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INTRODUCTION 

 

Tellurite oxide systems attracted attention of researchers, especially for applications such as 

optical and acoustic materials in photo-chromic glasses or laser technology. Tellurite glasses are very 

interesting materials due to their broadband transmission in the vicinity of 1.55 µm wavelength and 

high non-linear third order optical susceptibility (50 times higher than one of SiO2 systems). The 

tellurite glasses are of technical interest due to high refractive index, high transmittance from 

ultraviolet to near infrared, low glass transition temperature and electrical semiconductivity and do not 

have the hygroscopic properties which restrict the applications of  phosphate and borate glasses. 

Solids doped with rare earth ions are an important class of optical systems which attract more 

and more attention to the researchers, evidenced by the multitude of studies reported in literature. The 

successful development of numerous glasses containing rare earth ions resulted in a lot of technological 

applications in telecommunications (optical communications, lasers, sensors, signal amplifiers, fiber 

laser emission). 

Also, vitreous systems derived from heavy metal oxides have found applicability in many 

important fields like optoelectronics, especially due to their high refractive index, high density and low 

phonon energies. 

The processing route mainly adopted for producing oxide glasses is a melting and quenching 

technique. Since the diffusion of reactants in the solid phase is very slow, reaction of this type require 

high temperatures and long periods of time, conditions that can cause unwanted incorporation of 

impurities and microstructure in the final product. 

In recent years, the sol-gel method is increasingly used to obtain materials with improsed 

properties. The sol-gel synthesis is a non-traditional method which does not imply the melting of an 

oxide. It is limited to the heat treatment in the final stage near the glass transition temperature 

considerably lower than the melting temperature of oxides. The glass synthesis by sol-gel method 

involves chemical reactions and is based on inorganic polymerization of precursors. This method 

allows the preparation of higher purity material due to a better homogenization of the initial mixture by 

mixing at molecular scale. 

Doctoral thesis is based on the preparation of tellurite glasses using the melting/quenching and 

sol-gel methods with structural characterization of the materials by spectroscopic methods. 



The thesis is structured in five chapters, conclusions and references. In chapter 1 the general 

concept regarding vitreous oxide materials and preparation methods are presented. 

Chapter 2 presents the theoretical aspects of some experimental methods used in the analyses of 

vitreous structure, like: X-ray diffraction, IR, Raman, UV-Vis and Electron Paramagnetic Resonance 

(EPR) spectroscopy.  

Chapter 3 describes the sol-gel method used to obtain tellurite materials studied in this work. 

Chapters 4 and 5 are original results obtained in studies on tellurite oxide systems doped with rare earth 

ions and transition metals obtained by melting and quenching technique and sol-gel method. 
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EXPERIMENTAL RESULTS 

CHAPTER 4. Characterization of some tellurite glasses obtained by 

melt/quenching method 

4.1. The preparation and processing of the samples 

The glass systems: xEu2O3·(100-x)[4TeO2·PbO2] with 0 ≤ x ≤ 40 mol %, xFe2O3·(100-

x)[4TeO2·PbO2] with 0 ≤ x ≤ 60 mol %, xCuO·(100-x)[4TeO2·PbO2] with 0 ≤ x ≤ 40 mol %, 

xMnO·(100-x)[4TeO2·PbO2] with 0 ≤ x ≤ 40 mol %, were prepared using reagent grade compounds, 

i.e. (NH4)HPO4, TeO2, PbO2, Eu2O3, Fe2O3, CuO, MnO in suitable proportions. The mixtures 

corresponding to the desired compositions were mechanically homogenized, placed in sintered 

corundum crucibles and melted in air in an electric furnace at 875 ºC. The molten material was kept at 

this temperature for 10 minutes and then quenched at room temperature by pouring on the stainless-

steel plates. 

The structure of the samples were analyzed by X-ray diffraction, using powders, with a D8 

Advance Bruker diffractometer. 

Density measurements were made using the pycnometer method. 

Infrared spectra were obtained in the 400-4000 cm
-1

 spectral range and it was analyzed especially 

in the 400-1200 cm
-1

 regions with a JASCO 6100 FT-IR spectrometer by using the KBr pellet 

technique. The spectral resolution used for the recording of the IR spectra was 2 cm
-1

. In order to obtain 

good quality spectra, the samples were crushed in an agate mortar to obtain particles of micrometer 

size. This procedure was applied every time to fragments of bulk glass to avoid structural modifications 

due to ambient moisture. 

UV-Vis absorption spectra of the powdered glass samples were recorded at room temperature in 

the range 250-1000 nm using Perkin-Elmer Lambda 45 UV/VIS spectrometer. These measurements were 

made on glass powder dispersed in KBr pellets. 

The Raman spectra were collected at room temperature using a JASCO NRS-3300 micro-Raman 

Spectrometer with an air cooled CCD detector in a backscattering geometry and using a 600/mm 

grating. The microscope objective used for the studies was 100X. As excitation, it was used a 785 nm 

laser line with the power at the sample surface of 85 mW. 

EPR measurements were carried out at room temperature using a Bruker ELEXSYS E500 

spectrometer in X - band (9.4 GHz) and with a field modulation of 100 kHz. To avoid the alteration of 



the glass structure due to the ambient conditions, samples of equal quantities were enclosed 

immediately after preparation in quartz tubes of the same caliber. 

4.2.    xEu2O3·(100-x)[4TeO2·PbO2] glass systems 

4.2.1. Density measurements 
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Fig. 4.1. Europium oxide composition dependence on a) 

density; b) molar volume, Vm and c) the oxygen packing 

density, dO, for xEu2O3∙(100-x)[4TeO2∙PbO2] glasses with 

0≤x≤50 mol%. 

The compositional variation of the density of glasses is important, especially in the context of the 

study of structural changes. Thus, the abrupt changes of the density of a glass suggest important 

structural modifications of the vitreous network. 

By adding a low Eu2O3 content (5 mol %) to the host matrix, the formation of non-bridging 

oxygens is generated. The conversion of some [TeO4] to [TeO3] structural units yields a surplus of non-

bridging oxygen atoms, too. Consequently, the density, d, and oxygen parking density, d0, decrease 

while the molar volume, Vm, increases. 

Figure 4.1. shows the presence of density maxima at x=30 mol % Eu2O3. For the sample with x = 

30 mol % the molar volume decreases and the oxygen packing density increases. This behavior can be 

explained considering that the addition of modifier europium ions to the lead tellurite glasses 

introduces an oxygen surplus into the vitreous network. The additional oxygen may be incorporated by 

the conversion of lead atoms from a lower to a higher coordination. 

4.2.2. FTIR spectroscopy 

The examination of the FTIR spectra of the xEu2O3·(100-x) [4TeO2∙PbO2] glasses up to x=0-50 

mol % (Figure 4.2.) shows that the increase of Eu2O3 content strongly modifies the characteristic IR 

bands. The bands located in the 400-500 cm
−1

 region are attributed to the bending mode of Te-O-Te 

linkages which may be overlapped with that assigned to the bending mode of the Pb-O-Pb stretch in the 

[PbO4] structural units [1-7]. 
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Fig. 4.2. FTIR spectra of xEu2O3∙(100-

x)[4TeO2∙PbO2] glasses with 0≤x≤50 mol%. 

The band situated in the 720-780 cm
−1

 region indicates the presence of [TeO3] units [8, 9].  

The larger band centered at 620 cm
−1

 is assigned to the stretching mode of [TeO4] structural units 

with bridging oxygens [10, 11].  

By increasing the Eu2O3 content up to 10 mol %, this band shifts to higher wavenumbers, 

indicating the conversion of some [TeO4] into [TeO3] structural units. It seems that the content of 

[TeO4] structural units cannot become higher, because the modified [TeO3] units containing one or 

more Te-O-Pb bonds are unable to accept a fourth oxygen atom. This compositional evolution of the 

structure could be explained considering that the excess of oxygen may be accommodated by the 

formation of [PbO3] and [PbO4] structural units.  

