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This work investigates the influence of transition metals oxides (Ta,05 and ZrO-) on the nonlinear refraction
of niobium-borotellurite glasses prepared by melt-quenching technique. The closed-aperture Z-scan tech-
nique was used to measure the nonlinear refractive index (n;) spectrum from 470 nm to 800 nm. Also, the
BGO (Boling, Glass, and Owyoung) approach was used to model nonlinear spectra, considering the oxygens
present in the sample as the major contribution to the nonlinearity. The samples’ molar electronic polar-
izability was determined to further understanding the effect of the transition metals oxides on the optical
properties. Structural analysis was performed by differential scanning calorimetry, Raman and Infrared
spectroscopies. The results indicate that although the modifier oxides affect the structural units and glass
polarizability, they are not enough to change the behavior of the nonlinear refractive index spectra, being
the glass-matrix the main responsible for optical nonlinearity in the system studied here.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Nonlinear optics play a fundamental role in the development of
new photonics and optical devices. It can be applied in different
areas, such as all-optical communication systems, telecommunica-
tion, integrated optics, optical limiting, among others [1-5]. In this
sense, glasses are great candidates for nonlinear applications due to
their properties, such as high transparency, thermal and chemical
stability, besides the ability to manipulate such properties by adding
chemical elements [6,7]. Among the oxide glasses, the tellurites are
attractive due to their low phonon energies, high linear refractive
index, and broad spectral transmittance window from visible to in-
frared regions, low melting points, absence of hygroscopic behavior,
high value of dielectric constant and high third-order optical non-
linearities [8-11]. The origin of their high optical nonlinearities has
been pointed out as the high polarizability of a lone pair of 5s? or-
bital electrons in the Te** ions [12,13] and the high percentage of
TeO, structural units present in the glass network [14]. Besides, ef-
forts have been made to study elastic properties which are relevant
to reveal details about the glass structure because it is associated
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with interatomic forces, shielding properties for radiation, e.g,
Gamma-Rays shielding [15-17]. Studies about the linear optical
properties of a series of tellurite-based glasses were made as well,
which mainly relate the linear refractive index to molar refraction,
which are correlated by the molar volume [18].

Tellurite glasses produced in their pure form are unstable and
crystallize easily. Therefore, stability is achieved by adding other
network formers and/or modifiers, which can be chosen from a
variety of oxide compounds, including the alkaline metals, alkaline-
earth metals, and transition metals oxides [19]. Moreover in-
corporating these compounds in the glass network leads to
structural changes responsible for changing physical, thermos-
mechanical and optical properties [20]. In this way, the study about
the addition of transition metal oxides in tellurite-based glasses
evidenced that such combination present semiconducting properties
[21]. Hence, tellurite glasses have become suitable materials for
photonic applications such as nonlinear optical devices, fiber optic
amplifiers, upconversion lasers [22], blue converted WLEDs and self-
cleanliness [23] and all-optical switching [24]. A significant amount
of B,03 in the TeO, glasses promotes thermal stability, optical
transmittance and transparency [25]. On the other hand, Nb,Os and
Ta,05 are known to increase the nonlinear optical response due to
their empty p-orbital [12,13,26-28]. Lastly, the ZrO, modifier causes
an increase in viscosity, glass transition temperature and melting
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temperature and raises the chemical and thermal stability of glass
[8,29-31]. Although several studies have demonstrated the influence
of glass former oxides and modifier oxides on the structure and
properties of tellurite glass, their effect on nonlinear optical prop-
erties remains a subject of investigation.

Thus, in the present work, a study about the effects of modifier
oxides on the nonlinear refractive index of tellurite glass, correlating
with changes caused on the glass network. Niobium-borotellurite
glasses codoped with Ta,Os and ZrO, were characterized regarding
their nonlinear optical properties using the Z-scan technique. The
nonlinear refractive spectrum was obtained in the visible region
(470-800 nm) in a femtosecond regime. Afterward, the experimental
data were fitted by the Boling, Glass and Owyoung (BGO) model,
assumes that the oxygen in the glass matrix gives the main con-
tribution to the nonlinear optical response. To elucidating the
structure-properties relationship on tellurite glasses, the optical
nonlinearities were associated with changes caused by adding metal
transitions Ta®>* and Zr?** ions. The experimental results indicated
that the optical nonlinearities are related to a cooperative effect of
the high polarizability and the oxygen ions present in the tellurite
matrix.

