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Abstract In this work, the effects of iron ion intercalations
on lead–tellurate glasses were investigated via FTIR,
Raman and UV-Vis spectroscopies. This homogeneous
glass system has compositions xFe2O3 ·(100−x)
[4TeO2·PbO2], where x=0–60 mol%. The presented
observations in these mechanisms show that the lead
ions have a pronounced affinity towards [TeO3]
structural units, resulting in the deformation of the
Te–O–Te linkages, and leading to the intercalation of
[PbOn] (n=3, 4) and [FeOn] (n=4, 6) entities in the [TeO4]
chain network. The formation of negatively charged
[FeO4]

1− structural units implies the attraction of Pb2+

ions in order to compensate for this electrical charge.
Upon increasing the Fe2O3 content to 60 mol%, the
network can accommodate an excess of oxygen through
the formation of [FeO6] structural units and the conversion
of [TeO4] into [TeO3] structural units. For even higher
Fe2O3 contents, Raman spectra indicate a greater degree of
depolymerization of the vitreous network than FTIR
spectra do. The bands due to the Pb–O bond vibrations
are very strongly polarized and the [TeO4] structural units
convert into [TeO3] units via an intermediate coordination

stage termed “[TeO3+1]” structural units. Our UV-Vis
spectroscopic data show two mechanisms: (i) the conver-
sion of the Fe3+ to Fe2+ at the same time as the oxidation
of Pb2+ to Pb+4 ions for samples with low Fe2O3 contents;
(ii) when the Fe2O3 content is high (x≥50 mol%), the Fe2+

ions capture positive holes and are transferred to Fe3+ ions
through a photochemical reaction, while the Pb2+ ions are
formed by the reduction of Pb4+ ions. DFT calculations
show that the addition of Fe2O3 to lead–tellurate glasses
seems to break the axial Te–O bonds, and the [TeO4]
structural units are gradually transformed into [TeO3+1]-
and [TeO3]-type polyhedra. Analyzing these data further
indicates a gradual conversion of the lead ions from
covalent to ionic environment. There is then a charge
transfer between the tri- and tetracoordinated tellurium
atoms due to the capacity of the lead–tellurate network to
form the appropriate coordination environments contain-
ing structural units of opposite charge, such as iron ions,
[FeO4]

1−.

Keywords Iron–lead–tellurate glasses . FTIR and UV-Vis
spectroscopy . DFT calculations

Introduction

Oxide glasses that include transition metal ions have
been extensively studied due to their semiconducting
properties [1–6]. Such conduction in ternary iron oxide
glasses was found to be due to polaron hopping
conduction [7].

The structural role played by lead oxide in many oxide
glasses is unique, as lead oxide is known to act as both a
network modifier and a network former [1, 8, 9]. The role it
adopts depends on the type of bond between lead and
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oxygen. Studies have proposed that it would become
difficult to form the network structure of binary glass with
high PbO contents [7, 8].

The structure and the properties of oxide glasses depend
strongly on the nature and concentration of their constituent
oxides. In a normal glass system, the modifier atoms cause
the network to break. In tellurate glasses, the modifier
atoms modify the basic structural units such as trigonal
bipyramidal [TeO4] and trigonal pyramidal [TeO3], with
one of the equatorial positions becoming occupied by a
lone pair of electrons [9].

The objective of the work described in this paper is to
analyze the structural and spectroscopic properties of iron–
lead–tellurate glasses through FTIR, Raman, and UV-Vis
spectroscopic investigations and DFT calculations. Particu-
lar attention is paid to attempting to understand the roles
played by lead and iron ions in determining the structural
properties of the glasses.

Experimental

Glasses were prepared by mixing and melting appropriate
amounts of lead(IV) oxide, tellurium(IV) oxide and iron
(III) oxide of high purity (99.99%, Aldrich Chemical Co.).
The reagents were melted at 1000 °C at 15 min and
quenched.

The samples were analyzed by means of X-ray diffrac-
tion using a XRD-6000 Shimadzu diffractometer with a
graphite monochromator for Cu-Kα radiation (λ=1.54Å) at
room temperature. The X-ray diffraction patterns did not
reveal a crystalline phase in samples with x≥60 mol%
Fe2O3.