The broader band centered at 670 cm
−1

 and shoulder located at about 870 cm
−1

 can be attributed 

to Pb-O bond vibrations from [PbO3] and [PbO4] structural units [3, 4]. 

4.2.3. UV–VIS spectroscopy 

Figure 4.3. presents FTIR spectra obtained for xEu2O3∙(100-x)[4TeO2∙PbO2] glasses with 

0≤x≤50 mol% . 

The Pb
+2

 ions with s
2
 configuration strongly absorb in the ultraviolet and cause broad emission 

bands in the ultraviolet and blue spectral area. The intense band obtained at about 310 nm corresponds 

to the Pb
+2

 ions [12]. 

The broad UV absorption bands located between 250 and 340 nm are assumed to originate from 

the host glass matrix. The strong transitions in the UV–VIS spectrum can be due to the presence of the 

Te-O bonds from [TeO3] structural units and the Pb-O bonds from [PbO3] structural units which allow 

n–π  electronic transitions.   
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Fig. 4.3. UV–VIS absorption spectra of 

xEu2O3∙(100-x)[4TeO2∙PbO2] glasses in function 

of europium oxide content 

For the samples with x≥30 mol% Eu2O3, new bands located in the region between 340 and 400 

nm appear in the UV–VIS spectra. These bands can be assigned to the Eu
+3

–Eu
+2

 conversions. The 

sharp peak centered at about 390 nm is a band characteristic of Eu
+3

 (
3
F0→

5
L6) while the shoulder 

rising into the UV is due to Eu
+2

 ions. 

The Eu
+3

–Eu
+2

 conversion processes attain the maximum value for the samples with x=30 and 50 

mol % Eu2O3. Based on these experimental results, we propose the following possible redox reactions: 

Pb
+2

↔Pb
+4

 + 2e
−
 

2Eu
+3

 + 2e
−
↔2Eu

+2
 

4.3.    xFe2O3·(100-x)[4TeO2·PbO2] glass systems 

4.3.1. FTIR spectroscopy 

Figure 4.4. shows FTIR spectra of Fe2O3-doped lead–tellurate glasses. 

The larger band centered at ~625 cm
−1

 is assigned to the stretching mode of the trigonal 

bipyramidal [TeO4] with bridging oxygens. The shoulder located at about 750 cm
−1

 indicates the 

presence of [TeO3] structural units. For all of the glasses, the general trend is a shift towards higher 

wavenumbers (668 cm
−1

) with Fe2O3 content. This suggests the conversion of some [TeO4] to [TeO3] 

structural units, because the lead ions have a strong affinity towards these groups containing 

nonbridging oxygens, which are negatively charged.  

The broader band centered at about 670 cm
−1

 can be attributed to Pb–O bond vibrations from 

[PbO3] and [PbO4] structural units [1, 4, 5, 22].  
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Fig. 4.4. FTIR spectra of xFe2O3·(100−x)[4TeO2·PbO2] glasses with 0≤x≤60 mol% 

With increasing Fe2O3 content (up to 15 mol %), the formation of larger numbers of nonbridging 

oxygens results in the appearance of [PbOn] structural units (n=3, 4) in the vicinity of the [TeO3] 

structural units. The increase in the intensity of the band located at about 600 cm
−1

 corresponding to the 

Fe-O vibrations from [FeO4] structural units. 

A new band appears at 470 cm
−1

 corresponding to the Fe–O vibrations from the [FeO6] structural 

units. 

For the sample with x≥30 mol% Fe2O3, the tendency of the bands located in the region between 

550 and 850 cm
−1

 to move towards higher wavenumbers can be explained by the conversion of [TeO4] 

into [TeO3] structural units. 

4.3.2. Raman spectroscopy 

Figure 4.5. shows the Raman spectra of the xFe2O3·(100−x) [4TeO2·PbO2] glasses with x=0–60 

mol %. 

The bands centered at around 652 cm
−1

 originate from vibrations of the continuous tetragonal 

bipyramidal [TeO4] network, and the bands centered at around 710 cm
−1

 are from the [TeO3+1] and 

[TeO3] structural units [24]. It was found that the maximum phonon energy of the doped glasses 

gradually increased from 710 to 745 cm
−1

.  

As the Fe2O3 content increases up to 60 mol%, the numbers of polyhedral [TeO3+1] and trigonal 

pyramidal [TeO3] structural units increase in the network structure. 
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Fig. 4.5. Raman spectra of xFe2O3·(100−x)[4TeO2·PbO] glasses with 0≤x≤60 mol% 

The Raman band centered at about 270 cm
−1

 may be associated with Pb–O stretching and O–Pb–

O bending vibrations. The strong bands situated near 120 and 135 cm
−1

 in the Raman spectra of iron–

lead–tellurate glasses are almost certainly due to Pb–O symmetric stretching vibrations [25, 26]. 

Support for this comes from the fact that the relative intensity of this band increases with increasing 

Fe2O3 content of the glass from x=1 to 40 mol % Fe2O3, but the intensity decreases markedly for higher 

Fe2O3 contents than this. This shows that a high Fe2O3 content can lead to broken Pb–O bonds in iron–

lead–tellurate glasses. On the other hand, this is necessary because the content of [TeO3] structural 

units increases. 

Table 4.2.  Assignment of the Raman and IR bands for xFe2O3·(100−x)[4TeO2·PbO] glasses 

Raman band 

(cm
−1

) 

FTIR band 

(cm
−1

) 
Assignment 

120, 135 - vibratii simetrice de stretching in legaturi Pb–O [25, 26] 

270 - 
vibratii de stretching in legaturi Pb–O si vibratii de bending in legaturi O–Pb–O 

[25] 

- 400–500 vibratii ale legaturii Fe–O in [FeO6] [22] 

405 470 vibratii ale legaturii Pb–O in [PbO4] [22] 

465 475 vibratii de stretching in legaturi Te–O–Te [23] 

- 570–600 vibratii ale legaturii Fe–O in [FeO4] [4] 

650–670 620–680 vibratii de stretching in [TeO4] [24] 

- 670, 850, 1050 vibratii ale legaturii Pb–O in [PbO3] si [PbO4] [1, 5] 

720–735 720–780 vibratii de stretching in [TeO3]/[TeO3+1] [24] 



By increasing of Fe2O3 content up to 40 mol %, the intensity of the band situated at 135 cm
−1

 

attains its maximum value. We think that a higher doping level can result in broken Pb–O bonds and 

cause the [PbO4] structural units to change to [PbO3] chains [27]. For the sample with x=60 mol%, a 

supplementary, well-defined Raman band appears at around 415 cm
−1

. This band is due to covalent Pb–

O bond vibrations [28, 29].  

For higher Fe2O3 contents, the Raman spectra indicate a greater degree of depolymerization of 

the vitreous network than the FTIR spectra do. 

4.3.3. UV-Vis spectroscopy 

The UV-Vis absorption spectra of xFe2O3·(100−x) [4TeO2·PbO2] glasses with x=0–60 mol% are 

shown in Figure 4.6. 
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Fig. 4.6. UV-Vis absorption spectra of xFe2O3·(100-x)[4TeO2·PbO2] glasses as a function of iron oxide 

content 

The stronger transitions in the UV-Vis spectrum may be due to the presence of Te=O bonds from 

[TeO3] structural units and Pb=O bonds from [PbO3] structural units, which allow n–π* transitions. 

Pb
2+

 ions with the s
2
 configuration absorb strongly in the ultraviolet and yield broad emission bands in 

the ultraviolet and blue spectral regions. The intense band centered at about 310 nm corresponds to 

these Pb
2+

 ions [38].  

Upon introducing a low content of Fe2O3 (x≤5 mol%) into the host matrix, new UV absorption 

bands appear. These bands, located in the 320–450 nm region, are due to the presence of the Fe
3+

 ions. 

