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A R T I C L E  I N F O                              A B S T R A C T  
 

 

The preparation and structural studies were undertaken on the xMgO- 10Nb2O5-(89-
x)TeO2-1CuO glass system containing Cu2+ as spin probe. Differential scanning 
calorimetry (DSC), Infrared (IR), Electron Spin Resonance (ESR), Raman and optical 
absorption studies have been carried out. Glass transition temperature (Tg) of glass samples 
have been estimated from the DSC measurements and it has been found that Tg increasing 
with the MgO content. From IR and Raman spectra, it is clear that, present glass system 
consists of structural units of TeO3 (tp) and TeO4 (tbp) and NbO6 octahedra. TeO4 units are 
found to be converted into TeO3 units with increasing MgO content. From ESR spectra it is 

clear that the Cu2+ ion is in tetragonal distorted octahedral site with 22 yx
d


as ground 

state. Bonding parameters and bonding symmetry have been calculated from both optical 
absorption and ESR data and are found to change with increase in MgO content.  
 
 

 
 

 
 

 
 
 
 
 
 
 
   

INTRODUCTION 
 

A tremendously intense research is going on Tellurium oxide 
based glasses due their peculiar properties like high refractive 
index, low phonon energy, high dielectric constant, good 
infrared transmission and large third order non-linear 
susceptibility. They have been considered as the best 
materials for use in memories, laser hosts and non-linear 
optical devices like optical amplifiers and optical filters [1-3].   
 

Glasses containing Nb2O5 also have technological importance 
for many device applications due to their interesting optical 
and electric properties [4-5]. Alkali niobium tellurite glasses 
and glass ceramics have shown extremely interesting non-
linear optical properties and these glasses are suitable for 
making optical waveguide devices.  
 

The structure of tellurite glasses is of interest because their 
basic structural unit is an asymmetrical TeO4 trigonal 
bipyramid with a lone pair of electrons in an equatorial 
position, and the content of network modifier changes the 
coordination number of the tellurium ion with respect to 
oxygen ions. This change leads to a TeO3 trigonal pyramid, 
which is considered to restrict the glass formation [6]. 
 

Optical properties of glasses based on TeO2 and heavy metal 
oxides have stirred up significant interest in the field of new 
glassy materials and have become promising materials for 
some optoelectronic applications.  Tellurium oxide glasses 
with metal oxide like MgO and PbO shows several interesting 
characteristics. They are potential materials for up-conversion 
lasers, optical fiber amplifiers and nonlinear optical devices. 
Duverger et al. studied the effect of the doping metal on the 
structure of binary tellurium oxide glasses with MgO, PbO 
and ZnO [7]. Komatsu et al. studied the temperature 

dependence of refractive index and electronic polarizability of 
RO- TeO2 glasses (R = Mg, Ba, Zn) [8].     
 

In the present study, xMgO-10Nb2O5-(89-x)TeO2-1CuO 
glasses  where x = 5 to 25 mol% have been prepared and 
characterized  by using spectroscopic techniques like infrared, 
Raman, ESR and optical absorption. 
 

Experimental 
 

Glasses with the composition of xMgO- 10Nb2O5-(89-x) 
TeO2-1CuO where x = 5 to 25 mol%,  were prepared and 
characterized. The detailed compositions of the glasses under 
study are presented in table 1. 
 
 
 
 
 
 
 

 
Appropriate amounts of analar grade MgO, Nb2O5 and TeO2 
were taken into a mortar and ground thoroughly for 
homogeneous mixing. 1 mol% CuO was added as a spin 
probe and melted in a platinum crucible at 800-950 oC for 40 
min in an electrical furnace.  Melts were stirred frequently for 
high homogeneity and were poured onto a steel plate 
maintained at 250 oC and pressed quickly with another steel 
plate to a thickness of about 1mm. Glass samples were 
transferred to annealing furnace and are annealed at 250 oC 
for 4 hours to avoid mechanical strains and cracking, in the 
sample.  
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Table 1 Composition of xMgO- 10Nb2O5-(89-x)TeO2-
1CuO glass system 

