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Seven different glasses with the molar fraction of TeO2 equal to eighty were prepared from pure oxides. The optical band 
gap was determined in the region 3.33 - 3.61 eV. The coefficient of the temperature dependence of the optical band gap 
was found in the region 3.8 × 10-4 - 6.8 × 10-4 eVK-1. From the optical band gap the non-linear refractive index value of the 
studied glasses was estimated at around 0.85 × 10-11 esu. Reduced Raman scattering spectra indicate structural changes 
induced, by chemical composition, in TeO2 network due to conversion from TeO4 trigonal bipyramids to TeO3 and TeO3+1 
units. A qualitative correlation in TeO4 → TeO3 and TeO3+1 conversion and the optical band gap was found.      
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1. Introduction 
 
Tellurite glasses have high polarizabilities, high 

Raman scattering cross sections and in infrared region they 
are transparent up to 7 µm [1, 2]. Higher laser damage 
resistance of tellurite glasses, in comparison with 
chalcogenide glasses, allows use of high intensity laser 
pumping to reach high non-linear optical effects [4]. 

Recently the influence of various oxides as modifiers 
on the structural network and some optical properties of 
tellurite glasses were examined [3-5]. For binary glasses 
(MnOm)x(TeO2)1-x where M = Ti, Nb the compositional 
invariance of the Raman spectra has been interpreted as a 
kind of structural conservatism because  similarity of Te-O 
and M-O force constants. It is suggested that namely the 
atoms with valences IV and V and certain atoms with 
valences III can not change significantly the potential 
wells of oxygen atoms and hence the Raman spectra are 
nearly invariant to the chemical composition while in 
(Tl2O)x(TeO2)1-x glassy system Tl2O behaves as a strong 
modifier due to forming of island-type Tl2TeO3 structure 
[3]. Five different binary glasses with the chemical 
composition (MnOm)15(TeO2)85 , where M = W, Ti, Nb, Pb, 
Ga were studied in relation to the influence of a modifier 
on the physical properties of tellurite glasses with constant 
molar fraction of TeO2. It was shown that the thermal 
stability increases with addition of the oxides of d0 
elements (oxides of W6+, Ti4+, Nb5+) and “the TeO2 
network structure varies for d10, ns2 (Pb2+) and d0 species 
(Ga3+)”. The results obtained indicate a strong influence of 
the specific oxide modifier on the Raman vibration related 
to TeO3 (trigonal pyramid) structural unit. The glasses 

where M = Ti, Nb are suggested to be promising 
candidates for applications based on a discrete Raman 
amplification [4]. The role of modification of Tl2O - TeO2 
glasses by TiO2 (5 mol%), ZnO (10 mol%), Ga2O3 (10 
mol%), PbO(5 mol%) and Bi2O3 (5 mol%), where the ratio 
of Tl2O/TeO2, in molar fraction, varied from 28.5/66.5 for 
modification by PbO to 38/57 for modification by Bi2O3, 
was examined in relation to the changes in the third - order 
nonlinear optical susceptibility and structural changes 
reflected in the Raman scattering [5]. Except of 
modification by Ga2O3 in all cases the most intensive 
Raman feature was observed at around 690-725 cm-1 
attributed to presence of isolated [TeO3]2- anions. 
However, contrary to all other modifiers the modification 
by TiO2 favors network polymerization as indicated by 
highest glass-transition value (Tg = 209 ºC) and high 
intensity of the broad Raman feature at around 450 cm-1 
belonging to covalently bonded Te-O-Te, Te-O-M and M-
O-M bridges. Just the network polymerization is suggested 
to be responsible for highest third-order susceptibilities for 
5TiO2-30TlO1.5-65TeO2 glass [5].    

In this communication some our recent results [6-8] 
and new results related to AxB0.2-x(TeO2)0.8 glasses, where 
for 0.2  > x > 0: A = Li2O or BaO and B = TiO2, A = PbO 
or ZnO and B = Nb2O5 and Bi2O3 and for x = 0: B = 
Nb2O5 or PbO, namely to the optical band gap and 
structural arrangement deduced from Raman scattering 
measurements are summarized. We restricted our study on 
the glasses with constant molar fraction of TeO2 equal to 
80% in order to reduce possible role of TeO2 content on 
the structural arrangement of the glasses considered. 
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2. Experimental 
 
Glasses examined in the presented study (see Table 1 

for overview), were prepared from corresponding oxides 
PbO, Nb2O5, ZnO, TeO2 and from Li2CO3 and Ba(NO3)2 
(purity 99.95 %, Sigma Aldrich) as described in Refs. [6-
8]. The chemical composition was verified employing X-
ray diffraction analysis (JEOL JSM 5500 LV, Japan). The 
density of the bulk glasses (5g sample) was measured by 
Archimedean method in the distilled water. The values of 
the dilatometric glass-transition temperature (Tg) and the 
coefficient of thermal expansion were determined as 
described in Ref. [9].   

