] The comparison of the values of the parameter Q, for the four glass samples of
Table (IV.2) shows a tendency to decrease with the increase in the PreO11 content
(from 0.05 to 0.3 mol%). Generally, Q, determines the covalence of the metal ligand
bond while Q4 and Qs represent the viscosity and rigidity of the host materials in
which the ions are found [17]. The Q, values show a strong asymmetric and covalent

environment around the Pr*3 ions, caused mainly by the high contents of WO3 with
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WO3-NaPOs glasses.

the possible existence of the jump mechanism between the two tungsten sites (W™,
W*) [18].

The value of Qs is inversely proportional to the covalency of the Pr-O bond. The large
Qs Vvalue is probably due to the low optical basicity of glass without non-bridging
oxygen ions, which was formed by the incorporation of alkali ions.

The similar behavior of Q> and Qs suggests that the environmental effect is dominant,
The spectroscopy quality factor, y= Qs / Qe in our glasses vary from 0.26 to 0.30
giving low values. The low of this this factor predict high stimulated emission for the

active laser medium [19, 20].

Iv.1.1.2. Calculation of the radiative parameters:

To study the fluorescence properties of Pr® in SNW glasses, the radiative properties
such as radiative transition probability (Arad), fluorescence branching ratio (B) and
radiative lifetime (traq) for the emission transitions have been calculated using the
emission measurements and intensity parameters, The obtaining parameters Q2, Qa4
and Qs makes it possible to calculate the radioactive emission probability Arad(J, JY)
according to the equation (IV.8)[21].

4,2 2,942
Arad(J, J'): 64 t*e [n(n +2)

m@e 9 ed n3Smd] (v.8)

The radiative lifetime traa Of an excited level and the branching rate g, for each

transition are defined by the relations (IV.9) and (IV. 10) respectively [22], the data

obtained are summarized in the table 3.

1

el ) (IV.9)
_ Arad(”,)
B(]l’) - %y Araa(1)) (Iv.10)

We present in tables (IV.3) the radiative properties such as the probability of radiative
transition (Arad), radiative lifetimes (trad), and branching ratios () for the excited
states 3P2,3P1, ®Po, 1D2,3F3 for the SNW glasses doped with Pr*3 .
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Chapter V- Spectroscopic study of the Prt3doped and Pr®* /Yb® co-doped Sb,03-
WO3-NaPOs glasses.

Table 1V.3: The radiative parameters of 47.5 Sb,03 47.5 NaPO3z 5 WOs- X PreO11 (x= 0.05,
0.1, 0.25, 0.3) glasses.

PrsO11 X=0.05 X=0.1 X=0.25 X=0.3
Transition Amux Arad B Trad Arad B Trad Arad p Trad Arad p Trad (ms)
(nm) o) (ms) Gy (ms) Gy (ms) (s
3P2—3Hs 491 4188 1.0000 0.2388  2353.9 1.0000 0.4248 1089.8 1.0000 0.9176 1024. 1.0000 0.9758
8
3P1—3Hs 525 1357.1 0.6988 0.5149 907.6 0.6988 0.7699 387.5 0.6988 1.8033 360.8 0.6988 1.9370
—3F3 695 585 0.3012 391.2 0.3012 167 0.3012 155.5 0.3012
3Po—3He 600 2761 0.4196 0.1520  1846.5 0.4196 0.2273 788.4 0.4196 0.5323 734 0.4196 0.5717
—3F 642 2253.8 0.3425 1507.3 0.3425 643.5 0.3425 599.1 0.3425
—3F, 725 1565 0.2378 1046.6 0.2378 446.9 0.2378 416 0.2378
1D2—3Hs 822 3319 0.5978 1.8008 178 0.5978 3.3587 70 0.5978 8.5406 64.4 0.5978 9.2759
—3F3 103 165.8 0.2986 88.9 0.2986 35 0.2986 322 0.2986
6
—1Gy 147 57.6 0.1037 30.9 0.1037 12.1 0.1037 11.2 0.1037
4
3F3—3H4 163 430.3 1.0000 2.3239 2335 1.0000 4.2818 92.2 1.0000  10.8469 84.9 1.0000 11.7746

0

We observe from the table (IV.3) that the higher p was observed for the 3P,—3Hs and
3F3—3H, transitions, compared to B is weaker, than the D, — 1G4, D2 — 3F3 and
3Po—3F4 transitions. Usually, the higher Arq values indicate the intensity of the
stronger luminescence (*P2— 3Hs, 3Po — *Hs, Po — 3F2 and 3Po — 3F4) suggests them
to be probable laser transitions. It was also noted that the high radiative transition
probability (4188 s%) is the 3P, — 3Hs transition of 0.05 Pr*® doped SNW glass. The
probability of total radiative transition was in the order of 3P2> 3Po>%P;> 3F3>1D; in all
SNW glasses doped Pr*3. A greater probability of spontaneous emission high offers a
better opportunity to get laser stocks. The radiative life time for a transition, trad is
reciprocal of Arg. The minimum 14 Values have been obtained for (3P2— 3Hs, *Po —
3He, %Py — ®F2 and 3Py — 3F,) transitions. This fact coupled with radiative lifetime for
3Py level further support the 3Py — 3Hs and 3Py — 3F; transitions to be the most
probable laser transitions and the 3Py level to be an efficient fluorescence level,

respectively [23, 24].
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The integrated emission, effective section (Z) is related to the radioactive transition

probability (Arad) according to the following relation [25]

2 [s] Araa 017 av.11)

8mcn?
The values of the integrated emission of effective emission section (Table 1V.4) are
greater in 0.05 Pr and from 0.3*108 c¢m to 15.17*10® cm which indicates the

possibility of the laser effect with these glasses.

Table 1V.4: the integrated emission efficiency section (X) values.

T (10 cm)
Transition Amax

(nm) X=0.05 X=0.1 X=0.25 X=0.3

3Pr—3Hs 491 13.4 7.532 3.487 3.279
3P1—3Hs 525 4.96 3320 1.418 1.320
—%F3 695 3.75 2508 1.071 0.997
3Po—3Hs 600 13.19 8.822 3.767 3.507
—%F 642 12.33 8.245 3.520 3.277
—%F 725 10.92 7.301 3.117 2.902
'D2—Hs 822 2.98 1.596 0.628 0.578
—%F3 1036 2.36 1.266 0.498 0.459
-Gy 1474 1.66 0.890 0.350 0.322
*F3—3H4 1630 15.17 8.236 3.251 2.995
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WO3-NaPOs glasses.

» Case of Sh,Os; 47.5 NaPOs 5 WOs 0.1 PrgO11 xYb,O3 co-doping
praseodymium / ytterbium glasses:

In Figure (1V.3) are presented the absorption spectra of 7.5 Sb,O3 47.5 NaPOs 5 WO3
0.1 PreO11 XYh20s3, (x=0.25, 0.5, 0.75, 1) glasses.

