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A B S T R A C T

Tellurite glasses with the composition (in mol%) (100-x)(75TeO2:25Li2O):xAgNO3 (x = 0, 0.6, and 1.2) were
synthesized at 800 ◦C in an ambient atmosphere, for investigation of the inuence of Ag nanoparticles on the
Te4+ semi metal ion photoluminescence (3T1 u → 1A1 g transition). The temperature dependence of the Te4+
emission was evaluated, aiming at application of the glass as an optical temperature sensor. A structural
investigation of the samples was performed using X-ray diffractometry and Raman spectroscopy. The UV-Vis
optical characteristics of the materials were determined by absorption, photoluminescence, photo-
luminescence excitation, and lifetime measurements. The sensitivity of the optical temperature measurement was
determined based on the parameters emission lifetime, photoluminescence excitation intensity, and photo-
luminescence intensity ratio. The results showed that the silver nanoparticles increased the Te4+ PL intensity in
the red region. For optical temperature sensing, a decrease in the Te4+ PL intensity, combined with a blue shift,
occurred when the temperature was increased from ambient to 353 K, resulting in a maximum relative sensitivity
of 3.7 %/K at room temperature. This high sensitivity indicated the suitability of the tellurite system as a po-
tential candidate for application as an optical temperature sensor.

1. Introduction

In the last few years, there has been an intensied search for tem-
perature sensors that do not require mechanical contact with the test
body during themeasurement. In particular, sensors based on the optical
properties of a luminescent material offer advantages when it is desired
to monitor the temperatures of, for example, corrosive media or envi-
ronments with high electromagnetism. Other benets of non-contact
optical temperature sensors are that they provide fast and accurate re-
sponses, with excellent stability, sensitivity, and spatial resolution [1].

The temperature dependence of the luminescence signal can be
monitored in different ways, such as by its intensity, spectral shape and
bandwidth, or lifetime [1–8]. An ideal material is one that exhibits a
substantial change in luminescence according to a small temperature
variation, ensuring high sensitivity. It is also desirable to be able to
determine the temperature dependence of the luminescence signal in the
simplest possible way, preferably using a single excitation and a single
emission measurement, enabling rapid evaluation of relative sensitivity.

For this purpose, the temperature dependence of the lifetime has been
most commonly used.

Various materials doped with rare earths (REs) have been investi-
gated as candidates for luminescent temperature sensors, mainly using
Eu3+, Sm3+, Nd3+, and Tb3+ [8–13]. The combined absorption and
emission characteristics of REs, together with their high luminescence
quantum efciencies, make them good candidates for use in temperature
sensors. However, some luminescent transition metals and semi metals
have also attracted interest, because their strong interactions with the
matrices in which they are inserted result in more pronounced lumi-
nescence thermal quenching, which is an important characteristic for a
thermal sensor [3].

Tellurite glasses, based on tellurium dioxide (TeO2), have garnered
signicant research interest due to their optical properties, such as, a
high refractive index (typically ranging from 1.9 to 2.3 in the visible
region), a wide optical transparency window extending from the near-
ultraviolet to the mid-infrared (approximately 0.3–5 μm), and a rela-
tively low phonon energy (~700 cm1)[14]. These characteristics have
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spurred investigations into their potential as host materials for various
luminescent ions, particularly REs elements. The inherent advantages of
tellurite glasses, including their relatively low melting point and facile
preparation techniques, facilitate the incorporation of REs at high
doping concentrations, enabling the development of a wide range of
optical devices, such as optical temperature sensor.

Recent work has reported high luminescence quantum efciency
(0.63 ± 0.06) at room temperature for the Te4+ semi metal ion in tel-
lurite glass, under UV-blue excitation [15,16]. This behavior is inu-
enced by the ns2 type electronic conguration (of Te4+, Sn2+, and Sb3+,
for example), which can vary with the coordination eld, due to the
presence of electrons in the outermost layer. Other effects are related to
the chemical composition of the glass network and the cooling process
[17]. Because of this interesting discovery, our research group has
explored the factors that inuence Te4+ formation in tellurite glass [18,
19] and how the Te4+ emission in this glass can be used for different
photonic applications [20,21]. The studies indicated that a fraction of
the TeO2 used to synthesize the glass was present in the Te4+ electronic
conguration, with the concentration being dependent on the modier
(Li2O) concentration, melting temperature, and atmosphere [22].