The intensity of the absorption band located at about 250 nm increases, and the iron in some cases is 

reduced to Fe
2+

 through electron trapping [39]. Some weak bands appear in the 450–550 nm region. 

These bands show that some Fe
3+

 ions were converted to Fe
2+

 ions. Based on these experimental 

results, we propose the following possible redox reactions:  

2Fe
3+

 + 2e
-

2Fe
2+

 



Pb
2+

Pb
4+

 + 2e
-
 

The increased intensity of the band situated near 300 nm can be attributed to the formation of 

new Pb=O bonds from [PbO3] structural units. 

For the sample with x=30 mol% Fe2O3, a new band appears at about 267 nm. This can again be 

explained by distortions of the iron species. It is possible that [FeO6] is converted to [FeO4] structural 

units. 

For the sample with x=60 mol% Fe2O3, the UV absorption bands situated in the 250–290 nm 

region disappear and new bands appear at 320 nm. These bands show the presence of new Fe
3+

 ions. 

The kink located at about 430 nm is characteristic of Fe
3+

 ions with octahedral symmetry. Also, it is 

proposed that some of the Fe
2+

 ions capture positive holes and are converted to Fe
3+

 according to the 

following photo-chemical reactions: 

Fe
2+

 + positive holes Fe
3+

 

Pb
4+

 + 2e
-
 Pb

2+
 

4.3.4. EPR spectroscopy 
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Fig. 4.7. EPR spectra of xFe2O3 [4TeO2 PbO2] glasses with 

1≤x≤60 % mol 

 

The Fe
3+

 EPR spectra are characterized by resonance absorptions at g ≈ 4,3 and g ≈ 2,0, their 

relative intensity depending on the iron content of the samples. 

The resonance line at g ≈ 4,3 is corresponding to the isolated Fe
3+

 ions situated in octahedral, 

rhombic or tetragonal symmetric distorted neighborhoods. The line from gef ≈  2,0 is attributed to Fe
3+

 

ions involved in magnetic interactions or clusters. 
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Fig. 4.8. The dependence on Fe2O3 content of the intensity (a) and width (b) of resonance 

line at gef ≈2.0 for xFe2O3 [4TeO2 PbO2] glasses with 1≤x≤60 % mol 

For all investigated sample, the intensity of the resonance line at geff ≈ 2.0 (Figure 4.8.a) 

increases with the increase of x in the whole concentration range. Above 50 mol %, the corresponding 

increase is very slowly. The non-linear increase of intensity with iron concentration shows that iron 

ions are present as Fe
2+

 as well as Fe
3+

. For 15 x 30 mol %, the linewidth increases (Figure 4.8.b), in 

this range could appear dipolar interactions. Above 30 mol % the linewidth continue to increase but 

very slowly and in this range coexist the dipol-dipol and superexchange magnetic interaction and their 

intensity are ~ equal. 
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Fig. 4.9. The dependence on Fe2O3 content of the intensity (a) and width (b) of resonance 

line at gef ≈4,3 for xFe2O3 [4TeO2 PbO2] glasses with 1≤x≤60 % mol 

 

The intensity of the resonance line at geff ≈ 4.3 can be observed as increasing up to 5 mol % 

(Figure 4.9.a). Over this concentration, the intensity decreases due to decrease in the number of Fe
3+

 

ions. The line - width of the resonance line from gef ≈ 4.3 (Figure 4.9.b).) increases up to 15 % mol 

due to Fe
3+

 species interacting by magnetic coupling dipole- dipole as the main broadening mechanism. 



Over this concentration line - the width of the resonance line from gef ≈ 4.3 for xFe2O3 [4TeO2 PbO2] 

glasses decreases due to decrease of Fe
3+

  number and to the structural disorder in glasses with the 

increase of Fe2O3  content. 

4.4.    xCuO·(100-x)[4TeO2·PbO2] glass systems 

4.4.1. FTIR spectroscopy 
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Fig. 4.10. Spectrele FTIR al sistemului vitros 

xCuO·(100-x)[4TeO2·PbO2] pentru 0 ≤ x ≤ 40  % mol 

 

Prominent absorption bands located in the 500–800 cm
−1

 region have maxima at 620 cm
−1

 and a 

shoulder at 760 cm
−1

 in the host matrix. The broad bands situated between 620 and 680 cm
−1

 are 

assigned to the stretching vibration of equatorial and axial Te–O bonds in the [TeO4] trigonal 

bipyramidal units, while the absorption of the [TeO3] units corresponds to the wavenumber of 720–780 

cm
−1

. 

In the host matrix, the absorption band situated at 620 cm
−1

 shifts to higher wavenumbers (630 

cm
−1

) by increasing of CuO content up to 30 mol%. A shift of absorption bands to higher wavenumber 

indicates the conversion of some [TeO4] into [TeO3] structural units, because the lead ions have a 

strong affinity towards these groups containing non-bridging oxygens, with negative charge. 

The broad band centered at about 670 cm
−1

 and shoulder located at about 850 cm
−1

 can be 

attributed to Pb–O bonds vibrations from [PbO4] structural units [3, 5, 7, 10, 63-65]. Band centered at 

about 470cm
−1

 maybe correlated withPb–Ostretching vibration in [PbO4] structural units [66, 67]. A 

small peak located at about 875cm
−1

 corresponding to the [PbO6] structural units was observed in the 

host matrix. 

By increasing of CuO content up to 5 mol%, the formation of the larger numbers of non-bridging 

oxygen’s produces the apparition of [PbO3] and [PbO4] structural units in the vicinity of the [TeO3] 

structural units. Absorption bands located at about 1000 and 1100 cm
−1

 are attributed to Pb–O 

asymmetric stretching vibrations in [PbOn] structural units. 



The increase of CuO content up to 30 mol% implies the modifications in the intensity of the 

bands situated in the 500–825 cm
−1

 region. The excess of oxygen may be accommodated by the 

formation of some [CuO6] structural units, in agreement with UV–Vis data. (v) For sample with x = 40 

mol %, the decreasing trend of the bands located in the region between 400 and 800 cm
−1

 can be due to 

the formation of bridging bonds of Pb–O–Cu and Cu–O–Te. 

4.4.2. Density measurements 
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Fig. 4.11. Copper oxide composition dependence on density 

for xCuO·(100−x)[4TeO2·PbO2] glasses with 0≤x≤40 mol%. 

The density increases from 5.22 to 6.23 g/cm
3
 when the copper oxide contents of the samples 

modify from 5 to 40 mol%. The relation between the density and the copper ions content is not linear 

for the whole field of concentration. Fig.4.11 shows the presence of density maxima at x = 1 and 40 

mol % CuO. The addition of the modifier copper (II) oxide to the lead-tellurate glass network 

introduces surplus oxygen into the vitreous network. The additional oxygen may be incorporated by the 

conversion of lead atoms from a lower to a higher coordination. 

The density decreases abruptly when up to 5 mol% copper oxide was added, showing the 

formation of Cu–O–Te or Cu–O–Pb linkages.  

By increasing the CuO amount up to 40 mol%, the density increases showing the substitution of 

the [PbO6] structural units by [CuO6] entities. These small [CuO6] entities will create smaller network 

cavities and subsequent local densification. Consequently 

the density increases. 

4.4.3. UV-Vis spectroscopy 

Fig. 4.12. reveals the UV–vis absorption spectra of xCuO·(100−x)[4TeO2·PbO2] glasses. 
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Fig. 4.12. UV–vis absorption spectra of  

CuO·(100−x)[4TeO2·PbO2] glasses in function of copper oxide 

content. 

In the host matrix, the stronger transitions in UV region can be due to the presence of the Te-O 

bonds from [TeO3] structural units and Pb-O bonds from [PbO3] structural units which allow n– * 

transitions. Ions Pb
+2

 absorb strongly in the ultraviolet (310 nm) and yield broad emission bands in the 

ultraviolet and blue spectral area [12]. The intensity of the UV–vis band located at about 310nm attains 

maximum value for sample with x = 1 mol % CuO. This shows that the lead ions participate as network 

former.  