10
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P P ——0,1Pr 0,5Yb
ort3. 3 ——0,1Pr 0,75Yb
' 4 ——0,1Pr 1Yb
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1
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Figure 1V.3: Absorption spectrum visible and NIR of 47.5 Sb,03 47.5 NaPO3z 5 WOs3
0.1 Pr,03 xYh20s3, (x=0.25, 0.5, 0.75, 1) glasses.

Fig 1V.3 shows the bands assigned at 1974, 1565, 1449, 975, 590, 483, 470 are related
to the transitions of Pr*3: 3Hs>3F2, 3Ha>%Fs, H4>%Fs, 3Ha>1Gy4, 3Hs>1D2, 2Ha>3Po
and *Hs>3P1. The characteristic absorption of Yb*? around 975 nm to the transition
from the fundamental level F7,,to the exciting level 2Fs .. This intense band will be
used to excite the samples in order to obtain the luminescence of the Pr*3 ions in the
visible by energy transfer. The general appearance of the spectra is substantially the
same except for the band at 975, the absorbance of which increases with the
concentration of Yb*3, 6ans (975 nm0.5Yb*3) = 4.60326 x 10%! cm?.

Iv.1.2. Judd-Ofelt Analysis:

The (®Hs4=> 3P,) hypersensitive transition in the least squares fit method. The effect can be due
to a small energy difference between 4f and 5d orbitals, which lead to strong 4f-5d mixing
between these orbitals for Pr*3 ion. The JO intensity parameter was calculated by excluding
hypersensitive transition (3Hs=> 3P,), Significant improvement is found in the root mean
square deviation (rms), Positive U, intensity values. The radiative transitions within the 4f

configuration of Pr*® ions can be analysed from the Judd-Ofelt theory, using absorption
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spectra of the Pr*3/Yb*? glass. The oscillator strengths (f) for the observed transitions of Pr*?
ions with r.m.s deviation are given in Table IV.5. The low r.m.s deviation between

experimental and calculated oscillator strengths indicates the validity of Judd-Ofelt theory.

Table 1V.5: Transition, oscillator strengths and RMS of 47.5 Sb,03 47.5 NaPO3 5 WOs3- 0.1 PreO111
xYb203 (x= 0.25, 0.5, 0.75, 1) glasses.

Variati X=0.25 X=0.5 X=0.75 X=1
ons of
Yb203

i Amax Sed Scal Amux Sed Scul lmux Sed Scul Amax Sed Scal
Transit (nm) x1072° x1072° (nm) Xx1072° x107%° (mm) x107%° x1072° (nm) x10720 x 10720
ion

3Py 470 0.661 0.542 470 0.108 0.262 470 0.369 0.167 470 05 11.89

3Py 483 2950 3.034 483 1495 1546 483 1 1.040 483 0.752 78.63
D, 590 4779 3.662 590 2.422 1.802 590 162 1169 590 1218 85.21
1G, 975 0 1616 975 0 0.771 975 0 0.483 975 0 33.92
3Fy 1449 0 0.110 1449 0 0.053 1449 0 0.034 1449 0 2.43
F3 1565 0 0.799 1565 0 0.415 1565 0 0.284 1565 0 21.85

°F, 1974 0 0.799 1974 0 0.415 1974 0 0.284 1974 0 21.85

RMS 1.13 0.60 0.47 0.42
x 10720

Table I1V.6: Judd-Ofelt parameters and spectroscopic quality factor of 47.5 Sh,0; 47.5
NaPO3; 5 WOs- 0.1 PrsO11 XYb,03 (x= 0.25, 0.5, 0.75, 1) glasses compared with other glass.

Paramétres (J-O) (x10-2° cm?)

Glass code References Q, Q, Qg 1 =Q/Q6 Trend
47,5547, 5N5W0,1Pr0.2 0, <0, <Q
[Present] 1.654 4621 2793 1.654 R
5Y
47,5547, 5N5WO,1Pr0. Q, <0<,
[Present] 0.834 2400 1311 1.831
5Yb
47,5S47,5N5W
[Present] 0.555 1.643 0.806 2.038 0, <0 <Q,
0,1Pr0.75Y
47,5S 47,5N 5W
[Present] 0.415 1.265 0.553 2.287 0, <0 <Q,
0,1PrlYb
80B20310Na.0 9BaF: [26] 0.17 8.41 4.23 1.98
Q, <0 <0,
1PrFs
ZBLAN [27] 2.90 640 550 1.41 1, < <Qy
Q, <0 <,
Zinc Sodium Sulphate [28] 3.44 1519 10.22 1.48
Phosphat [29] 3.89 1.01 0.55 1.83 Q, >0, > Qg
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The order of magnitude of J-O parameters is Q, < Q, < Q, Results similar have been
reported in the literature [26, 29], They exhibit a tendency to decrease with increasing
Ytterbium content, which can be attributed to the high covalency and the high degree
of homogeneity.

The Qo parameter shows a strong asymmetric and covalent environment around the
Pr*3 ions. The Qg parameter is inversely proportional to the covalency of the Ln-O
(lanthanide-oxygen) bonds and can be adjusted by the composition of the glass. The
parameter Qs decreases for more concentrations of Yb.Oz which suggests the
formation of non-bridging oxygen, which can allow the coordination of rare earth
ions, which indicates that our glasses have a higher degree of covalency between Pr*3
and O2. The spectroscopy quality factor, y= Q4 / Qs, from 2.29 to 1.65 is frequently
used to estimate the laser emission efficiency of these glasses [30, 31].
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Sh>03-WO3-NaPOs glasses.

Table 1V.7: The radiative parameters of 47.5 Sh,03 47.5 NaPOs 5 WOs- 0.1 PreO1: XYb20s

(x=0.25, 0.5, 0.75, 1) glasses.

