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Objetivos

Este trabalho teve como principal objetivo
investigar o efeito de baixas concentragbes de
ions de érbio (Er*), variando de 0 a 0,1%, nas
propriedades Opticas de vidros da familia
TGZN. A pesquisa buscou caracterizar
detalhadamente como essas pequenas
alteragbes na dopagem influenciam parametros
fundamentais, como a absorgdo Optica, a
transmitancia e o band-gap do material.

Além da caracterizagdo linear, o estudo
também visou estabelecer as bases para
analises futuras mais complexas. Isso inclui a
aplicagdo de modelos tedricos, como as
equacoes de Fresnel e Sellmeier, para
entender o comportamento do indice de
refracdo, e a preparagdo do terreno para a
utilizacdo da técnica Z-scan, a fim de avaliar as
propriedades Opticas nao-lineares desses
vidros para potenciais aplicagdes tecnoldgicas.

Métodos e Procedimentos

A metodologia central consistiu na utilizagédo da
espectroscopia UV-Vis-NIR para obter os
espectros de absor¢cao e transmitancia das

amostras. O sistema utilizado era de duplo
feixe, equipado com fontes de luz de deutério e
tungsténio, e detectores que cobriam uma
ampla faixa espectral de 200 a 1200 nm. Todas
as medidas foram realizadas com a amostra
termostatizada para garantir precisao.

Os dados brutos de absorcdo foram
processados por meio do método de Tauc, uma
técnica consagrada para a determinacdo do
band gap 6ptico em materiais amorfos. Foram
construidos graficos especificos  para
considerar ambas transicbes eletrbnicas
diretas e indiretas, permitindo uma analise
comparativa. A Lei de Beer-Lambert foi
fundamental para calcular o coeficiente de
absorcao linear a partir dos dados de
absorbancia e da espessura de cada amostra,
previamente medida com um micrémetro.

Resultados

Os espectros de absorgdo revelaram que o
aumento da concentragéo de érbio resultou em
uma intensificacéo clara dos picos
caracteristicos associados as transigdes
eletrénicas do ion Er*. No entanto, a forma
geral do espectro e a inclinagdo das curvas
permaneceram praticamente inalteradas,
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indicando que a matriz vitrea ndo sofreu
modificagdes estruturais significativas.

Figura 1: Espectro de absor¢éo dos vidros TGZN.

A aplicacdo do método de Tauc permitiu a
determinacédo dos valores de band gap Optico
para todas as amostras. Os graficos gerados
para transicoes diretas e indiretas mostraram
que os valores de energia de band-gap obtidos
foram muito préximos entre si,
independentemente da concentragdo de
dopante utilizada. A tabela de resultados
compilada demonstrou uma variagao
insignificante nesse parametro fundamental.
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Figura 2: Plot de Tauc medindo band gap do vidro.

Conclusoes

Conclui-se que a adicdo de baixissimas
concentragbes de érbio (até 0,1%) em vidros

TGZN nao altera de forma relevante o valor do
band-gap O¢ptico do material, seja para
transicdes diretas ou indiretas. Este € um
resultado importante, pois demonstra a
estabilidade eletrbnica da matriz vitrea frente a
leves dopagens, mantendo suas propriedades
fundamentais.

Os resultados validam a eficacia das
metodologias aplicadas, como a
espectroscopia UV-Vis e a andlise de Tauc,
para a caracterizagao deste tipo de material. A
estabilidade observada ¢é auspiciosa para
aplicagbes onde se deseja incorporar as
propriedades emissivas dos ions terra-rara sem
comprometer as propriedades Opticas basicas
do vidro. O trabalho realizado fornece uma
base soélida para as proximas etapas da
pesquisa, que incluirdio a modelagem da
disperséao do indice de refragdo e a
investigacao de efeitos 6pticos ndo-lineares.
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Objectives

This work aimed to investigate the effect of low
concentrations of erbium ions (Er*), ranging
from 0 to 0.1%, on the optical properties of
TGZN family glasses. The research sought to
characterize in detail how these small variations
in doping influence fundamental parameters
such as optical absorption, transmittance, and
the band-gap of the material.

Beyond linear characterization, the study also
aimed to establish the foundation for more
complex future analyses. This includes the
application of theoretical models, such as the
Fresnel and Sellmeier equations, to understand
the behavior of the refractive index, and to pave
the way for the use of the Z-scan technique to
evaluate the non-linear optical properties of
these glasses for potential technological
applications.

Methods and Procedures

The core methodology consisted of using
UV-Vis-NIR  spectroscopy to obtain the
absorption and transmittance spectra of the
samples. The system used was a double-beam
spectrophotometer, equipped with deuterium
and tungsten light sources, and detectors
covering a broad spectral range from 200 to

1200 nm. All measurements were performed
with the sample thermostated to ensure
precision.

The raw absorption data were processed using
the Tauc method, a established technique for
determining the optical band gap in amorphous
materials. Specific plots were constructed to
consider both direct and indirect electronic
transitions, allowing for a comparative analysis.
The Beer-Lambert Law was fundamental for
calculating the linear absorption coefficient from
the absorbance data and the thickness of each
sample, previously measured with a
micrometer.

Results

The absorption spectra revealed that the
increase in erbium concentration resulted in a
clear intensification of the characteristic peaks
associated with the electronic transitions of the
Er** ion. However, the overall shape of the
spectrum and the slope of the curves remained
practically unchanged, indicating that the glassy
matrix did not undergo significant structural
modifications.
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Figure 1: Absorption spectrum of TGZN glasses.

The application of the Tauc method allowed the
determination of the optical band gap values for
all samples. The plots generated for direct and
indirect transitions showed that the obtained
band-gap energy values were very close to
each other, regardless of the dopant
concentration used. The compiled results table
demonstrated an insignificant variation in this
fundamental parameter.
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Figure 2: Tauc plot measuring the band gap of the
glass.

Conclusions

It is concluded that the addition of very low
concentrations of erbium (up to 0.1%) in TGZN
glasses does not alter in a relevant way the
value of the optical band-gap of the material, be
it for direct or indirect transitions. This is an
important result, because it demonstrates the

electronic stability of the vitreous matrix facing
slight dopings, maintaining its fundamental
properties.

The results validate the efficacy of the
methodologies  applied, such as the
spectroscopy UV-Vis

and the analysis of Tauc, for the
characterization of this type of material. The
stability observed is auspicious for applications
where it is desired to incorporate the emissive
properties of the rare-earth ions without
compromising the basic optical properties of the
glass. The work performed supplies a solid
base for the next steps of the research, that will
include the modeling of the dispersion of the
refractive index and the investigation of
non-linear optical effects.

The author declares not to have conflict of
interests.
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