 

Glass label Composition 
MNT1 
MNT2 
MNT3 
MNT4 
MNT5 

5MgO-10Nb2O5 -84TeO2-1CuO 
10MgO-10Nb2O5-79TeO2-1CuO 
15MgO-10Nb2O5-74TeO2-1CuO 

20MgO-10Nb2O5-69TeO2-1CuO 

25MgO-10Nb2O5-64TeO2-1CuO 
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X-ray diffraction patterns for all the glass samples were 
recorded using copper target (Kα = 1.54Ao) on Philips Panaltic 
X’ Pert at room temperature.  
 

Density of all the samples is measured at RT using the 
Archimedes method with xylene as an immersing medium. 
The measured densities are reproducible to ±0.01g/cm3. The 

molar volume is calculated from the relation


M
Vm  , where 

M is the molar mass of glass and ρ is density of the glass.  
From the density data, oxygen packing density is calculated 
using the following formula. 
 

Oxygen packing density = Σxini/Vm , where xi is the molar 
fraction of an oxide RmOn and ni number of oxygen atoms of 
this oxide. The glass transition temperature Tg was measured 
using a temperature differential scanning calorimeter (TA 
Instruments DSC 2010). All samples were heated at the 
standard rate of 10 oC min-1 in aluminum pans. 
  

Infrared transmittance of all powder glass samples (glass and 
KBr mixed pellets) were recorded by using Perkin-Elmer FT-
IS spectrometer model 1605, in the wavenumber range of 
400-4000 cm-1 at RT. 
 

The RT Raman measurements were performed in the range of 
100-1600 cm-1 on micro Raman system using Jobin-Yvon 
Horiba (LABRAM HR-visible) spectrometer. Ar+ laser beam 
of 488 nm (E = 2.53 eV) was used for the excitation. The 
incident laser power is focused in a diameter of 1-2μm and a 
notch filter is used to suppress Rayleigh scattered light. 
 

ESR spectra of powdered glass samples were recorded on X-
band at room temperature by using JEOL-JES FE 3X ESR 
spectrometer, with 100 KHz field modulation. DPPH was 
used as a standard g marker. 
 

Optical absorption spectra of all glasses were recorded on 
Shimazdu UV-3100 spectrometer in the wavelength range of 
200-1000 nm at RT using air as a reference medium. The 
‘Peak-pick’ facility provided in the spectrometer was used to 
measure the peak positions. 
 

RESULTS AND DISCUSSION    
 

XRD spectra 
 

Fig. 1 shows the XRD pattern of the present glass system.  No 
sharp peaks have been observed in the X-ray diffraction 
patterns of the glass samples; however they contain two broad 
curves, typical of structures without long range order. Hence, 
it is confirmed that present glass systems are amorphous in 
nature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Density, molar volume and oxygen packing density 
 

Physical parameters like average molecular weight, molar 
volume and oxygen packing densities are evaluated for all 
glass samples and are tabulated in Table 2 and from this table 
it is clear that all physical parameter values are increasing 
with MgO content. Fig.2 shows the variation of density with 
MgO content of the glass series. Densities are increasing 
linearly with substitution of MgO. Molar volume linearly 
decreases with increase in MgO content. Oxygen packing 
densities of all glass samples are increasing with MgO 
content. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Differential scanning calorimetry   
 

DSC thermograms of the glass system xMgO-10Nb2O5-(89-
x)TeO2-1CuO   are shown in Fig.3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Fig.1 Typical XRD spectra of MNT glass series 

 

 
 

Fig.2 Variation of density with MgO content of MNT glass series 
 

Table 2 Average molecular weights, densities (ρ), molar 
volumes (Vm), Oxygen packing densities (OPD), glass 

transition temperatures (Tg), Onsetcrystallization 
temperatures (Tx) and glass stabilities for the xMgO-

10Nb2O5-(89-x)TeO2-1CuO  glass system    . 
 