Yb, X=0.25 X=05 X=0.75 X=1
O3
Transitio  Apax Arad Trad Arad Trad Arad Trad Arad Trad
n (mm) (s (ms) M (ms) (1) (ms) (s (ms)
111 S724 100 q74 460 217 2.469
3p,>3Hs 499 899.  1.00 00 71 8 1.0000 o3 4049 10 g
9 00 13 000
3P;—3Hs
525 1314 0.9 053 0828 069 467. 0.6988 3599 06
7 88 . 88 1.02 4 1.49 988 1.941
—3F, 15 34 49 6
695 566,  0.30 2943  0.30 201. 0.3012 1551 0.3
7 12 12 5 012
3Py—3H,
487 5002 043 2597.9  0.43 1778  0.4397 1369. 0.4
1 97 97 5 3 397
—3Hg
600 2674 023 13892 023 951. 0.2351 7322 02
8 51 0.08 51 0.16 0 0.24 351 0321
3R, 79 92 72 1
642 2183 0.9 11340 0.19 776.  0.1919 597.7 0.1
4 19 19 3 919
—3F,
725 1516  0.13 7874 013 539. 0.1333 4150 0.1
1 33 33 0 333
D, —%H 29
822 005 059 0.59 18.6 0.5978 134 05
6 94 78 78 978
—3F; 10.0 14.5 20.6 32.1 6.7 44.68
1036 297 029 585 0.29 431 9.3 02986 841 02 79
86 86 986
516, 5 2.3
1474 103 010 0.10 0.00 0.1037 0.1
37 37 32 037
3F3—>3H4 43
1630 874 100 114 100 232 279 10000 358 203 1.0 49.16
00 429 00 437 388 000 93
Table V.7 reports total radiative transition probabilities (Arad), branching ratios (5)

radiative and lifetimes (traq) Of excited states 3P2,3P1, 3Po, 1D2,%Fs for the SNW glasses

codoped with Pr*3/Yb*3, It is observed that the trend of lifetimes decreases as 3Fz >

1D, >%P, > 3Py > 3Po. (The best results are the transitions of 3Pg). The fluorescence

branching ratio (B), predicts the relative intensity of lines from given excited states

and characterizes the lasing potential of that particular transition. There is a

decreasing tendency of branching ratios for the emission transitions, 3Fs—3Hs>
3Pp—3Hs > 3P1—%Hs> D;—%He> 0.5> 3Po—*Hs> 3P1—°F3>1D—3Fs> *Po—3Hs

>3Po—3F, > 3Pg—3F4> 1D,—1G4, for a transition to be considered as favorable for
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laser action, it should have a large (B) value Thus, the stronger fluorescence intensity

may be found for *Po—3Hs in visible region and D,—>Fs in near infrared region.

The results collected in Table (IV.8), show that Ot for the co-doped glasses Pr+3/Yb*3

decreases with the addition of Yb*3.

Table 1VV.8: The integrated emission efficiency section (X) values of 47.5 Sh,03; 47.5 NaPOs
5 WOs- 0.1 PrgO11 xYb203 (x=0.25, 0.5, 0.75, 1) glasses.

T (108 cm)

Transition Amax
X=025 X=0.5 X=0.75 X=1

(nm)
3Py—3Hs 499 2.97 1892 1523 1.338
3P —%H;s 525 4.81 2498 1.710 1.317
—3F; 695 3.63 1.887 1292 0.995
3Pg—3H, 487 15.75 8.178 5598  4.310
—3Hg 600 12.78 6.638 4.544  3.499
—3F, 642 11.94 6.203  4.247  3.270
—3F, 725 10.58 5493 3.761 2.895
1Dy—%He 822 0.53 0.260 0.167 0.120
—3F; 1036 0.42 0.206 0.132  0.095
-G, 1474 0.30 0.145 0.093 0.067
SF3—3H, 1630 3.08 1517 0984 0.717
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Iv. 2. Excitation spectrum and visible-NIR emission spectra

and calculation of emission cross sections:

» Case of 47.5 Sb,03 47.5 NaPO3 5 WO3- x PreO11 glasses:
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Figure 1V.4: Excitation spectrum of SNW glasses doped 0.05 Pr*3,
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Figure IV.5: Emission spectrum in visible and in NIR of SNW glasses doped xPr*3 (x
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Among these excitation transitions, the peak at 444 nm is observed to be more intense
and was thus used as the excitation wavelength to record the emission spectra of the
prepared glass samples.

The emission spectra consist of seven emission bands in the visible region at 491 nm,
525 nm, 695 nm, 600 nm, 642 nm, 725 nm, 822 nm, witch correspond to 3P,—3Hs,
3P1—3Hs, 3P1—°3Fs, *Po—3Hs, *Po—3F2, 3Po—3F4, 1D2—3Hs, transitions, respectively.
And three emission bands in near-infrared are located at 1036 nm,1474 nm and 1630
nm, corresponding to *D;—3Fs, 1D,—1G4, 3F3—>Hs transitions, respectively

In the present work we have concentrated on the emission of 3Py, D, states only as
they possess the highest fluorescence intensity. A peculiar intensity variation is
observed for 3Po—3Hs, (giving orange color), *Po—>F, (red emission) and 3P, — 3Hs
(blue emission). The intensity of D,—3Fs transition decreases with the increase of
Pr*3 concentration, reaching a maximum at 0.1 mol% and then increases for further
increase of Pr*® concentration. This phenomenon is well known as fluorescence
quenching in RE ions owing to the enhancement of interaction among Pr*® pairs at
higher concentrations. The most intense peak is observed at 600 nm. Among these
transitions, the maximum emission was obtained for the lowest concentration while
further increasing in the concentration. This occurs because, when the Pr3
concentration is more than 0.05 mol.%, the distance between the Pr*3 ions becomes
short and the absorbed energy is exchanged nonradiatively between them. This in turn

leads to a quenching effect that decreases the fluorescence intensity [32, 33].
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Table 1V.9: Emission band position (Amax, M), radiative transition probability (A, s ™), full
width at half maximum (FWHM, nm), effective bandwidth (Akesr, nm), peak stimulated
emission cross-section (cem -x 10°%, cm?), Optical gain (cem - x Traa 102 cm®) and the gain
bandwidth (cem - X Akess X 102 cm?), of the Pr*® doped SNW glasses.

