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Abstract

In this paper, we have analyzed the effects of ioms intercalations on lead-tellurate glasses
by investigations of FTIR, Raman and UV-VIS spestapy. The homogeneous glass system
has compositions xE©®3:(100-x)[4TeQ-PbQ] where x = 0-60 mol%.

The presented observations in these mechanisms #iawhe lead ions have an affinity
pronounced towards [TePstructural units yielding the deformation of the-O-Te linkages
and pursuant to the intercalation of [Rp(=3, 4) and [Feg) (n=4, 6) entities in the [TefD
chain network. The formation of [Fe[d structural units with negative charge implies the
attraction of PH ions for compensation of electrical charge. Byréasing of the F©s
content up to 60mol%, the accommodation of the adtwith excess of oxygen can be
supported by the formation of [FelOstructural units and the conversion of [Tg@nto
[TeOy] structural units.

For higher FgO; content, the Raman spectra revealed a greateeele§depolymerization of
vitreous network than do the FTIR spectra. The bathee to the Pb-O bond vibrations are
very strongly polarized and the [TgGstructural units convert into [TePunits via an
intermediate coordination labeled as [Befstructural units.

Our UV-VIS spectroscopic data show two mechanisjnste conversion of the Feto Fé?
species in same time with the oxidation of o PE* ions for sample with smaller s
content; i) when the E®; content is higher (¥ 50 mol%), the F& ions capture positive
holes and are transferred to'#®ns through photochemical reaction while thé’Rbns are

formed by reduction of the Phions.



DFT calculations show that the addition of,Ggcontent to lead-tellurate glasses seems to
break the axial Te-O bonds and the [TeSructural units are transformed little by litileo
[TeGs4q] and [TeQ] type polyhedra. The analysis of these data furthdicates a gradual
adaptation of lead ions from covalent to ionic eswment. Then, there is a change transfer
between the tellurium atoms tri- and tetra-coortidadue to the flexibility of the lead-
tellurate network to form the appropriate coordimatenvironments with structural units of

opposite charge such as iron ions, [FEO

Keywords Iron-lead-tellurate glasses FTIR and UV-VIS spectroscopy DFT

calculations



I ntroduction

Oxide glasses including transition metal ions wengensively studied due to their
semiconducting properties [1-6]. The conductioteimary iron oxide glasses was confirmed

to be due to hopping conduction of polaron [7].

The structural role of lead oxide in many oxidesgks is unique since lead oxide is known to
play a dual role both as a network modifier andanfer [1, 8, 9]. This role depends on the type
of bond between lead and oxide. These studies peapthat at high content of PbO [7, 8], it

would become difficult to form a network structuriebinary glasses.

The structure and the properties of the oxide gksse dependent strongly on the nature and
the concentration of the constituent oxides. Immadrglass system, the modifier atoms cause
the network to break. In tellurate glasses, the ifiwdatoms cause the modification of the
basic structural units such as [Tg#®@igonal bipyramid and [Teg) trigonal pyramid with one

of the equatorial position occupied by a lone paelectrons [9].

The objective of this work is to analyze the stiuat and spectroscopic properties iron-lead-
tellurate glasses by investigations of FTIR, Ram&h/-VIS spectroscopy and DFT
calculations. Particular attention is devoted tdamtand the role played by lead and iron ions

in the determining the structural properties ofglasses.

Experimental

Glasses were prepared by mixing and melting of gpmate amounts of lead (IV) oxide,
tellurium oxide (IV) and iron (lll) oxide of highysity (99,99 %, Aldrich Chemical Co.).

Reagents were melted at 10@at 15 minutes and quenched.

The samples were analyzed by means of X-ray dtftlacusing a XRD-6000 Shimadzu
Diffractometer, with a monochromator of graphite @u-Ka radiation § = 1.54 A) at room
temperature. The X-ray diffraction patterns did reteal the crystalline phase in the sample
with x> 60 mol% FegOs.
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The FT-IR absorption spectra of the glasses in 3@-1200 crit spectral range were
obtained with a JASCO FTIR 6200 spectrometer utiegstandard KBr pellet disc technique.

The spectra were carried out with a standard réealof 2 cm'.

UV-Visible absorption spectra of the powdered glassnples were recorded at room
temperature in the range 250-800 trusing a Perkin-Elmer Lambda 45 UV/VIS
spectrometer equipped with an integrating sphehes& measurements were made on glass

powder dispersed in KBr pellets.