It is well known that the incorporation of metallic nanoparticles
(NPs) in glasses favors increased UV-Vis absorption by some RE ions,
resulting in enhanced emission intensity [23–27]. Therefore, to further
improve the absorption and emission of Te4+ in tellurite glass, a binary
system was prepared using a TeO2:Li2O ratio of 75:25 (in mol%), with
silver nanoparticles (AgNP) as dopant, and a full spectroscopic investi-
gation was performed. The temperature dependence of the Te4+ pho-
toluminescence in the glass host was evaluated, with determination of
the relative sensitivity using the emission lifetime, photoluminescence
excitation intensity, and photoluminescence intensity ratio. The results
indicated that the use of AgNP in preparation of the glass substantially
improved its optical properties, making it an excellent candidate for use
in optical temperature sensing applications.

2. Materials and methods

Tellurite glasses (here denoted TL) with the composition (in mol%)
(100-x)(75 %TeO2:25 %Li2O):xAgNO3 (x = 0, 0.6, and 1.2 mol%) were
synthesized at a melting temperature of 800 ◦C, in an ambient atmo-
sphere. The powders were macerated in an agate mortar for 30 min,
placed in a platinum/gold (95 %Pt/5 %Au) crucible, and heated in an
oven (Press2–52/0912, EDG) at a rate of 10 ◦C/min until reaching 400
◦C, maintained for 1 h, followed by further heating at a rate of 10 ◦C/min
up to the melting temperature of 800 ◦C, maintained for 1 h. An
annealing treatment was performed during 5 h in a stainless steel mold
preheated to 270 ◦C. After this procedure, the samples were cut and
polished, resulting in thicknesses of 0.81, 0.67, and 0.81 mm for the TL:
Te4+, TL:Te4+/0.6Ag, and TL:Te4+/1.2Ag materials, respectively.

Raman scattering was performed with a 45 mW laser, at a wave-
length of 532 nm. The signal was recorded using a confocal microscope
(BX51 – Voyage) coupled to a monochromator (Andor) and a charge-
coupled device (CCD) detector. X-ray diffraction measurements were
performed using a Miniex-500 diffractometer (Rigaku).

UV/Vis/NIR absorption spectra were acquired in the range
350–900 nm, using a LAMBDA 1050 spectrophotometer (PerkinElmer).
The emission lifetime of Te4+ was obtained with excitation at 375 nm,
using an optical parametric oscillator (Vibrant LD 355, Opotek) coupled
to a Nd3+:YAG laser (10 Hz) operated with pulse duration of 10 ns.
Photoluminescence (PL) spectra were acquired using a diode laser
(OBIS, Coherent) operated at 375 nm, with signal detection by a high
sensitivity spectrometer (Maya 2000, Ocean Optics).

The samples were evaluated as optical temperature sensors in
different ways: (1) by observing the Te4+ lifetime; (2) using photo-
luminescence excitation (PLE); and (3) using the ratio between the
wavelength corresponding to the peak and the maximum PL intensity.
For each method, the relative sensitivity (Sr) was determined. The

temperature dependence of PL and PLE (from 298 to 353 K) was
determined using a uorimeter (LS55, PerkinElmer) with a pulsed Xe
lamp source. During the measurement, the sample was xed in a custom-
built heating system tted with a type E thermocouple and a tempera-
ture controller (331S, Lake Shore). The photoluminescence was regis-
tered after sample and sample holder are in thermal equilibrium.