Transitio Sample wavelengt FWHM of L x
Arad Adett 0’5;," X Trad UE,;L
n h Aeft
3p,3Hs | SNWO .05P 491 | 4188 | 21.7824 | 16,6042 | 0,30384 0,95405 5,045
r
SNWO.1Pr 491 | 2353 | 18.9171 | 15,6999 | 0,17751 1,12362 | 2,78684
9
SNWO0.25P 491 | 1089, | 18.5718 | 15,9839 | 0,07921 1,257 | 1,26602
r 9
SNWO.3Pr 491 | 1024, | 18.5212 | 16,1002 | 0,07079 1,38189 | 1,13979
8
*P1—°Hs | SNWO .05P 525 | 1357, | 8.8305| 2,3365| 0,91456 17,5321 | 2,13687
r 1
SNWO.1Pr 525 | 907,6 | 8.2831 | 3,1424 | 0,44696 16,02795 | 1,40452
SNWO0.25P 525 | 387,5 8.2551 3,6555 0,16095 11,91836 | 0,58835
.
SNWO0.3Pr 525 | 360,8 | 7.6057 | 3,9371| 0,13323 11,36145 | 0,52452
—3%F3 | SNWO0.05P 695 585 | 21.7216 | 3,8153 | 0,74147 2,32822 | 2,82894
.
SNWO.1Pr 695 | 391,2 | 20.7609 | 4,0961 0,4539 2,87322 | 1,85924
SNWO0.25P 695 167 | 19.0513 | 3,6555 | 0,21303 3,38077 | 0,77873
.
SNWO0.3Pr 695 | 155,5 | 19.7296 | 3,6486 | 0,19028 3,71435 | 0,69427
*Po—°Hs | SNWO .05P 600 | 2761 | 24.3391 | 24,9647 | 0,29708 20,16578 | 7,41652
r 2
SNWO.1PF 600 | 1846, | 24.5306 | 25,3056 | 0,19263 26,42566 | 4,87474
5
SNWO0.25P 600 | 788,4 | 25.1904 | 25,768 | 0,07925 27,46731 | 2,04212
r
SNWO0.3Pr 600 734 | 25.8569 | 26,4141 | 0,06892 29,44466 | 1,82037
—3F, | SNWO0.05P 642 | 2253, | 6.7219 | 3,8153| 2,07996 | 141,18779 | 7,93568
r 8
SNWO.1Pr 642 | 1507, | 6.7813 | 4,0961 | 1,27341| 174,68576 5,216
3
SNWO0.25P 642 | 643,5 | 6.77499 | 3,6555| 0,59768 | 207,15103 | 2,18483
.
SNWO0.3Pr 642 | 599,1 | 7.35446 | 3,6486 | 0,53379 | 228,06285 | 1,9476
*Po—%F4 | SNWO .05P 725 | 1565 | 5.1827 | 10,4209 | 21,29198 66,8568 | 8,96179
.
SNWO.1Pr 725 | 1046, | 7.0808 | 10,4897 | 12,02818 76,13841 | 5,8902
6
SNW0.25P 725 | 446,9 5.3157 0,3732 6,61226 104,93657 2,4677
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r
SNWO0.3Pr 725 416 | 5.6070 | 0,5287 | 4,16002 81,20358 2,1994
'Do—°Hs | SNWO.05P 822 | 331,9 | 4.4358 | 1,0917| 2,87687 | 195,28171 | 3,14068
r
SNWO0.1Pr 822 178 | 2.4723 | 0,3681 | 4,49717 616,9212 | 1,65541
SNWO0.25P 822 70 | 3.0435 | 10,8858 | 0,72107 | 249,91646 | 0,63873
r
SNWO0.3Pr 822 64,4 1.2628 2,3081 0,24377 104,15015 | 0,56264
—3Fs | SNWO0.05P 1036 | 165,8 | 67.2182 | 69,4905 | 0,05697 3,86695 3,9587
r
SNWO0.1Pr 1036 88,9 | 67.0011 | 71,5635 | 0,02915 3,99887 | 2,08611
SNWO0.25P 1036 35| 65.1650 | 67,3669 | 0,01196 4,14577 | 0,80582
r
SNWO .05P 1474 57,6 | 151.764 | 149,582 0,03768 2,55742 | 5,63561
r 5 3
G, | SNwo.1Pr 1474 30,9 | 145.375 | 125,566 | 0,02366 3,24611 2,9713
1 5
SNWO0.25P 1474 12,1 | 159.475 | 135,054 0,00845 2,92961 | 1,14158
r 4 8
SNWO .05P 1630 | 430,3 1.1205 0,3831 | 164,3380 | 46109,9709 | 62,9579
r 5 1
i, | SNWO.IPT 1630 | 233,5 0.6161 | 0,2585 | 129,8895 | 73631,7849 | 33,5764
4 5 5
SNWO0.25P 1630 92,2 1.3536 1,2689 10,2514 | 14669,3417 13,008
r 4

Emission band position (Amax, NM), radiative transition probability (Arag, s7), full
width at half maximum (FWHM, nm), effective bandwidth (Aler, nm), peak
stimulated emission cross-section (cem™ % 10721, cm?), Optical gain (cem™™" X Trag 102
cm?®) and the gain bandwidth (cem™™ % Akes; x 102 cm®), of the Pr*3 doped SNW

glasses, have been collected in Table 1V.9.

The observations suggest that the increase of doping concentration causes such
interactions which modify the symmetry of the terminating level Hg of the transition

3Po, 3Hs, thus decreasing the decay probability from the 3P level to the 3He level.

It can be seen that the FWHM increases with the increase of Pr*® and reaches a
maximum FWHM bandwidth of 196 nm when Pr*3 concentrations is equal to 1.0

mol%. This broadband emission can be assigned to the Pr*3: 1D,—1G4 transition.

The value of the stimulated emission cross-section (cem™ 1) is of great interest. Using
the stimulated emission cross-section values, the gain bandwidth and optical were also

determined. The higher values of the gain bandwidth and optical gain parameter
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indicate that the Pr*® doped glasses may be suitable media for good optical
amplification. For efficient luminescence applications

An intense emission at around 600 nm and 1036 nm [see Fig. 1VV.5]. The PL intensity
decline at a higher Pr*2 doping level. the gain parameters such as optical gain (ceXTexp)
and bandwidth gain (ceXAlet) have been determined, where the higher values of

bandwidth gain (cexAletr) are of 3Pgand 3Fs transitions.

Considerably large stimulated emission cross-section in the present glass is an
attractive feature for low-threshold, high gain applications and can be utilized to

obtain continuous wave laser action due to the *Po—3Hs, D2—>Fs transitions [34, 35].

Iv.2.1. Absorption, emission cross-section characteristics of 1474 nm
band

The Mc-Cumber theory of reciprocity between the effective section of emission and

that of absorption is given by the following equation [36]:

_hc
M] (V. 11)

M-C — Z
Oemis = Gabs () Z—u exp[ -~

Wherein Z; and Zy are lower and upper level partition functions, respectively. The
constants used here are: hc = 1 x 10° nm cm?, and KzT = 208 cm™at room
temperature. E,; is the free energy required to excite a Pr*3 ion from its ground state
to an excited state. The SNWO0.25Pr sample has the highest value for the absorption

and emission cross section of 6,918x 102° cm? et 2,438x 10%° cm? respectively.
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Figure 1V.6: The absorption (caps) and emission cross-sections (Gem) 0f *Da<>
1G4 transitions of SNWO0.25Pr*3 glass.

Stimulated emission cross section, (cem) is the most important laser parameter. Its
value signifies the rate of energy extraction from the laser material. The various laser
transitions along with (cem) values are shown in (Fig 1V.6). The high values of (cem)
in (table 1V.9.) for the transitions 3Po, 'D, and 3Fs confirm them to be probable laser
transitions. On comparing the results of our study with those of phosphate and
chlorophosphate glasses, it is observed that there is a little different in the values of
(cem) for the transitions ®Po, D2 and 3Fs. This may be partly due to the increase in
covalency and partly due to the enhancement of the line strength. However, further
higher concentrations of PreO11 could not be incorporated since the solubility limit for
PreO11 has been found experimentally to be around 0.2 mol% with the increase in the

doping concentration [37].
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IV. 3. Fluorescence decay (Cas Pr*3ions)

The decline curves for the Po—>Hs levels of Pr*3 ions were obtained under laser
excitations at 444 nm for all SNWPr samples as a function of the increase in the
percentage of praseodymium and are shown in Fig IV.7. The experimental lifetime
can be judiciously calculated using the expression texp = [t I (t) dt /| I (t) dt , where I
(t) is the fluorescence decline curve, another the quantum efficiency, defined by the

relation following 1 = Trad /Texp The values obtained are collected in Table 1V.10.

