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INTRODUCTION

Lately research in materials science have taken a great
extent, perhaps for the need for the industry to develop and acquire
new types of materials techniques and modern technology, materials
that have a wide practical application. Currently, it follows the
acquisition of new materials applied in electronics, electrical,
construction, medicine, pharmacy, etc., and obtaining materials with
the size from nanoparticles to finished products of large dimensions.
From a practical standpoint besides the problem of obtaining these
new types of materials are also the knowledge of their structure
because their properties of interest for certain types of applications
depend and may be influenced by their structure.

The studies on oxide materials structure are performed
using various experimental techniques for determining the types of
bonds and coordination between different numbers of atoms of the
investigated substance. An inconvenience is that, in practice, most of
the time only one experimental technique allows the determination
of a part of the structural features of the investigated materials. Thus,
we need to use several complementary experimental techniques for a
complete investigation of materials and determination of the
properties of interest for specific applications.

Lead-germanate glasses have been investigated more
carefully because of their important properties, such as good
chemical and mechanical stability, a higher temperature than the
glass transition. Such glasses offer opportunities for different

applications in optoelectronics and telecommunications. The lead-
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germanate glasses are technologically important due to their
potential use as glasses with low optical loss in the infrared domain.
In addition, their study is interesting because such materials can be
obtained easily in the form of fibers so are well suitable to be used in
telecommunications and other applications of electromagnetic
energy transmission systems.

In this thesis, | proposed to prepare ant to investigate the
structure of some vitreous and vitroceramics germanate systems
obtained by melt and quenching method. Their characterization was
performed both by well-known experimental spectroscopy
techniques like: FT-IR, UV-VIS, EPR; X-ray diffraction and density
measurements, as well as their structure was investigated using
molecular modeling with the Gaussian program.

This work contains four chapters, as follows: i) the first
chapter presents theoretical data related to the methods of
preparation of glasses and some techniques of investigation; ii) the
second chapter reviews some results obtained in the literature on
systems that have in their matrix germanium dioxide; iii) the first
part of chapter three describes several theoretical methods related to
molecular modeling and in the second one are presented my own
results obtained by molecular modeling of the structure of vitreous
systems that contain germanium dioxide in their matrix; iv) the
fourth chapter presents the experimental results obtained by
investigating structural properties of eight vitreous and vitroceramics
germanate systems doped with rare earth and transition metals. The

conclusions | reached after performing the study of each system



appear immediately after each presentation and the final conclusions
are listed at the end of the paper. The references are presented at the
end of each chapter. In chapter four, | presented separately the

references to my articles that constitute this thesis.



CHAPTER 1

METHODS FOR PREPARTION AND INVESTIGATION
OF GLASSES

Oxide glasses are included into the category of non-
crystalline solids. The term describes the class of non-crystalline
solid material that although atoms are disposed at a similar distance
that in crystalline solids, their arrangement in space is not regular. In
a first approximation by glasses one can understand all crystalline
solids, regardless of their chemical composition and the temperature
stiffening, as a result of the gradual increase in viscosity, it” s shows
similar mechanical properties of solids, and this transition from
liquid the vitreous state must be reversible. They are solid crystalline
structure characterized by short distance sequence that shows the
vitreous transition. Obtaining this structure by various methods must
be repeated if they fully meet the same conditions for obtaining them
[1].

In this chapter are presented the methods of preparation of
glasses, and the first of them, that of melt and quenching, we used to
prepare the systems investigated in this thesis. These systems are

presented in the following table.

Also in this chapter are presented some of the methods of
investigation of vitreous systems: UV-VIS, FT-IR, EPR
spectroscopy, X-ray diffraction and density measurements, the

methods that we used in analyzing the samples obtained.



Systemul oxidic vitros Concentratia x%mol

xCuO-(100-x)[7Ge02-3Pb02] 0 1 5 10 0 30 40 - 60
xCuO-(100-x)[7Ge02-3Pb02-0.05A1203] 0 1 5 10 0 30
xFe203+(100-x)[7Ge0O2-3PbO2] 0 1 5 10 15 20 30 40 5 60
xMo003-(100-x)[7Ge02-3PbO] 0 1 5 10 15 20 3
xWO3-(100-x)[7GeO2-3PbO] 0 1 5 10 15 20 30 40
xGd203-(100-x)[Te02-GeO2] 0 5 10 15 20 0 50
xGd203-(100-x)[GeO2-V205] 0 1 5 10 15 20

CHAPTER 2

PRESENTATION OF SOME GERMANTE SYSTEMS

STUDIED IN LITERATURE

In this chapter are presented some germanate systems studied

in literature, which represents a small part of the realization of this

thesis bibliography.

