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Abstract- TeO2-GeO2 glasses of the composition, TeO2 (1-x) - GeO2 (x) with x = 0.2 and 0.3 mol% were prepared by 
conventional melt quenching method. FTIR and Raman analyses indicate the progressive transformation of the TeO4 units 
into TeO3/ TeO3+1 units. The intensity of the Raman bands around 704/715 cm-1 and 781/804 cm-1 of the two compositions 
increased with respect to the band 665/673 cm-1, confirming the formation of TeO3+1/TeO3 units at the cost of TeO4 units. 
Absorption coefficient, optical energy gap, Urbach energy, refractive index, molar refractivity and polarizability values were 
calculated using the absorption spectra. Defects increased with an increase in GeO2 content as indicated by an increase in 
Urbach energy. Refractive index, molar refraction and polarizability decreased with an increase in GeO2 content while, 
energy band gap and metallization criteria increased. It is concluded that the glass network is a mixture of TeO4, 
TeO3/TeO3+1 and GeO4 structural units. 
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I. INTRODUCTION 
 
Tellurite based glasses possess characteristic features 
like low melting temperature, slow crystallization 
rate, excellent transparency in the Infrared region, 
good mechanical stability, chemical durability, high 
refractive index and non – hygroscopic nature [1, 2]. 
TeO2 is a conditional glass former, unstable in its 
pure form and hence crystallizes easily. However, the 
addition of modifier/intermediate oxides into the 
tellurite glass system improves their stability [3]. 
TeO2 glasses doped with heavy metal oxides have 
received great scientific interest because they can 
change the physical and optical properties [4]. 
Exhaustive literature exists on tellurite glasses doped 
with modifier oxides like alkali or alkaline earths. 
However, a limited number of literature exits on 
tellurite glasses doped with another glass former like 
GeO2.  Among the heavy metal oxide glasses, 
germanate based glasses are found to be potentially 
good for application in optical devices because of 
their low transmission loss in the mid-IR region [5]. 
Combining tellurium and germanium dioxides within 
the glass compositions makes it possible to synthesize 
highly refracting glasses with high light transmission 
and with selective absorption compared to silicate 
and borosilicate glass forming systems [6].  
 
The structure of TeO2 rich glasses consist of TeO4 
trigonal bipyramids (tbp), TeO3+1 polyhedra and TeO3 
trigonal pyramid (tp) units. This structure is found to 
be similar to that of α-TeO2 crystal in which the basic 
structural unit is TeO4, formed by two unequivalent 
pairs of oxygen atoms: two equatorial oxygen’s (Oeq) 
at a distance of 0.190 nm from the Te atom and two 
axial oxygen’s (Oax) at a distance of 0.208 nm from 
the Te atom. These TeO4 units are connected to each 
other via Te-axOeq-Te/Oax-Te-eqO linkages. The 
addition of modifier oxides into the glass matrix 
increases the bond length of Te–Oax in TeO4 units  

 
from 0.208 to 0.298 nm, thus forming TeO3+1 
structural units. The subscript (3+1) indicates that the 
oxygen atom is bonded to tellurium atom but away 
from it compared to the other three oxygen atoms 
thereby implying that it is not within a true bonding 
range. Further increase in Te-Oax bond length breaks 
the bond and results in a TeO3 structural unit, i.e. 
TeO4 units get converted into TeO3 units [7, 8]. 
Different structural units present in TeO2 glasses are 
depicted in Fig. 1. 
 

 
Fig. 1. TeO4, TeO3+1 and TeO3 structural units in TeO2 glasses. 
 