Table 1V.10: The radiative lifetimes (tras, Ms), experimental lifetime (zexp, MS) and quantum

efficiency » (%) of Pr* doped antimony based glasses (SNW).

Composition  Texp (MS)  zrad (MS) n (%)
SNWO0.05Pr 0.15 0.16 94
SNWO.1Pr 0.20 0.22 91
SNWO0.25Pr 0.25 0.53 47
SNWO.3Pr 0.26 0.57 45
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Figure 1V.7: Fluorescence decay time of 3Po—3Hstransition of SNW Pr*3 glasses.

It is through the latter, we observe the increase in an experimental lifetime (texp) and
decrease of quantum efficiency n (%) with the addition of PreO11, the height values of
the quantum efficiency n (%) correspondent SNWO0.05Pr and SNWO.1Pr. This is more
evident than for the sample SNWO0.05Pr (See tab .10.), where 1 (%) = 94, which was
characterized by the highest quantum efficiency that deserves to be transformed into a
good laser. On the other hand, the difference between the experimental and calculated
lifetimes is mainly due to the manifestation of non-radiative, the non-radiative
contribution is mainly due to the energy transfer between the excited Pr*3 ion pairs.
The experimental lifetime (texp) Of the studied glasses doped with xmol.% Pr*3 is less
than the predicted lifetime (trad) Obtained by analysis JO. The addition of WO3 can
lead to an increase in the phonon energy of the glasses, which will lead to a decrease
in the lifespan of the ®Po level. In addition, the decrease in duration with increasing
Pr3 concentration is attributed to the effect quenching which corresponds to non-

radiative relaxations between Pr*3 ions excited at high concentrations [38].
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» Case of 47.5 Sh20O3 47.5 NaPO3 5 WOs3 0.1 PreO11 xYb20s, (X=
0.25, 0.5, 0.75, 1) glasses:

The 975 nm band is used to excite the samples to obtain the luminescence of Pr*2 ions
in the visible by energy transfer. It's the absorption band of Yb*® which correspond to
the transition from the 2F7, fundamental level to the ?Fsp. excited level. The
absorption band of Pr*3 contributions to the absorption spectrum are low in figure
(1V.1) due to transition 3Ha to 1G4 [39].

12000000
3p 5%
1 o-e ——0,1Pr 0,25Yb
10000000 - ——0,1Pr 0,5Yb
—0,1Pr 0,75Yb
_ —0,1Pr 1Yb
“ 8000000
S
<
S
£ 6000000
o
o
O
< 4000000 -
£ 2000000 A
0 -

— T - T - T T T T T T T T T
500 550 600 650 700 750 800 850

Wavelength (nm)

107



Chapter V- Spectroscopic study of the Prt3doped and Pr®* /Yb®*" co-doped
Sh>03-WO3-NaPOs glasses.

1000000 4 527 F7i2 ——0,1Pr 0,25Yb
1 .3 ——0,1Pr 0,5Yb
2° 03 0,1Pr 0,75Yb
800000 + ——0,1Pr 1Yb

600000

400000

200000

Intensity (CPS / MicroAmps)

T T T T T T T T T T L T T T
1000 1100 1200 1300 1400 1500 1600

Wavelength (nm)

Figure 1V.8: Emission spectrum in visible, NIR of SNWPr glasses co doped xYb*3 (x
=0.25, 0.5, 0.75, 1 mol. %).

Table 1V.12: Emission band position (Amax, NM), radiative transition probability (Arg, s™2), full width at
half maximum (FWHM, nm), effective bandwidth (AXeff, nm), peak stimulated emission cross-section
(cem™x 1072, cm?), Optical gain (cem™ " X trag 102 cm?®) and the gain bandwidth (cem™" X Akeff x 10~
28 cm?), of the Pr*3/Yb*® co doped SNW glasses.

Transitio Sample Waveleng FWHM of-l x
n th Araq At Oim | X Trad Ogm" b
*P2—*Hs | SNWPr0.25 499 899,9 | 7.9966 | 1,08108 | 1,05551 | 240,58333 | 1,1411

Yb
SNWPrO0. 499 682,8 | 6.4228 | 0,64388 | 1,34467 | 229,15892 | 0,8658
5Yb 1
SNWPr0.75 499 460,8 | 6.8760 | 0,82715 | 0,70641 | 134,37299 | 0,5843
Yb 1
SNWPr1Yh 499 404,9 | 9.2649 | 3,24224 | 0,15835 31,98443 | 0,5134
“Pi—%Hs | SNWPr0.25 525 1314, | 8.4433 | 1,5675 | 1,30311 | 297,01833 2,042(23
Yb 7 3
SNWPrO0. 525 682,8 | 8.7921 | 2,3594 | 0,44963 76,62582 | 1,0608
5Yb 0
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SNWPr0.75 525 467,4 | 9.2538 | 2,1204 | 0,34248 65,1463 | 0,7261
Yb S
SNWPr1Yb 525 359,9 | 11.7759 | 1,4214 | 0,39339 79,4578 | 0,5591
7
SNWPr0.25 695 566,7 | 21.2283 | 13,3318 | 0,20283 | 2134,4905 | 2,7040
Yb 5 7
SNWPrOQ. 695 294,3 | 19.7255 | 14,2638 | 0,09845 | 180,10902 | 1,4042
—>3F3 5Yb 8
SNWPr0.75 695 201,5| 20.8807 | 13,6784 | 0,07029 | 195,10532 | 0,9614
Yb 8
SNWPr1Yb 695 155,1 | 20.7725 | 14,7817 | 0,05007 187,5517 | 0,7400
8
SNWPr0.25 487 5002, | 23.4944 | 17,2889 | 0,33283 | 123,34456 | 5,7543
Yb 1 2
SNWPrOQ. 487 2597, | 21.0532 | 16,8597 | 0,17726 14,19154 | 2,9885
3Po—>3H4 5Yb 9 7
SNWPr0.75 487 1778, | 21.9662 | 16,7807 | 0,12192 14,42713 | 2,0459
Yb 5 5
SNWPr1Yb 487 1369, | 21.8779 | 9,1577 | 0,17201 26,76818 | 1,5752
3 2
SNWPr0.25 600 2674, | 24.6692 | 25,0814 | 0,28266 | 2974,6449 | 7,0896