2. Experimental

The glass system studied herein can be described by the em-
pirical equation 75TeO, - 15B,03 " (10 - X - y)Nb,Os - xTa;0s5 - 1Zr0-,
with x and y =0 or 1 mol%. Therefore, the main matrix is composed
by 75TeO, - 15B,05 - 10Nb,Os (mol%), designated as TBNO. To
evaluate the influence of modifier oxides, Nb,Os was replaced by
1 Ta;0s5 and 1 ZrO, (mol%), resulting in two other glass samples of
composition 75TeO, - 15B,03 - 9Nb,05 - 1Ta,05 (named TBN1) and
75Te0, - 15B,03 - 8Nb,05 - 1Ta05 - 1ZrO, (named TBN2), in mol%.
Table 1 summarizes the nominal composition of the three glasses as
well as the code given for them.

Samples were prepared by a melt-quenching technique using an
electricallt heated furnace open to atmosphere. High purity TeO,
(Alfa Aesar 99%), B,03 (Alfa Aesar 97.5%), Nb,Os (Alfa Aesar 99.9%),
Ta,05 (TEP -) and ZrO, (Alfa Aesar 99%) were used as raw material.
These chemical compounds were mixed and melted at 1000 °C in a
platinum crucible and quenched into a stainless-steel mold at room
temperature. Then, the samples were annealed at 350 °C for 11 h for
stress removal. All compositions resulted in amorphous samples,
free of inclusions and devitrification, checked by optical microscopy
and x-ray diffraction. Optical polished 1.1 mm-thick samples were
used for optical and Raman characterizations.

Glasses densities were measured at room temperature using
Archimedes method, and the immersion liquid used was absolute
ethanol. The glass transition (Tg) and crystallization (Tx) tempera-
tures were measured by Differential Scanning Calorimetry (DSC -
Model 2910 from TA Instruments) performed in synthetic air,
heating rate of 10 °C/min, from room temperature up to 620 °C. The
infrared absorption spectra were obtained using a Bruker - Vertex
70 spectrometer, operating at room temperature, in the range of
370cm™! to 4000 cm™!, with a step of 2cm™!, and the glass samples
were prepared in the form of KBr pellets. Raman spectroscopy of the
samples was carried out using a confocal LabRAM micro-Raman
system, using a solid-state laser with a wavelength of 532 nm

Table 1
Sample codes and nominal compositions of tellurite glass systems.

Sample code Glass composition (mol%)

TeO, B,03 Nb,0s Ta05 Zr0,
TBNO 75 15 10 0 0
TBN1 75 15 9 1 0
TBN2 75 15 8 1 1
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(2.33eV). A spectrophotometer (UV-1800 Shimadzu) was used to
measure the linear absorption spectra in the range from 300 up to
800 nm.

Closed-aperture Z-scan technique [32,33] was employed to
measure the nonlinear refractive index (n,) spectra. In this tech-
nique, the sample is translated over the z-axis of a focused Gaussian
beam. Due to the process of nonlinear refraction, the sample has a
lens effect. In the case of positive n, (auto-focusing), when the
sample is translated over the focal position, a variation in the beam
transmission in the far-field will be observed according to its posi-
tion in respect to the focus. Before the focus, the sample tends to
diverge the beam, leading to a decrease in transmission. When the
sample is at focus, it behaves like a thin lens; therefore, no sig-
nificant beam changes occur in the far-field. After the focus, the
combination between a divergent beam and induced lens tends to
collimate the beam, leading to an increase in transmission.
Ti:saphhire amplified lasers system (CPA 2001, Clark: MXR®) at
775 nm with 150 fs-pulse at 1 KHz repetition rate was used as ex-
citation light source to pump an Optical Parametric Amplifier (OPA)
(TOPAS®: Light Conversion) that provides pulses with 120 fs from
0.62 up to 2.7eV (2000-460 nm). In order to achieve a Gaussian
intensity profile was used a spatial filter in the Z-scan setup. The
experimental error related to the nonlinear refractive index is 20%,
being associated with the pulse intensity fluctuation and the
experimental determination of pulse duration and beam waist.