Optical transmission in UV-VIS spectral   region was 
measured on the samples prepared by a glass blowing. The 
samples with the thickness (d) varying in the region 1 μm 
≤ d ≤ 7 μm were used. Some details of the optical 
transmission (T) and reflectivity (R) measurements were 
described recently [10]. Optical band gap values (Eg) for 
the samples involved within this study were determined 
assuming non-direct optical transitions from the relation: 
(Khν)1/2 = B1/2(hν-Eg,non), where Eg,non is the non-direct 
optical band gap, B1/2 the slope of the short wavelength 
absorption edge  (SWAE) reflects the sample disorder 
[11], hν is the photon energy, and K is the absorption 
coefficient calculated using the relation K = (1/d)ln{[(1-
R)2+((1-R)4+4R2T2)1/2]/2T}, [12].  

Raman spectra were recorded using FTIR 
spectrometer Bruker model IFS 55 equipped with FRA 
106 Raman module in back scattering geometry using a 
Nd:YAG laser beam (excitation light wavelength λ = 
1064 nm, slit width 4 cm-1, laser power ≈ 300 mW at the 
sample surface). All Raman spectra were taken at room 
temperature in the spectral region 50 - 1000 cm-1 using 
200 scans of the bulk sample with a flat optical surface. 
The Bose-Einstein correction has been applied to the 
spontaneous Raman scattering data 

 
 
3. Results 
 
The chemical composition of studied glasses, their 

density values (ρ), the formal volume fraction of TeO2 
(f.v.f.), the dilatometric glass-transition temperature (Tg) 
and the coefficient of thermal expansion (α) are 
summarized in Table 1. 

The density values were calculated using the relation 
ρ(x) = ∑xiMi/∑xiVMi where xi, Mi  and  VMi (=Mi/ρi) are the 
molar fraction, the average molar weight, average molar 
volume and the density of an i-th component of a glass, 
respectively. Following values of the density, in gcm-3, 
were used: ρ(Li2O) = 2.01,   ρ(TiO2) = 3.9 ,  ρ(BaO) = 5.72 , 
ρ(Nb2O5) = 4.47 , ρ(PbO) = 9.53 , ρ(ZnO) = 5.61 , ρ(Bi2O3) = 8.9. 
The formal volume fraction of TeO2 was estimated using 
the relation: f.v.f. = 0.8 × VM (TeO2) / ∑xiVMi.  There is quite 
good agreement between experimental and calculated 
density values, the error = 100 × (ρexp -  ρcalc) / ρexp varies 
from -0.2 to  -3.6 %.  

 
 

Table 1. The chemical composition expressed as AxB0.2-x 
of AxB0.2-x(TeO2)0.8 glasses, the values of experimental 
(exp) and calculated (calc) density, in gcm-3, the formal 
volume fraction  of TeO2, the dilatometric glass 
transition temperature, in ºC  and the coefficient of 
thermal expansion , in ppmK-1 , of the studied glasses.  

 
     Chemical 
  Composition 

ρ,exp
 

ρ,calc  
 

TeO2 
 f.v.f. 

Tg 
 

α 
 

(Li2O)0.1(TiO2)0.1 5.138 5.32 0.864 317 19 
(Li2O)0.15(TiO2)0.05 5.097 5.226 0.864 287 / 
(BaO)0.1(TiO2)0.1     5.452 5.542 0.864 287 18 
(Nb2O5)0.2 5.24 5.255 0.654 411 11 
(PbO)0.1(Nb2O5)0.1   5.72 5.732 0.731 358 15 
(PbO)0.2 6.27 6.335 0.828 281 21 
(ZnO)0.15(Bi2O3)0.05 5.882 5.975 0.824 321 20 

 
 
Except of the glasses with Nb2O5 also the f.v.f. of 

TeO2 is remains to be comparable.   
Typical spectral dependencies of the optical 

transmission are shown in Fig. 1. 
 

 

 
 

Fig. 1. Spectral dependencies of the optical transmission 
at two temperatures, 303 and 473 K, for the samples 
prepared by blowing of glass. In the inset spectral 
dependencies of the absorption coefficient at various 
temperatures are shown assuming non-direct                 
optical transition  [11].  The  dotted  lines  fit  to  relation                 
                            (Khν)1/2 = B1/2(hν-Eg,non). 