Yb 8 5
SNWPrOQ. 600 1389, | 25.0894 | 25,4355 | 0,14476 | 264,83216 | 3,6821

3P0—>3H6 5Yb 2

SNWPr0.75 600 951 | 24.6752 | 24,866 | 0,10137 | 281,36478 | 2,5206
Yb 4
SNWPri1Yhb 600 732,2 | 25.4611 | 25,5823 | 0,07586 | 284,17738 | 1,9407
1
3P SNWPr0.25 642 2183, | 6.7938 | 3,5557 | 2,13341 | 790,61935 | 7,5857
Yb 4 6
SNWPrO0. 642 1134 | 6.9391| 3,6876 | 1,0684 85,53628 | 3,9398
5Yb 4
SNWPr0.75 642 776,3| 7.0284 | 3,8467 | 0,70114 82,96629 | 2,6970
Yb 9
SNWPriYhb 642 597,7| 6.9364 | 4,1395 | 0,50165 78,06679 | 2,0765
8
3P—3F4 SNWPr0.25 725 1516, | 6.1424 | 2,7724 | 3,08994 | 1145,0992 | 8,5665
Yb 1 2 4
SNWPrO0. 725 787,4 | 7.3152 | 2,9971 | 1,48447 | 118,84673 | 4,4491
5Yb 1
SNWPr0.75 725 539 | 6.3058 | 3,1014 | 0,98199 | 116,19925 | 3,0455
Yb 5
SNWPriYb 725 415 | 6.2634 | 2,7932 | 0,83951 | 130,64384 | 2,3449
1
SNWPr0.25 822 59,4 | 5.7251 | 2,1102 | 0,26283 | 2765,9268 | 0,5546
Yb 6 2
SNWPrO0. 822 29 | 54741 | 1,2171 | 0,22248 | 407,00546 | 0,2707
1D2—>3H6 5Yb 8
SNWPr0.75 822 18,6 | 4.3872 | 1,2563 | 0,13824 | 383,70459 | 0,1736
Yb 7
SNWPriYhb 822 13,4 | 6.6586 | 1,0335| 0,12106 | 453,49861 | 0,1251
2
SNWPr0.25 1036 29,7 | 48.0162 | 37,2202 | 0,0188 | 197,83693 | 0,6997
Yb 1
'D,—%F3 SNWPrO0. 1036 14,5 | 50.7946 | 37,1884 | 0,00919 16,80509 | 0,3416
5Yb 1
SNWPr0.75 1036 9,3 | 51.6518 | 38,5962 | 0,01178 32,69634 | 0,2191
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Yb
SNWPrlYb 1036 6,7 | 52.2887 | 40,8689 | 0,00386 14,46822 | 0,1578
5
'D,—!Gs | SNWPr0.25 1474 10,3 | 153.556 | 138,875 | 0,00716 75,35154 | 0,9943
Yb 8 5 8
SNWPrO0. 1474 5| 147.743 | 147,063 | 0,00328 6,00476 | 0,4827
5Yb 9 6 1
SNWPr0.75 1474 3,2 | 148.774 | 97,8306 | 0,00316 8,76507 | 0,3089
Yb 8 3
SNWPrlYb 1474 2,3 | 145.192 | 118,838 | 0,00187 6,99931 | 0,2220
7 4 5
®Fs—3Ha | SNWPr0.25 1630 8,74 | 1.4678| 3,4559 | 0,36511 | 14721,779 | 1,2617
Yb 97 9
SNWPrO0. 1630 43| 15042 | 0,6931 | 8,95671 | 65088,306 | 6,2078
5Yb 79 9
SNWPr0.75 1630 27,9 | 0.9953 | 0,03275 | 122,989 | 1,35062E6 | 4,0279
Yb 7 1
SNWPrlYb 1630 20,3 | 0.6942 | 0,03029 | 96,7548 | 1,42817E6 | 2,9307
2

As shown the Table 1V.12 and the Figure 1V.8 there is emission bands in the visible
luminescence spectrum at 491 nm, 525 nm, 695 nm, 487nm, 600 nm, 642 nm, 725
nm, 822 nm, corresponding to 3P, — 3Hs, %P1 — *Hs, %P1 — 3F3, 3Po — ®Ha, 3Po— Hs
, 3P0 — 3F2, 3Py — %F4, D2 — 3Hg, transitions, respectively. and emission bands in
near-infrared at 1036 nm, 1474 nm, 1630 nm, corresponding to ‘D2 — °Fs, D, —

1G4, 3F3 — 3Hq transitions, respectively.

The higher values of the gain bandwidth and optical gain parameter indicate that the
Pr*® doped antimony phosphate glasses may be suitable media for good optical
amplification [40]. The highest values for the radiative transition probability (Arad)
corresponding to the transitions 3Po—3Hs (orange), *Po — 3F2 (red emission) with 3P

— 3H4 (blue emission) and P1 — 3Hs [41].
IV. 2. 1. Fluorescence decay (Cas Yb* ions)

The decline curves (Figure 1V.9) for the *Po—3Hs level of Pr*3/Yb*? codoped glasses.
The difference appearing between Texp and Trag Clearly indicates that the emissions of
level 3P0 are not totally radiative but also contain contributions non-radiative decay.
It presents a character of non-radiative decay with a decrease in their lifetime as a
function of the concentration of Yb*® due to the interaction with the OH content of the
glass or could also be due to non-radiative energy transfer through cross-relaxation

channels. We observe the increase in an experimental lifetime (texp) With the addition
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of PreO11, the height values of the quantum efficiency 1 (%) correspondent the sample
SNWPr0.5Yb ( tab .IV.11), where n (%) = 100% [42, 43]

Table 1V.11: The radiative lifetimes (traq, Ms), experimental lifetime (zexp, Ms) and quantum

efficiency 5 (%) of Yb* co doped antimony based glasses (SNWPT).

Composition Texp  Trad n (%)
(ms)  (ms)
SNWO0.25Yb 0.14 0.15 93
SNWO0.5Yb 0.16 0.16 100
SNWO0.75YDb 0.17 0.24 70
SNW1Yhb 0.21 0.32 65
700000
—a—0,1Pr 0,25Yb
600000 —0,1Pr 0,5Yb
1 —4—0,1Pr 0,75
- 5000007 ~v 0,1Pr 1Yb
§ 400000 -
@] ]
O
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Figure 1V.9: Fluorescence decay time of 3Po—3Hstransition of Yb*® co doped
SNWPr glasses.
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IV. 4. CIE chromaticity coordinates:

» Case of 47.5 Sb,03 47.5 NaPO3 5 WO3- x PreO11 glasses:

Using CIE 1931 calculation software [44] from their emission spectra under

excitation at 444 nm The chromaticity coordinates of glasses doped with Pr*3 ions

are shown in the figures (1V.10) and grouped together in the table (1V.13).