3. Results

Fig. 1 shows the DSC curves for samples TBNO, TBN1, and TBN2, in
which one can observe glass characteristics temperatures, the glass
transition temperature (Tg), the onset of crystallization temperature
(Tx) and thermal stability against devitrification (AT=Tx - Tg), all
summarized in Table 2. A slight increase Tg can be noticed when the
concentration of Nb>* is reduced from the glass matrix (TBNO), and
Ta>" and Zr?* ions are added to the glass structure (TBN1 and TBN2).
The observed changes in Tg values are mainly affected by the in-
troduction of Ta>", since the addition of Zr** does not change Tg,
within the experimental error. Such behavior is related to the
structural modification caused by the modifier oxides, as will be
discussed later in the Raman and FTIR results. Additionally, it has
been reported that the rise in the Ta>" ions concentration increases
the value of Tg in tellurite glasses [27].

T, r
@ / N A\
° /

300 350 400 450 500 550 600
Temperature (°C)

AT

Fig. 1. DSC scans of (a) TBNO, (b) TBN1 and (c) TBN2.
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Table 2

DSC thermographs of different compositions of TBN glass system.
Samples Tg (°C) Tx (°C) AT (°C)
TBNO 377 £ 2 552 +2 175 + 4
TBN1 382 +2 563 + 2 181 £ 4
TBN2 381+2 587 +2 206 + 4

Crystallization temperature has been most significantly affected
by the replacement of modifier oxides, causing an improvement of
thermal stability against devitrification. In general, glasses present
good thermal stability for AT values above 80 °C, and the samples
reported herein display values at least twice higher. It is worth
noting that the TBN2 sample achieved higher thermal stability due
to the addition of ZrO, as reported in previous works [29-31].

Vibrational spectroscopy, as Raman and FTIR, are useful tools to
identify and elucidate the structural units present in glass samples.
The tellurite glasses have a network that consists mainly of TeO4
units (trigonal bipyramid - tbp) [34,35], where the tellurium atom is
positioned in the center of a bipyramid composed of two types of
Te-O bonds. Two short bonds in equatorial position (Te-Oeq) and
two long bonds in axial position (Te-Oax) [34,35] and a third axial
position is occupied by the lone pair of electrons characteristic of
tellurite glass [36]. The inclusion of oxide modifiers in the glass
network, like transition metal oxides, can lead to the formation of
TeOs.; polyhedra and TeOs units (trigonal pyramid - tp) [12,35]. On
the other hand, vitreous B,05 are composed of neutral trigonal BO3
building blocks, which progressively changes to tetrahedral BO4 and
anionic BOs3 units, upon the addition of modifiers oxides [37].
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Therefore, diverse structural units can be obtained when mixing
these glass forms along with modifier oxides, as one can analyze in
Raman spectra of Fig. 2.