 
 

The temperature dependencies of the optical band gap 
Eg,non(T) approximated by relation Eg,non(T) = Eg,non(0) - γT 
are shown in Fig.2. The room temperature values of the 
optical band gap and the coefficient of the temperature 
dependence of the optical band gap (γ) are summarized in 
Table 2. 
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Fig. 2 Temperature dependencies of the optical band gap 
(Eg,non). Dotted lines fit to relation: Eg,non(T) = Eg,non(0)-
γT.  The  numbers  indicate   the   extrapolated  values  of  
                                   Eg,non(T→0). 
 
 
Table 2. The chemical composition expressed as AxB0.2-x 
of AxB0.2-x(TeO2)0.8 glasses, the optical band gap (Eg,non) 
in eV, the coefficient of the temperature dependence of 
the optical band gap (γ) in eVK-1 and the non-linear 
refractive index (n2)  in esu estimated from the optical 
band gap. The values of non-linear refractive index were 
estimated using the relation: n2 ≈ 1.26×10-9/(Eg,non)4 [13]. 
 
 

Chemical 
      composition 

Eg,non 
 

γ×10-

4  
 

n2×10- 11 
  

(Li2O)0.1(TiO2)0.1 3.41   5.3   ≈0.9 
(Li2O)0.15(TiO2)0.05 3.53   3.8   ≈0.8 
(BaO)0.1(TiO2)0.1      3.33   5.9   ≈1 
(Nb2O5)0.2 3.45   4.3   ≈0.9 
(PbO)0.1(Nb2O5)0.1    3.45   4.3   ≈0.9 
(PbO)0.2 3.61   6.8   ≈0.74 
(ZnO)0.15(Bi2O3)0.05 3.58   6.5   ≈0.77 

 
 

In Figs. 3 and 4 Raman spectra for Ax (TiO2) 0.2-

x(TeO2)0.8 glasses (Fig.3) and for heavy metal oxide 
(HMO) glasses (Fig.4) are shown. The spectra were 
decomposed using standard Opus 3.0 software (Bruker) 
assuming that Raman Feature (RF) in the wavenumber 
region 600 - 900 cm-1 and 300 – 600 cm-1 reflects mainly 
Raman activity of TeO2 based part of a network.  Hence in 
considered wavenumber regions we decomposed corrected 
Raman spectra into six distinct RF [14] (marked A, A´, B, 
C, D, E in Figs.3 and 4). For the glasses containing Nb2O5 

the additional new RF (RFF) at around 890 cm-1 appeared.  
We note that the fit in the region 50 - 300 cm-1 should be 
taken with a care due to an uncertainty related to a number 
of the oscillators (for various numbers of oscillators the 
quality of more fits was comparable).  

 

Depending on the chemical composition RF obtained 
by decomposition are in the following wavenumber 
region: RFA in 412 - 453 cm-1, RFA’ in 485 - 511 cm-1, RFB 
in 593 - 623 cm-1, RFC in 650 - 663 cm-1, RFD in 715 - 
738 cm-1, RFE in  769 - 804 cm-1 and RFF in 883 - 
898 cm-1. Observed RF can also be classified according to 
Refs. [15-17] as it follows: (α) RF due to “acoustic 
Raman” (RFAC), typically observed in the region ν ≈ 50 - 
100 cm-1. This low frequency Raman feature could, 
however, be also assigned to Boson peak reflecting an 
excess of low-frequency vibrational states as discussed for 
instance in Refs. [18, 19].  (β) RF due to a motion of 
heavy metal ions (RFHM) observed in the region ν ≈ 70 - 
160 cm-1. (γ) RF observed in the region ν ≈ 360 - 600 cm-1 
due to “bridged-anion” (RFBA) that is due to symmetric 
stretch motion of oxygen in C-O-C bridge (C represents 
cation) and (δ) RF observed in the region ν ≈ 650 - 
950 cm-1 due to “non-bridged-anion” (RFNBA) that is due 
to asymmetric C1--O-C2 bridge with C1--O bond 
sufficiently longer than that one of C2-O bond. The other 
origin of RFNBA suggested is the C-O- configuration [17]. 
From Figs.3 and 4 it is clear that the most evident 
differences in Raman scattering are following:  

(i) For the glasses with the chemical composition 
(PbO)0.2 (TeO2)0.8 and (ZnO)0.15Bi2O3)0.05(TeO2)0.8 glasses 
the intensity (I) of RFD exceeds the intensity of RFC 
(I(RFC) > I(RFD)). (ii) For the glass (Nb2O5)0.2(TeO2)0.8 
well pronounced RF is observed at around 235 cm-1, see 
Fig.4. (iii) For the glass (PbO)0.2 (TeO2)0.8 the Raman 
activity of RFA and RFA´ seems to decreased in 
comparison with Raman activity of RFA and RFA´ in other 
considered glasses. (iv) For the glasses containing Nb2O5 
new well resolved RF appeared at around 890 cm-1, Fig.4.   