Kalampounias et al. [9] examined the structure of 
germanium-tellurite glasses by Raman spectroscopy 
and reported that GeO2 acts as a network modifier 
causing the conversion of TeO4 to TeO3 units through 
breaking of Te-O-Te linkages. Osaka et al. [10] 
studied the Extended X-ray Absorption Fine Structure 
(EXAFS) of the germanium atoms with GeO4 and 
GeO6 two-shell model in GeO2-TeO2 glasses. 
Monteiro et al. [11] analyzed FTIR and Raman 
spectra of TeO2-GeO2-Nb2O5-K2O glass systems and 
reported the presence of TeO4 and TeO3/TeO3+1 units 
mixed with GeO4 and NbO6 polyhedra. However, 
Rachkovskaya and Zakharevich [6] reported the 
presence of both four and six co-ordinated 
germanium ions in the TeO2-GeO2-B2O3-PbO glass 
system. There is a lack of data on the optical 
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absorption studies of TeO2 – GeO2 glasses in the 
literature while, a number of papers have been 
published on the optical properties of tellurite based 
glasses doped with rare earth oxides. Sharaf El-Deen 
et al. [12] investigated the influence of rare-earth ions 
on optical band gaps in rare earth (R2O3 = La, Ce, 
Sm, Pr, Nd and Yb) doped TeO2 glasses. Eraiah [13] 
discussed the variations of physical and optical 
properties of Sm2O3-PbO-TeO2 glasses with respect 
to varying concentration of Sm2O3. Piroeva et al. [14] 
reported that TeO2-GeO2-Nd2O3 glasses exhibit 
optical properties suitable for multiband filter 
applications. In our previous work [15], in rare earth 
doped TeO2 – GeO2 glass system, both dc and ac 
conductivity and the conduction mechanism were 
reported. 
 
The objective of the present work was to investigate 
the structural and optical properties in the TeO2-GeO2 
glass network in order to see the role of GeO2. 

 
II. EXPERIMENTAL DETAILS 
 
2.1. Materials and Procedures 
Glass samples of the composition, TeO2 (1-x) - GeO2 
(x) with x = 0.2 and 0.3 mol% (labeled as GT1 and 
GT2, respectively), were prepared by conventional 
melt quenching method. The Analar Grade Tellurium 
(IV) oxide (TeO2) and Germanium dioxide (GeO2) 
were used as starting materials. A batch of 25 g of the 
precursors was weighed using an electronic balance 
with an accuracy of 0.001 g and ground in an Agate 
mortar for 2 h to achieve homogenous mixing. The 
heating was carried out in two stages. Initially, the 
mixtures were heated at 440 0C for 30 min and then 
allowed to melt at 950 0C for 45 min. The mixture 
was melted in an Alumina crucible covered with a lid, 
in order to prevent external contamination and with a 
constant stirring in between to ensure 
homogenization. The glass melts were then quenched 
in a copper mould, pre-heated to 200 0C. The samples 
were annealed at 330 0C for 3 h in order to minimize 
thermal stresses and brought down to room 
temperature in 12 h. 
 
2.2. Measurements  
The FTIR spectra was recorded at room temperature 
using a Bruker Tensor 27, Fourier Transform 
Infrared (FTIR) Spectrometer using KBr disc 
technique, in the wave number range 600 – 1100 cm-

1. The investigated glass samples were ground to fine 
powder and thoroughly mixed with KBr in the ratio 
1:4. The Raman spectra were recorded using Thermo 
– NICOLET 6700 Series NXR FT-Raman Module 
Spectrometer at room temperature, in the wave 
number range 200 – 1000 cm-1. The excitation source 
was Nd – YAG laser with 1064 nm wavelength. The 
optical absorption spectra of the highly polished glass 
samples of thickness ~0.44 mm were recorded using 
a UV-Vis Spectroscope-2092 Analytical Technologies 

instrument in the wavelength range 300 – 1000 nm at 
room temperature. 
The optical absorption coefficient α(ν) was calculated 
for GT1 and GT2 samples from the absorbance A, 
using 
α (ν) = A/d,                                                (1) 
where, A is absorbance and d, the thickness of the 
samples. Optical band gap energies (Eg) were 
calculated from (αhν)1/2 Vs. hν graph by extrapolating 
the linear region to meet hν axis at (αhν)1/2 = 0. 
Refractive index of the glasses was calculated using 
the relation [16], 

  	
	

= 1−	               (2) 

The molar refraction (Rm) was calculated using, 
푅 = 	

	
× 	푉 	                           (3) 

Polarizability (훼 ) was calculated using the Lorentz–
Lorentz [17] relation given by,  

	
	
	푉 = 	 	휋푁훼               (4) 

where, Vm is the molar volume of the glasses, 
calculated using their corresponding density and the 
metallization criteria is calculated by using the 
relation, 
푀 = 1−	

	
                                                            (5) 

 
III. RESULTS AND DISCUSSION 
 
The glass compositions, GT1 and GT2 resulted in 
transparent yellow glasses. 
 