Although the replacement of Nb by Ta and Zr ions has no sig-
nificant impact on Raman spectra of the niobium-borotellurite glass
(Fig. 2a), they were deconvoluted into six Gaussian peaks for specific
identification, as illustrated Fig. 2(b)-(d) for TBNO, TBN1 and TBN2
samples, respectively. The weak band between 245 and 271 cm™! is
attributed to the stretching vibrations of Te-O-B linkage [38]. The re-
gion between 453 and 455 cm™! has been attributed to the symme-
trical stretching and bending vibrations of the Te-O-Te bonds that
share TeQ, tbp and TeOs tp units [39,40]. The band between 504 and
508 cm™' is assigned to the Te-O-Nb and Te-O-Te bridges [13]. The
intense band in 663-665cm™! can be attributed to two possible ex-
planations: First, the asymmetric and stretching vibrations Te-O bond
of TeO, units [35,40]. Second, to the stretching vibration of the Nb-O
bonds in Nb-O-Nb bridges [13]. The following band located in the
768-771 cm™! region is ascribed to the Te-O bond’s stretching vibra-
tions in TeOs tp units [34,40]. The last band observed in the Raman
spectrum in the region of 885-895 cm™ is reported to the bending and
vibration modes of the Nb-O-Nb bond and the symmetrical stretching
vibrations of the Nb-O bonds, both found in the NbOg octahedra
[26,40]. Despite little changes in Raman spectra, quantitative analyses
based on the deconvoluted areas suggest the increment of Nb-O-Nb
bonds in detriment of Te-O-Nb for TBN1 sample, while TBN2 remains
similar to the original matrix, TBNO. It is worth note that Raman
spectrum of niobium-borotellurite glass is dominated by tellurite
units, and the apparent absence of BO3 and BO, units is explained due
to the strong polarizability of Te-O bonds [41].
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Fig. 2. Raman spectra of the samples and the deconvoluted spectra for each sample.

3



A.G. Pelosi, S.N.C. Santos, J. Dipold et al.

T T T T T T T T T

(@)

——TBNO
—— TBN1
TBN2

Normalized intensity (arb. units)

1 1 1 1 1 1 1 1 1

500 600 700 800 900 1000 1100

Wavenumber (cm™)

1200 1300 1400 1500

Journal of Alloys and Compounds 878 (2021) 160382

—— TBNO

——TBN2

Normalized intensity (arb. units)

500 600 700 800 900 1000 1100 1200 1300 1400 1500

Wavenumber (cm™)

Fig. 3. (a) Infrared absorption spectra of synthesized glass compositions and deconvolution of the FTIR absorption curve for TBNO (b), TBN1 (c) and TBN2 (d).

To investigate the influence of modifiers oxides on the borate
units, FTIR measures were carried out. Fig. 3(a) shows the FTIR
spectra of the samples TBNO, TBN1 and TBN2 in the range of
1500-450 cm™!, which reveals various vibrational bands mainly in
two regions. The first region of 450-1100 cm™!, which comprises Te-
O vibrations in TeOs; and TeO,4 units and B-O stretching vibrations in
BO, units, and the second region of 1100-1500cm™' due to B-O
stretching vibrations in BO3 units. A more detailed interpretation of
the structural units can be obtained from the deconvoluted spectra
using the Gaussian fitting, as shown in Fig. 3(b)-(d). In Table 3 the
positions and assignments of the FTIR bands obtained from the de-
convoluted spectrum are listed.

The band between 583 and 589 cm ™! is attributed to vibrations of
Te-O-Te of TeO4 units [42]. The intense band between 658 and
661 cm™! has been attributed as the symmetric stretching vibration
of the Te-O in the TeO, tbp units and assigned the vibration of
asymmetric stretching of Te-O bonds in TeOs tp units [38,43-45]. In
the range of 780-792 cm-1, the peak is related to the Te-O vibrations
in TeO5 tp groups [43]. In the region of 918-928 cm™?, the signal can
be associated with two different types of vibrations: both the
stretching vibrations of Nb-O bonds in NbOg octahedra, and the B-O
stretching vibration of BO4 units [38,43]. The bands between 994
and 1014 cm™! are ascribed to the vibration of non-bridging oxygen
of BO4 units [46].

In the regions between 1222 and 1227 cm™', 1325-1333 cm™,
and 1415-1423 cm™!, the bands are attributed to the stretching vi-
bration of the bond B-0, the vibration of the bond B-O associated to
vibrational modes in the borate rings and non-bridging B-O™ bonds

Table 3
FTIR bands positions with corresponding band assignment.

and the asymmetric stretching relaxation all of the BOs units, re-
spectively [25,38,48]. The remarkable change in FTIR spectra occurs
for TBN1 sample, in which a significant increase of BOs; units
(1100-1500 cm-1 region) is observed when Nb was replaced by Ta
ions. Computing the relative area of tellurium based and boron-
based bands, one can infer that the rising of BO5 units is followed by
the decreasing of TeOs3 units, while the TeO4 ones remain nearly
unaffected. The further replacement of Nb by Zr for TBN2 samples
keeps the FTIR spectrum similar to the original matrix (TBNO),
suggesting that Zr and Ta have a contrasting effect on the structural
changes. It is worth noting that such structural changes support the
Tg data, in which a slight increase of Tg value for TBNO can be ex-
plained due to the increase of BO3 units.

