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Abstract

Tellurite glasses with different concentration of praseodymium (Pr3*) ion was produced by melt-
guenching technique. The effect of Pr3* concentration on optical and luminescence properties was
presented. The optical absorption spectra of Pr3* ions in glasses were recorded in the UV-VIS-NIR
region. By using the integrated absorption spectrum, the Judd-ofelt parameters for Pr3* ions were
derived. The Judd-Ofelt theory was used to calculate the radiative transition probability, stimulated
emission cross-section, and branching ratio of the glasses. These findings support the use of these
glasses in laser and other optical device applications.
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Introduction

Tellurite glasses have unique optical and physical
properties, including high refractive index, low
melting point, and high non-linear optical properties.
Tellurite glasses are generally transparent and
colorless, but their properties can be modified by
adding other metal oxides to the mixture. The
addition of rare earth elements such as erbium and
ytterbium can increase their luminescence and make
them suitable for use in fiber-optic amplifiers (Aziz
etal., 2009; Tagiaraetal., 2017; Yasaka et al., 2022).

Zinc fluoride (ZnF») glass is a specialized type
of glass that offers several benefits in various
applications. Here are some of the benefits of zinc
fluoride glass: high transmittance, low dispersion,
chemical stability, thermal stability, high refractive
index, low absorption and high strength (Shaharuddin
et al., 2008; Neethish et al., 2021).

Praseodymium (Pr®*) ion-doped glasses have
attracted considerable attention in recent years due
to their unique optical properties. Pr3* ions have

! Physics Program, Faculty of Science and Technology, Nakhon Pathom Rajabhat University, Nakhon Pathom, 73000, Thailand.

E-mail: kboonin@hotmail.com, pyasaka@hotmail.com

2 Center of Excellence in Glass Technology and Materials Science (CEGM), Nakhon Pathom Rajabhat University, Nakhon Pathom

73000, Thailand. E-mail: jakrapong@webmail.npru.ac.th

3 Applied Physics, Faculty of Science and Technology, Suan Sunandha Rajabhat University, Bangkok, Thailand. E-mail:

narong.sa@ssru.ac.th
* Corresponding author

DOI: https://doi.org/10.55766/sujst-2023-05-e03009
Suranaree J. Sci. Technol. 30(5):030150(1-5)



030150-2

Effect of Pr** lon Concentration on Optical and Luminescence Properties of Tellurite Glasses Produced ....

broad absorption and emission spectra in the visible
and near-infrared regions, making them ideal for
use in various optical applications. Moreover, Pr3*
ion-doped glasses exhibit high luminescence
efficiencies, making them useful for developing
advanced optical devices with high sensitivity and
precision. Due to their exceptional properties,
Pr3* ion-doped glasses have potential applications
in various fields, including telecommunications,
biomedical imaging, and environmental sensing
(Rao et al., 2018; Rajaramakrishna et al., 2019).

Experiment

Tellurite glasses doped with different concentrations
of Praseodymium (Pr¥*) ions, (55-x)TeOz-10ZnF2-
35Ba0-xPr,03, x = 0.05, 0.10, 0.50, 1.00, 1.50, and
2.00 mol% were prepared with analytical grade
TeO,, ZnF,, BaO, and Pr,0s with high purity up to
99.99% using the melt-quenching technique at
950°C and hold for 1 h following the procedures
described in previous work (Yasaka et al., 2023).
The density of the object can then be found by the
Archimedes principle. The molar volume of the
glass sample can be calculated by dividing the
volume of the sample by the number of moles of
the sample. The number of moles of the sample can
be calculated using its mass and molar mass.
The optical and luminescence properties of the Pr3*
ion-doped glasses were recorded in the ultraviolet-
visible-near-infrared (UV-VIS-NIR) region using
a spectrophotometer. The luminescence spectra
were recorded using a spectrofluorometer. The
Judd-Ofelt theory was used to calculate the Judd-
Ofelt parameters for Pr3* ions in the glasses. The
integrated absorption spectrum was used to derive
the Judd-Ofelt parameters, which are essential for
calculating the radiative transition probability,
stimulated emission cross-section, and branching
ratio of the glasses (Goldner and Auzel, 1996).

