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Abstract

Glasses with the composition ZnF>-MO-TeO::Ln20s (wWhere M represents Zn, Cd, and Pb, and Ln represents
Pr, Eu, Ho, and Er) were prepared using the melt-quench-anneal method. Absorption spectra were
recorded for both undoped and rare-earth doped glasses. Judd-Ofelt (J-O) intensity parameters (Q>, €4, and
Q) were determined from the spectra of the rare-earth doped glasses. The €2, values were observed to be
higher in ZnO-modified glasses and lower in PbO-modified glasses, indicating more asymmetric and
covalent environments for Ln®" ions in ZnO-modified glasses. Among the modified series, Ho*" doped
glasses showed lower values of €4 and Qs, which is attributed to their significantly lower vibrational
frequencies. Thermoluminescence (TL) characteristics of X-ray irradiated pure and Ln*"-doped tellurite-
modified glasses were studied in the temperature range of 297-473 K. Undoped glasses containing zinc,
cadmium, and lead oxides exhibited single TL peaks at 423 K, 389 K, and 376 K, respectively. No additional
peaks were observed upon rare-earth ion doping; however, the existing glow peak temperatures gradually
shifted towards higher temperatures with an increase in the intensity of the TL light output. Among the
rare-earth doped glasses, the TL light output was found to be maximum in Ho®*" containing any modifier.
The observed TL results were discussed in light of J-O intensity parameters, showing that Q; and Q¢ are
more critical than Q; in optimizing the thermoluminescence properties of rare-earth-doped tellurite glasses.
The trap depth parameters associated with the observed TL peaks were evaluated using Chen's formulae.
These parameters suggest the potential applicability of Ho*" ions doped glasses in radiation dosimetry
applications.
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applications such as very efficient gamma
radiation shielding. They have versatile
mechanical properties combined with a high
dielectric constant; they could find applications
in bandpass filters, microelectronic substrates,
and solid-state battery electrolytes (ALMisned et
al., 2023; Elkhoshkhany et al., 2022; Kozlovskiy et
al., 2022; Mechrgui et al., 2022).

Introduction

The tellurium oxide (TeO) based glasses are
materials that have attracted much interest in
recent years because of their promising
thermoluminescence ~ (TL)  properties  in
radiological dosimetry and laser technology.
TeO, glasses are potentially valuable for
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Other advantages of TeO,-based glasses are that
they are good candidates for optoelectronic,
nonlinear optical fiber, and laser applications,
and their stability under ionizing radiation in
electronic microcircuits is also preserved
(Nidzam et al., 2021). TiO, enhances the
photocatalytic effect for water purification in
tellurite glasses; their presence also affects
bacterial inactivation in wastewater treatment
(Isopencu et al, 2022). TeO, glasses have
excellent properties for gamma-ray attenuation
and have a high band gap energy and glass
transition temperature, which is increased, so the
TeO, glass has potential use in radiation
shielding and nuclear diagnostics and
monitoring activities. Besides that, highly robust
optical fibers with engineered refractive index
profiles could be drawn from such glasses, which
find applicability in mid-infrared fiber-based
photonic systems to afford more precise views of
advanced scientific applications (Al-Ghamdi et
al., 2022; ALMisned et al., 2022; Marzuki et al.,
2022; Strutynski et al., 2022).

Fluorophosphate glass is characterized by high
thermal stability and intense
thermoluminescence, which makes it helpful in
manufacturing robust luminescent materials
(Sroda et al., 2023). The ability of these glasses to
dissolve higher concentrations of lithium fluoride
compared to silica and borate glasses shows that
they may be wused in some promising
technologies for high-capacity batteries (Sroda et
al., 2023). CdSSe-doped borosilicate glasses and
Ce3*-doped borosilicate glass demonstrate size-
dependent and outstanding thermoluminescence
intensity, respectively, indicating their use in
advanced radiation detection and dosimetry
(Edilashvili et al., 2023; Kaur et al., 2021).