The Raman spectra have been recorded for bulkeflagsng an integrated FRA 106 Raman

module in a 180° scattering geometry, at room teatpee. The spectral resolution was 1cm
1

The geometry optimization of the proposed strut¢tonadel was carried out using the density
function theory (DFT). The DFT computations werefpened with B3PW91/CEP-4G/ECP

method using the Gaussian’03 program package [10].

Results and discussion

FTIR spectroscopy

Fig. 1 show the FTIR spectra of the,Bg doped lead-tellurate glasses. The examination of
the FTIR spectra of the xf@s(100-x)[4TeQ-PbQ] glasses shows that the,Bg content

modifies the characteristic IR bands as follows:

i) The larger band centered at ~6257cia assigned to the stretching mode of the [JeO
trigonal bipyramidal with bridging oxygens. The shder located at about 750 &nindicates
the presence of [Te{structural units, Table 1 [10-15]. For all glassthe general trend is
shift towards higher wavenumber (668 ®mThis suggests the conversion some [f]¢®
[TeO;] structural units because the lead ions have engtaffinity towards these groups

containing non-bridging oxygens, which are negatikarged.

i) The broader band centered at about 670" can be attributed to Pb-O bonds vibrations
from [PbQ] and [PbQ] structural units [16-19]. With increasing #g content up to 15



mol%, the formation of larger numbers of non-bridgioxygen’s yields the apparition of
[PbQ,] structural units (n = 3, 4) in the vicinity ofdljTeQ] structural units. The increase in
the intensity of the band located at about 600" @hows that the formation of the [F§O
structural units. It seems that the formation cd@] structural units is reduced because the
modified [TeQ] units containing one or more Te-O-Pb bonds ar@blento accept a fourth

oxygen atom.

With the adding of F&3 in the host matrix which tend to coordinate wite"F will

contribute to coordinate with glass former catioms. According to the electronegativity
theory, the covalency of the bond will become sgerwith the decrease of the difference of
electronegativity between cation and anion ionsc&ithe values of electronegativity, for Te,
Fe, Pb and O elements are 2.1, 1.83, 2.33 and&spectively, the covalency of Pb-O are
stronger than Te-O and Fe-O, respectively. As altethe covalency of Te-O and Pb-O

bonds is stronger than this of the Fe-O bond.

Accordingly, the excess of non-bridging oxygen iavii coordinated with iron ions only
after the tellurium and lead cations attain the imaxn of the number of coordination

(tellurium atoms — 4 and lead atoms - 4), in age@with our FTIR data.

iii) For sample with x = 20 mol% E6s;, the participation of the lead ions than network
former yields drastically modifications in the IRextrum and the change from the lead-
tellurate network to the continuous iron-lead-telte network with interconnected through
Pb-O-Te, Pb-O-Fe and Te-O-Fe bridges. This compasit evolution of the structure could

be explained by considering that the excess of exygiay be accommodated by the
conversion of some [FePto [FeQ] structural units. A new band appears at 470'cm

corresponding to the Fe-O vibrations from [Ee&ructural units [19].

iv) For sample with % 30 mol% FgOs, the increasing trend towards higher wavenumbkrs o
the bands located in the region between 550 andc&50can be due to the conversion of
[TeQ,] into [TeQ;] structural units. A noticeable change appearscantent of [TeG

structural units.

Iron in the oxidation state +3 is reported to ogargdominantly in fourfold coordinations, as
[FeQy*. These tetrahedral geometries have a negativgerzard hence need cations, in the



case of the glasses studied;#for charge compensation. Accordingly, it is poksib better

stabilization of F& from [FeQ] ™ tetrahedral geometry through compensation witlf Rims.

The presented observations in these mechanisms #iawhe lead ions have an affinity
pronounced towards [TePstructural units yielding the deformation of the-O-Te linkages
and pursuant to the intercalation of [Rp(=3, 4) and [Feg) (n=4, 6) entities in the [TefD
chain network. The formation of [Feld structural units with negative charge implies the

attraction of PE ions for charge compensation.

UV-VIS spectr oscopy

The iron is present in glasses ad’nd F&° ions, both of which can exist in tetrahedral and
octahedral sites [20-25]. Each redox and coordinatstate produces its own set of
characteristic optical absorption bands. The mgjasf Fe™ ions are believed to occupy
tetrahedral network-forming sites in glasses, altfo this has been disputed [20-23].
Conversely, the majority of Feions are through to occupy octahedral network fiyodi
sites [21, 24, 25].