Table 1. Appearance of TeO2 (1-x) - GeO2 (x) 
glasses. 

 
 
3.1. FTIR analysis 
FTIR spectra of GT1 and GT2 glasses contain a 
broad absorption band depicting that the samples 
were well vitrified. Generally, addition of modifier 
oxides into TeO2 glasses transforms TeO4 structural 
units into TeO3+1 and TeO3 units along with the 
formation of non – bridging oxygens (NBO). In the 
present case, addition of GeO2 led to the creation of  
TeO3+1 and TeO3 units, which are responsible for the 
band at 736/742 cm−1 in the FTIR spectra of 
GT1/GT2 glasses as shown in Fig. 2. The formation 
of TeO3+1 and TeO3 units was also observed by 
Surendra Babu et al. [18] in zinc-tellurite glasses, 
thus substantiating the role of GeO2 as a modifier in 
the title glasses. The IR absorption band of pure 
tellurium glasses lie at 640 cm-1 which is attributed to 
TeO4 units [19]. In the present GT1/GT2 glasses this 
band was at 626/628 cm-1, confirming the presence of 
TeO4 units. The band (ν1) shifted slightly towards 
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higher frequency side with more GeO2 content (Fig. 
2). Usually, a shift of absorption band towards higher 
frequency side occurs as a result of the co-ordination 
transformation of TeO4 units into TeO3/TeO3+1 units 
[20]. The assignment of the FTIR bands is given in 
Table 2 according to which, the absorption band (ν1) 
at 626/628 cm-1 correlates with the stretching 
vibrations of Te-O bond in the TeO4 units [21]. The 
large band (ν2) centered at 736/742 cm-1 correlates 
with the stretching vibrations of Te-O bond in the 
TeO3/TeO3+1 units with NBO [18] while, the band (ν3) 
at 880/882 cm-1 correlates with the asymmetric 
stretching vibrations of Ge-O-Ge linkages in GeO4 
units [11, 21]. 
Germanate glasses are generally known to consist of 
GeO4 tetrahedral units. However, it is reported that as 
the GeO2 content or alkali content in the 
binary/ternary germanate glasses increases, 
transformation of GeO4 tetrahedral units to GeO6 
octahedral units take place [6, 22]. Such a behavior is 
called as germanate anomaly [22]. Rachkovskaya and 
Zakharevich [6] have observed such an anomaly in 
the TeO2-GeO2-B2O3-PbO glasses where, the 
absorption band of TeO3 unit merges with GeO6 
octahedral unit rather than appearing independently. 
In the present case, existence of GeO6 octahedral 
band has not been observed and therefore there was 
no germanate anomaly in the present glass system. 
 

 
Fig. 2. FTIR spectra for GT1 and GT2 glasses. 

 
3.2. Raman analysis 
The Raman spectra has been deconvoluted into five 
Gaussian peaks A, B, C, D and E as shown in Fig. 3a 
and 3b in order to find out the contributions from 
various structural units. The assignments of these 
deconvoluted peaks (Table 2) were performed based 
on the literature available on the tellurite and 
germanate glasses. From the Raman spectra (Fig. 3a 
and 3b), the peak A at 445/445 cm-1 correspond to the 
stretching vibrations of Te-O-Te or O-Te-O linkages 
[8, 23]. The existence of this band indicates the 
presence of a continuous glass network formed by 
vertex-sharing TeO4, TeO3+1 and TeO3 units. The 
peak B at 665/673 cm-1 corresponds to Te-O 
stretching vibrations of TeO4 units [23]. The peak C 
at 704/715 cm-1 and D at 781/804 cm-1 correspond to 