Dy-doped glasses, especially those with 0.5 mol%
Dy, show improved sensitivity, beneficial for
precision dosimetry (Omar & Dhoble, 2022). Rare
earth-doped glasses, including those doped with
Europium and Ce3*, provide high TL light output
and linear response, ideal for high-resolution
imaging and diagnostics (Anjaiah et al., 2019;
Kaur et al., 2021). PbCl; substitution in PbO and
the resulting TL emissions under UV exposure
highlight potential applications in UV radiation
sensors (Menezes et al., 2019). Tb**-doped Li,O-

ADLOs;-B,Os  glasses and  alumina-mixed
borophosphate glasses, with their varying TL
properties influenced by neutron reactions and y-
ray dose, are promising for neutron detection and
radiation monitoring (Kalpana et al, 2017;
Kawamura et al., 2021).

Despite the promising thermoluminescence (TL)
properties and diverse applications of metal
oxide-based glasses in radiation dosimetry, laser
technologies, and optical applications, there is a
lack of comprehensive understanding of how
rare earth doping and the incorporation of
various modifier oxides influence the optical and
TL properties of these glasses. While previous
studies have highlighted the beneficial effects of
rare earth and other dopants in different glass
matrices, the specific impacts on TeO,-based
glasses, particularly for advanced radiation
detection and dosimetry, remain underexplored.
This study aims to investigate the influence of
rare earth (Pr®, Eu®, Ho%, and Er®" with
respective atomic numbers 59, 63, 67, and 68)
doping and modifier oxides (ZnO, CdO, and
PbO) on the optical properties, particularly
aiming to correlate the Judd-Ofelt intensity
parameters and thermoluminescence properties
of tellurite glasses. The main objective is to
determine how these modifications can enhance
the performance of TeO glasses in radiation
dosimetry applications, thereby contributing to
the development of more efficient and sensitive
materials for radiation detection and other
advanced optical technologies.

Materials and Methods

Glass Composition

The glasses in the current work were synthesized
from high-purity raw materials including, TeO:
(99.9% pure, Aldrich), ZnF: and ZnO, CdO and
PbO, Pr.0s;, Eu0;, Er-0;, and Ho.0s. Different
glass compositions were prepared based on
various combinations of modifier oxides such as
ZnO/CdO/PbO, and rare-earth dopants
including Pr, Eu, Ho, and Er. The glass systems
were categorized into several series:



Undoped (MT):

ZT: 40ZnF>-10ZnO-50TeOs,

CT: 40ZnF.-10CdO-50TeOs,

PT: 40ZnF--10PbO-50Te0Oy).
Praseodymium-doped (MTPr):
ZTPr: 40ZnF>-10ZnO-49TeO::1Pr20s,
CTPr: 40ZnF->-1 0Cdo-49T60221P1'203 y
PTPr: 40ZnF>-10PbO-49TeO::1Pr20:s).

Europium-doped (MTEu):

ZTEu: 40ZnF.-10Zn0O-49TeO2:1Eu.0;,
CTEu: 40ZnF>-10CdO-49TeO2:1Eu-0;,
PTEu: 40ZnF>-10PbO-49TeO::1Eu205).

Holmium-doped (MTHo):

ZTHo: 40ZnF.-10Zn0O-49TeO2:1H0:053,
CTHo: 40ZnF.-10CdO-49Te0::1H0:05,
PTHo: 40ZnF>-10PbO-49TeO::1H0:05).

Erbium-doped (MTEr):

ZTEr: 40ZnF»-10Zn0-49Te0-:1Er-0s,
CTEr: 40ZnF>-10CdO-49Te0O::1Er-0s,
PTEr: 40ZnF>-10PbO-49TeO::1Er205).

Glass Preparation

In obtaining the desired optical and
thermoluminescence  properties, the glass
preparation process was done through melting,
quenching, and annealing. Rare-earth doped
tellurite glasses, such as ZnF.-MO-TeO::Ln.O;
glasses, were synthesized by this method. Several
vital steps have to be followed in this method