Fe'? produce an oxygen-iron charge transfer band oestér the ultraviolet [26]. Spin-
forbidden bands are also expected in the 450-550bmitnhave been ignored in most studies
of iron absorption in glasses. Then,"F®ns yield two main spin allowed d-d absorption
bands located at about 1100 nm and has been &ttiha a range of distorted octahedral
sites. Accordingly, the energy diagram of the® @dnfiguration (F&) indicates that its
spectrum will consist essentially of a single banthe infrared region as well as a number of

very weak spin-forbidden bands in the visible altchuiolet regions.

The Fé* ions produce a more complicated set of absorptioens F&% Since the F& ion has
a & configuration, all d-d transitions are forbiddey gpin-selection rules [27]. This means
they are approximately 10-100 times less intenaa #pin-allowed transitions. The majority
of Fe™ d-d bands are observed at wavelength in the 3R5a#% region, although some ‘Ee

bands are observed at wavelength as low as 700 nm.

The UV-VIS absorption spectra of xf&&:(100-x)[4TeQ-PbQy] glasses with x = 0-60 mol%
are shown in Fig. 2. The examinations of thesetspestiow that the characteristic UV-VIS

bands are modified namely:



i) For all glasses, the UV absorption bands begi®58 nm by an ascending lobe. These UV
absorption bands are assumed to originate leaddtd host matrix. The stronger transitions
in the UV-VIS spectrum can be due to the presemtleeoTe=0 bonds from [Te{structural
units and Pb=0 bonds from [PEGstructural units which allow n- transitions. lons Pb
with & configuration absorb strongly in the ultravioleidayield broad emission bands in the
ultraviolet and blue spectral area. The intensedbabtained centered at about 310 nm

corresponds to the Phions [28].

i) By introduction of low FgO; content (X< 5 mol%) in the host matrix, the formation of
new absorption UV bands is dominant. These barcgdd in the 320-450 nm region are due
to the presence of the Bdons. Then, the intensity of absorption band ledat about 250
nm increases and the iron in some cases is redaded? by trapping electrons [29]. Some
weak bands appear in the 450-550 nm region. Thaeselsbshow that some Bewere

converted to F& ions.

Such tendency can be interpreted by the converfithe Fé® to F€? species and the same
time of the present Pbions are oxidized to Pbions. Based on these experimental results,

we propose the following possible redox reactions:
2 Fe®+ 26 > 2 F&?

Pb'? <> P+ 26

The increase of intensity of the band situated 88& nm can be attributed the formation of
new Pb=0 bonds from [Plstructural units.

iii) The addition of FeO3 content until 15 mol% causes a decrease in tlemsity of the UV
absorption bands situated in the 320-450 nm donTdiis. noticeable decrease can be due the
iron ions can participate as former network. Tharghof the increase trend of the IR bands
located at about 600 ¢hshows the vibrations of the Fe-O bond from [Het@trahedral

structural units (Fig. 1).

iv) Further by increasing of F®; content up to 20 mol%, the observed shift of théhand
from 250 to 260 nm and the apparition of new bammhted at about 285 nm is correlated to
the possible distortion of the iron species symyékhe new IR band situated at about 470

cm’ can be attributed to the [FgiQoctahedral units. The evolution of the structosam be



explained considering the accommodation of the af&wvith excess of oxygen by the

conversion of some [Fe{to [FeQy] structural units.

v) For sample with x=30mol% E®;, a new band appears at about 267 nm. This tendemcy
be explain again to the distortions of the ironceg® It is possible a conversion of the [EO
to [FeQ] structural units. The intensity of the band cesdleat about 600 ciincrease in the
FTIR spectrum. These inter-conversions of geonadigrease by increasing of,Pg content

up to 40 mol%.

vi) The very intense transitions appear in the darmmith x = 50 mol% Fg0; New band of
larger intensity situated at about 305 nm are duéhé presence of Pbions. The bands
located in the 250-277 nm region are due to a gtaxygen-iron charge transfer derived to
the Fé% and F& ions. The increase in the intensity of the IR blowated at about 689 ¢
shows the vibrations of the BeD-Fe™ linkages [19]. On the other hand, these intense
transitions can be due to formation of [B¢6tructural units from [Teg)] structural units, in

agreement with Raman spectra.

vii) For sample with x = 60 mol% E@s, the UV absorption bands situated in the 250-280 n
disappear and new bands appear at 320 nm. Thede show the presence of new Hens.
Then, the kink located at about 430 nm is chartieiof Féions in octahedral symmetry.
Also, it is suggested that some of the™F®ns present capture positive holes and are

converted to F€ according to the following photochemical reactions
Fe" + positive holes— Fe™

Pb™ + 26 — PB?

