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Abstract The structural properties of some tellurite

glasses were investigated by FT-IR spectroscopy, density

measurements, and quantum chemical calculations. Main

results reveal that the ratio TeO4/TeO3 is found to decrease

in the order V2O5 [ B2O3 [ P2O5. For borate–tellurate

glasses, the Van Hove singularities corresponding to Te 5s

orbital-derived states are cleft suggesting that there are

strong tellurium–oxygen interactions. On the other hand, a

strong effect of TeO2 on the vitreous B2O3 network is also

demonstrated by FT-IR spectrum. This effect yields the

apparition of small peaks in the region ranges between 800

and 1600 cm-1 and probably the partial crystallization of

the sample. Its spectral features are due to the B–O bond

stretching of [BO4] and [BO3] structural units. The quan-

tum chemical data obtained by us show that phosphate–

tellurite and vanado–tellurate glasses can behave as semi-

conductors, whereas borate–tellurite glasses as insulators

because the gap between the valence and conduction bands

is [3 eV.

Introduction

Conventional oxides such as SiO2, B2O3, and P2O5 can

form glasses either alone or when mixed with considerable

quantities of non-glass-forming oxides [1]. The physical

characteristics of the phosphate glasses are different when

compared to the silicates and the borates [2, 3]. Phosphate

glasses have considerable potential for application in

optical data transmission, solid-state batteries, and laser

technologies, but their relatively poor chemical durability

makes them generally unsuitable for practical applications

[4].

Tellurite glasses [5, 6] are of technical interest because

of their low melting points and absence of the hygroscopic

properties which limit application of phosphate and borate

glasses. Previous studies showed that vanadium tellurite

glasses are semiconductors and that they switch when a

high electrical field is applied [7, 8].

In this study, several physical properties of glasses were

studied according to the formula 7TeO2 � 3M2O3 and

7TeO2 � 3M02O5 (mol%), where M = B and M0 = P, V.

The physical properties measured for this study include

density and FT-IR spectroscopy. Special attention was paid

to the relation between structure and electronic properties of

the present glasses that exhibit a semiconductor behavior.

Experimental

The glasses were prepared from reagent grade TeO2,

H3BO3, P2O5, and V2O5. The mixture was melted in

corundum crucibles in an electric furnace. The binary

7TeO2 � 3B2O3 glassy was obtained when the crucible was

transferred to a furnace for 60 min at 800 �C. For the

preparation of the 7TeO2 � 3P2O5 glassy was required

temperature of 1100 �C and a time of 30 min. Sample with

7TeO2 � 3V2O5 composition was prepared in a furnace at

850 �C for 10 min.

The samples were analyzed by means of X-ray diffrac-

tion (XRD) using a XRD-6000 Shimadzu Diffractometer,
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with a monochromator of graphite for Cu-Ka radiation

(k = 1.54 Å) at room temperature.

The FT-IR absorption spectra of the studied glasses

were measured for each glass sample over the range of 400

to 1600 cm-1 wavenumber. A JASCO FTIR 6200 spec-

trometer was used in conjunction with the potassium bro-

mide, disk technique. Samples of glass weighing 0.002 g

were mixed and ground with 0.300 g KBr. After which the

mixture was pressed at 10 tons for 3 min under vacuum, to

yield transparent disks suitable for mounting in the spec-

trometer. The precision of the absorption band maxima is

±2 cm-1.

The density of a glass for each composition was eval-

uated by the Archimedes method using water as an

immersion liquid.

The starting structures have been built using the

graphical interface of Spartan’04 software [9] and preop-

timized by molecular mechanics. Optimizations were

continued at density functional theory (DFT) level. The

DFT computations were performed with B3PW91/CEP-

4G/ECP method using Gaussian’98 package of programs

[10].

It should be noticed that only the broken bonds at the

model boundary were terminated by hydrogen atoms. The

positions of boundary atoms were frozen during a calcu-

lation and the coordinates of internal atoms were opti-

mized, to model the active fragment flexibility and its

incorporation into the bulk.

Frequency analysis followed all optimizations in order

to establish the nature of the stationary points found, so that

all the structures reported in this study are genuine minima

on the potential energy surface at this level of theory,

without any imaginary frequencies.