CHAPTER 3

THE COMPUTATIONAL MODELING OF VITREOUS

SYSTEMS PROPERTIES

This chapter contains two important parts: the first one in

which is described some theoretical aspects referred to Molecular

Modeling and it’s methods, and the second part contains some



experimental results obtained using the DFT method for some of
study systems.
The connection between different methods used by

molecular modeling is represented by the following diagram:

Fig. 3.1. The connection between diffrent Molecular Models

The starting structures have been built using the graphical
interface of Spartan’04 [2] and preoptimized by molecular
mechanics. Optimizations were continued at DFT level
(B3PW91/CEP-4G/ECP) using the Gaussian’03 package of
programs [3].

3.3.1. Molecular modeling of GeO,-V,0s

At first the structure of system GeO,+V,0s was modelated.
The structural chemistry of crystalline oxides such as V,0s revealed
that the structure of V,0s is built of octahedrons, where the
pentavalent vanadium has five-coordination with oxygen atoms. The
study on structural modifications of the vitreous network and the
equilibrium geometry were found by optimization of octahedral
[GeOg] structural units, it found that the Ge-O bonds are subdivided
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into two groups: two bonds have shorter interatomic distance
(1.875A) and four bonds have longer interatomic distances (2x1.881
and 2x1.882A).

The obtained data was used to calculate a possible structural
model for the GeO,V,0s network. Similar methodology has
previously been reported to study other glasses [5-8]. The study on
structural modifications of the vitreous network and the equilibrium
geometry were found by optimization of the structure presented in
(Fig.3.3).

The distribution of the electronic states of the homo,homo™,
lumo and lumo** can be seen in (Fig. 3.4). An interesting finding in
these systems is that:

i) The homo and homo™ give character of electron donor for
the [VO4], [VO5] structural units of the vanadate glasses network
and the [GeO6] structural units.

ii) The lumo and lumo*™ give the character of electron

Fig. 3.2. The optimization structure for structural units a) [GeO,], b)
[GeOs] si ¢) [GeO¢] [4].

10



Fig. 3.3 The geometry optimization of the GeO,-V,0s, [4]
acceptor for the [GeO4] structural units of the germanate network

and the [VOnN] structural units of the vanadate network.

The massive vibrations of the [VOn] structural units can be
coupled each other via [GeOg] and [GeO,] structural units. This leads
to the splitting of the bridge modes and a multiplication of the

number of these bands.

Fig.3.4 The distribution of the electronic states of the: homo,
homo™, lumo, lumo™ of the proposed model for GeO,-V,0s, [4]
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3.3.2.  Molecular modeling of CuO-[7GeO,-3Pb0O,]

Lead germanate glasses can be fabricated as optical fibers
and photosensitive waveguides for use in the field of optoelectronics
and are excellent hosts for the development of luminescent devices.
Lead oxide is unique in its influence on the structure of glasses. The
study on structural modifications of the vitreous network and the
equilibrium  geometry were found by optimization of
CuO-[7Ge0,-3Pb0O,] (Fig. 3.5), there are some sites in our model,
that are revealed in the thesis.

The observations present in these mechanisms show that the
lead ions have an affinity pronounced towards structural units with
non-bridging oxygens yielding the strong deformation of the [GeOg]
structural units. Further the excess of oxygen can be accommodated
in the host network by the formation of the [CuO,] entities. On the
other hand, the formation of the [CuO,]” is a necessary for the
compensation of charge of the Pb*? jons.

The distribution of the electronic states of the HOMO and
LUMO can be seen in (Fig. 3.6). An interesting finding in these
systems is that:

i) The HOMO qgives character of electron donor for the
[PbOs], [GeO,] and [CuO,] structural units.

i) The LUMO gives the character of electron acceptor for
the [GeO,4] and [PbO,] structural units of the network.

There is a change transfer between the lead atoms tri- and
tetra-coordinated. This can be explained considering that the lead-

germanate network is flexible to form the appropriate coordination

12



Fig. 3.5 The geometry optimization of the CuO-[7GeO,-3PhO,]

HOMO LUMO

Fig. 3.6 The distribution of the electronic states
of the: Homo and Lumo of the proposed model
for CuO-[7Ge0O,-3Pb0O;]

environments with structural units of opposite charge such as copper
ions, [CuO,] %
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3.3.3  Molecular modeling of 20M005+80[7Ge0,*3PbO]

MoO; is a transition metal oxide, belonging to the
intermediate class of glass forming oxides which may participate in
the glass network forming in the presence of modifier oxides like
PbO, but it may also act as a modifier [9]. Moreover, glasses
containing molybdenum ions have interesting optical and electrical
properties depending on the type and composition of glass and the
different valence states of molybdenum ions [10]. Such peculiar
properties are related to the ability of molybdenum ions to exist in
glasses in four possible valences, namely Mo**, Mo*, Mo®* and
Mo® [11-13].