the stretching vibrations of TeO3+1 and TeO3 units, 
respectively [24]. Finally there is a small peak E at 
858/901 cm-1 which corresponds to the transverse 
optic (TO) asymmetric stretching vibration of 
bridging oxygen in Ge-O-Ge linkage in GeO4 units 
[25, 26]. There was no shift in band A in both GT1 
and GT2 glasses. In the Raman spectrum of pure 
TeO2 glass, the band B has the strongest feature 
while, the bands C and D are practically absent [27]. 
Therefore, the presence of bands C and D in the 
spectra of the title glasses confirm the formation of 
TeO3+1 and TeO3 units due to the addition of GeO2 
into the glass matrix. As TeO3 units consist of tight 
double Te = O bond, it is expected that the frequency 
of stretching vibrations of this unit is higher than that 
of the TeO4 and TeO3+1 units and therefore lie at a 
higher frequency [28], as observed in the present 
case. Usually, intensity of bands implies the number 
of structural units present in the glass network [28]. 
From the Raman spectra of GT1 glass it can be 
observed that the intensity of bands C and D are 
almost same, implying that there are equal number of 
TeO3+1 and TeO3 units. In the spectra of GT2 glass, 
intensity of band D is higher than that of C and hence, 
the number of TeO3 units is more than TeO3+1 units. 
This increase in the number of TeO3 units can be 
considered to be due to an increase of modifier GeO2 
[28]. The intensity of band E also increased with 
increase in GeO2 content thus, indicating that GeO4 
units increased with increase in GeO2 content. 
Furthermore, the intensity of band B in GT1 glass is 
slightly lower than those of bands C and D while, in 
case of GT2 glass, intensity of band B is lowest than 
those of bands C and D. Therefore, it can be 
concluded that with an increase in GeO2 content more 
number of TeO4 units are getting transformed into 
TeO3+1/TeO3 units and thereby reducing TeO4 units. 
The FTIR and Raman spectra suggest that, in the 
present glass system, GeO2 act as a network modifier, 
incorporation of which resulted in the cleavage of the 
Te-O-Te linkages and led to the transformation of 
TeO4 units into TeO3/TeO3+1 units. Kalampounias et 
al. [9] also observed the role of GeO2 as a network 
modifier in germanium tellurite glasses from Raman 
analysis.  The  FTIR and Raman spectra also suggest 
that the structure of the glass network is formed by 
TeO4 tbp units (IR band υ1 ; Raman band B), 
TeO3+1/TeO3 units (IR band υ2 ; Raman band C and 
D) and GeO4 tetrahedral units (IR band υ3 ; Raman 
band E). 

 
Fig. 3. (a) Raman spectra of GT1 glass. 
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Fig. 3. (b) Raman spectra of GT2 glass. 

 
Table 2. Assignments of FTIR and Raman bands. 

 
 
3.3. UV-Vis Spectrophotometry 
No sharp absorption edge has been found in the 
spectra (Fig.4) confirming the characteristic of glassy 
state [12]. 
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Fig. 4. Absorbance Vs. Wavelength. 

 
The optical absorption coefficient α(ν), was 
determined and the results can be displayed in a 
number of ways as a function of photon energy (hν) 
as described by the relation proposed by Davis and 
Mott [29], 
 
 α(ν)	=

ν
	(hν − E )                    (6) 

 
where, B is a constant, Eg the optical band gap and n 
take the values of 2, 1/2, 3, and 3/2 depending on the 
nature of electronic transitions responsible for 
absorption, corresponding to indirect allowed, direct 
allowed, direct forbidden and indirect forbidden 
transitions, respectively. For amorphous materials, 
indirect transitions are valid according to Tauc’s 

relation [30]. (αhν)1/2 Vs. hν is plotted (Fig. 5), taking 
n = 2 for indirect allowed transitions, to find optical 
band gap. Eg increased with an increase in GeO2 
content. In glass and amorphous materials there exist 
band tailing in the forbidden energy band gap. The 
extent of this band tailing is a measure of the disorder 
in the material and can be estimated by using the 
Urbach equation [31, 32] given by, 
 