For sample with x≥20 mol% CuO,UVspectra exhibit a charge transfer bands due to d –p –d  

transitions from the tricentric metal–oxygen–metal bonds which is reduced to a shoulder recorded at 

255 nm. 

By increasing the CuO content up to 30 mol%, new bands appear in the 320–400nm region. The 

intensity of absorption increases with the concentration of copper ions up to 30 mol%. These broad 

visible bands indicate that the copper ions in the lead-tellurate glasses are present mostly as Cu
+2

 ions 

in octahedral symmetry with tetragonal elongation sites. These bands were assigned to the 
2
B1g→

2
B2g 

transitions of the Cu
+2

 ions present in the axially elongated octahedral sites [76, 77]. 

For sample with x = 40 mol% CuO, the strong intensity of the bands situated in the 320–900nm 

domain disappears indicating the reduction of some Cu
+2

 to Cu
+
 ions. 

4.4.4. EPR spectroscopy 

The EPR spectra for CuO·(100−x)[4TeO2·PbO2] glasses are presented in figure 4.13. 

For x 10 mol % CuO the EPR spectra are asymmetric, characteristic for isolated of Cu
2+

 ions in 

an axially distorted octahedral environment.  

The spectra show the parallel partially resolved hfs due to the interaction of the unpaired electron 

with the nuclear spin I=3/2 of the Cu
2+

 ion. The perpendicular hfs is not resolved indicating a width of 



the individual components exceeding the A  separation. For higher concentrations (x ≥ 20 mol% 

CuO), EPR spectra show a single absorption line due to clustered ions Cu
2+

, located at g  2.1.  

0 2000 4000 6000 8000 10000

In
te

n
s
it

y
 (

a
.u

.)

H (G)

1%

5%

10%

20%

30%

40%

 

 

 

 

Fig. 4.13. EPR spectra due to Cu
2+

 ions in 

xCuO·(100-x)[4TeO2·PbO2] glasses for 1 ≤ 

x ≤ 40 % mol 
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Fig. 4.17. The dependence on CuO content of the intensity (a) and width (b) of resonance 

line at gef ≈2.1 for xCuO·(100-x)[4TeO2·PbO2] glasses for 1 ≤ x ≤ 40 % mol 

The intensity of the resonance line at geff ≈ 2.1 can be observed as increasing up to 30 mol % 

(Figure 4.17.a). Over this concentration, the intensity decreases due to decrease in the number of Cu
2+

 

ions. 

The line width increases with the CuO content up to x= 10 mol % due to the increase of the 

dipolar interaction between the Cu
2+

 ions. For higher concentrations, x≥10 mol % it could be observed 

a strong decrease of the linewidth which could be attributed to a superexchange – type interaction 

between the copper ions. The progressive appearance of Cu
+
 ions in the glass composition is supported 

by reducing the absorption signal (Fig. 4.17. a)) 

4.5.    xMnO·(100-x)[4TeO2·PbO2] glass systems 

4.5.1. Density measurements 
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Fig. 4.18. Manganese oxide composition 

dependence on a) density; b) molar volume, Vm for 

xMnO∙(100-x)[4TeO2∙PbO2] glasses with 0≤x≤40 

mol%. 

Fig. 4.18. shows the compositional evolution of the density of the manganese-leadtellurate 

glasses. The relation between the density and the manganese ions content is not linear for the whole 

field of concentration. The density increases from 2.73 to 6.38 g/cm
3
 when the MnO content of the 

samples modifies from 1 to 5 mol%. 

By introduction of low MnO content (1 mol%) in the host matrix, the density decreases abruptly 

because some [TeO4] structural units were converted to the [TeO3] structural units, in agreement with 

the IR data (Fig.4.19). For the sample with x=5 mol% the density attains a maximum value. The 

additional oxygen may be incorporated by the conversion of lead atoms from a lower to a higher 

coordination. Further the addition of the MnO content up to 20 mol% needs the commodated of the 

glasses network with the excess of oxygen atoms by the formation of the Te-O-Mn and Pb-O-Mn 

linkages 

4.5.2. FTIR spectroscopy 

The experimental FTIR spectra of xMnO·(100-x)[4TeO2·PbO2] glass system with various content 

of manganese oxide (0 ≤ x ≤ 40 mol%) were presented in Fig. 4.19. The broader bands situated 

between 620-680cm
-1

 are assigned to the stretching vibration of equatorial and axial Te-O bonds in the 

[TeO4] trigonal bipyramidal units, while the absorption band of the [TeO3] units corresponds to the 

wavenumber of 780 cm
-1

. 

The absorption band situated at 620cm
-1

 in the host matrix is shifting to higher wavenumbers 

(640 cm
-1

) by increasing of MnO content up to 15 mol %. A shift of absorption band to higher 

wavenumber indicates the conversion of some [TeO4] to [TeO3] structural units. This can be explained 

considering that the lead ions have a strong affinity towards these structural units containing non-

bridging oxygens with negative electrical charges. 



Up to 20 mol% MnO it can be observed that the addition of manganese ions is leading to a 

broadening of the bands located in the 400-800cm
-1

 region and to a structure more and more 

disordered. 
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Fig. 4.19. FTIR spectra of xMnO∙(100-

x)[4TeO2∙PbO2] glasses with 0≤x≤40mol% 

A sharp of decreasing trend was observed both in frequency and strength of the band from 400-

800 cm
-1

. This might be due to the formation of the Mn-O-Pb and Mn-O-Te bridging bonds. Since the 

stretching force constant of Mn-O bonding is substantially lower than that of the Te-O and Pb-O, the 

stretching frequency of Mn-O-Pb and Mn-O-Te might trend to be lower. 

By increasing of MnO content up to 30 mol%, the formation of the larger numbers of non-

bridging oxygen’s yields the apparition of [PbO3] and [PbO4] structural units in the vicinity of the 

[TeO3] structural units. This band assigned to stretching vibrational mode of [TeO3] structural units 

increase in intensity by the increasing of MnO content. 

4.5.3. UV-Vis spectroscopy 

The UV-VIS absorption spectra of xMnO∙(100-x)[4TeO2∙PbO2] glasses with x=0-40 mol % are 

shown in Fig. 4.20. 

The stronger transitions in the UV-VIS spectrum can be due to the presence of the Te=O bonds 

from [TeO3] structural units and Pb=O bonds from [PbO3] structural units which allow n-π* transitions. 

Ions Pb
+2

 with s
2
 configuration absorb strongly in the ultraviolet and yield broad emission bands in the 

ultraviolet and blue spectral area. The intense band centered at about ~300 nm corresponds to the Pb
+2

 

ions [12]. The Mn-doped glasses show no characteristic visible bands, but only a small kink at 385nm 

due to Mn
+2

 ions, which are known to have very low extinction coefficients [38]. 
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Fig. 4.20. UV-VIS absorption spectra of xMnO∙(100-x)[4TeO2∙PbO2] glasses in function of 

manganese oxide content 

By introduction of low MnO content (1%) in the host matrix implies the modifications in UV-

VIS spectrum: the absorption band situated at ~300 nm is shifting to higher wavelength (315nm) and a 

larger band appears at about 326 nm which can be due to 
5
Eg→

5
T2g transition of Mn

+3
 ions [85]. Then, 

the intensity of the band situated at about 260 nm increases. This band is due to 
6
A1g(S) →

4
A2g(F) 

absorption transitions of Mn
+2

 ion which exists in the UV region in absorption spectrum [86]. The high 

UV–VIS absorbances between 300 and 400 nm are consistent with the presence of high-valent Mn 

species. 