The process of doping the host network with molybdenum ions
causes changes in the intensity of some FTIR bands but the main
characteristic IR features keep their position. These changes in the
intensities of the IR bands are related to the possible variations in the
bond length and bond angles of the vibrating structural units. In this
view, quantum chemical calculations will be used in order to
understand the local structure of the 20M003-80[7Ge0O,-3PbO] glass
network. Similar methodology has previously been reported to study
other tellurate glasses [5-7].

The structural model obtained for the 20Mo00O;-80[7GeO,-3PbO]
glass and shown in (Fig. 3.7) gives detailed information concerning
the Ge-O, Pb-O framework structure and the environment of
molybdenum ions.

The model indicates that there is very small number of

[GeO¢] structural units and these have a deformed octahedral
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Fig. 3.7 The geometry optimization of the 20M003-80[7GeO,-3PbQ]

geometry. The Ge-O bond length increases its equilibrium value
from 1.78-1.81A to over 2.61A (two Ge-O interatomic distances)
equivalent to breaking these bonds. There is instability between the
nonequivalent Ge-O bonds in the octahedron and at tridimensional

level the tetragonal [GeQ,4] structural units becomes favorite.

3.3.4  Molecular modeling of 20WO,-80[7GeO,-3PbO]

It is well known that the electrical properties of
vitreous/crystalline materials depend on their structures. The
structural units of the glass former may play a major role in deciding
the nature of the conduction in the glass matrices. For example,
tungsten in glasses might coexist in different valence states, mainly
W*and W*®, depending on host glass composition and preparation

conditions and an electron transfer between tungsten cations is
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permitted. The semiconducting properties of glasses are due to such
electron transfer [15].

Our results show that the process of doping the host
network with tungsten ions causes changes in bond length, bond
angles of the vibrating structural units and an expansion of the
structure for relaxation and accommodation of the glass network
with the excess of oxygen. In this view, quantum chemical
calculations will be used in order to understand the local structure of
the 20W0O;3-80[7Ge0,-3Pb0O] glass network.

The optimized geometry of the structural model proposed
for 20WO0;-80[7Ge0,-3Pb0] glass network is shown in (Fig. 3.8).
The detailed information concerning the Ge-O, Pb-O, W-O bond
lengths of framework structure indicate the nonequivalent Ge-O
bonds in the [GeOs] and [GeQ,4] structural units.

The distribution of the electronic states of the homo and
lumo can be seen in (Fig. 3.9). An interesting finding in these
systems is that: i) the homo and homo™ give character of electron
donor for the [GeOQ4], [WO,] and [PbO,4] structural units; ii) the lumo
and lumo™ give the character of electron acceptor for the [PbO,]
structural units of the network.

This change transfer can be explained considering that the
lead ions are flexible to form the appropriate coordination
environments with structural units of opposite electric charge such as
[WO,] and [GeO,].

In brief, we assume that the lead and germanium atoms do

not accommodate with the non-bridging oxygens and the excess of
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the oxygen ions. The accommodation of the network is possible by
increase of [WO,] polyhedrons and the formation of PbWO,

crystalline phase, in agreement with XRD data.

Fig. 3.8 The geometry optimization of the
20WO,-80[7GeO,-3PbO] glass network

Fig. 3.9 The distribution of the electronic states of the:
homo, homo™, lumo, lumo ** of the proposed model for
20WO,-80[7Ge0,-3PhO] glasses.
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CAPITOLUL 4

PERPARATION AND STRUCTURAL

CHARACTERIZATION OF SOME GERMANATE GALSSES

SYSTEMS

In this chapter there are shown the spectroscopy EPR, FT-

IR and UV-VIS studies, as well as density measurement and X-ray

diffraction patents due to the investigation systems in order to

determinate their structure and possible practical applications of the

obtained glasses. Thus we investigated a set of eight germantate

systems; which were each doped with metal oxides and / or rare

earth oxides.

follows:

The equipment used for analyzing the samples was as

For X-ray diffraction we used a XRD-6000 Shimadzu
diffractometer, with a monochromator of graphite for the
Cu-Ko radiation (A=1.54A) at room temperature.

For FT-IR measurements we used a JASCO FTIR 6200
spectrometer using the using the KBr pellet technique.

For UV-VIS: a Perkin-Elmer Lambda 45 spectrometer.