After inferring the equilibrium configuration of the

studied glasses models, we calculated the densities of states

(DOS) by the extended Hückel tight-binding method using

the BICON-CEDIT package [11].

Results and discussion

FT-IR spectroscopy

The XRD patterns obtained did not reveal any crystalline

phase in the samples (Fig. 1).

The experimental IR spectra of 7TeO2 � 3M2O3 and

7TeO2 � 3M02O5, where M = B and M0 = P, V glass sys-

tem were presented in Fig. 2. Because the majority of the

bands are very broad and asymmetric, presenting also some

shoulders, a deconvolution of the experimental spectra was

necessary.

This deconvolution allowed us a better identification of

all bands that appear in the FT-IR spectra to realize their

assignment. The proportion of the particular structures

corresponding to different vibration modes was calculated

from the areas of fitter Gaussian bands divided to the total

areas of these bands. Each component band is related to

some types of vibration in specific structural groups. The

concentration of the structural group was considered to be

proportional to the relative area of its component band

[12]. The deconvolution parameters, the band centers, C,

and the relative area, A, as well as the bands assignment for

the studied glass are given in Table 1.

The observed FT-IR bands for the presently investigated

binary tellurite–vanadate glasses are assigned to the Te–O

linkage vibration in [TeO4], [TeO3] units, and the V–O

linkage vibration in [VO4], [VO5] units (Fig. 3a).

The bands appear around 495 cm-1, in the 610–680 and

720–780 cm-1 range are assigned the bending mode of

Fig. 1 XRD pattern for studied glasses

Fig. 2 FT-IR spectra of the studied glasses
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Te–O–Te or O–Te–O linkages, the stretching mode [TeO4]

trigonal pyramidal with bridging oxygen and the stretching

mode of [TeO3] trigonal pyramidal with non-bridging

oxygen, respectively [6, 8, 13].

In the case of pure V2O5 glass, it has been reported [14]

that V?5 ions exhibit both four and five-fold coordination

states, depending on the sample preparation conditions. The

IR spectrum of pure crystalline and amorphous V2O5 is

characterized by the intense band in the range 1000–

1020 cm-1, related to the vibration of isolated V=O vana-

dyl groups in [VO5] trigonal bipyramids [15–17]; the band

located in the range 850–910 cm-1 corresponding to the

Table 1 Deconvolution parameters (the band centers, C, and the relative area, A,) and the bands assignments for the studied glasses

7TeO2 � 3V2O5 7TeO2 � 3B2O3 7TeO2 � 3P2O5 Assignments

C A C A C A

495 26.5 474 25.7 495 43.4 Bending vibrations of Te–O–Te or O–Te–O linkages

620 17.7 621 33.5 625 18.5 Stretching vibrations [TeO4]

680 15.2 Stretching vibrations [TeO4]

780 29.8 726 31.8 720 18.8 Stretching vibrations [TeO3]

907 15.1 Stretching vibrations [VO5]

988 8.0 Stretching vibrations [VO4]

904 45.0 B–O stretching vibrations in BO4 units

1058 27.11 B–O stretching vibrations in BO4 units

1251 47.8 B–O stretching vibrations in BO3 units from boroxol rings

1423 46.1 B–O- stretching vibrations in BO3 units from varied types

of borate groups

987 113.1 [PO4] of orthophosphate

1122 41.8 PO2 of metaphosphate groups

1222 64 P=O stretchings of PO2 groups

Fig. 3 The experimental and

deconvolution FT-IR spectra for

the a 7TeO2 � 3V2O5,

b 7TeO2 � 3P2O5, and

c 7TeO2 � 3B2O3 system
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vibrations of [VO5] units, whereas the band located in the

range 950–988 cm-1 was attributed to [VO4] units [18–20].

The IR spectra and their deconvolution of the

7TeO2 � 3P2O5 glass sample are shown in Fig. 3b. The

main features of IR spectra are six bands at *495, 625,

720, 987, 1122, and 1222 cm-1, respectively, due to dif-

ferent structural units.