_ Weight of the glass sample in air
~ Weight of glass sample in pure water

The refractive indices (ng) of the optically
polished glasses were measured using a sodium
vapor lamp (A = 589.3 nm) on a precision Abbe’s
refractometer. The refractometer consists of a
glass prism with a refractive index of 1, = 1.6, on
whose upper surface a small specimen plate of
the glass to be measured is placed. To ensure
accurate measurement, the contact between the
polished surface of the glass specimen and prism
was kept free from air columns using mono
bromonaphthalene with a refractive index of
1.658. The refractive index (n4) of the glass
specimen is then determined by illuminating it
with sodium arc lamp radiation, measuring the
critical angle (0) of the light reflected into the
prism, and applying the following relationship

(Paul, 1982). Firstly, raw materials were melted.
Elements such as tellurium dioxide (TeO:), flux
materials (ZnF:), modifier oxides such as ZnO,
CdO, PbO, and rare-earth oxides as Ln.Os (Ln: Pr,
Eu, Ho, or Er) were adopted with proper
stoichiometry, mixed, and melted in a silica
crucible within the temperature range of 600-
700°C for half an hour to get homogeneous and
good-quality glass. This ensures a homogeneous
mixture and allows for the incorporation of rare-
earth ions into the glass matrix. In the second
step, the molten glass is rapidly cooled or
quenched to prevent crystallization and to form
an amorphous solid. This rapid cooling traps the
disordered atomic structure, which is essential
for maintaining the unique properties of the
glass. Finally, the quenched glasses were then
annealed at 200°C in another furnace; the step is
crucial for relieving internal stresses developed
during quenching and stabilizing the glass
structure.

Physical Parameters

The density (d) of the glasses was determined by
the standard Archimedes’ principle. A direct
reading balance with a readability of 0.1 mg was
used for weighing. The bulk glass was suspended
on a very thin copper strand that was set in the
immersion liquid container; the density of the
samples was determined by weighing in the
liquid and air using the equation:

x Density of pure water (1)

with the telescope scale calibrated to give the
refractive index directly.
14 = 1o sind 2

The density and refractive index of the glasses
were used to evaluate the other physical
quantities such as dopant ion concentration Nj,
the polaron radius p, and the field strength F; of
the glasses (Elias et al., 2022).

Optical Parameters

The absorption spectra of these glasses were
recorded at room temperature using a Shimadzu-
3101 PC-based UV-Vis-NIR spectrophotometer,
covering a wavelength range of 370-2100 nm. The
analysis of radiative transitions occurring within



the 4f" configuration of rare-earth ions was
conducted using the Judd-Ofelt (J-O) theory. This
theory involves the determination of the Judd-
Ofelt parameters (Q\, where A = 2, 4, and 6). The
method for determining these parameters is
described in the works of cited research (Balda et
al., 2007; Elias et al., 2022; Judd, 1962; Ofelt, 1962).

Judd-Ofelt Intensity Parameters (12,)

3h(2/+1)9n
m= WTA ©)
Where, Planck’s constant (1), ground state of the
absorption transition (J), refractive index (n4),
the mass of the electron (m), speed of light in
vacuum (c), and transforming parameter (1))
were involved in Equation 3.

Thermoluminescence and Trap Depth Parameters

X-ray Irradiation and Thermoluminescence

The synthesized glass samples were irradiated
with X-rays to record the thermoluminescence
light output. In this process, a Norelco X-ray tube
operating at 35 kV and 10 mA is used with a
monochromatic radiation wavelength of 1.541 A.
The samples were subjected to X-ray irradiation
for approximately 30 minutes while kept at a
constant distance of about 2 cm from the window.
The irradiation was done at room temperature
and in complete darkness. Thermoluminescence
spectra of the X-ray-irradiated ZnF,-MO-TeO;
glasses were obtained in a Nucleonix-TL system
by heating the sample from room temperature up
to 250°C while monitoring the emitted light. It
was composed of a heating device with a Kanthal
alloy heating pan, a sample heating chamber
made of brass, and a bakelite drawer for loading
the sample; a PC-based TL analyzer, using
modular electronic hardware, was used for data
acquisition and analysis. The former enables
controlled and reproducible heating patterns,
and the latter makes sure that the sample is
correctly placed in the heating chamber while

temperature monitoring is maintained. The
readouts of the glow curves were registered
using software for acquiring, analyzing, and
displaying TL data. The PMT utilized in the
system is a type-9904 B from the THORN EMI
Company, which assures high sensitivity and
precision in measurement.