EPR measurements were performed at room temperature
using ADANI Portable EPR PS 8400-type spectrometer, in
X frequency band (9.1GHz) and a field modulation of
100kHz. The microwave power used was 5mW.

For density measurements: the pycnometer method was

used

18



4.2 Structural studies of xCuO-(100 - X)[7GeO,:3Pb0O,]

The X-ray diffraction patterns did not reveal the crystalline

phase in the samples up to 60%mol CuO.

42.1. FT-IR spectroscopy measurements

Presence of multiple cations of germanium, lead and cooper
in the glasses to attract the oxygen atoms for compensation of charge
yield a competition between these cations. This preference is decided
by the electronegativity. The covalency of Pb-O are stronger than
Ge-0 and Cu-O, respectively. As a result, the higher affinity of the
lead ions to attract oxygens atoms yields the apparition of [PbO,]

(n=3, 4) structural units.

4.2.2 UV-VIS spectroscopy measurements

In glasses, copper ions exist in two stable ionic states,
monovalent Cu*! ions, divalent Cu*? ions and may also exist as
metallic copper. It follows from the spectrum that the glass matrix
absorption begins at about 250nm. The examinations of these spectra
show that by increasing of the CuO content the characteristic UV-
VIS bands are modified.

New bands appear in the 250-260 nm region and at about
270nm. These peaks may be ascribed to 3d'°— 3d° 4s' transition;
these transitions are forbidden transitions, but in this case they may
occur due to low symmetry of local electric field around Cu** ions
[16, 17]. The highest intensity of these peaks observed in the

spectrum of glass with x=40%mol CuO suggests the presence of
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larger concentration of Cu™ ions in this glass. Such reduction
indicates the conversion of a part of Cu*? ions into Cu* ions while
the Pb*? ions undergo to Pb** ions.

The instability of the [GeOg] structural units yields the
formation of the [0=GeOQ,] structural units. The [GeOs] structural
units will yield new electronic transitions attributed to the O=Ge
bond in the UV-VIS spectra. For sample with x=20 and 40%mol

CuO these structural units attain maximum value.
4.2.3  Density measurements

(Fig. 4.2) shows the compositional evolution of the density
of copper-lead-germanate glasses. It is observed that transition metal
ion acts as a network modifier because this dependence is not linear

suggesting the occurrence of structural changes of the host vitreous

absorbance [a.u.]

T T T T T
400 500 600 700 800 900 1000 1100 1200

wavenumber [cm']

Fig.4.1 FT-IR spectra of
xCuO:-(100-x)[7Ge0,-3Pbh0O,] glasses.
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matrix.

4.2.4. EPR spectroscopy measurements

Copper has the electronic configuration [Kr] 4d'® 5s'.
Apparently, Cu** and Cu*™ ions are the major valence state of
copper in the glasses under study. The Cu* ions with the 4d™
configuration give no EPR spectra. The Cu*? ion, with $S=1/2, has a
nuclear spin 1=3/2 for both ®*Cu and ®Cu. In the present work, four
parallel hyperfine components are observed. The values of g,=2.33
and g1=2.03 suggest that the Cu*® ions in the glasses are
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Fig.4.2 Dependence on a) density, b) molar volume, V, and c)
the oxygen packing density, do
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coordinated by six ligands that form an octahedron elongated along
the z-axis [17]. The value g,>g+>g. (g.=2.002) shows that the

ground state of Cu*? ions is d,”,” orbital (*Bygstate).

4.3. Structural studies of
xCuO+(100-x)[7GeO,-3Pb0,+0.05Al,04]

Adding Al,Os to lead-germanate vitreous systems remains a
topic of interest because there is not a clear model of how oxygen
polyhedra surrounding metal atoms, the role it plays the other
elements of glass or the tendency for nonspecific vitreous systems.

43.1. FT-IR spectroscopy measurements

FTIR spectra obtained for vitreous system with the
following  composition  xCuO-(100-x)[7GeO, 3PbO,-0.05Al1,05]
where x =0, 1, 5, 10, 20 and 30 %mol CuO are shown in (Fig. 4.3).
Spectrum contains stretching vibrations due to Ge-O, Pb-O and Al-O
bonds of different structural units. Thus, the intense band located at ~
820 cm™ is attributed to deformation vibrations of Ge-O-Ge bonds in
[GeO,] tetrahedral structural units [18-22]. Band located at about
700 cm™ corresponds to vibrations of the Ge-O bonds in the [GeOg]
structural units [23-25].
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Fig. 4.3 FT-IR spectra of
xCuO-(100-x)[7Ge0,3Ph0,-0.05Al1,0;3] glasses.