The bands located at about 625 and 720 cm-1 are

identified to be due to the vibrations of [TeO4] and [TeO3]

units, respectively. In the FT-IR spectra, a prominent band

at 987 cm-1 is attributed to the symmetric stretching

vibration of [PO4] of orthophosphate groups [21, 22]. The

shoulder near *900 cm-1 is assigned to the asymmetric

stretching mode [23]. The position of band from

*1100 cm-1 corresponds to the vibrations of PO2 of

metaphosphate groups. The band centered at *1175 cm-1

is assigned to the PO2 symmetric stretching mode and

P–O–P of [PO4] tetrahedral sharing corners. The band at

1122 cm-1 is identified due to the vibrations of PO2 of

metaphosphate groups and a band centered in the region

1222 cm-1 is due to P=O stretchings [24]. The low-fre-

quency absorption band at 540 cm-1 is assigned to har-

monics of bending vibration O=P–O linkages [25]. This

band appears in most binary and ternary phosphate glasses

[26].

The intensity of the band at 987 cm-1 related to the

[PO4] groups in orthophosphate structure indicating an

increase in the number of non-bridging oxygen due to

depolymerization of the glass network [27].

The spectrum of 7TeO2 � 3B2O3 glass is presented in

Fig. 3c. The broadband at 650 cm-1 is the envelope of the

two characteristic bands (621 and 726 cm-1) and they are

attributed to the stretching vibration between tellurium and

non-bridging oxygen atoms like in trigonal bipyramid

[TeO3] or polyhedra [TeO3?1] groups [28]. Some authors

consider that the shoulder at 780 cm-1 can be due to a more

distorted [TeO4] groups than in TeO2 reference crystals [26]

or the benefit of the one of [TeO3] entities [29].

The region ranges between 800 and 1200 cm-1 and its

spectral features are due to the B–O bond stretching of

tetrahedral BO4 units [30, 31]. The large absorption band in

the 820–1150 cm-1 spectral region is splitting into two

components at 940 and 1058 cm-1. All these bands are

attributed to the stretching vibration in [BO4] units [30].

The band centered at *1251 cm-1 is attributed to B–O

stretching vibrations in [BO3] units from boroxol

rings [31]. The band at 1423 cm-1 is assigned to the

B–O- stretching vibrations in [BO3] units from varied

types of borate groups [32].

The peak assignments of the deconvolution IR spectra

for studied glasses are given in Table 1. The relative area

ratio of [TeO4] and [TeO3] units hereafter referred as TeO4/

TeO3 represents ratio of [TeO4] and [TeO3] structural units

[33]. The variation of relative area ratio with M2O3 or

M2O5 content is illustrated in Table 2. In general, the ratio

TeO4/TeO3 is found to decrease in the order V2O5 [
B2O3 [ P2O5 and indicating the transformation of [TeO4]

in [TeO3] units.

Density and molar volume data

The density of glasses is of special importance in the context

of the study of their structure. Thus, such importance arises

when the density of a glass shows a non-linear composi-

tional dependence because this behavior suggests structural

changes produced by compositional modifications.

Table 2 shows the variation of density as function of the

metal oxide content of the studied glasses. The estimated

error for the determined density values was \0.2 g cm-3.

For 7TeO2 � 3V2O5 and 7TeO2 � 3B2O3 glasses, the

density decreases with the increase molecular weight of the

glass which could be explained by considering some con-

version of [TeO3] into [TeO4] units, which will lead to the

open structure of the glasses. The density increases

abruptly when phosphorus oxide was added in the tellurite

glass network. This could be explained by considering that

the molecular weight of the phosphate–tellurite glasses was

increased due to their hydroscopic properties.

The molar volume is of high interest, because it is

directly related to the spatial distribution of the oxygen in

the glass network. The substitution of B2O3 by V2O5 or

P2O5 in the glass matrix may lead to the increase in the

molar volume because the molecular volume of V2O5 and

P2O5 are larger than that of the B2O3. The observed

decrease in the molar volume may be attributed to a

decrease in bonds’ length or/and inter-atomic spacing

between atoms, too. This important result is in agreement

with the decrease in the ratio [TeO4]/[TeO3] evidenced by

the IR data.

Density of states

The resulted IR data were used in this research in order to

compute the possible structural models of the studied

Table 2 The relative area ratio

of TeO4/TO3, the density, and

molar volume of the studied

glasses

Glass 7TeO2 � 3V2O5 7TeO2 � 3B2O3 7TeO2 � 3P2O5

Density (g cm-3) 4.22 4.96 5.64

Molar volume (cm3 mol-3) 393.7 267.3 273.5

TeO4/TeO3 1.1 1.05 0.98
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glasses. The fully optimized models obtained by perform-

ing DFT calculations were used to compute the DOS.