It seems that some of the ‘Béons capture positive holes and are transferreBetd ions
through photochemical reaction. This mechanismarplthe observed increase in the UV

region.

The observed continuous increase of the UV barehsity with adding of the F®; content
can be related to the progressive growth of induceldr centers. This color center is

obviously correlated with the transformation off® Fe2ions by capturing positive holes.



In brief, UV-VIS spectroscopic data show two medkars: i) the conversion of the Beo
Fe" species in same time with the oxidation of Pi» PB* ions for sample with smaller
Fe,0O; content; ii) when the R6; content is higher (® 50mol%), the F& ions capture
positive holes and are transferred t6°Rens through photochemical reaction while thé*Pb

ions are formed by reduction of the*Plons.

The conduction in ternary iron oxide glasses watiguned to be due to hopping conduction
of polaron [1, 4-7]. In the conduction of thesesgles, a valence change,¥e> Fe™ + ¢
takes place between two iron ions in the glass.F@iions in excess are sixfold coordinated
and the remaining F&ions are in fourfold coordinated. The redox casoatontrol the

tetrahedral to octahedral Beatio: an increase of Feleads to an increase of octahedrdFe

DFT calculations

In the quantum chemical calculations we will use tR and UV-VIS data in order understand
of the local structure 50F@5-50[4TeQ-PbQ). Similar methodology has previously been
reported to study other glasses [30-34]. The stdgtructural modifications of the vitreous

network and the equilibrium geometry were foundpsimization (Fig. 3).
There are some sites in our model (Fig. 3), namely:

i) The basic coordination polyhedrons are [Fe8ructural units which can be found in the
glass in four states: tetrahedral, square pyrartrigenal bipyramids, and trigonal bipyramids
with three strong bonds and one elongated axiadbdie Te-O bonds from the square
pyramids have shorter interatomic distances (2x&rd 2x1.85 A) than the covalent Te-O
bond length (2.15 A). The Te-O bonds from tetrahkedeometry have one bond with shorter

interatomic distances (1.78 A) and three bonds lsitiger interatomic distances (1.87 A).

The Te-O bonds of the irregular polyhedrons aralsided into two groups: (1) three bonds

have shorter interatomic distances (1.74-1.82A)@mlhas intermediate interatomic distance
(1.92-2.02 A); (2) three bonds have intermediateratomic distances (1.95-2.05 A) and one
has longer interatomic distances (3.05 A) but $igatly shorter than the sum of the van der
Waals radii (3.58 A). These irregular polyhedrons situated in the vicinity of the [PRPD

and [Fe@] structural units.
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Accordingly, the [Te@ structural units have a marked tendency towarferchation and
lability of one of the axial bonds. This labilitg sharply increased in the liquid state, where
due to kinetic factors the axial bonds easily ugdex dynamic elongation over 2.15 A. The
coordination number of the tellurium atom changesnf 4 to 3+1 and marked tendency
towards elongation of the Te-O distances over A15 observed. In the last states, as a
consequence, a 3+1 coordination of the telluriummais required. The extent of bond
deformation, besides the kinetic factors, is aldtuénced by the composition, temperature
and viscosity of the melt, by the nature of the ified as well as by some thermodynamic

factors.

i) The presence of [TefDpolyhedra in the glass is also possible and dépsirongly on the
modifier concentration. The Te-O distances areddigliinto three sets: a set of three shorter
distances range from 1.79 to 1.85 A, three hawrimédiate bonds range from 1.93 to 2.06 A

and one has longer interatomic distance (3.39 A).