 
 
4. Discussion 
 
We shall restrict our discussion to the wavenumber 

region 300 – 900 cm-1 where the most important Raman 
features related to the Raman activity of TeO2 based 
networks are present. Following Ref. [20] the individual 
RF in the wavenumber region 600-900 cm-1 we assign as 
follows:  

≈ 610 cm-1 ↔ RFB to antisymmetric stretching of 
TeO4 trigonal bipyramids (tbp) forming a continuous 
network, 

≈ 660 cm-1 ↔ RFC to antisymmetric vibration of Te-
O--Te linkages formed by two nonequivalent Te-O bonds  

and its intensity reflects both the density of TeO4 tbp 

but also a degree of distortion of tbp units,  
≈  725 cm-1 ↔ RFD to stretching modes of Te-O- and 

Te=O bonds in TeO3 trigonal pyramids (tp) or TeO3+1 
polyhedra, 
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Fig. 3 Three Raman spectra of Ax (TiO2)20-x(TeO2)80 
glasses. Dashed curves indicate the individual Raman 
features obtained by decomposition of the corrected 
spectra. The full curves marked by the crosses indicate 
corresponding envelopes; the corrected spectra are 
displayed by the dash-dotted curves marked by the open 
circles. The numbers indicate the peak wavenumber and 
the letters mark some most typical Raman features. The 
horizontal lines indicate the spectral region of Raman 
activity belonging to acoustic Raman features (AC) [15 - 
17] or to Boson peak [18, 19], heavy – metal ions motion 
(HM), bridged – anion modes (BA) and non – bridged  
                        anion modes (NBA) [15-17]. 

 

 
 

Fig. 4. Four Raman spectra of binary and ternary HMO - 
(TeO2)80  glasses.  The curves,  symbols,  letters  and  the  
            numbers have the same meaning as in Fig.1. 

 



1028                                                                              J. Ozdanova, H. Ticha, L. Tichy 
 

 

≈  785 cm-1 ↔ RFE to stretching modes of deformed  
TeO3+1  units and stretching motion of Te atoms bonded to 
non-bridging oxygen in TeO3 tp. 

Hence the RFB and RFC can be taken as a measure of 
Raman activity of TeO4 structural units while RFD and 
RFE can be taken as a measure of Raman activity of TeO3 
structural units.  

In the wavenumber region at around 400-500 cm-1 the 
broad band composed at least by two individual Raman 
features  RFA (≈ 440 cm-1) and RFA´  (≈ 500 cm-1) is 
assigned to symmetrical stretching or bending vibrations 
of  Te-O-Te, O-Te-O, Te-O-A,B linkages. It means that 
Raman activity in this region reflects a degree of 
polymerization of the network and diminishing of this 
band means a decrease of the network connectivity [5, 20].  

In two glasses containing Nb2O5 the RFF at around 
890 cm-1 is assigned to vibration of isolated NbO6 
octahedra which could be distorted having one terminal 
(non-bridging) Nb-O bond [21] and the RF at around 235 
cm-1 (RF235) for (Nb2O5)0.2(TeO2)0.8 glass belongs to 
bending vibration of Nb-O-Nb linkage [22]. Its presence 
indicates that some NbO6 octahedra are connected. In such 
case the NbO6 octahedra assist to polymerization which 
together with rather high bond energy of Nb-O bond (≈ 
770 kJ/mol) contrary to energy of Te-O bond ≈ 376 kJ/mol 
[23] should lead to an increase in Tg as we observed,              
Table 1. 

From the results displayed in Figs. 3,4 it is evident 
that overall Raman response of studied glasses is affected 
by the “modifiers” AmOn and/or BmOn oxides. For the first 
group (I.G) of studied tellurite glasses  