Glass 
label 

Avarage 
molecular 

weight 
( g/mol) 

Density 
(ρ) 

(gm/cm3) 

Molar 
volume 

(Vm) 
(cm3/mol) 

OPD( O
) 

(g-at/l) 

Glass 
transition 
temp. (Tg) 

(oC) 

Onset 
cryst. 
temp. 

(Tx) (
oC) 

Glass 
stability 

(ΔT) 
(oC) 

MNT1 163.455 5.05 32.340 69.26 375 479 104 
MNT2 157.490 5.09 30.932 70.40 389 485 96 
MNT3 151.525 5.19 29.15 73.40 415 497 82 
MNT4 145.56 5.28 27.541 75.58 419 453 34 
MNT5 139.595 5.38 25.912 78.72 425 447 22 

 

 
 

 
 

Fig.3 DSC plots of MNT1 glass series. 
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The DSC curves for the glasses show a very broad 
endothermic hump corresponding to the glass transition 
temperature, Tg, starting of crystallization is called onset 
crystallization temperature, Tx and other endothermic event 
corresponding to the melting temperature Tm. The Tg data of 
the glasses are given in Table 3.  
 

The glass transition temperature increases from 375 to 425oC 
for present glass system with increase in the MgO content. 
The reason for increase in the Tg is that Nb-O-Te and Nb-O-
Nb linkages are increasing, requiring higher temperature for 
relaxation. Furthermore, oxygen packing density also 
increases with MgO content. The tightness of packing in the 
oxide network decides the glass transition temperature. Thus 
with increase of MgO content, tightness of the glass increase 
leads to the increase in glass transition temperature. The 
difference between the onset of crystallization temperature 
(Tx) and glass transition temperature is ΔT = (Tx-Tg), has 
frequently been quoted as a rough indicator of glass stability.  
It represents the temperature interval during which nucleation 
takes place. From table 2 it is clear that glass stability 
decreases as the MgO content increases in the present glass 
systems. 
 

Infrared spectra 
 

The infrared spectra of the glass system is shown in figure 4. 
The significant bands are observed at  624-641, 677-696, 752-
779, 892-914 and 1002-1020 cm-1. The peak positions of the 
glasses are presented in table 3 and the band assignments of 
glass series is given in table 4.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The structure of TeO2 - rich glasses consists of TeO4 trigonal 
bipyramidal building units, where one equatorial site is 
occupied by a pair of electrons and the equatorial oxygen in 
one unit is the axial site of the next, in analogy with α-TeO2. 
In the present glass system, the absorption band at 624-641 

cm-1 can be assigned to the Te-Oax bond in TeO4 trigonal 
bipyramid and this band shifts towards 677-696 cm-1, which is 
characteristic peak of Te-O bond in TeO3 trigonal pyramids, 
as MgO content increases. This clearly indicates that TeO4 
trigonal bipyramid units are converting to TeO3 trigonal 
pyramids with increase in MgO content. Thus the introduction 
of MgO destroys the three-dimensional network by creating 
non-bridging oxygen (NBO) species and gradually 
transforming the TeO4 units into TeO3+1 and TeO3 [9,10].  
The band at 752-779    cm-1 is due to the presence of NbO6 
octahedra. The band around 892-914 cm-1 is assigned to the 
vibration of Nb in NbO6 octahedra and its neighboring non-
bridging oxygen [11, 12].  
 