3. Results and discussion

3.1. Structural investigation

Structural analyses employed X-ray diffraction and Raman spec-
troscopy, mainly to examine the effect of AgNP on the glass morphology.
The X-ray diffractograms of the glasses revealed amorphism, showing
the presence of non-crystalline phases.

Raman spectra were acquired between 200 and 900 cm1, with the
main vibrational modes (Fig. 1(a)) showing strong similarity among the
samples, indicating that the presence of a low concentration of AgNP did
not affect the Te4+ in the glass. The scattering observed in the
200–370 cm1 interval could be attributed to the vibration of TeO3 in a

Fig. 1. (a) Raman spectra of the TL:Te4+/Ag glasses in the range from 200 to
900 cm1. (b) Raman spectrum of the TL:Te4+ glass in the range from 550 to
850 cm1, Gaussian function deconvolution (gray shading), and sum of the
peaks (red dashed line).
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trigonal pyramidal (tp) conguration with two or three non-bridging
oxygen (NBO) atoms [18,19,28]. Scattering in the 370–530 cm1 in-
terval was due to symmetric stretching of Te–O–Te in the vertices of
trigonal bipyramidal (tbp) TeO4, as well as the TeO3+1 polyhedron and
tp TeO3. Broad bands between 530 and 900 cm1 could be ascribed to
the continuous TeO4 tbp cells. At around 790 cm1, there was the in-
uence of the Te and NBO present in the TeO3+1 polyhedron or in the tp
TeO3 [29]. The pairs of free electrons in tellurium led to the formation of
short and long equatorial bridges of Te–O–Te, with bands at around
640 cm1 corresponding to asymmetric stretching in the TeO4 tbp units
[30,31]. A band at 730 cm1 could be attributed to stretching vibration
between Te and NBO [32].

The structural similarity among the samples was conrmed by
deconvolution of the Raman spectra in the range 550–850 cm1, with
four Gaussian curves centered at 590, 640, 730, and 790 cm1. As an
example, Fig. 1(b) shows the cumulative t curve and the Gaussian

deconvolution for the TL:Te4+ glass. The Gaussian areas were deter-
mined for each spectrum and the Te–O coordination numbers (NTe-O
~3.45) and NBO values (~0.35) were calculated using models reported
in the literature [33–36]. The values obtained were the same for all the
tellurite glasses, independent of the AgNP concentration, further
corroborating the preservation of the glass structure when AgNP was
incorporated in the matrix.

The minor variations in overall Raman intensity observed between
samples (Fig. 1a) can be attributed to experimental factors such as slight
differences in sample positioning, surface quality, and thickness, rather
than fundamental structural changes. This is conrmed by the consistent
peak positions and relative band intensities across all samples. The
incorporation of silver at these low concentrations (0.6–1.2 mol%) does
not signicantly alter the tellurite network structure, as evidenced by
the identical Te-O coordination numbers (~3.45) and NBO values
(~0.35) across all samples. This structural preservation indicates that
silver ions and nanoparticles likely occupy interstitial positions within
the glass network without disrupting the Te4+ environments responsible
for the observed luminescence properties. The consistent Raman proles
conrm that the enhanced luminescence observed with increasing silver
content is due to plasmonic interactions rather than structural modi-
cations of the Te4+ centers.

3.2. Optical spectroscopy investigation

The UV-Vis absorption and emission characteristics of the tellurite
glasses were determined to elucidate the effects of the presence of Te4+
ions and AgNP in the glass. Fig. 2(a) shows the absorption coefcient (α)
in the 350–1100 nm range, for all the tellurite glasses, together with the
red-near-infrared Te4+ (3T1 u → A1 g transition) PL spectrum, obtained
by exciting the sample at 375 nm with a diode laser, and the PLE
spectrum, from observing the emission at 620 nm, for the TL:Te4+/
0.6Ag glass. The absorption coefcient spectra for the TL:Te4+ and TL:
Te4+/0.6Ag glasses were similar, with some differences when compared
to the spectrum for the TL:Te4+/1.2Ag glass. The incorporation of 1.2 %
of AgNO3 in the glass caused a red shift of the UV absorption band,
contributing to increased absorption in the UV region for this glass.
Previous work has reported that the addition of AgNP can lead to a red
shift of the glass absorption band in tellurite glass, mainly due to the
effects of localized surface plasmon resonance [4].