The high-intensity band centered at 380 and 500 nm can be assigned to oxygen-manganese 

charge transfer transition from the oxygen ligand to Mn (III). The bands in the region ranging from 350 

to 700 nm are not the simple d-d transitions for octahedrally coordinated Mn (III) ions. A similar band 

is centered at about 950nm which is almost independent of the nature of the remaining oxygens 

ligands. 

4.5.4. EPR spectroscopy 

The spectra consist mainly of resonance lines centered at g–factor values of geff ≈2.0 and geff 

≈4.3, their relative intensity depending on the manganese content of the samples as shown in figure 

4.21. 

The strongly distorted versions of the octahedral vicinity, subjected to strong crystal field effects, 

give rise to absorptions at geff≈4.3. The absorption line centered at geff≈2.0 may be attributed to Mn
2+

 

species interacting by magnetic coupling, dipolar and/ or super exchange, the last ones forming 

magnetic clusters. 
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Fig. 4.21. EPR spectra due to Mn2+ ions in 

xMnO·(100-x)[4TeO2·PbO2] glasses for 1 ≤ x ≤ 40 % 

mol  

For x 5 mol % the EPR spectrum consists in absorption lines centered la g≈4.3 and g ≈2.0 

values. The hfs were resolved on both g≈4.3 and g≈2.0 obsorptions due to the nuclear spin (I=5/2) 

interaction (Figure 4.21.) 

The intensity and the line - width of the resonance line at geff≈4,3 for all investigated systems is 

represented in figure 4.22 (a,b). 
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Fig. 4.22. The dependence on MnO content of the intensity (a) and width (b) of resonance 

line at gef ≈4.3 for xMnO·(100-x)[4TeO2·PbO2] glasses for 1 ≤ x ≤ 40 % mol 

The intensity of the resonance line at geff≈4.3 can be observed as increasing up to 15 mol % 

(Figure 4.22.a), over this concentration, the intensity decreases. The line - width of the resonance line 

at geff≈4.3 (Figure 4.22.b) decreases with the increase of x in the whole concentration range. 

The non-linear increase of intensity (Figure 4.23.) with MnO concentration shows that 

manganese ions are present as Mn
2+

 as well as Mn
3+.

 The line - width of the resonance line from 

geff≈2.0 (Figure 4.23.b).) increases up to 5 % mol due to manganese species interacting by magnetic 

coupling dipole-dipole as the main broadening mechanism. Over this concentration line -the width of 

the resonance line from gef≈2.0 decreases due to interacting superexchange between the manganese 

ions. 
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Fig. 4.23. The dependence on MnO content of the intensity (a) and width (b) of resonance 

line at gef ≈2.0 for xMnO·(100-x)[4TeO2·PbO2] glasses for 1 ≤ x ≤ 40 % mol 

 

CHAPTER 5. Characterization of some tellurite glasses doped with rare earth ions 

and transitional ions obtained by sol-gel method 

5.1.   The preparation and processing of the samples 

The glass systems: TeO2·xEu2O3, x=1,6-32 % mol, TeO2·xGd2O3, x=8-32 % mol, TeO2·xFe2O3, 

x=8-40 % mol, TeO2·xCuO, x=3,2-48 % mol, TeO2·xMnO, x=3.2-64 % mol were prepared using sol-

gel method, using Te(OEt)4, Eu(NO3)3×6H2O, Gd(NO3)3×6H2O, Fe(NO3)3×9H2O, Cu(NO3)2×3H2O, 

Mn(NO3)2×4H2O as precursors, CH3COOH and EtOH as solvents. Tellurium (IV) ethoxide was 

dissolved in ethanol, followed by addition of iron (III) nitrate and glacial acetic acid under continuous 

stirring until the reaction mixture became homogeneous. Then, the reaction mixture was stirred for 45 

minutes at 60 ºC in atmospheric conditions. After filtration, the wet gel obtained was dried in the oven 

for 24 hours at 80 ºC, and was ground to give fine powder. 

5.2. Characterization of tellurite system doped with iron ions 

5.2.1. X-ray diffraction 

XRD analysis of the structure of tellurite systems obtained showed no distinguishing peaks, 

which indicates that systems were amorphous (Fig. 5.1.) 
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Fig.5.1. X-ray diffraction patterns for iron-tellurite glass 

samples. 

5.2.2. FTIR spectroscopy 

A simple inspection of the spectral features presented in Figure 5.2 shows that because the 

majority of the bands are large and asymmetric, presenting also some shoulders, a deconvolution of the 

experimental spectra was necessary. The deconvoluted IR spectra for the iron-tellurite glasses are 

shown in Figure 5.2. and the peak assignments are given in Table 5.2. This deconvoluted allowed us a 

better identification of all bands that appear in the FTIR spectra in order to realize their assignment. 

The deconvoluted procedure was made by using the Spectra Manager program [19] and a Gaussian 

type function. 
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Fig. 5.2. a) FTIR spectra of iron-tellurite glass samples obtained by sol-gel method; b) 

Deconvoluted FTIR spectrum for x = 8 % mol Fe2O3 

Table 5.2. Deconvolution parameters (the band centers C and the relative area A) and the bands 

assignments for the iron-tellurite glasses. 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Assignments 

A C A C A C A C A C  

2.68 418 11.50 421 7.12 418 3.09 405 7.79 386 Bending vibrations of Te-O-Te sau  



O-Te-O linkages [7] 

3.96 521 7.35 531 15.61 529 8.33 503 6.72 495 
Fe-O vibrations of [FeO4] and 

[FeO6][8] 

3.32 618 3.99 631 4.68 692 3.19 662 6.17 628 
Stretching vibrations of [TeO4] 

structural units [9] 

2.82 757 2.44 722 5.09 758 5.05 774 4.57 772 
Stretching vibrations of [TeO4] 

structural units [10] 

3.31 1078 2.4 1076 2.19 1079 1.31 1049 1.87 1070 C- O stretching in alcohol [11] 

1.6 1390 1.39 1386 0.57 1386 0.75 1384 0.46 1390 
Stretching vibrations of NO3

-
 

group/methyl group [12] 

By increasing of Fe2O3 content (x ≥ 24 mol % Fe2O3) increases the number of [TeO4] and 

[TeO3] structural units. The increasing trends in the intensity of these bands can be due to the formation 

of bridging bond of Te-O-Te and O-Te-O linkages. 

5.2.3. UV-Vis spectroscopy 

The bands located in the 300-450 nm region are due to the presence of the Fe+3 ions. These bands 

can be due to the d-d transitions of the Fe+3 ions. 
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Fig. 5.4. UV-VIS absorption spectra of iron-tellurite 

systems 

For x = 8 mol % Fe2O3 si x = 24 mol % Fe2O3 some modifications of the bands appear in this 

region. Then, the apparition of new bands located in the 260-325nm region is correlated to the possible 

distortions of symmetry of the iron species. The bands located in the 250-277nm region are due to a 

strong oxygen-iron charge transfer derived to the Fe+2 and Fe+3 ions.  

For x = 8 mol % , three absorption bands located at about 540, 583 and 785nm are identified due 

to transitions: 
6
A1(e

2
t2

3
)→a

4
T1(e

3
t2

2
)(spin forbidden), A1(t2g

3
eg

2
)→a

4
T2(t2g

4
eg), 

6
A1(t2g

3
eg

2
)→a

4
T1(t2g

4
eg). 

A very sharp absorption band is observed at about 320nm only for x=8 mol % Fe2O3. 

Fe
+2

 ions produce a band due to oxygen-iron charge transfer in the ultraviolet [16]. 



Spin-forbidden bands are also expected in the 450-550 nm domain. Then, Fe
+2

 ions yield 

absorption bands due to d-d transitions in the near infrared region and can be attributed to a range of 

distorted octahedral sites. Accordingly, the energy diagram of the 3d
6
 configuration (Fe

+2
) indicates 

that its spectrum will consist essentially of a single band in the infrared region as well as a number of 

very weak spin-forbidden bands in the visible and ultraviolet regions. For x = 8  mol % Fe2O3 and x = 

24  mol % Fe2O3, the intensity of the bands situated in the infrared region show that some Fe
+3

 ions 

were converted to Fe
+2

 ions. 