4.3.2. UV-VIS spectroscopy measurements

UV-VIS absorption spectrum of the host matrix begins with
a rising absorption band situated at about 250 nm. This band can be
assigned to the Ge-O-Ge wrong bonds [26].

The changes in amplitude and bandwidth of the UV-VIS
features are drastically modified depend on the content of CuO. For
sample with x=5 %mol CuO, the number of the Ge*? centers attains
minimum value indicating that the content of [GeOg] structural units

became maximum. The band situated at about 300 nm corresponds
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Fig 4.4 UV-VIS absorption spectra of
xCuO-(100-x)[7Ge0,-3Pb0O,-0.05Al,05] glasses.

to the Cu* and Pb*? ions [27]. The intensity of this band increases by

increasing of CuO content up to 30%mol.

4.3.3  EPR spectroscopy measurements

In this paper we discuss some EPR data in order to obtain
more information about the local structure and the interactions
between the copper ions in glasses. The EPR spectra of CuO
substituted quaternary glasses, are characterized by a broad
resonance line around at g~2. The line width increases as copper
concentration increases.

The ESR spectra of the samples with x=1 % CuO show
only line narrowing but do not show any resolved hyperfine splitting.
The absence of hyperfine structure can be assigned to formation of

Cu*2-Ge™ (or Cu*%-Ge*?) exchange pairs which are weakly coupled
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though the oxygen atom. The line at g~2 is not seen clearly in

samples with x>20 %mol CuO because of increased line broadening.

4.4 Structural studies of xFe,O3-(100 - X)[7GeO,-3PbO]
Lead-germanate glasses show interesting optical properties
and it is expected that the introduction of an iron oxide component
into the binary lead-germanate glasses may affect the structural
features of the host matrix. In the present work iron-lead-germanate
glasses were studied in order to understand the structural mechanism

responsible for the germanate anomaly.

4.4.1  X-ray diffraction measurements

The X-ray diffraction patterns did not reveal any
crystallinity in the samples with x<60%mol Fe,O3;. However, at the

composition x=60%mol Fe,O; Bragg peaks associated with the

x=56% '\
_'J \

x=10% \
x=20%

First derivate of absorption [a.u.]

T T T T
3100 3200 3300 3400 3500 3600

magnetic field [Gauss]

Fig. 4.5 EPR spectra of
xCuO-(100-x)[7Ge0,-3Pb0,-0.05A1,05] glasses.
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Fe,O5 crystalline phase were observed (Fig.4.8).

442  FT-IR spectroscopy measurements

The increase of Fe,O3 content up to 60%mol results in the
conversion of some [FeO,] to [FeO¢] structural units [28]. This is
indicated by a new band situated at about 470cm™, which is
associated with vibrations of the Fe-O bond from [FeOg] structural
units. A noticeable change appears also in the characteristic features
of the [GeO,] structural units (band located at about 788cm™). These
modifications explain the conversion of some [GeOg] to [GeO4]
structural units while the [FeO,4] structural units are transformed to
the [FeOg] structural units. On the other hand, a growth followed by
a decline of the number of [GeOg] octahedral structural units in the
glass network constitutes the germanate anomaly. The currently
accepted model for this mechanism is a change of the coordination
of the germanium from 4-cordinated to higher coordinated species
such as [GeO,] structural units where n=5 and 6.

In brief, the lead ions are a unique influence on the structure
of the iron-lead-germanate glasses. The lead atoms which form
covalent bonds participate as network former, while the lead ions
which form ionic bonds have a strong affinity towards [GeOs] and

[FeO,] structural units containing non-bridging oxygens.

443  UV-VIS spectroscopy measurements

For all glasses, the UV absorption bands begin at 250nm by an

ascending lobe. These UV absorption bands are assumed to originate
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Fig. 4.6 UV-VIS absorption spectra of
xFe;03 (100-x)[7GeO, 3PbO] glasses.

from lead germanate host matrix. The stronger transitions in the UV-
VIS spectrum can be due to the presence of the Ge=O bonds from
[GeOs] structural units and Pb=0 bonds from [PbOs] structural units
which allow n-n" transitions.

For samples containing x>50mol % Fe,03, the apparition of new
bands located in the 260-325nm region is correlated to the possible
distortion of the iron species symmetry, the presence of the larger
number of Pb** ions and the apparition of the new iron species
derived from the Fe,O; crystalline phase, in agreement with the XRD
data.

4.5 Structural study of ternary iron-lead-germanate glass
ceramics
In the present work, the devitrification behavior of the iron-

lead-germanate glasses was studied by X-ray diffraction, Fourier-
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transform infrared spectroscopy (FTIR) and ultraviolet-visible
spectroscopy (UV-VIS).