Similar methodology has previously been reported to study

other glasses [34–37].

If one define DOS(E)dE as the number of one-electron

levels in the infinitesimal interval dE, then the total density

of state is DOS(E) =
P

id(E - ei) (where d is the Dirac

function and ei stands for the one electron energies). Partial

DOS reveals the specific contribution of an atomic orbital

vl to one-electron levels at certain energies. The energy

difference between the bottom of the conduction band and

the top of the valence band in a semiconductor or in an

insulator is called the band gap energy, Eg.

The data obtained by us show that phosphate–tellurite

and vanadate–tellurite glasses can behave as semiconduc-

tors and borate–tellurite glasses as insulators. From the

partial DOS(E) plot for borate–tellurite glasses shown in

Fig. 4a, we can specify that the lowest band (valence band)

is composed of O(2s)-derived states, while the conduction

bands are composed of ns orbitals of tellurium, boron, and

oxygen mixed with the np orbitals of tellurium and boron,

respectively. The bandwidth of the band gap provides a

distinction between a semiconductor and an insulator.

Since the gap between the valence and conduction bands is

[3 eV, it indicates that this glass has insulator behavior

[23, 33, 34]. The Van Hove singularities corresponding to

tellurium orbital-derived states are cleft, which to show

that there are strong tellurium–oxygen interactions.

The results obtained for phosphate–tellurite glasses are

revealed in Fig. 4b. The dashed horizontal line represents

the Fermi level. Three main regions can be observed in the

total DOS: the lowest region below -26 eV mainly cor-

responds to the occupied O 2s states, which are well sep-

arated by 2 eV from occupied Te 5p states. The next region

under Fermi level has contributions also from O (2p)-

derived states and admixture of Te (5s, 5p), O(2p), and P

(3s, 3p) orbitals. The conduction bands consist the mixture

of P(3p), Te(5 s, 5p), and O(2p)-derived states.

Fig. 4 The total and partial

DOS diagrams of the:

a 7TeO2 � 3B2O3;

b 7TeO2 � 3P2O5;

c 7TeO2 � 3V2O5 glass
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For vanadate–tellurite glasses, the partial DOS(E) plot

shows that the conduction band regions under Fermi level

correspond to the O 2p states mixed with 5s, 5p orbitals of the

Te, 4s V states and that above Fermi level is composed of

V(4s, 4p, 3d), Te(5s, 5p), and O(2p)-derived states (Fig. 4c).

The Fermi level is located in the middle of Van Hove

singularities corresponding to O p-orbital-derived states.

This is considered as an indication that there is overlap

with oxygen orbitals [38]. For borate–tellurate glasses, the

Van Hove singularities corresponding to Te 5s orbital-

derived states are cleft, suggesting that there are strong

tellurium–oxygen interactions. On the other hand, a strong

effect of TeO2 on the vitreous B2O3 network is also dem-

onstrated of FT-IR spectrum. This effect yields the appa-

rition of small peaks in the region ranges between 800 and

1600 cm-1 and probably the partial crystallization of the

sample. Its spectral features are due to the B–O bond

stretching of [BO4] and [BO3] structural units.

Conclusions

The XRD and FT-IR spectra for glass containing

7TeO2 � 3M2O5 (M = P, V) and 7TeO2 � 3B2O3 compo-

sitions have been investigated in order to understand their

structural properties. The addition of B2O3 content in the

composition of tellurite glass leads to an increase in [TeO4]

and to the open structure of the glasses.

Calculations on their basic electronic properties show

that the borate–tellurite glasses are insulators, whereas the

phosphate–tellurite and vanadate–tellurite glasses have

semiconductor properties.

For borate–tellurate glasses, the Van Hove singularities

corresponding to tellurium orbital-derived states are cleft,

suggesting that there are strong tellurium–oxygen interac-

tions. This agrees the results of the FT-IR spectra that show

the presence of small peaks in the spectral features of the

B–O bond vibration of [BO4] and [BO3] structural units.
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