Trap Depth Parameters

Thermoluminescence peak depth trap can be
determined from the peak using a variety of
methods: the T, methods (Randall et al., 1997),
those involving the determination of glow curve
shape (G F ] Garlick & A F Gibson, 1948), and
those involving both T, and glow curve shape
(Chen, 1969). The formulae by Chen (1969) are the
most appropriate to analyze the TL glow curves
of the glasses. The estimation of the activation
energies of the glow peaks were obtained
according to Chen's (1969) equations 4 and 5:

2
E, =152 ("B%) — 1.58(2ksT,) )
2
Es = 0976 (“2) )

for first-order kinetics, where kg is the Boltzmann
constant, T = (Tm—T1), 6 =(T2—Tm), and Ug =
6/(T, —T,); Here, Tn is the glow peak
temperature, and T1 and T are the temperatures
at the full wave half widths of the glow peaks.

Results

Physical Parameters

Using the measured density (d, Equation 1),
refractive index (ng, Equation 2), and the
calculated average molecular weight (M) various
physical parameters, such as lanthanide ion
concentration (Nj), mean lanthanide ion
separation distance (R;), and field strength (F;)
which are crucial for understanding the certain
properties of these glasses, are evaluated and
presented in Table 1.



Table 1

Consolidated data on various physical properties of ZnF>-MO-TeO; glasses doped with different lanthanide ions

Ni R; F
d M .

Glass (gm/cm?) M (10?° ions/cm?) (A) (105 cm™?) i

ZTPr 5.586 122.0 1.02 21.42 0.402 1.571
ZTEu 5.409 124.4 0.93 13.57 0.668 1.568
ZTHo 5.591 121.4 2.04 16.98 0.640 1.569
ZTEr 5.602 122.0 0.88 22.46 0.350 1.570
CTPr 5.608 129.0 1.02 21.39 0.403 1.574
CTEu 5.316 128.6 0.89 15.89 0.487 1.565
CTHo 5.618 128.5 2.05 16.96 0.641 1.571
CTEr 5.602 122.0 0.88 22.46 0.350 1.570
PTPr 5.663 134.7 1.03 21.35 0.405 1.576
PTEu 5.839 137.8 1.01 18.50 0.359 1.570
PTHo 5.646 133.2 2.06 16.92 0.644 1.572
PTEr 5.602 122.0 0.88 22.46 0.350 1.570

Optical Properties (Jorgensen, 1962). In the present study, four rare

Optical radiation interacts with materials in
various ways depending on the material and the
wavelength, resulting in optical spectra, typically
observed as absorption spectra in solids. These
spectra represent the variation of radiation
intensity as a function of wavelength. Elements
from lanthanum (Z=57) to lutetium (Z=71),
known as lanthanides (Ln), are characterized by
their f-block electron configuration (4f" 5s2 5p¢) in
the trivalent state. As the 4f subshell fills, these
ions experience a reduction in volume known as
lanthanide contraction, due to imperfect
shielding of the nuclear charge by the f-electrons

earth ions Pr3*, Eu®, Ho%', and Er’* were
incorporated into ZnF.-MO-TeO: glasses, serving
as active centres glass laser hosts due to their
sharp absorption and luminescence transitions,
which are weakly perturbed by surrounding
ligands (Hiifner, 1978).

Absorption Spectra of Pr3* Ions Doped Glasses
The absorption spectrum of Pr3* doped ZnF.-
Zn0O-TeO: glasses, recorded at room temperature
in the visible and near-infrared regions, exhibited
seven absorption bands (Figure 1).



Figure 1

Absorption spectrum of Pr3* doped ZnF»-ZnO-TeO; glass (ground state 3Hy
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These bands correspond to the electronic
transitions from 3Ha to 1D, 3P, 3P, 3P», 3F,, 3Fs, and
3F. (Carnall et al., 1968). The spectra of CTPr and
PTPr glasses displayed the same bands. The
spectral intensities of these bands were used in
the least square fitting procedure to determine
the Judd-Ofelt intensity parameters (€22, €4, and
Q2) using unit tensor operators (Elias et al., 2022),
as presented in Table 2.