α(ν) = α 	 exp 	 ν

∆
	            (7) 

 
where, αo is a constant and ∆E is the width of band 
tail also known as Urbach energy. The lack of 
crystalline long range order or the presence of defects 
in the amorphous materials is associated with a tailing 
of density of states [33]. For the title glasses, an 
exponential dependence of α(ν) on hν is observed 
(Fig. 6) suggesting that the Urbach rule is obeyed. 
The value of Urbach energy is calculated from the 
reciprocal of the slope of the plot between ln α(ν) and 
hν. Low values of Urbach energy also indicate that 
the glass is more homogenous and stable [34]. ∆E 
value of GT2 glass is more than GT1 glass (Table 3) 
and can be attributed to higher number of defects in 
GT2 glass. GT1 glass is more homogenous and stable 
than GT2. Good stability of GT1 glass compared to 
GT2 glass is also confirmed from the thermal stability 
parameter of DSC analysis (unpublished work). 
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Fig.5. Variation of (αhν)1/2  vs. (hν). 
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Fig.6. Variation of ln(α) Vs. (hν). 
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Refractive index of the TeO2 - GeO2 glasses depends 
on TeO2 content. The polarizability of tellurium ion is 
larger than the other cations [16]. High refractive 
index is attributed to the higher polarization of TeO2 
[35, 36]. According to the theory of metallization of 
condensed matter [37], the necessary condition to 
predict the metallic or non-metallic nature of solids is 
Rm/Vm > 1 (for metals) and Rm/Vm < 1 (for non-
metals). The metallization criteria of most of the 
tellurite glasses exist in the range 0.35 – 0.45 [38] and 
the present reported values of M for GT1 and GT2 
glasses are 0.343 and 0.350, respectively. For the title 
glasses, M < 1 and hence an increased tendency to 
metallization. Small M values obtained for the glasses 
mean that the width of both valence and conduction 
band becomes large, resulting in a narrow band gap. 
The metallization criteria of GT1 glass is smaller than 
GT2 glass therefore, possessing low energy band gap 
compared to GT2 glass.  
 

Table 3. Optical band gap (Eg), Urbach energy 
(∆E), refractive index (n), molar refractivity (Rm), 
polarizability (αe) and metallization criteria (M) of 

GT1 and GT2 glasses. 

 
 
CONCLUSIONS 
 
TeO2 – GeO2 glasses prepared by the melt quenching 
technique were studied for their structure and optical 
properties. FTIR and Raman results indicated the 
progressive transformation of the TeO4 units into 
TeO3/ TeO3+1 units due to the addition of GeO2 
thereby confirming the role of GeO2 also as a 
network modifier. The intensity of Raman bands C 
and D has been found to increase with increase in 
GeO2 content with respect to band B thus, confirming 
the formation of more TeO3+1/TeO3 units at the cost 
of TeO4 units. GT1 glass is more homogenous and 
stable and contains lesser defects than GT2 glass as 
confirmed from the values of Urbach energy. The 
decrease of refractive index and molar refraction is 
attributed to the decrease of polarizability in GT2 
glass as it contained lesser TeO2 content than GT1 
glass. The decrease in the energy band gap of the 
glasses is attributed to the small value of 
metallization criteria. Thus GeO2 being a network 
former has been found to act as a network modifier 
after incorporating into the tellurite glass and the 
glass network is a mixture of TeO4, TeO3/TeO3+1 and 
GeO4 structural units. GT1 glass is found to be more 
stable than GT2 glass as confirmed from the values of 
Urbach energy. 
 

ACKNOWLEDGMENT  
 
The authors are grateful to the University Grants 
Commission, New Delhi (India) for providing 
financial support in the form of a major research 
project (F. No. 41- 856/2012 (SR)). 
 
REFERENCES 
 

[1] A Mori, Y Ohishi, and S Sudo, Erbium-doped tellurite 
glass fibre laser and amplifier, Electronics Letters, 33 
(1997) 863. 

[2] H Nii, K Ozaki, M Herren, and M Morita, Up-conversion 
fluorescence of Er3+ — and Yb3+-doped TeO2-based oxide 
glass and single crystals, J. Luminescence,  76–77 (1998) 
116. 