Raman spectra 
  

The Raman spectra of glass system xMgO-10Nb2O5-(89-
x)TeO2-1CuO are shown in figure 5, in the wave number 
range of 100-1200 cm-1.  The peak positions of Raman spectra 
of the glass system are presented in table 5 and the band 
assignments of the glass system is given in table 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

In Raman spectra,  six major Raman absorption bands are 
observed at around 125-131, 229-246, 436-449, 674-681, 
757-773 cm-1 and 864-897 cm-1. The bands around 229-246 
cm-1 is attributed to the vibration of Nb-O-Nb in NbO6 

octahedra. The bands around 436-449 cm-1 is assigned to the 
symmetric stretching vibrations of Teeq-Oax-Te linkage. 
Intensity of this band gradually increases with increase in 
MgO content, which can be assigned to increase in the Te-O-
Te and Te-O-Nb bridging bonds, which would increase the 

 
Fig 4 Infrared spectra of xMgO- 10Nb2O5-(89-x)TeO2-1CuO glass 

system. 

Table 3 Peak positions from infrared spectra for xMgO- 
10Nb2O5-(89-x) TeO2-1CuO glass system 

 

Glass label Peak positions (cm-1) 
MNT1 
MNT2 
MNT3 
MNT4 
MNT5 

641     696      771      892      1002 
641     694      772      899      1002 

- 673      779      892      1003 
- 677      752      909      1020 

622      682      772      914      1020 
 

Table 4 IR band assignments of MNT glass series 
 

Region of IR 
bands (cm-1) 

Assignments 

624-641 TeO4 trigonal bipyramids 
677-696 TeO3 trigonal pyramids 
752-779 Presence of  NbO6 octahedra 

892-914 
Vibration of Nb in NbO6 

octahedra 

 

 
 

Fig. 5 The Raman spectra of xMgO- 10Nb2O5-(89-x)TeO2-1CuO glass 
system 

 

Table 5 Peak positions of Raman spectra for xMgO- 
10Nb2O5-(89-x)TeO2-1CuO glass system 

 

Glass label Peak positions (cm-1) 
MNT1 
MNT2 
MNT3 
MNT4 
MNT5 

128      249      445 674     773     871 
125      236      449 674     763     874 
128      236      439 674     760     864 

           125      229      436         678     760     881 
131      249      439 681     757     897 

 

 
Table 6 Raman band assignments for MNT glass series. 

 

Region of Raman bands 
(cm-1) 

Assignments 

229-246 
Vibrations of Nb-O-Nb in NbO6 

octahedra 

436-449 Symmetric vibrations of Teeq-Oax-Teeq 

674-681 TeO4 trigonal bipyramids 
757-773 TeO3 trigonal pyramids 

864-897 
Bending modes of Nb-O-Nb in NbO6 

octahedra 
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network connectivity in agreement with the Tg increase [13, 
14].  
 

The bands observed at 674-681cm-1 are due to the stretching 
band of tellurium and axial oxygen (Te-Oax) in TeO4 trigonal 
bipyramids (tbp) and bands at around 757-773 cm-1 are 
assigned to Te-O stretching mode in TeO3 trigonal pyramids 
(tp) [15]. At low concentrations of MgO, the glass structure 
mainly consists of TeO4 trigonal bipyramids making up a 
continuous network. When the MgO content increases, the 
band intensity at 674-681cm-1 decreases while intensity at 
757-773 cm-1 increases. This change clearly indicates that the 
tellurium network is converting from TeO4 (tbp) units to TeO3 
(tp) units via an intermediate coordination called TeO3+1 

where, one Te-Oax distance is elongated while the opposite is 
shortened. This conversion of TeO4 (tbp) units to TeO3 (tp) 
units is also evidenced from IR spectra.  
 

A band resolved at around 864-897 cm-1in all glass samples is 
due to the bending modes of Nb-O-Nb bonds found in the 
octahedral structure of NbO6 and symmetrical stretching 
vibrations of Nb-O bonds found in NbO6 octahedra [16].  
   