2100

The comparison of Judd-Ofelt parameters
indicates that ZTPr glasses have the highest Q.
value (Table 2). For all three glasses, the €2\ values
follow the order: Q, > Q, > Q,. Similar trends in the
Q) parameter values of Pr® ions are observed in
various glass matrices, with different glass hosts
showing varying orders of these parameters
(Babu & Jayasankar, 2001; Eyal et al., 1985;
Hormadaly & Reisfeld, 1979; Quimby &
Miniscalco, 1994; Yong Gyu Choi & Heo, 1997)



Table 2

Judd-Ofelt intensity parameters of ZnF,-MO-TeO, glasses doped with different lanthanide ions

Q; Q4 Qs
Glass
(x1072° cm?) (x1072° cm?) (x1072° cm?)

ZTPr 3.78 6.33 5.78

CTPr 1.09 3.98 1.48

PTPr 1.05 3.12 1.70

ZTEu 2.87 4.85 1.02

CTEu 2.56 5.02 1.07

PTEu 2.08 1.12 4.96

ZTHo 2.73 1.25 1.03

CTHo 2.38 1.26 0.97

PTHo 2.03 1.03 0.48

ZTEr 3.14 1.19 1.43

CTEr 2.39 1.05 1.27

PTEr 1.96 0.97 1.20
Absorption Spectra of Eu’* Ions Doped Glasses "F1— 5Ds, °D; (Carnall et al., 1968). Figure 2
The absorption spectra of Eu* doped ZnF>-MO- illustrates the absorption spectrum of Eu®* doped
TeO, glasses reveal sharp absorption bands ZnF>-CdO-TeOs glass.

corresponding to the transitions “Fo— 5L¢, D2 and

Figure 2

Absorption spectrum of Eu3* doped ZnF,-CdO-TeO; glass
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The spectra of the other two glasses exhibit bands
corresponding to the same transitions. Judd-
Ofelt intensity parameters (Q:, Qs, and Q) for
these glasses were calculated and are presented
in Table 2. The ]J-O parameters have been
observed to be following the order for ZTEu and
CTEu glasses, Wy > W2 > Wg, and for the PTEu
glass, W2 > Wy > W;. The values and observed
trends of the Q) parameters of Eu* doped ZnF»-
MO-TeOs glasses are consistent with the findings
of other researchers (Babu & Jayasankar, 2001;
Capobianco et al., 1990, 1990; Dejneka et al., 1995;
Fermi et al., 1988; Nageno et al., 1994).

Absorption Spectra of Ho3* Ions Doped Glasses

Figure 3

The optical absorption spectra of Ho®*" doped
ZnF>-MO-TeO, glasses, recorded at room
temperature over the wavelength range of 400-
2100 nm, reveals eight absorption bands
originating from the ground state °Is. Figure 3
presents the absorption spectrum of Ho*" doped
ZnF>-PbO-TeO, glasses, with these levels
assigned to the corresponding electronic
transitions: °Is — >Gs, 5Gg, °F», 5F3, 5F4, 5F5, 516, °l7
(Carnall et al., 1968).

Absorption spectrum of Ho3* doped ZnF,-PbO-TeO; glass (ground state °Ig)
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The Judd-Ofelt parameters for the three glasses
are provided in Table 2. The J-O parameters have
been observed to follow the trend, W2 > W4 > W.
And are consistent with the other reported glass
host systems (Hormadaly & Reisfeld, 1979;
Quagliano et al., 1992; Reisfeld & Hormadaly,
1976; Tanimura et al., 1984).
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Absorption Spectra of Er’* Ions Doped Glasses
The optical absorption spectra of ZnF.-MO-TeO-
glasses doped with Er®" were recorded at room
temperature across the wavelength range of 370-
2100 nm, exhibiting several absorption bands
originating from the ground state *li5/2. Figure 4
shows the spectrum of the ZTEr glass).