The PLE spectrum (Fig. 2(a)) was normalized to coincide with the
absorption spectrum at around 450 nm. The spectrum showed the well-
known Te4+ absorption bands at 370 and 450 nm, corresponding to the
transitions from 1A1 g to 3A1 u and from 1A1 g to 3T1 u, respectively, as
well as the broad red-near-infrared Te4+ emission band [15]. The Te4+
absorption bands overlapped with the AgNP absorption region and with
the glass charge transfer band, as shown schematically in the partial
energy diagram in Fig. 2(b). This indicated that when the glass system
was excited at between around 300 and 500 nm, different absorption
processes occurred simultaneously, so that the PL signal could only be
from the Te4+ ion. For conrmation, a comparison was made among the
excitation and emission proles for all the glasses.

The optical behavior of our silver-containing samples provides
strong evidence for the formation of silver nanoparticles (AgNPs) within
the tellurite glass matrix. The characteristic red shift observed in the UV
absorption band with increasing AgNO₃ content (Fig. 2a) is a recognized
signature of localized surface plasmon resonance (LSPR) from metallic
nanoparticles. This spectroscopic feature, combined with the preserved
glass transparency (indicating structures signicantly smaller than
visible wavelengths) and the enhanced Te⁴⁺ emission without structural
modication (as conrmed by our Raman analysis), strongly supports
the presence of AgNPs. These ndings align with previous studies of
silver-doped tellurite glasses where silver nanoparticle formation was
directly conrmed through TEM.[26] The AgNP formation likely occurs
during the glass melting process, where the high temperature reduces
Ag⁺ ions to Ag⁰, followed by nucleation and growth of nanoparticles

Fig. 2. (a) Absorption coefcient spectra for the three studied glasses, together
with (for the TL:Te4+/0.6Ag glass) the photoluminescence (PL) spectra ob-
tained with excitation at 375 nm and the photoluminescence excitation (PLE)
spectra in the range from 300 to 550 nm (observing the emission at 620 nm).
(b) Schematic energy level diagram for the studied tellurite system, indicating
the absorption regions for the glass, Ag, and Te4+. The solid arrows show the
radiative transitions (absorption and emission) and the wavy red lines indicate
the nonradiative transitions.
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during controlled cooling. The systematic increase in Te⁴⁺ emission with
silver content provides further evidence of plasmonic enhancement ef-
fects characteristic of metal nanoparticles rather than isolated silver
ions.

Fig. 3 shows excitation-emission contour plots for the glasses, using
the same intensity scale range. The dashed white lines indicate the two
main absorption positions (vertical lines) and the emission center
(horizontal line) of Te4+. The shapes and intensities of the two broad
excitation bands changed with the incorporation of AgNP. As reported in
the literature, AgNP added to the glass can contribute to the absorption
in the UV-Vis region, with the maximum position being strongly
dependent on AgNP size [37]. Another important nding was that the
emission prole was the same for all the samples, with the maximum PL
signal presenting a correlation with the Ag concentration. The