[3] A Santic, A M Milankovic, K Furic, M R Linaric, C S 
Ray, and D E Day, Structural properties and crystallization 
of sodium Tellurite glasses, Croatica Chemica Acta, 
81(2008) 559. 

[4] J N Ayuni, M K Halimah, Z A Talib, H A A Sidek, W M 
Daud, A W Zaidan, and A M Khamirul, Optical Properties 
of ternary TeO2-B2O3-ZnO glass system, Mat. Sci. and 
Engg., 17 (2011) 012027. 

[5] J Porque, S Jiang, and B Hwang, Fluorescence properties 
of erbium-doped germanate glasses, SPIE, 3942 (2000) 60. 

[6] G E Rachkovskaya, and G B Zakharevich, IR spectra of 
Tellurium Germanate glasses and their structure, J. Appl. 
Spectroscopy, 74 (2007) 86.  

[7] A Kaur, A Khanna, C Pesquera, F Gonzalez, and V Sathe, 
Preparation and characterization of lead and zinc tellurite 
glasses, J. Non-Cryst. Solids, 356 (2010) 864. 

[8] P Damas, J Coelho, G Hungerford, and S Hussain, 
Structural studies of lithium boro tellurite glasses doped 
with praseodymium and samarium oxides, Mat. Research 
Bulletin, 47 (2012) 3489. 

[9] A G Kalampounias, N K Nasikas, and G N 
Papatheodorou, Structural investigations of the xTeO2-(1-
x)GeO2 (x=0, 0.2, 0.4, 0.6, 0.8 and 1) tellurite glasses: A 
composition dependent Raman spectroscopic study, J. 
Phys. Chem. Solids, 72 (2011) 1052. 

[10] A Osaka, Q Jianrong, Y Miura, and T Yao, EXAFS of 
germanium in glasses of the GeO2-TeO2 system, J Non-
Cryst. Solids, 191 (1995) 339. 

[11] G Monteiro, L F Santos, J C G Pereira, and R M Almeida, 
Optical and spectroscopic properties of germanotellurite 
glasses, J. Non-Cryst. Solids, 357 (2011) 2695. 

[12] L M Sharaf El-Deen, M S Al Salhi and M M Elkholy, IR 
and UV spectral studies for rare earths doped tellurite 
glasses, J. Alloys and Comp. 465 (2008) 333. 

[13] B. Eraiah, Optical properties of lead-tellurite glasses doped 
with samarium trioxide, Bull. Mater. Sci. 33 (2010) 391. 

[14] I Piroeva , L Dimowa, S Atanasova-Vladimirova , N 
Petrova and B L Shivachev, Synthesis, structural and 
optical characterization of TeO2–GeO2–Nd2O3 glasses, 
Bulgarian Chemical Communications, 45 (2013) 491. 

[15] Naziya Parveen, V M Jali and Shantala D Patil, AC, DC 
Conductivity of Rare Earth Doped TeO2-GeO2 Glasses, 
Proceedings of National Conference - Advanced 
Functional Materials, 13 – 19 (2015), ISBN: 978-93-
85682-04-9  

[16] V Dimitrov and S Sakka, Electronic oxide polarizability 
and optical basicity of simple oxides. I, J. Appl. Phys., 79 
(1996) 1736. 

[17] Rawson H, Properties and applications of glass, 
Amsterdam: Elservier, (1980). 

[18] S Surendra Babu, K Jang, E J Cho, H Lee, and C K 
Jayasankar, Thermal, structural and optical properties of 
Eu3+-doped zinc-tellurite glasses, J. Phys. D: Appl. Phys., 
40 (2007) 5767. 

[19] T Xu, F Chen, S Dai, X Shen, X Wang, Q Nie, C Liu, K 
Xu, and J Heo, Glass formation and third-order optical 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-1 Jan.-2016 

Structure And Optical Properties Of Teo2-Geo2 Glasses 
 

94 

nonlinear properties within TeO2–Bi2O3–BaO pseudo-
ternary system, J. Non-Cryst. Solids, 357 (2011) 2219. 

[20] K J Salwan Al-Anil, S Subhi Al-Rawi, A H Jassim, and A 
Haifaa Al-Hilli, FTIR Spectra of Molybdenum Tellurite 
Glasses, Iraqi J. Appl. Phys., 2 (2006) 2                                                                            
3. 