Figure 4

Absorption spectrum of Er3* doped ZnF»-ZnO-TeO; glass (ground state *I15)
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These absorption bands correspond to the
following electronic transitions:

4572 —> 4Gua1y2, *F7/2, 2Hiiy2, #Ss/2, 4Foy2, 4los2, 4112,
4l13/2. The spectra of the other two glasses also
revealed the same transitions. The Judd-Ofelt
intensity parameters for these glasses were
evaluated and are presented in Table 2. W, > W
> Wy is the observed trend in these glasses. The
comparison of the values and trends of Q\
observed in this study are consistent with that of
other reported glass hosts (Gruen et al., 1967;

Jayasankar & Kumar, 1997; Pardo et al.,, 2002;
Takebe et al., 1994).

Summary of the Absorption Results for Ln3*
Doped ZnF:-MO-TeO: glasses

The Judd-Ofelt intensity parameters (€22, €24, Q)
exhibit certain changes with the atomic number
of rare-earth ions in different glass matrices.
Figures 5, 6, and 7 illustrate the trends among €2,
4, and Qs parameters as observed in Ln3" doped
ZT, CT, and PT series of glasses (Reddy et al.,
2011).



Figure 5

Variation of Judd-Ofelt intensity parameters with atomic number of rare-earth ions for Ln3* doped ZnF>-ZnO-TeO:
glasses.
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Figure 6

Variation of Judd-Ofelt intensity parameters with atomic number of rare-earth ions for Ln3* doped ZnF,-CdO-TeO;
glasses.
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Figure 7

Variation of Judd-Ofelt intensity parameters with atomic number of rare-earth ions for Ln3* doped ZnF»-PbO-TeO,
glasses.
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Figures 8, 9, and 10 show the variations of number of rare earths in ZT, CT, and PT series of
respective €, €4, and s parameters with atomic glasses.
Figure 8

Variation of £, parameter with atomic number of rare-earth ions for Ln3* doped ZnF,-MO-TeO; glasses.

a4
=+=ZTLn
==CTLn
3 --PTV
NE o
&t
2
= 2 —
S
cﬁl
1
D T T T L T L T T Ll T

58 59 60 61 62 63 64 65 &6 &7 65 69

Atomic number of Ln

11



Figure 9

Variation of Q4 parameter with atomic number of rare-earth ions for Ln3* doped ZnF,-MO-TeO, glasses.
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Figure 10

Variation of Q¢ parameter with atomic number of rare-earth ions for Ln3* doped ZnF,-MO-TeO; glasses.
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Observations show the relative higher values of
 in ZT series of glasses. Additionally, Ho3*-
doped glasses show relatively lower Q4 and
values in ZT among the series of glasses, which
could lead to deeper electron traps (Krupke,
1966). These observations centred around rare-
earth ions and the modifier oxides are crucial to
understand and optimize the optical properties

and thermoluminescence characteristics of the
glasses.

Thermoluminescence Properties

The study investigates the impact of rare earth
ions on the thermoluminescence (TL) output of
these glasses to evaluate their suitability for
radiation dosimetry. The samples were X-ray



irradiated for half an hour to record the
thermoluminescence. Figure 11 displays the TL
Figure 11

glow curves of rare-earth free ZnF,-MO-TeO;
glasses recorded between 297K - 473 K.

Comparison plot showing TLD spectra of ZnF,-MO-TeO: (pure) glasses.
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The glasses show glow peaks at 423 K, 389 K, and
376 K for ZT, CT, and PT glasses respectively.
When doped with different rare earth ions, no
additional peaks are observed; however, the
glow peak temperatures (Tm) shift gradually to
higher temperatures, with an increase in TL
intensity, up to Holmium (Z=67) doped glasses.

13

Beyond this point, as the atomic number (Z) of
the doped rare-earth ion increases, the Tr, shifts
to lower temperatures with a decrease in glow
curve intensity. Figure 12 shows the TL glow
curves for Ho** doped ZnF,-MO-TeO; glasses in
comparison to undoped glasses.



Figure 12

Thermoluminescence emission of pure (solid line) and Ho3* doped (dotted line) ZnF>-MO-TeO, glasses.
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Figure 13 depicts the TL light outputs (area under
the glow curves) for Ln3* doped ZnF,-MO-TeO;
glasses.