enhancement of Te⁴⁺ emission intensity in the AgNP-containing glasses
can be attributed to several established mechanisms. First, the localized
surface plasmon resonance (LSPR) of AgNPs generates strong local
electromagnetic elds that increase the absorption cross-section of
nearby Te⁴⁺ ions, enhancing their excitation efciency. This mechanism
has been well-documented in various rare-earth doped glass systems.
[38,39] s, The spectral overlap between the AgNP plasmon band and
Te⁴⁺ absorption bands (~370–450 nm) enable efcient energy transfer
from the AgNPs to the Te⁴⁺ ions, similar to what has been observed be-
tween AgNPs and other luminescent centers in glass hosts.[40] Third,
AgNPs can modify the radiative decay rates of nearby Te⁴⁺ ions by
altering the local dielectric environment, which is consistent with our
observations that emission intensity increases signicantly while life-
time values remain relatively unchanged. Furthermore, a signicant
factor facilitating the plasmon-ion interaction in our system is the
chemical reaction occurring during the glass synthesis with AgNO₃. The
added Ag⁺ ions react with some of the Te³ ⁺ ions present in the base glass
network via a redox process: Ag+ + Te3+ → Ag◦ + Te4+. This reaction
produces metallic silver (Ag◦), which aggregates into AgNPs, and
simultaneously converts Te³ ⁺ into Te⁴⁺. This process inherently places
the forming AgNPs in close proximity to the newly created Te⁴⁺ ions,
thus maximizing the potential for efcient LSPR eld enhancement and
plasmon-to-ion energy transfer. This reaction also contributes to the
overall concentration of Te⁴⁺ ions in the glass.

The experimental observations described above support these
enhancement mechanisms and the facilitated interaction due to syn-
thesis: (1) the strong correlation between increasing AgNP concentra-
tion and Te⁴⁺ emission intensity; (2) the clear spectral overlap between
AgNP absorption and Te⁴⁺ excitation bands as shown in Figs. 2 and 3; (3)
the consistent emission prole of Te⁴⁺ across all samples regardless of
AgNP content, indicating that the Te⁴⁺ emission mechanism itself re-
mains unaltered; and (4) the modest changes in emission lifetime despite
signicant increases in emission intensity. These observations are
consistent with plasmonic enhancement effects reported in other metal
nanoparticle-luminescent ion systems.[26]

For each sample, the time dependence of the Te4+ emission was
measured by exciting at 375 nm and observing the emission at 620 nm
(3T1 u → 1A1 g transition of Te4+). The curves obtained for the emission
intensity (I(t)) (Fig. 4) showed the expected non-exponential behavior,
so the average lifetime, <τ> , could be calculated using the relation
<τ> =

∫ t I(t) dt/ ∫ I(t) dt [41]. The experimentally determined average
lifetimes (shown inset in Fig. 4) are characteristic of a relatively slow
luminescence process. This longer decay time indicates a spin-forbidden

Fig. 3. Contour plot excitation-emission maps for the (a) TL:Te4+, (b) TL:Te4+/
0.6Ag, and (c) TL:Te4+/1.2Ag glasses, obtained using 300–550 nm excitation
wavelength range and 525–800 nm emission observation range. The maximum
intensity is represented by red and the minimum by blue.

Fig. 4. Temporal dependence of Te4+ photoluminescence for the studied tel-
lurite glasses, recorded at 620 nm, with excitation at 375 nm. The inset shows
the average lifetime value for each glass.

A. do Carmo Capiotto et al. Next Materials 9 (2025) 101040

4



transition from the triplet excited state to the singlet ground state of the
Te4+ luminescence center, as such transitions are quantummechanically
restricted. The observed spectroscopic behavior, including this decay
constant and the emission prole, aligns with the well-documented
luminescence patterns of ns2-type emission centers in oxide glass
matrices. This is consistent with the electronic conguration of Te4+,
which has a 5 s2 ground state conguration. The presence of these
characteristic emission properties in our tellurium-doped oxide glasses
demonstrate that Te4+ cations can function as effective luminescent
centers.

The values obtained (shown in Fig. 4) indicated that the average
lifetime for the TL:Te4+/0.6Ag glass was only 9.0 % higher than for the
other glasses, which presented similar <τ> values. Another point to
note is that the values obtained were higher than those reported in the
literature for Te4+-doped zinc-borate glasses [17,42]. Although the PL
maximum signal at 620 nm increased approximately twice with Ag
dopant, as noted in Fig. 3, the Te4+ lifetime values were hardly affected,
providing further evidence that different mechanisms acted in promot-
ing the electron in Te4+, without affecting the luminescence process.