FT-IR absorption spectra of the glasses in the 370–
1200 cm−1 spectral range were obtained with a Jasco FTIR
6200 spectrometer using the standard KBr pellet disc
technique. The spectra were recorded at a standard
resolution of 2 cm−1.

UV-Vis absorption spectra of the powdered glass
samples were recorded at room temperature in the range
250–800 cm−1 using a PerkinElmer Lambda 45 UV-Vis
spectrometer equipped with an integrating sphere. These
measurements were performed on glass powder dispersed
in KBr pellets.

Raman spectra were recorded for bulk glasses using an
integrated FRA 106 Raman module in a 180° scattering
geometry at room temperature. The spectral resolution was
1 cm−1.

Geometry optimization of the proposed structural model
was carried out using density functional theory (DFT). The
DFT computations were performed with the B3PW91/CEP-
4 G/ECP method using the Gaussian 03 software package
[10].

Results and discussion

FTIR spectroscopy

Figure 1 shows FTIR spectra of Fe2O3-doped lead–tellurate
glasses. Examining the FTIR spectra of the xFe2O3·(100−x)
[4TeO2·PbO2] glasses shows that the Fe2O3 content
modifies the characteristic IR bands as follows:

i) 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; see Table 1 [10–15]. For all of the glasses, the
general trend is a shift towards higher wavenumbers
(668 cm−1) with Fe2O3 content. This suggests the

Fig. 1 FTIR spectra of xFe2O3·(100−x)[4TeO2·PbO] glasses with 0≤
x≤60 mol%
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conversion of some [TeO4] to [TeO3] structural units,
because the lead ions have a strong affinity towards
these groups containing nonbridging oxygens, which
have negative charges.

ii) The broader band centered at about 670 cm−1 can be
attributed to Pb–O bond vibrations from [PbO3] and
[PbO4] structural units [16–19]. With increasing Fe2O3

content (up to 15 mol%), the formation of larger
numbers of nonbridging oxygens results in the appear-
ance 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

indicates the formation of [FeO4] structural units. It
seems that the formation of [TeO4] structural units is
reduced because the modified [TeO3] units containing
one or more Te–O–Pb bonds are unable to accept a
fourth oxygen atom.

When added to the host matrix, Fe2O3 (which tends
to coordinate with Fe3+) will coordinate with glass-
forming cation ions. According to electronegativity
theory, the covalency of the bond will strengthen as
the difference in electronegativity between the cations
and anions decreases. Since the electronegativities of
Te, Fe, Pb and O are 2.1, 1.83, 2.33 and 3.5,
respectively, the covalency of Pb–O is stronger than
those of Te–O and Fe–O, respectively. As a result, the
covalencies of the Te–O and Pb–O bonds are stronger
than that of the Fe–O bond.

Accordingly, the excess nonbridging oxygen ions
will coordinate with the iron ions only after the
tellurium and lead cations have attained their maxi-
mum coordination numbers (four for both tellurium
and lead atoms), in agreement with our FTIR data.

iii) For the sample with x=20 mol% Fe2O3, the action of
the lead ions as network formers yields drastic
modifications to the IR spectrum and a change from
a lead–tellurate network to a continuous iron–lead–
tellurate network that is interconnected through Pb–O–

Te, Pb–O–Fe, and Te–O–Fe bridges. This composi-
tional evolution of the structure can be explained by
considering that the excess oxygen can be accommo-
dated by the conversion of some [FeO4] to [FeO6]
structural units. A new band appears at 470 cm−1

corresponding to the Fe–O vibrations from the [FeO6]
structural units [19].

iv) 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. Thus, there is a noticeable change in
the content of [TeO3] structural units.

Iron in the oxidation state 3+ is reported to occur
predominantly with a coordination number of four, as
in [FeO4]

1−. These tetrahedral ions have a negative
charge and hence need cations, Pb2+ in the glasses
studied here, for charge compensation. Accordingly,
compensation of electrical charges of Pb2+ ions can
be realized with [FeO4]

1− structural units.
These observations show that the lead ions have a

pronounced affinity towards [TeO3] structural units,
resulting in the deformation of Te–O–Te linkages and
leading to the intercalation of [PbOn] (n=3, 4) and
[FeOn] (n=4, 6) entities into the [TeO4] chain
network. The formation of negatively charged
[FeO4]

1− structural units implies the attraction of
Pb2+ ions for compensation of electrical charges. By
increasing of the Fe2O3 content up to 60 mol% in the
matrix glass, the number of lead ions bonded ionic in
the glass was increased (see the band located at about
310nm in the UV-VIS spectra).