5.2.4. EPR spectroscopy 

The Fe
3+

 EPR spectra (Figure 5.5.) are characterized by resonance absorptions at g ≈ 4,3 and g ≈ 

2,0, their relative intensity depending on the iron content of the samples. The resonance line at g ≈ 4,3 

is corresponding to the isolated Fe
3+

 ions situated in octahedral, rhombic or tetragonal symmetric 

distorted neighborhoods. The line from gef ≈ 2,0 is attributed to Fe
3+

 ions involved in magnetic 

interactions or clusters. 
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Fig. 5.5. EPR spectra due to Fe
3+

 ions in iron-

tellurite systems  
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Fig. 5.6. The dependence on Fe2O3 content of the intensity (a) and width (b) of resonance line at gef 

≈2.0 for iron-tellurite systems 



The intensity of the resonance line at geff ≈ 2.0 (Figure 5.6.a) increases with the increase of x in 

the whole concentration range. The non-linear increase of intensity with iron concentration shows that 

iron ions are present as Fe
2+

 as well as Fe
3+

. The line - width of the resonance line from geff≈2.0 

(Figure 5.6.b).) of x in the whole concentration range due to could appear superexchange interactions. 

In figure 5.7. are presented the temperature dependence of integral intensity for iron-tellurite 

systems. It could be observed that these dependence are linear typical for Curie-Weiss low. From these 

dependence one could evaluate the paramagnetic Curie temperature θp. The evaluated temperatures are 

presented in Figure 5.8. All evaluated θp are negative values, characteristic to antiferromagnetic 

coupled ions by means of super exchange interactions.  
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Fig. 5.7. Temperature dependences of 1/I for iron-

tellurite systems 
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Fig. 5.8. Concentration dependence of θp for iron-

tellurite systems 

 

  

5.3. Characterization of tellurite system doped with europium ions 

5.3.1. X-ray diffraction 

XRD analysis of the structure of tellurite systems obtained showed no distinguishing peaks, 

which indicates that systems were amorphous (Fig. 5.9.) 
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Fig. 5.9. X-ray diffraction patterns for 

europium-tellurite systems. 

5.3.2. FTIR spectroscopy 
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Fig.5.10. FTIR spectra of europium-tellurite systems 

Table 5.3. Wavenumbers and their assignments for FTIR spectra of europium-tellurite systems 

(cm
-1

) Assignments 

432 Vibrations of Te-O in [TeO6] structural units 

470 Bending vibrations of Te-O-Te linkages 

607 Vibrations of Te-O in [TeO6] structural units 

625-680 Stretching vibrations of [TeO4] structural units 

740-780 Stretching vibrations of [TeO3] structural units 

1000-1200 C- O stretching in alcohol 

1380 Stretching vibrations of NO
3-

 group/methyl group 

The IR results suggest that six-coordinated tellurium (VI) in [TeO6] structural units were partially 

changed to four-coordinated tellurium (IV) in [TeO4] structural units during doping with Eu2O3. 

For x=6-16 mol % Eu2O3, a sharp decreasing trend was observed both in wavenumber and 

strength of the band situated between 400 and 800cm
-1

, which might be due to the formation of the Eu-

O-Te bridging bonds. Since the stretching force constant of Eu-O bonding is substantially lower than 

that of the Te-O, the stretching frequency of Eu-O-Te might trend to be lower. 

The adding of 24 mol % Eu2O3 gives rise of the non-bridging oxygens because some [TeO4] 

structural units were transformed in [TeO3] structural units. Then, bands situated at about 625 and 780 



cm
-1

 move towards larger wavenumber and they appear broader. This shift could be attributed to the 

Eu
+3

 ions incorporation as network modifiers which form new non-bridging oxygens in Te-O
-

…Eu
+3

….O
-
-Te linkages. This shows that the europium ions are firstly inserted in the trivalent state 

and they can be considered as modifiers because they have a strong affinity towards these groups 

containing non-bridging oxygens, with negative electric charges. 

By increasing of the Eu2O3 concentration up to 32 mol%, the conversion of some [TeO4] into 

[TeO3] structural units was observed again because the europium ions have a strong affinity towards 

these groups containing non-bridging oxygens, with negative electric charges. The modifications of the 

absorption bands corresponding to the Te-O-Te bending modes situated at about 470 cm
-1

 are proofs of 

these affinities. 

5.3.3. UV-Vis spectroscopy 

Absorption of Eu
+3

 in TeO2 sol-gel systems is given in Figure 5.11. The stronger transitions in 

the UV-VIS spectrum can be due to the presence of the Te=O bonds from [TeO3] structural units which 

allow n-π
*
 transitions. 
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Fig. 5.11. UV-Vis spectra of europium-tellurite systems 

Table 5.4. Assignments of Eu
3+

 absorption bands in the europium-tellurite systems 

x [mol %] 
Wavelength 

[nm] 
Assignments 

1.6-32 
308 7

F0
7
F2 

1.6-32 312 7
F0

5
H6 

1.6-32 
320 7

F0
5
H4 

1.6-32 
328 7

F1
5
H7 

8, 24 
362 7

F0
5
D4 

1.6 
376 7

F0
5
G4 



1.6, 4, 16 
383 7

F0
5
G2 

1.6, 4, 8 
404 7

F1
5
L6 

24 
410 7

F0
5
D3 

8, 24 463 7
F0  

5
D2 

1.6, 4, 24 
550 7

F0
5
D1 

5.4. Characterization of tellurite system doped with gadolinium ions 

5.4.1. X-ray diffraction 
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Fig. 5.12. X-ray diffraction patterns for gadolinium-

tellurite systems. 
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Fig. 5.13. FTIR spectra of gadolinium-tellurite systems 

XRD analysis of the structure of tellurite systems obtained showed no distinguishing peaks, 

which indicates that systems were amorphous (Figure 5.12.) 

5.4.2. FTIR spectroscopy 

The FTIR spectra of gadolinium-tellurite systems are shown in Figure 5.13. 

Table 5.5. Wavenumbers and their assignments for FTIR spectra of gadolinium-tellurite systems 

 
(cm

-1
) 

Assignments 

434 vibrations of Te-O in [TeO6] structural units 

460-464 bending vibration of Te-O-Te linkages 

540 Vibrations of Te-O
-
 



605 vibrations of Te-O in [TeO6] structural units 

616-675 stretching vibrations if [TeO4] structural units 

730 stretching vibrations of [TeO3] structural units 

1000-1300 C-O stretching in alcohols 

1380 methyl symmetrical C–H bending or asymmetric stretching vibrations of NO3
- 
group 

1462 methyl asymmetrical C–H bending 

The absorption band situated at 605 cm
-1

 in the host matrix is shifting to higher wavenumbers 

(616 cm
-1

) by dopping of Gd2O3. A shift of absorption band to higher wavenumber indicates the 

conversion of some [TeO6] to [TeO4] structural units. 

The bands centered at 1380 cm-1 and 1462 cm
-1

 can be due to the methyl group. The absorption 

band situated at about 1380 cm
-1

 belongs to the asymmetric stretching vibrations of NO3
-
 group, 

revealing that nitrate in the as-prepared samples does not decompose at 80 
◦
C yet. 

5.4.3. UV-Vis spectroscopy 

UV-Vis spectra of the studied samples are presented in Fig. 5.14. The analysis of UV-VIS spectra 

can see that the position of absorption bands is shifted to higher wavelengths with increasing 

concentration of gadolinium ions. Stevels [50] suggest that the absorption bands shift to higher 

wavelengths correspond to transitions from non-bridging oxygens oxygen linking an excited electron 

less tightly than an atom of bridging oxygen. 