Unlike traditional rare-earth doped tellurite glasses, the Te⁴⁺ lumi-
nescence in our system originates from the 5 s² electronic conguration
of tellurium ions in the glass network itself. This ns² conguration

creates a unique situation where concentration quenching is minimized
even at high Te⁴⁺ concentrations due to three key factors: (1) the Te⁴⁺
ions are integral structural components of the glass network rather than
dopants, resulting in a more uniform distribution that reduces ion-ion
interactions that typically cause quenching; (2) the high polarizability
of the tellurite glass matrix creates local environments that shield Te⁴⁺
centers from one another; and (3) the signicantly different structures of
TeO₃ and TeO₄ units in the glass network create multiple distinct Te⁴⁺
environments with slightly different emission energies, further reducing
the probability of self-absorption. The non-exponential decay behavior
observed in our samples reects this structural heterogeneity, with Te⁴⁺
ions occupying different local environments within the glass network,
each with slightly different decay rates. This heterogeneity, combined
with the spin-forbidden nature of the ³T₁ᵤ → ¹A₁ₐ transition, explains
both the microsecond-scale lifetime and the non-exponential decay
prole observed in our measurements.

The detailed spectroscopic characterization of the samples indicated
their suitability for testing as optical sensors for temperature measure-
ments. Therefore, experiments were performed with insertion of the
samples in a furnace controlled at different temperatures. The three

Fig. 5. (a) Temperature dependence of the Te4+ photoluminescence average
lifetime for the TL:Te4+/1.2Ag tellurite glass, recorded at 650 nm, with exci-
tation at 375 nm. (b) Absolute (Sa) and relative (Sr) sensitivities calculated from
the average measured lifetime values, according to Eq. 2(a) and 2(b),
respectively.

Fig. 6. (a) Photoluminescence excitation spectra, according to temperature,
observing the Te4+ emission at 609 nm. (b) Photoluminescence excitation in-
tensity at 365 nm normalized by the signal recorded at 450 nm (PLE365 nm/
PLE450 nm ratio), as a function of temperature (green spheres), together with the
tted curve obtained using the Arrhenius model (dashed red line) and relative
sensitivity (solid blue line) determined using the experimental data and Eq.
2(b).
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different tests performed are described below.

3.3. Temperature sensing based on photoluminescence lifetime

The TL:Te4+/1.2Ag glass was selected to study the temperature
dependence of the PL lifetime. The average lifetime values (Fig. 5(a))
were determined by tting the experimental curves (as described in
Section 3.2). In the temperature interval evaluated, there was a decrease
from 14.2 to 8.0 μs, with uncertainty less than 1 % for the used exper-
imental setup. The average lifetime can be described using the Arrhenius
model [7]:

τ(T) = τo
1 Ce(ΔE/kBT) (1)

where, τo is the emission lifetime when the temperature, T, is close to
0 K; C is a characteristic rate constant for the analyzed material; kB is the
Boltzmann constant (1.38 × 1023 J/K = 0.695 cm1/K); and ΔE is the
activation energy for thermal quenching. Using Eq. (1) to t the
experimental data in Fig. 5(a), the values obtained were τo= 21.9 μs and
ΔE = ~1840 cm1 (R2 = 0.9895), which was only ~2.3 times the glass
phonon energy (~800 cm1). This indicated thermal coupling among
Te4+-Te4+ pairs and Te4+ in the glassy network.

The performance of the TL:Te4+/1.2Ag glass as a temperature sensor
was evaluated by calculation of the absolute sensitivity (Sa) and the
relative sensitivity (Sr), as follows [43]:

Sa =
⃒⃒
⃒⃒dy
dT

⃒⃒
⃒⃒ (2(a))

Sr =
1
y

⃒⃒
⃒⃒dy
dT

⃒⃒
⃒⃒× 100% (2(b))

where, y is the optical response recorded as a function of temperature,
corresponding to the average lifetime determined by tting Fig. 5(a)
using the Arrhenius equation (Eq. 1). Fig. 5(b) shows the values of Sa and
Sr obtained in the studied temperature range. The maximum calculated
values for Sa and Sr were 0.083 μs/K at 345 K and 0.95 %/K at around
370 K, respectively, which could be considered a very good result for a
tellurite glass that was not doped with a rare earth.