UV-Vis spectroscopy

Iron is present in glasses as Fe2+ and Fe3+ ions, both of
which can exist at tetrahedral and octahedral sites [20–25].

Raman band (cm−1) IR band (cm−1) Assignment

120, 135 - Pb–O symmetric stretching vibration

270 - Pb–O stretching and O–Pb–O bending vibrations

- 400–500 Fe–O vibrations of [FeO6] structural units

405 470 Vibrations of Pb–O covalent bonds in [PbO4] structural
units

465 475 The stretching vibrations of Te–O–Te linkages

- 570–600 Fe–O bonds in [FeO4] structural units

650–670 620–680 Stretching vibrations of [TeO4] structural units

- 670, 850, 1050 Vibrations of Pb–O bonds from [PbO3] and [PbO4]
structural units

720–735 720–780 Stretching vibrations of [TeO3]/[TeO3+1] structural units

Table 1 Assignment of the
Raman and IR bands for
xFe2O3·(100−x)[4TeO2·PbO]
glasses
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Each redox and coordination state produces its own set of
characteristic optical absorption bands. The majority of the
Fe3+ ions are believed to occupy tetrahedral network-
forming sites in glasses, although this has been disputed
[20–23]. Conversely, the majority of the Fe2+ ions are
thought to occupy octahedral network-modifying sites [21,
24, 25].

Fe2+ produces an oxygen–iron charge transfer band that
is centered in the ultraviolet [24]. Spin-forbidden bands
are also expected at 450–550 nm, but these have been
ignored in most studies of iron absorption in glasses. Fe2+

ions also yield two main spin-allowed d–d absorption bands
located at about 1100 nm, which have been attributed to a
range of distorted octahedral sites. Accordingly, the energy
diagram of the 3d6 configuration (Fe2+) indicates that its
spectrum will essentially consist 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.

Fe3+ ions produce a more complicated set of absorptions
than Fe2+. Since the Fe3+ ion has a d5 configuration, all d–d
transitions are forbidden by spin-selection rules [26]. This
means they are approximately 10–100 times less intense
than spin-allowed transitions. The majority of the d–d
bands of Fe3+ are observed at wavelengths in the 325–
450 nm region, although some Fe3+ bands are observed at
wavelengths as low as 700 nm.

The UV-Vis absorption spectra of xFe2O3·(100−x)
[4TeO2·PbO2] glasses with x=0–60 mol% are shown in
Fig. 2. An examination of these spectra shows that the
characteristic UV-Vis bands are modified:

i) For all glasses, the UVabsorption bands begin at 250 nm
with an ascending lobe. These UV absorption bands are
assumed to originate from the lead–tellurate host matrix.
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. Pb2+ ions with the
s2 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 Pb2+ ions [27].

ii) 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 Fe3+ ions. The intensity of
the absorption band located at about 250 nm increases,
and the iron in some cases is reduced to Fe2+ through
electron trapping [28]. Some weak bands appear in the
450–550 nm region. These bands show that some Fe3+

ions were converted to Fe2+ ions.
Such a tendency can be interpreted by invoking the

conversion of Fe3+ to Fe2+ at the same time as Pb2+

ions are oxidized to Pb4+ ions. Based on these
experimental results, we propose the following possible
redox reactions:

2Fe3þ þ 2e� $ 2Fe2þ

Pb2þ $ Pb4þ þ 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.

iii) Adding Fe2O3 content until it reaches 15 mol% causes
a decrease in the intensities of the UV absorption
bands situated in the 320–450 nm domain. This

Fig. 2 UV-Vis absorption spectra of xFe2O3·(100-x)[4TeO2·PbO]
glasses as a function of iron oxide content
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noticeable decrease could be due to iron ions acting as
network formers. The sharp increases in the intensities
of the IR bands located at about 600 cm−1 result from
the vibrations of Fe–O bonds in [FeO4] tetrahedral
structural units (Fig. 1).