iii) In this structure, four-coordinated lead atomscupy two different sites. The first are
coordinated with four oxygen atoms forming distdrtetrahedral octahedral geometries, the
four Pb-O bonds have short interatomic distance®8¢2.13 A). The second lead atom has
ionic character. One Pb-O bond have shorter irderiat distances (2.11 A), one has longer
Pb-O bond distances (2.83 A) than the Pb-O covalent (2.22 A) but significantly shorter
than the sum of the van der Waals radii (3.54 A) amo oxygen atoms remain relatively far
away from lead cation (4.12-4.75 A). These bondstao long to be accepted as a chemical

bond in the usual sense.

iv) The three-coordinated lead atoms are in tweidig sites. In the first site, three bonds have
shorter interatomic distances (1.90-2.06 A). Ano#iee has two shorter interatomic distances
(2.19-2.21A) and one Pb-O bond has longer inter@tatistance (2.96 A) than the Pb-O

covalent bond.

v) Iron site is coordinated to four oxygens atoriibe three bonds have shorter Fe-O
interatomic distances (1.79-1.87 A) and one hagdorinteratomic distance (1.93 A). The
EXAFS analysis [35] reveals that in the iron glassbe Fe-O bond length is equal to 1.86-
1.88 A in the [FeQ) tetrahedral structural units. The distance of318 is intermediate

between that corresponding to tetrahedral (1.8%) octahedral (2.00 A) coordinated iron

[36]. Therefore, it is expected that in this samfhe iron atoms occupy both tetrahedral and
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octahedral sites. The majority of Béons are believed to occupy tetrahedral networkafog
sites in glasses while the majority of ‘Féons are through to occupy octahedral network
modifying sites. Then, the reduction of'‘E¢o F&? always acts a network modifier, forms

[FeGy] structural units during glass melting is possible

Additionally, the EXAFS analysis [35] disclosed thiéne coordination number of iron
depends on the F®; concentration. Accordingly, the number of the axygtoms attached
in the [FeQ] structural units decreases when thedzeconcentration increases suggest that

the tetrahedral coordination of iron into the glessdestroyed.

The distribution of the electronic states of the MI® and LUMO can be seen in Fig. 4. An
interesting finding in these systems is that:

i) The HOMO gives character of electron donor far [TeQ] structural units.

i) The LUMO gives the character of electron acoefor the [TeQ] structural units

of the network.

i) The HOMO™ gives character of electron donor for the [Fe@re0s] structural
units and F& ions.

iv) The LUMO™ gives the character of electron acceptor for F&Cf] and [TeQ]

structural units of the network.

There is a change transfer between the telluriomattri- and tetra-coordinated. This can be
explained considering that the lead-tellurate nétwis flexible to form the appropriate

coordination environments with structural unitpposite charge such as iron ions, [€O

Accordingly, the addition of F&;content to lead-tellurate glasses seems to brealtial
Te-O bonds because of the strong polarizabilittheftellurium lone pair electrons and leads
to the formation of glass structure. As a resultenmon-bridging Te-O bonds are formed and
the [TeQ] structural units are transformed little by littleto [TeG.q and [TeQ] type
polyhedra when the metal oxides are added moreremmd. The analysis of these data further
indicates with an increase in the concentratior®fs;, a gradual adaptation of lead ions

from covalent to ionic environment.
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Raman spectr oscopy

Fig. 5 shows the Raman spectra of the ,&E€100-x)[4TeQ-PbQ)] glasses with x=0-
60mol%. The shape of the Raman spectra is influkhgethe presence of iron oxide in the
studied glasses. The bands centered at around Z6%Bcen assigned to the stretching
vibrations of Te-O-Te linkages [37]. The bands eexd at around 652c¢hare originated
from vibration of the continuous networks composéfiTeQ;] tetragonal bipyramids and the
bands centered at around 710care contributed to [Te©] and [TeQ] structural units [38].

It is found that the maximum phonon energy of dogledses increased from 710 to 745'cm
gradually. With the increase of & content up to 60moli%, the number of [T
coordinated polyhedral and [TeQrigonal pyramidal structural units increase e inetwork

structure.