ESR spectra 
 

The Electron Spin Resonance (ESR) is a very powerful 
technique for investigating paramagnetic centers in oxide 
glasses containing transitional metal oxides and is useful for 
identifying the local environment of a paramagnetic impurity 
and mapping the crystal-field.  The ESR spectra for the glass 
series   is shown in figure 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The spectra closely resembles that of Cu2+ in most oxide 
glasses, which can be easily recognized on the basis of four 
line hyperfine splitting due to 63Cu and 65Cu (I = 3/2), but 
isotope splitting is not resolved owing to nearly identical 
nuclear moments. The hyperfine features are observed on the 
parallel side of the spectra where as the fourth one has been 
overlapped on perpendicular features of the spectra. However, 
perpendicular hyperfines are not resolved leading to an 
intense band in the high field region (indicating that width of 
an individual line is exceeding the separation between them). 
The ESR spectra are analyzed using spin Hamiltonian.  
 

H = g HzSz+ g (Hx Sx + HySy) + A SzIz + A (Sx Ix  + Sy Iy) 
where z is the symmetry axis of the individual copper centers, 
 the Bohr mageton, S and I are the electron and nuclear spin 
operators, Hx, Hy and Hz are the static magnetic field 
components, g and g are the parallel and perpendicular 
components of the g tensor and A and A are parallel and 
perpendicular components of the hyperfine tensor A and the 

nuclear quadrupole interaction has been neglected. The values 
of A  are calculated using the following equation [17]. 
H(3/2-) ׀׀ - H (+3/2) = 3A 
 

The spin Hamilton parameters of glass series have been 
calculated and are presented in table 7. 
 
 
 
 
 
 
 
 

 
 

From the spin Hamiltonian parameters, it is found that g > g 
i.e. Cu2+ is in an octahedral coordination with tetrahedral 

distortion. The ground state of Cu2+ is 22x
d

y
. The 

anisotropic hyperfine structure is due to Jhan-Teller 
distortion. As the content of MgO increases there are 
perceptible changes in g  , g , A, and A values. This 
indicates that structural changes are taking place in the present 
glass system with MgO content. These spin Hamiltonian 
parameters are in good agreement with the earlier reported 
values [18-23].  
 

Optical absorption spectra 
 

Divalent copper has a 3d9 electronic configuration; the 3d 
level splits to 2Eg and 2T2g in a ligand-field of cubic symmetry. 
However, as the ground state for divalent Cu in an octahedral 
ligand field is 2Eg, tetragonal splitting due to Jhan-Teller 
distortion will occur and must be considered when analyzing 
the spectrum. In a tetragonal field 2Eg level splits to 2B1g and 
2A1g and 2T2g level to 2B2g and 2Eg . 
 

The optical absorption spectra of glass series is shown in 
figures 7, There exists only one broad absorption band near 
810 nm in all glass systems. The peak positions for the 
present glass samples are given table 8.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6 The ESR spectra of Cu2+ in xMgO- 10Nb2O5-(89-x)TeO2-1CuO 
glass system. 

 

Table 7 Spin Hamiltonian parameters of xMgO- 
10Nb2O5-(89-x) TeO2-1CuO glass system. 

 

Glass label g(±0.002) g(±0.002) A (10-4cm-1) A (10-4cm-1) 
MNT1 
MNT2 
MNT3 
MNT4 
MNT5 

2.356 
2.386 
2.358 
2.348 
2.353 

2.076 
2.076 
2.076 
2.084 
2.076 

122±2 
91±2 
122±2 
122±2 
122±2 

63±2 
51±2 
63±2 
72±2 
63±2 

 

 
Fig. 7 The optical absorption spectra of Cu2+ in MNT1, 

MNT3 and MNT5 glasses. 

Table 8 Absorption peaks of Cu2+, bonding parameters 
and  bonding symmetry of Cu2+ doped in  xMgO- 

10Nb2O5-(89-x)TeO2-1CuO glass system. 
 