iv) Upon further increasing the content of Fe2O3 up to
20 mol%, a shift in the UV band from 250 to 260 nm
is observed, and a new band located at about 285 nm
appears, which are correlated with the possible
distortion of the symmetry of the iron species. The
new IR band situated at about 470 cm−1 can be
attributed to octahedral [FeO6] units. The evolution of
the structure can be explained by considering that the
network accommodates excess oxygen by converting
some [FeO4] to [FeO6] structural units.

v) 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. The
intensity of the band centered at about 600 cm−1

increases in the FTIR spectrum. These geometric
interconversions decrease as the Fe2O3 content
increases up to 40 mol%.

vi) Very intense transitions appear in the sample with x=
50 mol% Fe2O3. A new highly intense band situated at
about 305 nm is due to the presence of Pb2+ ions. The
bands located in the 250–277 nm region are due to
strong oxygen–iron charge transfer associated with the
Fe2+ and Fe3+ ions. The increase in the intensity of the
IR band located at about 689 cm−1 relates to the
vibrations of Fe2+–O–Fe3+ linkages [19]. On the other
hand, these intense transitions could be due to the
formation of [TeO3] structural units from [TeO3+1]
structural units, in agreement with the Raman spectra.

vii) 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 Fe3+ ions. The kink
located at about 430 nm is characteristic of Fe3+ ions
with octahedral symmetry. Also, it is proposed that
some of the Fe2+ ions capture positive holes and are
converted to Fe3+ according to the following photo-
chemical reactions:

Fe2þ þ positive holes ! Fe3þ

Pb4þ þ 2e� ! Pb2þ

It seems that some of the Fe2+ ions capture positive holes
and are converted to Fe3+ ions through a photochemical
reaction. This mechanism explains the observed increase in
the UV region.

The observed continuous increase in UV band intensity
upon the addition of Fe2O3 can be related to the progressive
growth in induced color centers. These color centers are
obviously correlated with the transformation of Fe2+ to Fe3+

ions through the capture of positive holes.
In brief, the UV-Vis spectroscopic data show two

mechanisms: (i) the conversion of Fe3+ to Fe2+ at the same
time as the oxidation of Pb2+ to Pb4+ ions in samples with
low Fe2O3 contents; (ii) when the Fe2O3 content is
relatively high (x≥50 mol%), the Fe2+ ions capture positive
holes and are converted into Fe3+ ions in a photochemical
reaction, while the Pb2+ ions are formed by the reduction of
Pb4+ ions.

The conduction of ternary iron oxide glasses was found
to be due to polaron hopping conduction [1, 4–7]. In the
conduction mechanism of these glasses, a valence change,
Fe2+→Fe3++e−, takes place in the glass. The Fe3+ ions in
excess have a coordination number of six and the remaining
Fe3+ ions have a coordination number of four. Redox can
also control the tetrahedral to octahedral Fe3+ ratio:
increasing Fe3+ leads to an increase in octahedral Fe3+.

DFT calculations

We will use the IR and UV-Vis data in the quantum
chemical calculations in order to gain a better understand-
ing of the local structure 50Fe2O3·50[4TeO2·PbO2]. A
similar methodology was previously used to study other
glasses [29–33]. The local structure of the proposed model
for matrix network were found by optimization (Fig. 3).

There are some sites in our model (Fig. 3), namely:

i) The basic coordination polyhedrons are [TeO4] struc-
tural units, which can be found in the glass in four
states: tetrahedral, square pyramidal, trigonal bipyra-
midal, and trigonal bipyramidal with three strong
bonds and one elongated axial bond. The Te–O bonds
from the square pyramids have shorter interatomic
distances (2×1.74 and 2×1.85Å) than the covalent
Te–O bond length (2.15Å). The Te–O bonds from the
tetrahedral geometry have one bond with a shorter
interatomic distance (1.78Å) and three bonds with
longer interatomic distances (1.87Å).

The Te–O bonds of the irregular polyhedrons are
subdivided into two groups: (1) three bonds have
shorter interatomic distances (1.74–1.82Å) and one
with an intermediate interatomic distance (1.92–2.02
Å); (2) three bonds with intermediate interatomic
distances (1.95–2.05Å) and one with a longer inter-
atomic distance (3.05Å), but this is still significantly
shorter than the sum of the van der Waals radii (3.58
Å). These irregular polyhedrons are situated in the
vicinity of the [PbOn] and [FeOn] structural units.