The linear absorption spectra of TBNO (a), TBN1 (b) and TBN2 (c)
are shown in Fig. 4, where it is clear that the samples are transparent
for wavelengths longer than 450 nm, and the optical absorption edge
is almost not affected by the introduction of modifier oxides, re-
maining close to 3.0 eV, as determined by Tauc plot method [49].

Another important optical characteristic determined was the
linear refractive index (ng), as presented in Fig. 5 all samples. The
replacement of Nb ions by Ta>* caused a slight decrease in the linear
refractive index, but the further addition of Zr*>* caused an increase
to values higher than the glass matrix (TBNO). The bipolar Sellmeier
equation [41]:

2
110=\/A+ Dz

2 -E (1)

B2
Z_c’

Bands center ( # 1Tcm™) Band assignments

TBNO TBN1 TBN2
585 583 589 Vibrations of Te-O-Te in the TeO,4 units [42].
658 661 660 Symmetric stretching vibration in Te-O in tbp TeO,4 units[38-43].
Asymmetric stretching vibration of Te-O bonds in TeOs tp units ([44,45].
792 798 780 Te-O vibrational modes in TeO5 tp units [43].
920 928 918 Stretching vibrations of B-O in BO4 units and Nb-O in NbOg units ([38,43]
1001 1014 994 Vibrations of non-bridging oxygen in the form of (BO,4) unit [46].
1225 1222 1227 Stretching vibrations of B-O in BO3 units [38].
1331 1325 1333 B-O stretching vibrations in BO5 units associated to vibrational modes in the borate rings and non-bridging B-O™ bonds [47].
1419 1415 1423 Asymmetric stretching relaxation in BOs units [48].
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Fig. 4. Linear absorption spectrum of TBNO, TBN1 and TBN2.

was used to fit the data of Fig. 5. The solids lines in Fig. 5 display the
refractive index dispersion obtained from the fitting, with the Sell-
meier’s coefficients (A, B, C, D and E) given in Table 4, with )\ in
micrometers. The first and second terms of the equation represent
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Fig. 5. Linear refractive index of TBNO (a), TBN1 (b), and TBN2 (c). The continuous red
lines represent the fitting with Sellmeier equation.
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Table 4

Sellmeier coefficients for tellurite glasses obtained from the fitting shown in Fig. 5.
Sample glass A B C D E
TBNO 2.00135 1.39542 0.01967 0.63794 0.12472
TBN1 19 1.5 0.0707 0.11902 0.20431
TBN2 2.24422 2.98803 0.02282 0.0482 0.22128

the contributions to refractive indices due to higher- and lower en-
ergy bandgaps of electronic absorption. The last term is related to a
decrease in the refractive index due to the absorption of the
network.

The nonlinear refractive index spectra for TBNO, TBN1, and TBN2
are shown in Fig. 6. Each data point in Fig. 6 corresponds to the n,
values obtained from the closed-aperture Z-scan technique [32,33],
similar to the ones presented as insets in the Figure for every sample
at specific wavelengths. The nonlinear refractive spectra’s behavior
is approximately constant in both visible and infrared regions, ex-
cept near the gap wavelength, where there is an increase of the value
of the nonlinear refractive index due to the resonant enhancement of
the nonlinearity. The average value of the n, is 0.36, 0.35 and
0.38 x 107® m?/W for TNBO, TBN1 and TBN2 respectively.