The [TeQ.4] unit can be thought of as distorted trigonal bgwgidal [TeQ] units, with one
oxygen further away from the central tellurium thdre remaining three oxygen. This
increase in lower coordination at the expense ghdr coordination units is indicative of

depolymerization of the lead-tellurite glass networ

The Raman band centered at about 273 amay be associated with Pb-O stretching and O-
Pb-O bending vibrations. The strong bands situaieat 120 and 135 ¢hin the Raman
spectra of iron-lead-tellurate glasses is almostagdy due to Pb-O symmetric stretching
vibration [39, 40]. One evidence in support is tthet relative intensity of this band increases
with the increasing of R®; content of the glasses from x = 1 to 40 mol%zeafter that its
intensity decreases evidently. This shows thathiga doped with F€s content can cause
the broken of Pb-O bond in iron-lead-tellurate géss On the other hand, this is need because
the content of [Teg) structural units increases. For samples with 50 mol%FgO;, the

increases in intensity of the UV-VIS bands locaedbout 310nm check up this hypothesis.

The fact that this band is very strongly polarizésb indicates a high degree of symmetry of
the nearest neighbors of lead atoms [39]. Excepttbp of the intensity of 135 ¢émwe find

no new bands appear in the Raman spectra. By siogeaf the higher R©; content, the 135
cm’ band would then be the Pb-O symmetric stretchPbf}] pyramidal units. We think that
the higher doped can cause the broken of Pb-O bandsnake the [Pb{structural units
change to [Pbg) chains [41]. For sample with x = 60 mol%, suppéenary, well-defined
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Raman band appears around 415'cifhis band is due to the covalent Pb-O bond vibmnat
[42, 43].

For higher FgO; content, the Raman spectra revealed a greateeele§depolymerization of
the vitreous network than do the FTIR spectra.eknss that the Raman spectroscopy is a
more sensitive technique to the changes that appetire short-range order of our glass

structure at R addition.

Conclusions

We were analyzed the effects of iron ions on stméctof the lead-tellurate glasses by
investigations of FTIR, Raman and UV-VIS spectrggcoBased our results, we conclude
that the accommodation of the networks with theesscof oxygen it is possible by the
deformation of Te-O-Te linkages, the participatairiead and iron atoms as former network

and the intercalation of [FePentities in the [Te¢] chain network.

Our UV-VIS spectroscopic data show the existencehef reversible redox process in the
matrix host by increasing of the J& content. For smaller F®; content the mechanism
implies the conversion of the Pao F€? species in same time with the oxidation of o

Pb™ ions. Inversion redox processes take place fdrdri§eOs; content.

DFT calculations show that the [TgCstructural units have a marked tendency towards
deformation and lability of one of the axial bondi&is can be explained considering that the
lead-tellurate network is flexible to form the appriate coordination environments with

structural units of opposite charge such as iros,ifFeQ] ™.

The Raman spectra show that a very strong depoiyatien appears in studied iron-lead-
tellurate glasses with the &&; addition. The bands due to the Pb-O bond vibrateme very
strongly polarized indicating a high degree of syetmn of the nearest neighbors of lead
atoms. The intensity of band around 720’cimcreases relative to the band at 66Banith
increase in F&; content indicating that the [Tgstructural units convert into [Tefunits

via an intermediate coordination labeled as [.giGtructural units.
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Tables

Tablel Assignments of Raman and IR bands of of,kl€100-x)[4TeQ-PbO] glasses

Raman band IR band Assignment
[em] [em]
120, 135 - Pb-O symmetric stretching vibration
270 - Pb-O stretching and O-Pb-O bending vibrations
- 400-500 | the Fe-O vibrations from [Fg@tructural units
405 470 Vibrations of Pb-O covalent bond in [RpSructural
units
465 475 The stretching vibrations of Te-O-Te linksag

- 570-600 | Fe-O bonds in the [Fg@tructural units
650-670 620-680| Stretching vibrations of [Tg¢6&tructural units

- 670, 850, | Pb-O bonds vibrations from [PBcand [PbQ)]
1050 structural units
720-735 720-780| Stretching vibrations of [T#{0eOs.4] structural

units
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Figure captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

FTIR spectra of xF©3:(100-x)[4TeQ-PbO] glasses with 8 x < 60 mol%

UV-VIS absorption spectra of xf@;:(100-x)[4TeQ-PbO] glasses in function of

iron oxide content

The optimized structure of the 50QBg50[4TeQ-PbO] glasses was used to

perform the DFT computations
The distribution of the electronic states of th@MIO (Eiomo= -6.03 eV), HOMO

! LUMO (Elumo = -1.73 eV) and LUMO®' of the proposed model for
50Fe0350[4TeQ-PbO] glasses

Raman spectra of xF@s:(100-x)[4TeQ-PbO] glasses with 8 x < 60 mol%
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