Table 1V.13: Excitation calorimetric parameters of Pr*® doped antimony based glasses

(SNW).

Sample CIE(x, y) CCT(K) Purity(%o) R(O/B)
SNWO.05Pr (0.5984,0.3834) 1389 94.7 0.4
SNWO.1Pr (0.6078,0.3793) 1326 96.3 0.29
SNWO0.25Pr (0.6113,0.3785) 1307 97.1 0.30
SNWO0.3Pr (0.6132,0.3773) 1293 97.3 0.30
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Figure IV.10: Chromaticity Diagram of Pr*® doped SNW glasses.
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The emission peak due to 3Po—3Hg transition shifts towards the longer wavelength
side; it flaunts an orange shift with the increase of Pr*3concentration. The site
distribution of ions in the vicinity of the ligand field is responsible for the appreciable
shifts in emission bands [45]. The O/B ratios are found to be 0.4, 0.29, 0.30 and 0.30
for SNWPr0.05, SNWPr0.1, SNWPr0.25 and SNWPr0.3 glasses, respectively. The O
/ B values described that the Pr*3 ions are located in an asymmetric environment
exhibiting a high covalent bond between Pr*® and O2. The chromaticity coordinates
of glasses doped with Pr*® ions present are mostly passing through the light region
reddish orange and orange. The reason is that, at higher concentrations, the distance
between Pr*3ions become short, resulting in increased nonradiative energy transfer
between them This is also proved by the color purity measurements. For SNWPr0.25
and SNWPr0.3 glass, color purity is 97% .The Commission International de
I'Eclairage (CIE) coordinates of these glasses are calculated as (x=0.5984, y=0.3834);
(x=0.6078, y=0.3793); (x=0.6113, y= 0.3785)and (x=0.6132, y=0.3773) for
SNWPr0.05, SNWPr0.1, SNWPr0.25 and SNWPr0.3 glasses, respectively. The
obtained CIE chromaticity coordinates of SNWPr glasses lies in the yellow-orange
region as described in Fig. 1V.10 [46, 47].

> Case of 47.5 Sb203 47.5 NaPO3 5 WOs3 0.1 PrsO11 xYb203, (X=
0.25, 0.5, 0.75, 1) glasses:

The chromaticity coordinates of Pr*3/Yb*® co doped glasses are shown in the figures
(1V.11) and grouped together in the table (1V.14).

Table IV.14: Excitation calorimetric parameters of Yb* co doped antimony based glasses
(SNWPr).

Sample CIE(X,Y) CCT(K) Purity(%0) R(O/B)
SNWPr0.25Yb  (0.5864,0.3939) 1500 94.2 0.62
SNWPr0.5Yb  (0.5996,0.3858) 1395 95.8 0.46
SNWPr0.75Yb  (0.5963,0.3879) 1421 95.4 0.52
SNWPriYb (0.4691,0.5173) 3279 96.2 -4
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Figure IV.11: Chromaticity Diagram of Yb*® co doped SNW glasses.

The CIE coordinates fall in yellow-orange color regions. The O/B ratios chromaticity
coordinates and color purity values support the emission of yellowish-orange
fluorescence, the O / B values lead to the Yb*® ion being located in an asymmetric
environment with a weak covalent bond between Yb*™® and O, these results suggest
that the Pr*3/Yb*® co-doped SNW glass is a favorable candidate of yellow-orange
light emitting glass for photonic devices. Under other excitation can serve as excellent
sources of white light for various photonic applications. It is observed that, for the
lowest concentration, the color purity was 94%, whereas on increasing the
concentration, its value decreased and reached 96% with a CCT value of 3279,
suggesting the applicability of praseodymium-doped antimony phosphate glass (x = 1
mol.%) for near-white-light operation. It is also verified that the sample with the other
lowest concentration (x = 0.25, 0.5, 0.75 mol.%) could emit yellow-orange light with
purity of about 95% [48, 49].
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Conclusion:

In conclusion, Pr*® doped and Pr*3/Yb*™® co-doped antimony phosphate glasses are
studied. The parameters of Judd-ofelt were estimated without consideration of the
3Hs— 3P, hypersensitive transition. The trend Q4 <Q, <Qg for the SNWxPr glasses
and Qo< Qe< Q4 for the prepared SNWO0.1PrxYb glasses, the quality factor x = Qa4 /
Qs, Obtained in this study are very low and the integrated stimulated cross sections
were found to be greater than 10® cm-indicates that these materials could be good
desirable candidates for lasing materials. Also, show also predicting that these glasses
seem to be for laser applications and optical amplifiers. Using these parameters (J-O),
we evaluated different radiative properties such as predicted radiative transition
probabilities (Arad), branching ratios () and the radiative life (trad) Of the glasses
prepared. SNWHx glasses doped Pr*3 give seven emission bands in the visible located
at 491 nm, 525 nm, 695 nm, 600 nm, 642 nm, 725 nm, 822 nm, correspond to 3P, —
*Hs, %P1 — °Hs, *P1— *Fs, 3Po— ®He , *Po — *F2, ®Po — 3F4, D2 — 3He, transitions,
respectively. In the infrared region three emission bands are obtained at 1036 nm,
1474 nm, 1630 nm, corresponding to ‘Dz — 3Fs, D, — Ga, °F3 — *Ha transitions,
respectively, for SNW co-dope Pr*¥/ Yb*® glasses the same emission bands. Glasses
doped only with Pr*® showed a strong orange and red emission under excitation at 444
nm in the visible region. The emission band at 1474 nm corresponds to the transition
to D, — G4 which covers the set O, E, S, C, | and the U band which is very
important for optical fibres. It has an effective half-line width of 159,153 nm for
SNWPr0.25 and SNWPr0.1Yb0.25 glasses, and the stimulated emission section (cem™
= 0,00845 X 107%'cm?, oer"=0,00716x10%'cm?) thus favoring the amplification at
telecommunications (in the NIR region) bands and tunable lasers. The decrease in
lifetime with the increase of Pr*3concentration is attributed to the non-radiative
relaxations between the excited Pr*3 ions at higher concentrations. The CIE color
coordinates under the 444 nm excitation for SNWxPr glasses were evaluated and
found to be in the red orange region with a purity of 97% and for SNWO0.1PrxYb and
in the yellow orange region near to white light with a purity of 96% . Such glasses are
suitable for light generation. The large stimulated emission cross-section and high
branching ratios are usual characteristics of good materials for laser action. The
comparatively higher magnitudes of the experimentally determined radiative and

fluorescence properties confirm that the present glasses with Pr3+ ions emit intense
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orange-red luminescence at 600 nm, corresponding to the 3Po—2Hg transition. This
indicates that the prepared glasses are among the laser host materials with the greatest

potential, having wide applications in optoelectronic luminescent display devices.
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CONCLUSION



Conclusion

The thesis presented was devoted to the elaboration and characterization of antimony
oxide-based glasses (SNW) doped with PreO11 and co-doped with Pr*3/ Yb*® for
applications in the laser or optical amplification.