250 300 350 400 450 500 550 600

24 %

16 %

8 %

matrice

a
b

s
o

rb
a

n
c

e
 [

a
.u

.]

wavelength [nm]

 

 

 

 

Fig. 5.14. UV-Vis spectra of gadolinium-tellurite 

systems 

The stronger transitions in the UV-VIS spectrum can be due to the presence of the Te=O bonds 

from [TeO3] structural units which allow n-π
*
 transitions. 

Absorption bands in 250-260 nm region are due to transitions of charge transfer (CT) oxygen-

Gd
3+

 [51, 52]. CT transitions occur when a valence electron is transferred from the ligand to the 

unoccupied orbital of the metal cation. The absorption spectra of tellurite system consist of bands 

attributable to f-f transitions between the ground state of Gd
3+

 (
8
S) and multipletii 

6
PJ, 

6
IJ and 6DJ. 

5.4.4. EPR spectroscopy 

The spectrum consist one of resonance lines centered at g≈2.0, due to clustered ions. 
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Fig. 5.15. EPR spectra due to gadolinium ions in gadolinium-

tellurite systems  

 

 

5.5. Characterization of tellurite system doped with copper ions 

5.5.1. X-ray diffraction 

No peaks are observed in XRD pattern confirming the amorphous nature of the studied samples 

(Figure 5.16.). 
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Fig. 5.16. X-ray diffraction patterns for copper-tellurite 

systems. 

5.5.2. FTIR spectroscopy 

The FTIR spectra of the samples (Figure 5.17.) are characterized by intense absorption bands in 

the frequency regions 400-500 cm
-1

, 604-680 cm
-1

, 720-780 cm
-1

, 1000-1500 cm
-1

. The examination of 

the FTIR spectra shows that the CuO content modifies the characteristic IR bands. 

The bands located in the spectral range 404-500 cm
-1

, 620-680 cm
-1

 and 720-775 cm
-1

 are 

assigned to the bending mode of Te-O-Te or O-Te-O linkages, to the stretching mode [TeO4] trigonal 

pyramidal with bridging oxygen and to the stretching mode of [TeO3] trigonal pyramidal with non-

bridging oxygen, respectively.  
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Fig. 5.17. FTIR spectra of copper-tellurite systems 

The absorption band situated at 604 cm
-1

 is shifted to higher wavenumbers (630 cm
-1

) by 

introduction of CuO content (x=3.2 mol %). Usually, a shift of absorption bands to higher frequencies 

occurs as a result of an increase in the degree of polymerization of the structural network of the glass. 

Therefore, the FTIR results suggest that six-coordinated tellurium (VI) in [TeO6] structural units were 

partially changed to four-coordinated tellurium (IV) in [TeO4] structural units during doping with CuO. 

By increasing of CuO content up to 16 mol % (sample 2) increases the number of [TeO4] and 

[TeO3] structural units. The increasing trends in the intensity of these bands can be due to the formation 

of bridging bond of Te-O-Te and O-Te-O linkages. 

The FTIR absorption spectra observed for copper nitrate - tellurate glasses revealed the presence 

of two bands at around 656 cm
-1

 and 675 cm
-1

, accompanied by a shift to higher wave number, 

indicating the appearance of TeO3 units corresponding to a reduction in the number TeO4 units. 

For x=32 mol % we can be observed that the addition of copper ions is leading to a broadening of 

the bands located in the 400-800 cm
-1

 region and to a structure more and more disordered. This might 

can be due to the formation of the Cu-O-Te bridging bonds. 

5.5.3. UV-Vis spectroscopy 
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Fig. 5.18. UV-Vis spectra of copper-tellurite systems 



The observed band at ~ 815 nm (x=32 mol %) is due to transitions 
2
B1g → 

2
B2g. This band can be 

identified as the d-d transitions due to Cu
2+ 

ions and described in terms of the ligand field theory [71]. 

The located band at 680 nm (x=16-32 mol %) is attributed to Cu
2+

 ion present in the sample. This 

absorption may be due to 
2
T2g →

2
Eg transition of Cu

2+
 [72]. It can also be observed at 390 nm 

absorption band (x=16-32 mol %) due to transitions (
2
B1g → 

2
Eg) of copper ions Cu

2+
 [73.74]. Bands 

located at ~ 615 nm (all samples), ~ 867 nm (x=16-32 mol %) are attributed to 
2
B2g→

2
A1g transitions  

of Cu
2+

 ions [75]. 

5.5.4. EPR spectroscopy 

The spectra show the parallel partially resolved hfs due to the interaction of the unpaired electron 

with the nuclear spin I=3/2 of the Cu
2+

 ion. The perpendicular hfs is not resolved indicating a width of 

the individual components exceeding the A  separation. For higher concentrations, EPR spectra show 

a single absorption line due to clustered ions Cu
2+

, located at g  2.1.  

  

 

 

 

Fig. 5.19. EPR spectra due to copper ions in copper-

tellurite systems 
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Fig. 5.20. The dependence on CuO content of the intensity (a) and width (b) of resonance line at geff ≈ 

2.1 for copper-tellurite systems 
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The intensity of the resonance line at geff ≈ 2.1 can be observed as increasing up to 32 mol % 

(Figure 5.20.a). Over this concentration, the intensity decreases due to decrease in the number of Cu
2+

 

ions. 

The gef ≈2.1 resonance line-width (Figure 5.20.b) increases up to 32 mol % CuO, where a 

change of slope takes place, due to the dipolar interactions. For higher concentrations (x≥32 mol %) the 

increase of line-width is attenuated and this supports the existence of exchange interaction between 

Cu
2+

 ions. 

In figure 5.21. are presented the temperature dependence of integral intensity for copper-tellurite 

systems.  
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Fig. 5.21. Temperature dependences of 1/I for copper-

tellurite systems. 

All evaluated θp are negative values. In the low range of CuO concentrations these values are 

closed to 0 K, from where results that in this composition range copper ions presents are isolated and 

presents a paramagnetic behavior. For higher concentration of CuO, antiferromagnetic behavior is 

increasing. 

5.6. Characterization of tellurite system doped with manganese ions 

5.6.1. X-ray diffraction 

No peaks are observed in XRD pattern confirming the amorphous nature of the studied samples 

(Figure 5.16.). 
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Fig. 5.22. X-ray diffraction patterns for manganese-tellurite 

systems. 



5.6.2. FTIR spectroscopy 
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Fig. 5.23. FTIR spectra of manganese-tellurite systems 

 

The IR results suggest that six-coordinated tellurium (VI) in [TeO6] structural units were partially 

changed to four-coordinated tellurium (IV) in [TeO4] structural units during doping with MnO. 

Table 5.6. Wavenumbers and their assignments for FTIR spectra of manganese-tellurite systems 

 (cm
-1

) Assignments 

420 

435 

Vibrations of Mn-O in [MnOn] 

vibrations of Te-O in [TeO6] structural units 

475 bending vibrations of Te-O-Te linkages 

605 vibrations of Te-O in [TeO6] structural units 

730-780 stretching vibrations of [TeO3] structural units 

620-680 stretching vibrations of [TeO4] structural units 

1000-1300 C-O stretching in alcohols 

1380 methyl symmetrical C–H bending or asymmetric stretching vibrations of NO3- group 

1462 methyl asymmetrical C–H bending 

5.6.3. UV-Vis spectroscopy 

The stronger transitions in the UV-VIS spectrum can be due to the presence of the Te=O bonds 

from [TeO3] structural units which allow n-π
*
 transitions. 
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Fig. 5.24. UV-Vis spectra of manganese-tellurite systems 

The absorption bands due to of ion Mn
2+

 are located at 293 nm, 325 nm, 378 nm, 392 nm, 428 

nm, 460 nm, 530 nm si sunt atribuite tranzitiilor 
6
A1g(S)→

4
T1g(P) [101], 

6
A1g(S)→

4
Eg(D) [101],  

6
A1g(S)→

4
Eg(D) [102], 

6
A1g(S)→

4
T2g(D) [102], 

6
A1g(S)→

4
A1g(G), 

4
Eg(G) [102], 

6
A1g (S) → 

4
T1g (G) 

[103], 
6
A1g (S) → 

4
T1g (G) [104].  

5.6.4. EPR spectroscopy 
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Fig. 5.25. EPR spectra due to manganese ions in 

manganese-tellurite systems 

The spectra consist mainly of resonance lines centered at g–factor values of geff≈2.0, geff≈4.3, 

their relative intensity depending on the manganese content of the samples as shown in Figure 5.25. 