In this work, the BGO [50] approach was used to model the
nonlinear refractive spectra (shown in Fig. 6 as the red line). This
model derives from a classical nonlinear oscillator and considers that
the frequency of the incident light is far from the resonance fre-
quency (o<<wp), and the second hyperpolarizability is related to the
linear polarizability squared. According to the BGO model, the
nonlinear refractive index, in SI (m?/W), is given by

5(gs)(ng + 2)*(ng — 1)?

m(81) = 6ng cwoh(Ns) (2)

in which g is an anharmonicity parameter, s is the effective oscillator
strength, h is the Planck’s constant divided by 2m, c is the speed light,
N is the ion’s density, and ng is the linear refractive index at A. One
could calculate the Ns product and the resonance frequency of light
wp by using the following relationship:

ar(nd +2)  m(wd - »?)
6(n2-1)  €*(Ns) (3)

where m is the electron mass and e is the electron charge. By solving
Eq. (3) with values of linear refractive index ny with their respective
frequencies o, previously obtained, one could determine the para-
meters wg and Ns for each sample. Beyond that, dispersion of ng was
used in the BGO model, represented in Eq. (2), using the Sellmeier
equation (Eq. 1), with the Sellmeier’s coefficients shown in Table 4.

The oscillator strength (s) was calculated from the ration be-
tween the density of nonlinear oscillators (Ns) and the density of
oxygens ions in the sample (N,y). One considered that oxygen plays
the main role in the nonlinearities of oxide glasses [50]. The density
of oxygen ions is given by

N _pxNaxf,
o M (4)

where p is the glass density, which is determined by Archimedes’
methods, N, is Avogadro’s number, f,, is the molar fraction of oxy-
gens ions in the sample and M is the molecular weight of the glass.
The obtained values for oxygens ions densities to TBNO, TBN1 and
TBN2 were 4.6, 5.4 and 4.8 x 10?2 jons/cm? respectively. These values
were obtained using the values of linear refractive index at 500 nm
for the sample TBNO, which was 2.188, and at 600 nm for samples
TBN1 and TBN2, which were 2.010 and 2.356 respectively. Following
the procedures described, the parameter s was determined for the
three samples and the obtained values were 2.2, 1.8 and 2.4 for TBNO,
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Fig. 6. Nonlinear refractive spectra (n;) of TBNO (a), TBN1 (b) and TBN2 (c). The red line corresponds to the fit obtained using BGO model, with parameters given in the text. The
insets correspond to closed-aperture Z-scan signature obtained for each sample at 840 nm (a), 650 nm (b) and 670 nm (c).

TBN1 and TBN2 respectively. Thereby, the anharmonicity parameter
g is the only free parameter used to fit the experimental data.

The fitting obtained employing the BGO model was represented
in Fig. 6 as the red lines, from which g was obtained as being 0.30,
0.010 and 0.37 for TBNO, TBN1 and TBN2, respectively. Fig. 6 shows
that the theoretical values of the nonlinear refractive index expected
for the BGO model are in good agreement with the experimental
results. The average of the nonlinear refractive index values obtained
from the BGO model for all glasses studied TBNO, TBN1 and TBN2 are
0.36, 0.35 and 0.37 x 107® m?/W, respectively, in which non-con-
siderable dispersion is observed. One could notice a flat behavior of
the nonlinear refractive spectra (shown in Fig. 6), therefore the glass
matrix can be assigned as the main cause of the nonlinearities,
presenting its major electronic transitions in the UV region of the
spectrum.

Previous studies carried out thermally managed eclipse Z-scan
measurements at 800 nm in Te0,-Zn0-Na,0 glass composition co-
doped with BaO, La;0s3, or Nb,Os [51]. The composition containing
5mol% of Nb,Os presented the value of n, of 0.35x107'® m?/W,
which is of the same order of magnitude as presented in this work.
Santos et al [14] also observed an increase in n, from about
0.29-0.35x107® m?/W when the concentration of Nb,Os is in-
creased from 5mol% to 15 mol% in a TeO,-Li,0-Nb,Os5 glass. These
observations are in agreement with the results displayed herein,

which showed high nonlinear refractive index values for glasses
containing ions of transition metals, indicating that these ions also
influence the increase of nonlinear optical properties of TBN glasses.