451 X-ray diffraction measurements

The X-ray diffraction analysis reveals crystalline phases in
the heat-treated samples at 400°C for 8h.. By increasing of the iron
(1) oxide content up to 10%mol, X-ray diffraction patterns show
three a-PbGe,4Oq, v-PbGesO9 and PbO; 44 crystalline phases. At the
composition x=60%mol Fe,0s, Bragg peaks associated with the pure

PbsFe,Ge,0y4 crystalline phase were observed.

452  FT-IR spectroscopy measurements

The FT-IR spectroscopy data suggest that whit increasing
the amount of Fe,O3 in the vitreous matrix the number of [GeQOg],

[PbO¢] and [FeOg] structural units increases.

453  UV-VIS spectroscopy measurements

UV-VIS spectra show that with increasing of Fe,O3 content,
network continuity breaks down with the formation of larger

numbers of non-bridging oxygens.

4.6. Structural studies of xXM0O; (100-x)[7GeO, 3PbO]

MoO; is a transition metal oxide, belonging to the
intermediate class of glass forming oxides which may participate in
the glass network forming in the presence of modifier oxides like

PbO, but it may also act as a modifier [9].
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4.6.1. X-ray diffraction measurements

The X-ray diffraction patterns did not reveal any crystalline
phase in the samples with x<20%mol MoQs. Then, in the sample
with x = 25%molMoQ3, the presence of the GeO, crystalline phase
(tetragonal system) was detected. By increasing of the MoO; content
up to 30%mol, X-ray diffraction patterns show the apparition of

GeO, and PbMoO, crystalline phases.

4.6.2  Density measurements

A simple inspection of the density, molar volume (V,,) and
oxygen packing density (do) data suggests that the gradual addition
of molybdenum ions generates changes of the basic structural units
of the glass matrix. The increasing of the molybdenum content of the
samples determines an almost linear decrease of the molar volume.
This decrease is associated with a decrease in the number of non-
bridging oxygens and with a contracting effect of the network due to
the formation of [GeQOg] structural units which are slightly larger in

size than the [GeO4] species.

4.6.3 FT-IR spectroscopy measurements

The structure of the base glass is characterized by a large
number of non-bridging oxygens and therefore is relatively open.
The observations presented above show that by increasing the MoO;
content of samples up to 10%mol, the [GeO,4] tetrahedral structural
units were converted in [GeOg] octahedral structural units up to a

maximum. In this manner the excess oxygen added to the glass by
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Fig. 4.7 FT-IR absorbtion spectra of

XMoO;-(100-x)[7GeO,-3PbO] glasses.
the addition of MoO; is taken up by forming isolated [GeOs]
octahedral structural units. The pronounced affinity towards
molybdate anions yields the formation of the PbMoO, crystalline
phase
4.6.4 UV-VIS spectroscopy measurements
Figure 4.8 shows the UV-VIS spectra of molybdenum-lead-
germanate glasses and glass ceramics containing different
concentrations of MoOs. With increasing concentration of
molybdenum ions there is a gradual increase in the intensity of these
bands, attaining a maximum for the sample with x = 20%mol MoOs.
With the addition of MoO; to the host network, the absorption edge

is found to be shifted gradually towards higher wavelength side.
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Fig. 4.8 UV-VIS absorbtion spectra of
XxMo003:(100-x)[7GeO, 3PbO] glasses.

46,5 EPR spectroscopy measurements

The shape of the EPR spectra was observed to vary by
increasing the MoOj content of the samples. For all the studied
glasses, the EPR spectra revealed the existence of a signal centered
near g~5.2. This signal is associated with the presence of Mo™ ions
[30, 31].

4.7 Structural studies of X\WQO;:(100-x)[7GeO,-3PbO]

The aim of this work is to investigate the effect of WO3 on
the structural, optic and electronic properties of xWO;-(100-
X)[7GeO,-3PbO], with x = 0 - 40%mol glasses and glass ceramics in

the view of applications at electrochemical devices.
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4,71  X-ray diffraction measurements

X-ray diffraction patterns of different compositions of the
prepared samples are shown in (Fig. 4.9). In the samples with x <
30%mol WO;, X-ray diffraction patterns exhibit broader halos,
characteristic of the amorphous materials. Then, in the sample with x
= 40 %mol WO;, the presence of the PbWO, crystalline phase was
detected.

PbWO,

——
*
*

140%]

intensity [a.u.]