[21] C Marcus, R Lucacel, A O Hulpus, and I Ardelean, 
Structural Characterization of CuO-TeO2-Li2O-GeO2 
glasses by FTIR and Raman Spectroscopies, Physica, 57 
(2012) 41. 

[22] G S Henderson, and W Halan, Germanium coordination 
and the germanate anomaly, Eur. J. Mineral, 14 (2002) 
733. 

[23] A E Ersundu, M Celikbilek, N Solak, and S Aydin, Glass 
formation area and characterization studies in the CdO–
WO3–TeO2 ternary system, J. European Ceramic Society, 
31 (2011) 2775. 

[24] T Suhara, T Hayakawa, M Nogami, and P Thomas, Third-
Order Nonlinear optical properties and Low-Frequency 
Raman scattering of MO-Nb2O5-TeO2 glasses, J. 
University of Chemical Tech. and Metallurgy, 47 (2012) 
369. 

[25] G S Henderson, D R Neuville, B Cochain, and L Cormier, 
The structure of GeO2–SiO2 glasses and melts: A Raman 
spectroscopy study, J. Non-Cryst. Solids, 355 (2009) 468. 

[26] M Micoulaut, L Cormier, and G S Henderson, The 
structure of amorphous, crystalline and liquid GeO2, J. 
Phys. Condensed Matter, 18 (2006) R753. 

[27] O Noguera, T Merle-Mejean, A P  Mirgorodsky, M B  
Smirnov, P Thomas, and J C Champarnaud-Mesjard, 
Vibrational and structural properties of glass and 
crystalline phases of TeO2, J. Non-Cryst. Solids, 330 
(2003) 50. 

[28] E Stavrou, C Tsiantos, R D Tsopouridou, S Kripotou, A G 
Kontos, C Raptis, B Capoen, M Bouazaoui, S Turrell, and 

S Khatir, Raman scattering boson peak and differential 
scanning calorimetry studies of the glass transition in 
tellurium–zinc oxide glasses, J. Phys. Condensed Matter, 
22 (2010) 195103. 

[29] E A Davis and N F Mott, Phila. Mag., 22 (1970) 903. 
[30] N Elkhoshkhany, R Abbas, R El-Mallawany and A J 

Fraih, Optical properties of quaternary TeO2 – ZnO – 
Nb2O5 – Gd2O3 glasses, Ceramics International 40 (2014) 
14477. 

[31] F Urbach, Physical Review, 92 (1953) 1324. 
[32] S Sanghi, S Sindhu, A Agarwal and V P Seth, Physical, 

optical and electrical properties of calcium bismuth borate 
glasses, Radiations Effects & Defects in solids: 
Incorporating Plasma Science and Plasma Technology, 
159 (2004) 369. 

[33] N Elkhoshkhany, Optical Properties of WO3-PbO Tellurite 
Glasses Doped with Rare Earths, J. Chem. Chem. Eng. 8 
(2014) 11. 

[34] V Kamalakar, G Upendra, M Prasad and V C Mouli, 
Infrared, ESR and optical absorption studies of Cu2+ions 
doped in TeO2-ZnO-NaF glass system, Indian Journal of 
Pure and Applied Physics, 48 (2010) 709.  

[35] D Sushama and P Predeep, Thermal and Optical Studies of 
Rare Earth Doped Tungston–Tellurite Glasses, Int. J. App. 
Phy. and Mathematics, 4 (2014) 139. 

[36] E P Golis, A Reben, J Wasylak and J Filipecki, 
Investigations of tellurite glasses for optoelectronics 
devices, Optica Applicata, Vol. XXXVIII, No. 1 (2008) 
163. 

[37] Herzfeld K, Phys. Rev. B, 2 (1970) 2045.                                                                      
[38] F El-Diasty and F A Abdel Wahab, Optical band gap 

studies on lithium aluminum silicate glasses doped with 
Cr3+ ions, J. Appl. Phys. 100 (2006) 093511. 

 
 
 
 
 

 
 

                 