Molar electronic polarizability oy was also determined to analyze
its influence of heavy metal oxides in the optical nonlinearities. The
molar electronic polarizability in (A%) is given by:

ay = 3 R
M= N, )™ (5)
where Ry, is the molar refraction value, given by [52,53]:
_ [ ng -1 ]M
ng+2|p (6)

in which ng is the linear refractive index, M is the molecular weight
and p is density (shown in Table 5).

Table 5 depicted the values of oy that are determined employing
Eq. (5). As one could see in Fig. 7, the mean values of n, present an
increasing tendency with the increase of ay;, which is associated to
the polarizability of different transition metal oxide.

The decrease of n, value for TBN1 can be explained based on
structural changes that showed the reduction of TeOs in favor of BO3
units, which has smaller polarizability. Such structural changes, also
supports the increase of Tg value for TBN1, since the B-O bond
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Table 5
Molecular weight (M), density (p) and molar electronic polarizability () for the
tellurite glasses.

Samples glass M (g/mol) p (g/cm3) om (A3)
TBNO 156.72 488 6.7
TBN1 158.48 493 6.2
TBN2 157.06 4.94 75
T T T T T T T T
0.38 E
=
e TBN2
S 036 -
o
X TBNO
oN
c
TBN1
0.34 + E
1 1 1 1 1 1 1 1

60 62 64 66 68 70 72 74 76
Electronic polarizability (A)

Fig. 7. Molar electronic polarizability as a function of nonlinear refractive index. The
graphic shows clearly that the increase in the nonlinear refractive index depends on
the addition of transition metals oxides.

energy (Ego =806.3 £ 5.0kJ/mol) is superior than the Te-O one
(Ete-o =390.8 £ 8.4Kk]/mol) [37]. Particularly, the increase in the
nonlinear refractive index by addition of transition metal oxides was
attributed to the increment of non-bonding oxygen (from transition
metal oxides), which are more polarizable. Therefore, the results
presented in this work show that a combination of effects between
the glass matrix and the molar electronic polarizability of transition
metal oxides could contribute to the optical nonlinearities of tell-
urite glasses.

4. Conclusions

The role of modifier oxides in a niobium-borotellurite glass ma-
trix (TBNO) has been investigated concerning their influence on the
linear and nonlinear optical properties, correlated with the struc-
tural changes caused by Ta and Zr ions. The replacement of 1% in mol
of Nb,Os by 1% of Ta,0s5 (TBN1) and the further replacement of 1%
Nb,Os of by 1% of ZrO,, while keeping 1Ta;0s (TBN2) caused an
increase on the characteristic temperatures (Tg and Tx) and struc-
tural changes marked by the formation of non-bridging oxygen and
BOs units. Such structural changes affected the molar electronic
polarizability, which initially decreases for the first replacement of
Nb by Ta ions, followed by an increase for the second replacement of
Nb by Zr ions. This same behavior was observed for the linear re-
fractive index, that presents a dispersion of values from 2.19 to 2.05,
2.16-1.92 and 2.44-2.32 at the spectral range from 500 to 900 nm,
and nonlinear refractive index, which are 0.36, 0.35 and 0.38 x 1078
m?/W for TBNO, TBN1 and TBN2 respectively. Both, linear and non-
linear refractive changes are related to the glass polarizability, also
observed through the alteration of molar electronic polarizability,
which are given by 6.7, 6.2 and 7.5A3 for TBNO, TBN1 and TBN2
respectively. Such changes were not enough to affect the behavior
nonlinear refractive index spectra, which are similar for all
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investigated samples, indicating that the niobium-borotellurite glass
matrix is the main responsible for the optical nonlinearities. The
experimental n,, determined by Z-scan technique, is in agreement
with the ones figured out by the BGO model. In summary, we pre-
sented an advancement in the investigation of the linear and non-
linear optical properties of tellurite glasses and the effect structural
changes caused on the optical properties, particularly those asso-
ciated with third-order susceptibility, contributing to the under-
standing of the structure-properties relationship in tellurite glass
science.
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