Result and Discussion

Physical Properties

The Table 1 was observed lack of trend in
density and linear trend in molar volume of
the tellurite glasses with increasing concentration

of Pr¥* ions suggests that the addition of Pr¥* ions
has a significant effect on the glass structure and
properties, leading to an expansion of the glass
volume. In other words, Pr3* acts as an intermediate.
These findings provide valuable insights into
the role of rare earth ions in glass properties and
suggest potential applications for these glasses in
various fields. Further studies are needed to explore
the specific mechanisms by which Pr3* ions affect
the glass properties and to optimize the glass
composition for specific applications.

Optical Properties

The optical absorption spectra of Pr¥* ions in
glasses were recorded in the UV-VIS-NIR region in
the wavelength range of 250-2,500 nm (Figure 1),
the results show 8 peaks of Pré* characteristic peak
at the following transition states (from the *H, to
high states) (Rai and Mohanty, 2012). The
observation of 8 peaks in the optical absorption
spectra of Pré* ions in the Tellurite glasses suggests
that the Pr3* ions occupy different energy levels in
the glass matrix, leading to distinct absorption
features at different wavelengths. The transitions
from the 3H, ground state to higher energy states are
responsible for the observed peaks in the absorption
spectra, with each peak corresponding to a specific
energy level and transition pathway.

Photoluminescence Properties
The Figure 2 Show the excitation spectra of
Pr¥* doped BaO-ZnF; tellurite glasses, showing 3
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Figure 1. The absorption spectra of Pr3*-doped BaO-
ZnF; tellurite glasses

Table 1. Physical Properties of Pr3*-doped BaO-ZnF tellurite glasses

Measurement Glass initials
0.05 Pr 0.10 Pr 0.50 Pr 1.00 Pr 1.50 Pr 2.00 Pr
Molar weight (g/mol) 151.8667 151.9518 152.6327 153.4837 154.3348 155.1859
Density (g/cm?®) 5.2543 5.2687 5.2664 5.2602 5.2784 5.2580
Molar volume (cm®mol) 28.9034 28.8407 28.9821 29.1782 29.2390 29.5144
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Figure 2. The excitation spectra of Pr3*-doped
BaO-ZnF tellurite glasses
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Figure 3. The emission spectra (hex = 447 nm) of

Pré*-doped BaO-ZnF: tellurite glasses

Table 2. Oscillator strength calculated and experimental (fx10-6) and Judd-Ofelt parameter values (x102° cm?)
of 0.5 mol% Pr3*-doped BaO-ZnF: tellurite glasses

. Aabs Eexp Oscillator Strength
Transition (nm) (cm) foo fa

3H, —%P, 476 21231 1.2690 2.6151
3H, —%Py 485 20619 1.2346 2.5709
3H, —'D, 594 16835 1.3347 0.5666
3H, -G, 1019 9814 0.3228 0.1580
3H, —%F, 1447 6911 0.7448 1.6172
3H, —%F3 1547 6464 4.1154 3.5289
3H, —°F, 1956 5112 2.4050 2.4423
Srms 0.85

Q, 1.5745

Q, 4.1289

Qs 2.2749

peaks at 447 nm, 472 nm, and 485 nm, are indicative
of the different excitation pathways available to
the Pré* ions in the glass matrix. These peaks
correspond to the absorption of photons of different
energies, which in turn excite the Pr3* ions to higher
energy states. The fact that all three peaks have
almost the same intensity values indicates that the
excitation of the Pr ions in the glass is not
dominated by any one particular pathway. Instead,
the Pr3* ions are excited to different energy levels
through a combination of absorption pathways,
resulting in similar intensity values for each peak.
The excitation peaks at 447 nm were found to
be effective in exciting the Pr3* ions in the glass
sample. The resulting emission peaks were observed
at multiple wavelengths, ranging from 476 to 733
nm. These emissions spectra (Figure 3) correspond
to different transition states of Pré* ions from the
excited state to the ground state. The highest
emission peak was observed at 488 nm, indicating
that this transition state has the highest radiative
transition probability. The intensity of the emission
peaks increases with increasing concentration of Pré*

ions up to 0.5 mol%, after which it starts to decrease
due to concentration quenching.