Glasses: SNW, SNxW 0.1 Pr, SNWxPr, SNWO0.1PrxYb mol%. have been prepared using
a melt quenching process to investigate their structure and their various properties such
as: thermal, mechanical, physical, optical, luminescence properties as well as the
radiative study carried out by the theory of Judd ofelt. The FTIR and Raman spectral
profiles reveal the existence of SbOs, POs2, WO4 and WOg groups with P-O-W, Sh-O-P,
P-O-P and W-O-W vibrations.

These glasses have showed interesting characteristics with good transmission and high
values of density, refractive index, thermal stability. Furthermore, the Hardness and
elastic moduli of these glasses increases with the addition of tungsten, Pr*3, Prt3/Yb*3,
Using visible and near-infrared absorption spectra, the Judd-Ofelt analysis was applied to
the absorption bands of Pr*3 to calculate the three Judd-Ofelt parameters. According to
values obtained from Q», Q4 and Qg certain radiative properties have been determined
such as predicted radiative transition probabilities (Arad), branching ratios (B) and the
radiative life (1rad) ) and the integrated cross sections (X). Absorption, emission Cross-
section characteristics of 1474 nm band. Laser parameters (bandwidth gain and optical
gain).The experimental lifetime and the quantum efficiency for the transition from 3Py —
3Hg and CIE chromaticity coordinates.

SNWO0.05 Pr glass has the highest values for the radiative transition probability Arad
(4188, 2761and 2253.8 s1), the emission cross-section ce (0.303, 0.297 and 2,079 x 10-
21 cm?), the gain of the bandwidth cem™ x Akess (5.045, 7.416 and 7.935 x 10-28cmd)
and optical gain cem™" * Trad (0.954, 20.166 and 141.188 x 10-23cm?s) corresponding to
the transitions 3P, — 3Hs(blue emission at 491 nm), 3Po—3Hg (intense orange emission at
600 nm), 3Po—3F2(red emission at 642 nm), For co-doped glass, we found the same
observation for the sample SNWO.1PrYb0.25 the highest values for the radiative
transition probability (Arg) corresponding to the transitions 3Po—3Hs, 3Po — 3F2 with 3Py

— 3H4 and 3P1 — 3H5.
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We note that we obtained a significant increase in the intensity of the emissions in all
peaks after the addition of Yb203, while the emissions of 1474 nm. This is because of the
energy transfers between Yb *2and Pr+3,

The study of the near-infrared luminescence of doped and codoped glasses under
excitation at 444 nm, shows the broadband emission in the 1300-1700 nm region
corresponding to the transition at 'D> — 'Ga, which covers the whole O, E, S, C, | and the
U band which is very important for optical fibres. Noting that the strongest luminescence
band is 3Po—>Hs transition for SNWO0.05Pr then SNWO0.1Pr1Yb glasses.

We got high quantum efficiency (1) of level 3Po—3Hg in doped and co-doped glasses.

The CIE color coordinates under the 444 nm excitation at 600 nm (3Po—3Hs) for
SNWxPr glasses were evaluated and found to be in the red-orange region and for
SNWO0.1PrxYb and in the yellow-orange region near to white light.

These results show that the glasses studied doped with Pr*® are a good candidate
promising in the development of an orange light source, which contains attractive

potential applications in optical amplifiers band and lasers.
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Abstract
New glasses based on Sb>Os are elaborated and characterized, the systems studied as
follows 60Sbh,03-(40-x) NaPOs-xWO3 (where x = 0 to 25), 60 Sh.O3 (40-x) NaPOs x
W03 0.1 Pr203 (x=0,5,10,15,20,25), 47.5 Sb203 47.5 NaPO3 5 WOs3- x PrsO11 (x= 0.05,
0.1, 0.25, 0.3), 47.5 Sh»03 47.5 NaPO3z 5 WO3 0.1 PrsO11 XYb,0s, (x= 0.25, 0.5,0.75,1)
mol%. The results of different physical properties from Raman, FTIR, DSC, UV-V,
density, hardness, elastic moduli and refractive index confirm that these glasses studied
prove to be potential candidates for optical devices. Also, the results of Judd-Ofelt
parameters, the radiative properties, experimental lifetime and CIE chromaticity diagram
by applying the theories of Judd-Ofelt, Mc-Cumber and the Fuchtbauer-Ladenburg
method and from absorption and emission spectra confirm that these glasses can be used
as materials for optical amplification as well as for orange, red and blue emission
applications.
Keywords: antimony oxide glasses, PreO11, Judd-Ofelt theory, emission, amplification,
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60Sh203-(40-x) NaPOs-xWO3 (where x=0,5,10,15,20,25), 60 Sh.O3z (40-x) NaPOs X
WOz 0.1 Pr20s (x=0,5,10,15,20,25), 47.5 Sh203 47.5 NaPO3z 5 WO3- x PreO11 (x= 0.05,
0.1, 0.25, 0.3), 47.5 Sh203 47.5 NaPO3 5 WOz 0.1 PreO11 XYh,03, (x= 0.25, 0.5,0.75,1)

mol.%
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Résumé :

De nouveaux verres a base de Sb,Os sont élaborés et caractérisés, les systemes étudiés
sont les suivants 60 Sb2Os (40-x) NaPOs x WO3, 60 Sh,03 (40-x) NaPOz x WO3s 0.1
Pr.0z (x=0,5,10,15,20,25), 47.5 Sb>03 47.5 NaPO3z 5 WOs- x PrsO11 (x= 0.05, 0.1, 0.25,
0.3), 47.5 Sb203 47.5 NaPO3z 5 WOs3 0.1 PreO11 XYb20s, (x= 0.25, 0.5,0.75,1) moles %.
Les résultats de différentes propriétés physiques de Raman, FTIR, DSC, UV-V, densité,
la dureté, modules d’¢lasticité et I’indice de réfraction confirment que ces verres étudiés
s’averent étre des candidats potentiels pour des dispositifs optiques. Aussi les resultats
des parametres de judd-ofelt, les propriétés radiatives, la durée de vie expérimentale et le
diagramme de chromaticité CIE en appliquant les theories de judd-Ofelt, Mc-Cumber et
la methode de Fuchtbauer-Ladenburg et a partir des spectres d’absorption et d’émission
confirment que ces verres peuvent étre utilisés comme matériaux pour I’amplification
optique ainsi que pour les application d’émission orange, rouge et bleue.

MOTS-CLES : Oxyde d’antimoine, Verres, PreO11, la théorie de judd-Ofelt, émission,
amplification.
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