This isotropic signal at geff≈2.0 is due to isolated Mn
2+

 ions in an environment close to octahedral 

symmetry. 

The non-linear increase of intensity (Figure 5.26. a) with MnO concentration shows that 

manganese ions are present as Mn
2+

 as well as Mn
3+.
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Fig. 5.26. The dependence on MnO content of the intensity (a) and width (b) of resonance line 

at geff ≈ 2.0 for manganese-tellurite systems 

 

In case of geff ≈ 2.0 absorptions (Figure 5.26.b) for x 16 mol % the line broadene as result of 

dipolar interactions between manganese ions. For x 0.16 mol % this broadening is stopped by the 

exchange narrowing. For x 32 mol % the broadening of the geff ≈ 2.0 absorption line can be explained 

by the increased role of the Mn
3+

 ions and of the disorder determined by the increase of the MnO 

content. 

All evaluated θp are negative values. In the low range of MnO concentrations these values are 

closed to 0 K, from where results that in this composition range manganese ions presents are isolated 

and presents a paramagnetic behavior. For higher concentration of MnO, antiferromagnetic behavior is 

increasing. 
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Fig. 5.27. Temperature dependences of 1/I for manganese-

tellurite systems 
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SELECTED CONCLUSIONS 

 

The main idea of the thesis was to obtain tellurite systems doped with rare earth ions and 

transitional metal ions by melt/quenching and sol-gel methods.  

xEu2O3 (100-x)[4TeO2 PbO2] where x=0-50 mol % Eu2O3,  xFe2O3 (100-x)[4TeO2 PbO2] where 

x=0-60 mol % Fe2O3, xCuO (100-x)[4TeO2 PbO2] where x=0-40 mol % CuO, glasses were 

prepared by melting/quenching. 

A series of tellurite systems were prepared by sol-method. Tellurium (IV) ethoxide (85 %) and 

stoichiometric quantities of Eu(NO3)3×6H2O, Gd(NO3)3×6H2O), Fe(NO3)3×9H2O, 

Cu(NO3)2×3H2O, Mn(NO3)2×4H2O, absolute ethanol and glacial acetic acid, were employed for 

sol-gel method. 

In the present study, tellurite systems were studied by density measurements, FTIR, UV-Vis and 

EPR spectroscopy. 

The summary of the conclusions drawn from the investigation on tellurite glasses obtained by 

melt/quenching is as follows: 

 XRD analysis of the structure of tellurite glasses obtained showed no distinguishing peaks, 

which indicates that systems were amorphous. 

 The values of density suggested important structural modifications of the vitreous network. 

 The bands located in the 400-500 cm
-1

 region are attributed to the bending mode of  Te-O-Te 

linkages which may be overlapped with that assigned to the bending mode of the Pb-O-Pb 

stretch in the [PbO4] structural units, 620-680 cm
-1

 are assigned to the stretching vibrations of 

equatorial and axial Te-O bond in the [TeO4] trigonal bipyramidal units, 670 cm
−1

, 870 cm
-1

 can 

be attributed to Pb–O bond vibrations from [PbO3] and [PbO4] structural units, 720-780 cm
-1

 

are assigned to vibrations of Te-O bond of the [TeO3] units, absorption bands located at about 

1000 and 1100 cm
−1

 are attributed to Pb–O asymmetric stretching vibrations in [PbOn] 

structural units. A shift of absorption bands to higher wavenumber indicates the conversion of 

some [TeO4] into [TeO3] structural units, because the lead ions have a strong affinity towards 

these groups containing non-bridging oxygens, with negative charge. For glasses doped with 

iron ions, FTIR spectra showed absorption bands due to vibrations of Fe-O bond in the 

structural units [FeO4] and [FeO6]. 



 The stronger transitions in the UV-VIS spectrum can be due to the presence of the Te=O bonds 

from [TeO3] structural units and Pb=O bonds from [PbO3] structural units which allow n-π
*
 

transitions. The absorption of Pb
2+

, Eu
3+

, Eu
2+

, Fe
3+

, Fe
2+

, Cu
2+

, Cu
+
, Mn

2+
 si Mn

3+
 ions was 

emphasized by UV-Vis spectroscopy. 

 The distribution of Fe
3+

, Cu
2+

, Mn
2+

 ions in several structural units of the glasses was revealed 

by the EPR spectra, the structure depending of the Fe2O3, CuO and MnO content. The evolution 

of the spectra is easier to follow considering the dependence of concentration on the EPR 

parameters, the line - intensity (obtained as an integral of the area under the corresponding EPR 

signal), J and the line - width, ΔH. The evolution of J and H reflects the structural 

transformations which appear in the glass matrices due to the increase of iron, copper and 

manganese ions content. 

The summary of the conclusions drawn from the investigation on tellurite glasses obtained by 

sol-gel method is as follows: 

 XRD analysis of the structure of tellurite glasses obtained showed no distinguishing peaks, 

which indicates that systems were amorphous. 

 From FTIR absorption spectra of the matrix, it can be observed the bands due to vibrations of 

Te-O bonds in [TeO6] and [TeO3] structural units. The IR results suggest that six-coordinated 

tellurium (VI) in [TeO6] structural units were partially changed to four-coordinated tellurium 

(IV) in [TeO4] structural units during doping with earth rare ions and transitional metal ions. 

 The stronger transitions in the UV-VIS spectrum can be due to the presence of the Te=O bonds 

from [TeO3] structural units. The absorption of Fe
3+

, Fe
2+

, Eu
3+

, Gd
3+

, Mn
2+

 si Mn
3+

 ions was 

emphasized by UV-Vis spectroscopy. 

 The distribution of Gd3+, Fe
3+

, Cu
2+

, Mn
2+

 ions in several structural units of the glasses was 

revealed by the EPR spectra. The magnetic susceptibility data are in good agreement with the EPR 

result. 

 The EPR spectra of iron-tellurite systems are presented two absorption lines centered at 

geff≈4.3 and geff≈2.0, the structure depending of the Fe2O3 content. The reciprocal magnetic 

susceptibility obeys a Curie-Weiss law with negative paramagnetic Curie temperature: (θp) 

characteristic to antiferromagnetic coupled ions by means of super exchange interactions. 

 The EPR spectra of gadolinium-tellurite systems are presented one absorption line centered 

geff≈2.0 due to clustered ions. 



 The EPR spectra of copper-tellurite systems are asymmetric, characteristic of Cu
2+

 ions in an 

axially distorted octahedral environment. For x≤16 % mol CuO, the temperature dependence of 

the reciprocal magnetic susceptibility obeys a Curie law. In this concentration range the copper 

ions are predominantly isolated or/and participate in dipole-dipole interractions. At higher 

concentrations (x≥32 mol %) the reciprocal magnetic susceptibility obeys a Curie-Weiss law 

with negative paramagnetic Curie temperature: (θp) characteristic to antiferromagnetic coupled 

ions by means of super exchange interractions. 

 The EPR spectra of manganese-tellurite systems are presented two absorption lines centered at 

geff≈4.3 and geff≈2.0 that can be attributed to Mn2+ species. All evaluated θp are negative values. 

In the low range of MnO concentrations these values are closed to 0 K, from where results that 

in this composition range manganese ions presents are isolated and presents a paramagnetic 

behavior. For higher concentration of MnO, antiferromagnetic behavior is increasing. 

 