Glass 
label 

Cu2+ peak 
(nm) 

α2 β2 β1
2 τ (%) τ (%) 

MNT1 
MNT2 
MNT3 
MNT4 
MNT5 

822 
815 
810 
805 
800 

0.7673 
0.7112 
0.7693 
0.7628 
0.7643 

1.0021 
1.0811 
0.9995 
1.1861 
1.0060 

0.9119 
0.9226 
0.8584 
0.8486 
0.8648 

17.60 
15.47 
28.32 
30.27 
27.03 

50.71 
62.92 
50.27 
51.69 
51.36 
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The variation of peak position with MgO content indicates the 
fluctuations in ligand field around Cu2+ probe due to 
producing of non-bridging oxygen ions.  The absorption band 
around 810 nm is due to presence of Cu2+ and can be assigned 
to 2B1g→

2B2g transition [24, 25].  
 

The bonding parameters are calculated using ESR and optical 
absorption data using the following equations [17, 26].  
                                   g   = 2.0023 [ 1-4 λ α2 β1

2 / Exy ] 
                                   g = 2.0023 [ 1- λ α2 β2 / Exz, yz ] 
where λ, spin orbit coupling parameter is equal to 828 cm-1 for 
Cu and β2 1 for octahedral environment.   Exy and Exz, yz 

are the heights of the dxy and dxz, yz and molecular orbital 

levels above the ground state, 22x
d

y
, respectively and these 

values are estimated from optical absorption spectra [27].  In 
the optical absorption spectra, the position of observed 
absorption maximum of Cu2+ indicates the values of Exy. The 
frequency position Exz, yz depend on the assumption that Cu2+ 
is in a distorted octahedral environment and is calculated by   
 Exz, yz  = 2k2 λ / 2.0023- g 
 

where k, the orbital reduction factor is equal to 0.77 and 
remaining terms have their usual meanings.  
 

The in-plane -bonding parameter, α2 is calculated using the 
following equation [24, 28].  
 
 

�� = 	
7

4
�
�‖

�
	
�

�
	
2

3
�‖ 	

5

21
�� 	

6

7
� 

 
 

where P = 0.036 cm-1 and A = (1/3A +2/3 A).  
The normalized covalency of Cu2+- O in-plane bonding of  
and  symmetry are calculated by using following equations:   
Γσ  =  200(1-S)(1- α2) / (1-2S)  (%)     and   
  Γ  =  200(1- β1

2)   (%) 
  where S is the overlap ( Soxygen = 0.076).  
 

As shown in table 8, the bonding parameters are changing 
with the mol% of MgO.  The bonding coefficients α2, β1

2 and 
β2 characterize respectively, the in-plane σ bonding, in-plane 
π bonding and out-of plane π bonding of the copper (II) 
complex. The α2 values lie between 0.5 and 1.0, the limits of 
pure covalent and pure ionic bonding.  From table 8, it is clear 
that, there is a covalancy for the in-plane σ-bonding and the 
in-plane -bonding is ionic in nature. It is observed that 
normalized covalency of Cu2+- O in-plane bonding of σ 
symmetry (Γσ) and normalized covalency of Cu2+-O in-plane 
bonding of π symmetry (Γπ) are changing with MgO content.  
 

CONCLUSIONS 
 

1. The density, oxygen packing density and glass 
transition temperature are increasing while molar 
volume and glass stability are decreasing with increase 
in the MgO content. 

2. From Raman and IR spectroscopies, it is concluded 
that glass systems consisting of TeO4  (tbp), TeO3 (tp) 
and Nb2O5 octahedra and TeO4 units are converting to 
TeO3 units as MgO content increases. 

3. From ESR and optical absorption data, it is found that 
the Cu2+ ions occupy tetragonally distorted octahedral 

sites elongated along z-axis with 22x
d

y
as the ground 

state. 
4. The optical absorption spectra of the glasses show a 

single broad band due to 2B1g→
2B2g transition of Cu2+ 

ions in axially elongated octahedral sites. And the 
observed optical absorption peak of Cu2+ is found to be 
maximum at 810 nm. 

5. The bonding parameters calculated from both optical 
and ESR data are found to change with MgO content. 
Thus it can be concluded that structural changes are 
taking place in the present system, with the change of 
MgO content. 
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