J Mol Model (2011) 17:2103–2111 2107



Accordingly, the [TeO4] structural units show a
marked tendency to deform, as well as enhanced
lability of one of the axial bonds. This lability is
sharply increased in the liquid state, where due to
kinetic factors the axial bonds easily undergo dynamic
elongation to over 2.15Å. The coordination number of
the tellurium atom changes from four to (3+1), and a
marked tendency for elongation of the Te–O distance
to over 2.15Å is observed. As a consequence, (3+1)
coordination of the tellurium is required. Besides the
kinetic factors, the extent of bond deformation is also
influenced by the composition, temperature and vis-
cosity of the melt, the nature of the modifier, and by
some thermodynamic factors.

ii) The presence of [TeO3] polyhedra in the glass is also
possible, and depends strongly on the modifier
concentration. The Te–O distances are divided into
three sets: a set of three shorter distances ranging from
1.79 to 1.85Å; three intermediate bonds ranging from
1.93 to 2.06Å, and one longer interatomic distance
(3.39Å).

iii) In this structure, four-coordinated lead atoms occupy
two different sites. At the first site they are coordinated
with four oxygen atoms, thus leading to distorted
tetrahedral octahedral geometries where the four Pb–O
bonds have short interatomic distances (1.98–2.13Å).
The lead atoms at the second site have ionic character.
One Pb–O bond has a shorter interatomic distance
(2.11Å) and one has a longer Pb–O bond distance

(2.83Å) than the Pb–O covalent bond (2.22Å), but
both are still significantly shorter than the sum of the
van der Waals radii (3.54Å), and the two oxygen
atoms remain relatively far from the lead cation (4.12–
4.75Å). These bonds are too long to be chemical
bonds in the usual sense.

iv) The three-coordinated lead atoms occur at two
different sites. At the first site, the three bonds have
short interatomic distances (1.90–2.06Å). At the other
site, two bonds have short interatomic distances (2.19–
2.21Å) and one Pb–O bond has a long interatomic
distance (2.96Å) than the Pb–O covalent bond.

v) Iron is coordinated to four oxygen atoms. Three of
these bonds have short Fe–O interatomic distances
(1.79–1.87Å) while one has a long interatomic distance
(1.93Å). EXAFS analysis [34] reveals that in the iron
glasses, the Fe–O bond length in the [FeO4] tetrahedral
structural units is equal to 1.86–1.88Å. The distance of
1.93Å is intermediate between that corresponding to
tetrahedrally (1.88Å) and octahedrally (2.00Å) coordi-
nated iron [35]. Therefore, in this sample, it is expected
that the iron atoms occupy both tetrahedral and
octahedral sites. The majority of the Fe3+ ions are
believed to occupy tetrahedral network-forming sites in
glasses, while the majority of the Fe2+ ions are thought
to occupy octahedral network-modifying sites. If in the
during melting of glass Fe+3 ions were undergo to
process of reduction at Fe+2 ions, ionii Fe+2 will cause
the formation of [FeO6] structural units.

Fig. 3 The optimized structure
of the 50Fe2O3·50[4TeO2·PbO]
glass was used to perform
the DFT computations
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Additionally, the EXAFS analysis [34] disclosed that the
coordination number of the iron depends on the Fe2O3

concentration. Accordingly, the number of oxygen atoms in
the [FeO4] structural units decreases when the Fe2O3

concentration increases, suggesting that the tetrahedral
coordination of iron in the glass is destroyed.

The distributions of the electronic states in the HOMO
and the LUMO can be seen in Fig. 4. Interesting findings
for these systems include the following:

i) The HOMO gives the [TeO4] structural units electron-
donating character.

ii) The LUMO gives the [TeO3] structural units of the
network electron-accepting character.

iii) The HOMO−1 gives the [TeO4] and [TeO3] structural
units and the Fe2+ ions electron-donating character.

iv) The LUMO+1 gives the [TeO3] and [TeO4] structural
units of the network electron-accepting character.