Figure 13

Bar graph showing TL light output (area under the glow curves) of Ln3* doped ZnF,-MO-TeO; glasses.
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The observations indicate that Ln3* doped ZT
series of glasses exhibit relatively high light
output compared to others. Additionally, it is
evident that the Ho’" doped ZnF>-MO-TeO»
glasses display high TL light outputs among
other Ln3* dopings. Over all, Ho** doped ZnF»-
ZnO-TeO, glass demonstrates the highest TL

Table 3

light output. The trap depth parameters for these
glow peaks were calculated using Chen’s
formulae. A summary of the
thermoluminescence  peak  positions and
corresponding activation energies for the present
glasses is provided in Table 3.

Data on various trap depth parameters of ZnF»-MO-TeO;: Ln3* glasses

Glass Tm (K) T (K) 6 (K) Pe E: (eV) Es (eV)
ZT 384 35 26 0.600 0.630 0.314
ZTPr 392 35 34 0.477 0.479 0.411
ZTEu 396 40 42 0.509 0.398 0.311
ZTHo 399 27 24 0.471 0.655 0.550
ZTEr 393 35 30 0.462 0.465 0.427
CT 374 40 25 0.621 0.622 0.283
CTPr 385 40 42 0.417 0.353 0.410
CTEu 391 44 52 0.539 0.34 0.244
CTHo 396 26 19 0.422 0.673 0.685
CTEr 383 40 32 0.444 0.371 0.380
PT 417 50 28 0.641 0.690 0.289
PTPr 434 50 48 0.407 0.390 0.474
PTEu 443 36 30 0.450 0.580 0.548
PTHo 447 31 20 0.392 0.713 0.829
PTEr 426 50 41 0.451 0.355 0.367

Discussion

TeO: is an intermediate glass-forming oxide that
does not easily form glass due to its rigid
octahedral Te-O polyhedron, unlike other glass
formers like GeO,, P.Os, and B.Os. Neutron
scattering experiments (Clare et al., 1989) and
Raman spectral studies (Berthereau et al., 1994; S
Neov et al., 1979) on TeO: glasses with various
modifiers have shown that the fundamental
building block is a trigonal bipyramid, TeO4E,
where one equatorial direction is occupied by the
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5s? electronic pair of tellurium with bond lengths
of 191 A (equatorial) and 208 A (axial)
(Kozhukharov et al., 1986; Sekiya et al., 1992). The
Te atoms are further surrounded by longer
interactions of 2.9 A, creating a three-dimensional
structure from vertex-sharing TeO. groups and
weaker Te-O interactions (Kanth et al., 2010),
forming long tetrahedral chains. Modifiers like
ZnO, CdO, and PbO, when introduced, disrupt
the Te-O-Te bonds, with M?* ions occupying
interstitial sites; however, ZnO and PbO can also
form part of the glass network with ZnOs and



PbOs units. This structure is supported by IR
spectral observations indicating the presence of
ZnOs and PbOs units, suggesting the possibility
of M-O-Te linkages (Eder et al., 2023).

Effect of Ln3* Ions on Judd-Ofelt Parameters

The Q) values for Ln®" ions in glass systems offer
information about the rare earth ions'
environment in the glass lattice. The ions are
randomly distributed over non-equivalent sites
with varying crystal fields, as supported by
simulation studies and multiple optical and ESR
studies (Brodbeck & Iton, 1985; Shinn et al., 1983).
Studies revealed that the ions occupying sites
with non-centrosymmetric sites/ potentials
significantly contribute to Q. (Iftikhar, 1987;
Sazali et al., 2015). These sites are associated with
the asymmetry of the local environment. These
sites can create an uneven distribution of the
electric field around the ions, leading to changes
in the electronic transitions and increasing the
likelihood of certain optical phenomena.
Theoretical predictions show a decreasing trend
in Q> values for free ions with increasing atomic
number of rare-earths (Krupke, 1966). The results
in this study show a similar decreasing trend up
to the atomic number of Ho and then increase,
differing from trends in fluoride and oxyfluoride
glasses where (2 increases (Oomen & van
Dongen, 1989; Reisfeld, 1985). Results show a
decrease of Q4 and Qs values followed by a slow
increase at higher atomic numbers, a common
feature in other glass hosts and crystalline
systems (Reisfeld, 1985). These values are
influenced by vibrational levels associated with
central rare earth ions bound to ligand atoms
(Krupke, 1966). Spectral studies of vibronic
transitions indicate their intensity is highest at the
beginning and end of the lanthanide series
(Peacock, 1975; Reisfeld, 1973, 1975).