((Li2O)0.1(TiO2)0.1, (Li2O)0.15(TiO2)0.05,  
(BaO)0.1(TiO2)0.1,  (Nb2O5)0.2, (PbO)0.1(Nb2O5)0.1) it is 
valid: I(RFC) > I(RFD)  which is an indication that in 
formation of TeO2 based network the role of TeO4 tbp 
exceeds the role of TeO3 and or TeO3+1 units. For the 
second group of glasses (II.G) ((PbO)0.2 , 
(ZnO)0.15(Bi2O3)0.05): I(RFD) > I(RFC) hence in this case  
the role TeO3 and or TeO3+1 units in TeO2 based network 
formation is more important. According to ab-initio 
molecular orbital calculations [24, 25] the difference 
between homo- and lumo-states is lower for TeO4 tbp unit 
whereas it is higher in the case of tp TeO3 and TeO3+1 unit. 
It means that the optical band gap should increase for the 
glasses where a role of TeO3 and or TeO3+1, in the network 
formation exceeds, the role of TeO4 units. Therefore we 
adopt the ratio r = [A(RFD) + Ar(RFE)]/[Ar(RFB) + 
Ar(RFC)], where Ar(RFX) is the area of the corresponding 
Raman feature, for a qualitative correlation between 
structural changes and optical band gap changes. We 
found that r = 0.76, 1.08, 0.76, 0.74, 0.99, 2.33, 1.63 for Eg 
= 3.41, 3.53, 3.35, 3.45, 3.45, 3.61, 3.58 eV. That is higher 
values of r – more important role of TeO3 and or TeO3+1 
units in TeO2 network formation and optical band 
increases as indicated by bold numbers. Because I(RFC) 
and consequently Ar(RFC) can be also affected by a degree 
of distortion of TeO4 tbp units we used as an alternative 
measure TeO4 → TeO3+1, TeO3 conversion the another 
ratio r,a = [I(RFD) + I(RFE)]/ I(RFB), where I(RFX) is the 
Raman intensity of corresponding individual RF. In this 

case r,a varies in the region 1.95-6.15 and we obtained 
simple linear correlation between Eg and r,s: Eg = 3.28 + 
0.052× r,s with Rsq = 0.95.   

In Ref. [5] it was suggested that the ratio (ξ) of the 
band intensities, in our notation:  [I(RFA) + I(RFA’)]/ 

[I(RFB) + I(RFC)+ I(RFD) + I(RFE)] relates to the 
degree of polymerization and indeed for studied Tl2O-
TeO2 glasses modified by Ti, Zn, Ga, Pb, Bi oxides  the Tg 
values decrease with decrease in the ratio ξ. In the case of 
our glasses such one to one correlation between ξ and Tg is 
not observed. The values of ξ for our glasses were found to 
be equal to 0.341, 0.21, 0.281, 0.266, 0.216, 0.194, and 
0.287 for Tg= 317, 287, 355, 411, 358, 281 and 321 °C, 
respectively.  The numbers in bold mark the values of ξ 
and Tg for the glasses (Li2O)0.1(TiO2)0.1(TeO2)0.8, 
(BaO)0.1(TiO2)0.1(TeO2)0.8, (ZnO)0.15(Bi2O3)0.05(TeO2)0.8 
which owing rather  high values of ξ do not follow even 
qualitative ξ (Tg) correlation. We speculate that possible 
reasons for rather higher values of ξ of those glasses could 
be following: (i) Formation of TiTe3O8 structural units 
which may assist to Raman activity in the wave number 
region 412 - 511 cm-1 because the Raman response of 
crystalline TiTe3O8 is observed at around 460 cm-1 [26]. 
(ii) Presence of ZnO like amorphous entities of which 
Raman activity is suggested to appear at around 600 cm-1 

[27] and/or presence of  ZnTeO and Zn2Te3O8 structural 
units of which Raman activity may also be observed in 
considered  wavenumber region [28]. 

 
 
5. Conclusions        
 
In this communication we compared the changes in 

the reduced Raman spectra, in the optical band gap and in 
the glass-transition temperature of following glasses: 
(Li2O)0.1(TiO2)0.1(TeO2)0.8 ; (Li2O)0.15(TiO2)0.05(TeO2)0.8 ;  

(BaO)0.1(TiO2)0.1(TeO2)0.8  ;  (Nb2O5)0.2(TeO2)0.8  ;   
(PbO)0.1(Nb2O5)0.1(TeO2)0.8  ;  (PbO)0.2(TeO2)0.8 and 
(ZnO)0.15(Bi2O3)0.05(TeO2)0.8. 
We found that the changes in the chemical 

composition induce some structural changes seen as 
conversion of TeO4 structural units to TeO3+1/TeO3 units. 
A degree of conversion of TeO4 structural units to 
TeO3+1/TeO3 units could be correlated with the optical 
band gap changes that is with an increase in the intensity 
of Raman features assigned to TeO3+1/TeO3 units (715 - 
804 cm-1) the optical band gap increases. However, only 
for last two glasses significant structural changes were 
observed that is the intensity of Raman features related to 
TeO3+1 and/or TeO3 units exceeds that one related to TeO4 
units. 
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