30%)

20%

T T T T
10 20 30 40 50 60
2theta [degree]

Fig. 4.9 XRD diffraction patterns of the WO5:(100-x)[7Ge0,3PbO] glasses.

4.7.2  FT-IR spectroscopy measurements

A simple inspection of the FTIR spectra suggests that the
WOg; incorporation yields network distortions that can be monitored
by the progressive broadening of the bands centered at about 470,
520 and 800cm™.On the other hand, experimental FTIR spectra

indicate that tungsten-lead-germanate glasses containing dopant up
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to 40% level, reveal the general maintenance of the main
characteristic network structural units and also show important
features reflecting the depolymerizing effect of WO; addition on the

lead-germanate network.

4.7.3  UV-VIS spectroscopy measurements

The studied glasses and vitroceramics containing up to
higher WO3 concentrations reveal high electronic transitions
absorption consisting of two successive sharp bands situated between
250 and 360nm and followed by a broad unsymmetrical visible band
centered at about 700nm. The intensities of UV-VIS absorption
bands increase with the addition of WO3; dopant and accordingly and
their interpretation is summarized in my thesis.

The optical absorption spectra exhibit consisting of
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Fig. 4.10 UV-VIS absorption spectra of
XWO3:(100-x)[7GeO,-3PbQ] glasses.
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successive sharp bands situated in the ultraviolet and visible domain
and show the existence of [PbO3] structural units, [WO,] structural
units, Pb*? and W* ions in the tungsten-lead-germanate glasses and
vitroceramics. From this observation it is concluded gradual
transformation of the tungsten ions from tetrahedral to octahedral
positions and increasing modifying action of tungsten ions in the
glass and vitroceramics network and with increase in the WOj;

concentration.

474  EPR spectroscopy measurements

The spectra of these systems exhibit a hyperfine structure
with an asymmetric signal situated at about g:=1.7 and g,=1.6,
characteristic of W** ions (nd* electronic configuration) having a Ca,
local symmetry in oxide glasses [32,33]. This signal indicates that
W* ions present in axially distorted octahedral positions with a short
W-O bond and an opposite long W-O bond along the symmetry axis
of oxygen ions [34].

The shapes of the EPR spectra depend on the WO3; content
in glasses. The signal intensity is approximately invariant, the
amount of W*® centers remains constant and the values of g remain
unaffected when the WO; concentration is ranged between x<5 and
x> 30%molWOs.

4.8. Structural studies of XxGd,05-(100-x)[TeO,-GeO,]

Germanate glasses doped with rare earth ions were

investigated extensively in the past because their physicochemical,
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optical and spectroscopic properties are advantageous for
optoelectronic applications. Tellurium oxide is a heavy metal oxide,
and when it is introduced in the glass matrix, it may influence the
physical properties as refractive index, thermal expansion
coefficient, chemical resistance, infrared transmittance of the glasses
and further makes the glasses suitable for use as devices for
communication and advanced computer applications. When doped
with a different kind of rare earth ions, these glasses find wide use in
high power laser technology, sensor, optical switching and amplifiers
for fibre communications.

There were studied the vitreous materials of the system
XGd,03-(100-x)[TeO,-GeO,] where x = 0-50%mol.

4.8.1 FT-IR spectroscopy measurements

By increasing the Gd,Oz; content up to 10%mol, the
evolution of the structure can be explained considering the
accommodation of the network with excess of oxygen by the
formation of [GeOg] structural units. Then by the increasing of
Gd,0O5; content up to 20%mol a sharp of decreasing trend was
observed in intensity of the band situated in the 700cm™ region and
new increasing trends towards larger wavenumber were exposed on
the bands centered in the 800-950cm™ region. Structural changes, as
recognized by analyzing band shapes of FTIR spectra, revealed that
Gd,03 causes a change from the continuous germanium-tellurate
network to the continuous germanate-tellurate network with
interconnected through Ge-O-Ge, Te-O-Te and Ge-O-Te bridges.
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The currently accepted model for this mechanism is a
change of germanium from 4-cordinated to higher coordinated
species (x<10%mol) after that the number of [GeO6] structural units
decreases (10<x<20%mol). This structural mechanism is responsible
for the germanate anomaly with remains area of interest to the glass
science [35, 36].

4.8.2  UV-VIS spectroscopy measurements

Incorporation of germanium ions in the glass was allowed
photosensitivity effects with applications in the telecommunications,
lasers and sensors. Photosensitivity has been explained by two
mechanisms [37]: i) the formation of new paramagnetic defects after
UV laser irradiation, depending on glass composition; ii) the

densification of the glasses which can be correlated by the increase
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Fig. 4.11 UV-VIS absorption spectra of
XGd,03(100-x)[TeO,-GeO,] glasses.
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of refractive index. The term of densification of the glass implies a
change in coordination of Ge™ ions from 4-fold to 6-fold which will
lead to glass compaction and then to refractive index increase.