Effect of Judd-Ofelt Parameters on TL Light
Output

€4 and Q¢ values have a significant impact on the
formation and stability of traps within the glass
matrix. Lower values of these parameters
correlate with reduced vibrational relaxation,
allowing more stable and deeper traps to form.
These traps can store energy more effectively,
leading to higher TL output when the stored
energy is released during the heating process.
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Higher Q4 and Qs values would lead to shallower
traps, which are less stable and release energy at
lower temperatures, resulting in reduced TL
intensity. While £, is sensitive to the local (short
range) structural environment and covalency, its
influence is more related to the immediate
surroundings of the rare-earth ions rather than
the long-range vibrational interactions that Q4
and € are sensitive to. Based on the results and
discussion, Qs and Qg parameters are more
sensitive  than Q> to  the  overall
thermoluminescence (TL) light output. The
results of Ho**-doped glasses exhibit lower €4
and Qs values and displays highest TL light
output. This empirical evidence supports the
conclusion that €4 and €4 are more critical in
determining the efficiency of TL emissions in
these glasses.

Effect of Modifier Oxide on TL Light Output
Larger modifier ions (e.g., Cd?* with a 1.03 A ionic
radius) increase the average distance between
TeOs chains, leading to a weaker field around
Ln3" ions and lower . compared to ZTLn (Zn?'
with a 0.74 A radius). The decrease in Q: for PTLn
glasses is because of the increased ionic bond
character of Pb?" with oxygen, which results in a
lower bond covalency between Ln-O bonds
(Capobianco et al., 1990). This can be further
favoured by the values of Qs, associated with host
rigidity (Vermelho et al., 2003). The ZnO added
into the glass introduces more of a covalent
character and thus enhances stability in the
network of the glass and boosts efficiency in TL
light output. This can be explained by the fact
that covalent bonds tend to have low vibrational
frequencies, hence deeper electron traps and
therefore higher TL intensity. On the other hand,
the PT glasses show more of an ionic character,
therefore higher vibrational frequencies. This
ionic nature tends to make shallow traps, thus
lowering the amount of TL light output. CT
glasses exhibit intermediate behaviour between
ZT and PT, which could be attributed to the
reduced covalent character from ZnO.



Conclusion

This is the first systematic study on the
thermoluminescence (TL) and optical properties
of ZnF>-MO-TeO: glasses (MO = ZnO, CdO, PbO)
doped with various rare-earth ions (Pr3*, Eu%,
Ho?¥, Er?"). The essential results indicate that the
Judd-Ofelt intensity parameters, which include
(2, Q4, and Qs are susceptible to the nature of the
different rare-earth ions and modifier oxides,
influencing the TL properties of the glasses. It
was observed that the Ho®*" doped glasses
amongst all the studied glasses have the highest
TL output due to their lower values for Qs and Qs,
which indicated deep electron traps. Another
property controlling TL output was the
covalency and rigidity of the glass network,
which in turn depended on the ionic radius of the
modifier oxide used and its bonding nature. Ho*"
doped glasses demonstrated exceptional TL
performance due to their unique electronic
configuration and the formation of deeper
electron traps. The lower values of Q4 and Qs in
these glasses favour the creation of thermally
stable traps, which has the effect of increasing the
intensity in TL. These make Ho®" doped glasses
very effective for any TL application and show
their potential uses in various optical and
dosimetric uses.

Recommendation

To further advance the field, it is recommended
to explore additional rare-earth doped tellurite
glasses to deepen the understanding of Judd-
Ofelt parameters and their impact on TL
properties. Investigating the long-term stability
and radiation resistance of these glasses will
ensure their reliability for practical applications.
Additionally, developing advanced synthesis
techniques to optimize doping processes and
improve glass matrix homogeneity is essential for
enhancing their performance and applicability in
diverse fields.
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