There is change transfer between the tri- and tetracoordi-
nated tellurium atoms. This can be explained by noting that
the lead–tellurate network is sufficiently flexible to form the
appropriate coordination environment for structural units of
opposite charge, such as the iron ions [FeO4]

1−.

Fig. 4 Distributions of the elec-
tronic states for the HOMO
(EHOMO=−6.03 eV), HOMO−1,
LUMO (ELUMO = −1.73 eV)
and LUMO+1 of the proposed
model for 50Fe2O3·50
[4TeO2·PbO] glasses
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Accordingly, the addition of Fe2O3 content to lead–
tellurate glasses appears to break the axial Te–O bonds
because of the strong polarizability of the lone pair electrons
on tellurium, leading to the formation of the glass structure.
As a result, more nonbridging Te–O bonds are formed and
the [TeO4] structural units are gradually transformed into
[TeO3+1]- and [TeO3]-type polyhedra as the metal oxides are
slowly added. The analysis of these data further indicates
that increasing the concentration of Fe2O3 leads to a gradual
conversion of lead ions from covalent to ionic environment.

Raman spectroscopy

Figure 5 shows the Raman spectra of the xFe2O3·(100−x)
[4TeO2·PbO2] glasses with x=0–60 mol%. The shape of the

Raman spectrum is influenced by the presence of iron oxide
in the studied glass. The bands centered at around 465 cm−1

are assigned to the stretching vibrations of Te–O–Te
linkages [36]. 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 [37]. 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.

The [TeO3+1] unit can be thought of as a distorted
trigonal bipyramidal [TeO4] unit with one oxygen further
from the central tellurium than the remaining three oxy-
gens. This increase in units with lower coordination
numbers at the expense of units with higher coordination
numbers is indicative of the depolymerization of the lead–
tellurite glass network.

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 [38, 39]. 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. For samples with
x≥50 mol%Fe2O3, the increased intensities of the UV-Vis
bands located at about 310 nm support this hypothesis.

The fact that this band is very strongly polarized also
indicates that the nearest neighbors of lead atoms have a
high degree of symmetry [38]. While there is a drop in the
intensity of the band at 135 cm−1, no new bands appear in
the Raman spectra. By increasing of Fe2O3 content up to
40 mol%, the intensity of the band situated at about
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
[40]. 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 [41, 42].

For higher Fe2O3 contents, the Raman spectra indicate a
greater degree of depolymerization of the vitreous network
than the FTIR spectra do. It thus appears that Raman
spectroscopy is a more sensitive technique to the changes
that appear in the short-range order of the structure of our
glass upon Fe2O3 addition.

Fig. 5 Raman spectra of xFe2O3·(100−x)[4TeO2·PbO] glasses with
0≤x≤60 mol%
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Conclusions

We analyzed the effects of iron ions on the structure of
lead–tellurate glasses using FTIR, Raman, and UV-Vis
spectroscopies. Based our results, we can conclude that the
network can accommodate excess oxygen by deforming
Te–O–Te linkages, the actions of lead and iron atoms as
network formers, and the intercalation of [FeO6] entities
into the [TeO4] chain network.

Our UV-Vis spectroscopic data show the occurrence of a
reversible redox process in the matrix host upon increasing
the Fe2O3 content. For small Fe2O3 contents, the mecha-
nism implies the conversion of Fe3+ to Fe2+ at the same
time as the oxidation of Pb2+ to Pb4+. Inverted redox
processes take place at higher Fe2O3 contents.

DFT calculations show that the [TeO4] structural units
show a marked tendency to deform and for enhanced lability
of one of the axial bonds. This can be explained by noting
that that the lead–tellurate network is sufficiently flexible to
form the appropriate coordination environment for structural
units with opposite charges such as the iron ions [FeO4]

−1.
The Raman spectra show that very strong depolymer-

ization appears in studied iron–lead–tellurate glasses with
the addition of Fe2O3. The bands due to the Pb–O bond
vibrations are very strongly polarized, indicating that the
nearest neighbors of lead atoms have a high degree of
symmetry. The intensity of the band around 720 cm−1

increases relative to the band at 660 cm−1 with increasing
Fe2O3 content, indicating that the [TeO4] structural units
convert into [TeO3] units via an intermediate coordination
stage, termed [TeO3+1] structural units.
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