The O=Ge bond of [GeOs] structural units show strong
absorption in the ultraviolet due to allowed n- =" transition. The
[GeOs] structural units are more stable thermodynamically than their
analogues and the [GeO6] structural units produce the improvement

of the amorphous character of these glasses.

4.8.3. EPR spectroscopy measurements

The Gd*? ions doped germanate-tellurate glasses exhibit six
resonance signals at g~ 2.0, 2.8, 3.3, 4.3, 4.8 and 6.

The Gd*ions in these glasses can be considered as isolated
in the sense of the absence of clustering. The weakening intensity of
the clusters EPR line could be due to the Gd*® migrations inside the
glass network. It should lead to the appearance of more Gd** content
in network former positions. It can be pointed that the Gd** ions are

generally suspected to improve their environment.
4.9 Studiul structurii systemului xGd,05-(100-x)[GeO;-V,0s]

4.9.1. Density measurements

This figure shows the presence of density maxima at x=5 and
20%mol Gd,0s;. The changes in molar volume, it appeared to be
minimal at x=5 and 20%mol. We conclude that with increasing of

the Gd,O; content up to 5%mol, the local vanadium environment in
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the glass changes from tetrahedral to pentagonal geometry due the
fact that the coordination number of vanadium atoms changes from 4
to 5. Further the addition of the modifier gadolinium oxide to the
vanadium germanate glass network introduces a surplus oxygen into
the vitreous network and the need to accommodate of the glasses
network. The additional oxygen may be incorporated into the
network as non-bridging oxygen by breaking oxygen bridges and in
these conditions the four-coordinated germanium atoms attain
maximum value.

For x<5%mol and x=20%mol the oxygen packing density
increases which clearly indicates that the glassy network becomes

tightly packed when more Gd,Os is introduced to the vitreous matrix.

4.9.2. FT-IR spectroscopy measurements

Analyzing the structural changes resulted from the IR
spectra, we found that the gadolinium ions have a pronounced
affinity towards [VO,] structural units which contain non-bridging
oxygens necessary for the charge compensation. The introduction of
the excess of oxygen yields the formation of [VOs] structural units.
This attains maximum value at 5%mol Gd,O3, in agreement with the
density measurements. Further, the addition of the surplus of oxygen
implies the transformation of [VOs] to [VO,] structural units and the
formation of VO, orthovanadate structural units. The formation of
free orthovanadate units creates smaller network cavities, the
increase of local densification and density (for sample with
x=20%mol).
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Fig.4.13 UV-VIS absorption spectra of
XGd,03-(100-x)[GeO,-V,0s] glasses.

4.9.3. UV-VIS spectroscopy measurements

It follows from the spectrum that all the glasses samples
show a strong absorption extending from about 300 to 530nm. This
broad UV absorption is assumed to originate from the combination
of vanadium ions possibly present in the three valences 3+, 4+ and
5+. Trivalent vanadium ions exhibit a characteristic UV band at 350-
400nm, vanadyl tetravalent ions possess an absorption at about
420nm and pentavalent ions are known to belong to d° configuration
and exhibit only UV bands.

The bands located at about 360nm correspond to the V*°
ions. These results show that the incorporation of Gd*® ions in the

host matrix have a directly influenced of V=0 bonds. The V=0
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bonds are not conserved. The UV-VIS spectrum is dominated by the
charge transfer of the type O — V*°[38, 39].

Selective conclusions

1. | prepared eight vitreous and vitroceramic systems doped
with rare earth ions and transition metals using the melt and
guenching method.

2. These systems were investigated by: i) FT-IR, UV-VIS and
EPR spectroscopy ii) density measurements and iii) X-ray
diffraction; the data obtained through these diverse
measurements are in full agreement with each other.

3. The structural characteristics obtained experimentally for
some of these systems were validated through molecular
modeling simulations.

4. In the investigated systems so-called germanate anomaly
was observed, which has been emphasized by both IR and
UV-VIS spectroscopy measurements and molecular
modeling via numerical simulations of their structure.

5. Moreover, for the system xCuO-(100 - x)[7GeO, -3Pb0,], it
was studied the influence of Al,O; addition on the
properties of the matrix. The most important change is
observed in the EPR spectra recorded for these systems, and
is manifested by the disappearance of hyperfine structure in
samples containing aluminum ions due to dipolar and super-

exchange interactions, forming pairs like Cu**-O-Cu?".
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