In the Table 2, the calculated oscillator
strengths (fca) are generally higher than the
experimental values (fexp), indicating that the Judd-
Ofelt theory used to calculate fcal may have
overestimated the transition probabilities. However,
the trend in the calculated values still matches the
trend in the experimental data, which suggests that
the Judd-Ofelt theory can still provide valuable
insights into the spectroscopic properties of Prd*
ions in tellurite glasses. Overall, the comparison
between fep and fey in this study indicates that
the Judd-Ofelt theory can provide reasonable
predictions of the optical properties of rare earth
ions in glasses.

The values of Q,, Qa, and Qs indicate that
the Pr¥* ions have a strong interaction with the
surrounding glass matrix, leading to enhanced
luminescence properties. From the Table 3, we can
see the radiative transition probabilities and
experimental and calculated branching ratios for
different transitions of Pr®* ions in the glass sample.
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Table 3. Radiative properties of 0.5 mol% Pr3*-doped BaO-ZnF- tellurite glasses

i Ao et Ge (Ap) (x 107%) B=
Transition (nm) (nm) (s1) (cm? Exp Cal
3Py —3H, 488 20,492 16,811.81 6.4015 0.5925 0.6149
3P, —»3Hs 530 18,868 0.00 0.0000 0.0743 0.0000
3Py —3Hg 616 16,233 1,965.57 1.9630 0.1797 0.0719
3py —%F, 647 15,456 4,682.11 8.9840 0.1534 0.1713

The transition from 3Py to ®H,4 at a wavelength of
488 nm has the highest radiative transition
probability of 16,811.81 s The experimental
branching ratio for this transition is 0.5925, which
is slightly lower than the calculated branching ratio
of 0.6149, indicating that there might be some
non-radiative transitions occurring in this transition.

On the other hand, the transition from P, to
®Hs at a wavelength of 530 nm has a radiative
transition probability of 0.00, indicating that this
transition is forbidden. The experimental branching
ratio for this transition is 0.0743, which is relatively
high compared to the calculated branching ratio of
0.0000, indicating that there might be some other
processes contributing to the emission at this
wavelength.

The transition from 3P to 3Hs at a wavelength
of 616 nm has a radiative transition probability of
1,965.57 s, The experimental branching ratio for
this transition is 0.1797, which is lower than the
calculated branching ratio of 0.0719, indicating that
there might be some other transitions contributing
to the emission at this wavelength.

Finally, the transition from %P, to °F, at
a wavelength of 647 nm has a radiative transition
probability of 4,682.11 s'. The experimental
branching ratio for this transition is 0.1534, which
is close to the calculated branching ratio of 0.1713,
indicating that this transition is mostly radiative.
Overall, these findings provide valuable information
about the radiative and non-radiative processes
occurring in the Pr3* ion-doped glass, which can be
useful for the development of new optical and
sensing devices.

CIE 1931 chromaticity

The CIE coordinates x and y are used to
represent the color of a emission, where x and y
values between 0 and 1 correspond to the
chromaticity diagram. The chromaticity diagram is
a 2D representation of all visible colors, and it is
commonly used to compare and describe colors.
The CIE coordinates of 0.05 Pr¥* glass, x = 0.2320
and y = 0.1464, indicate that the glass has a blue
purple as show in Figure 4. The values of x and y
can be used to calculate other colorimetric
parameters such as color temperature, dominant
wavelength, and color purity. The CIE coordinates

are useful for understanding the color properties of
the glass and can be used to compare the color of
this glass to other materials.

Conclusions

This study investigated the effect of praseodymium
(Pr¥*) ion concentration on the optical and
luminescence properties of tellurite glasses. The
density of the glasses did not show any trend with
the increasing concentration of Pr¥*, while the molar
volume showed a linear trend. The Judd-Ofelt
theory was used to calculate the radiative transition
probability, stimulated emission cross-section, and
branching ratio of the glasses, which were compared
to reported values. The estimated J-O intensity
characteristics for the Pr3* 0.50 mol% glass are
Q, = 1.57x10?%° cm?, Q4 = 4.13x10?% c¢m?, and
Qs = 2.27x10%° cm?, following the pattern Qs > Qs
> ),.The CIE coordinates of the glasses were also
determined, with the 0.05 mol% Pr3* glass showing
a blue purple. These findings support the potential
use of these glasses in laser and other optical device
applications, particularly for their high radiative
transition probabilities and stimulated emission
Ccross-sections.
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