3.4. Photoluminescence excitation intensity ratio for temperature sensing

PLE spectra for the TL:Te4+/1.2Ag glass were obtained at different
temperatures, observing the emission at 609 nm. As shown in Fig. 6(a),
there was a non-uniform decrease in the PLE intensity, comparing the
signals at around 370 and 450 nm, with the Te4+ emission being less
affected by temperature for absorption at 450 nm, compared to ab-
sorption at 370 nm. The observed behavior suggested that the AgNP
effectively contributed to the absorption at 450 nm. This was also evi-
denced by the excitation-emission color maps (Fig. 3).

To calculate Sr for these experimental data, the PLE spectra were
deconvoluted using 6 Gaussian curves, to obtain the ratios of the areas
centered at 365 and 450 nm, as a function of temperature. The data
obtained (Fig. 6(b)) were tted by an expression equivalent to Eq. (1),
with R2 = 0.992. From the parameters obtained with the t shown in
Fig. 6(b), an experimental curve (dened as y in Eq. 2(b)) was obtained

Fig. 7. (a) Color map of the Te4+ PL temperature dependence and (b) Te4+ PL spectra obtained with excitation at 375 nm, for the TL:Te4+/1.2Ag glass. (c)Maximum
PL intensity (Ip) according to the wavelength corresponding to the peak emission (λp). (d) CIE 1931 x-y coordinates for each spectrum.
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to determine Sr, as also shown in Fig. 6(b). Irrespective of the temper-
ature, Sr was higher than unity, with a maximum value (~1.75 %/K)
recorded above 345 K. This result indicated that the use of PLE with this
glass system could be an important methodology for an optical tem-
perature sensor, showing better relative sensitivity than the lifetime
observation described in Section 3.3.

3.5. Photoluminescence intensity ratio for temperature sensing

The 375 nm emission from a Xe lamp was used to excite the sample,
with recording of the PL spectrum from 525 to 750 nm, for each tem-
perature. Fig. 7(a) shows the tri-dimensional PL plot, while Fig. 7(b)
shows the related spectra for each 5 K from 298 to 353 K. These results
clearly showed that as the temperature increased, the peak Te4+ emis-
sion intensity (Ip) decreased (by ~83 %), while the corresponding
wavelength position of the peak (λp) presented a blue shift. A possible
explanation for this shift was the presence of self-trapped excitons
(STEs) resulting from lattice vibrations of the distorted structures in the
glass [[44]. This was recently reported for cesium zinc chloride crystal
doped with Te4+, where structures with some deformation (as occurs in
tellurite glasses) facilitate STE formation [45]. Fig. 7(c) shows a plot of Ip
against λp, indicating a nonlinear correlation between these optical pa-
rameters, so they could be used to calculate Sr for the optical tempera-
ture sensor.

To better observe the temperature dependence of λp, the PL spectra

were deconvoluted using the three-color matching functions established
by the Commission Internationale de l’Éclairage (CIE) in 1931. The
calculated (x, y) coordinates are plotted in Fig. 7(d), showing that the
maximum position of λp changed in the red range, with the correlated
color temperature (CCT) shifting from 2700 to 3860 K, when the sample
temperature was increased from 298 to 353 K.

The λp/Ip ratio values could then be used to determine Sr, according
to Eq. 2(b) (here, y = λp/Ip). Fig. 8(a) shows a plot of the λp/Ip values
against temperature, together with the curve t obtained using a theo-
retical exponential equation of the type y(T) = yo + AeB/T. From the t
(R2 = 0.9976), a better curve could be obtained to determine Sr (also
shown in Fig. 8(a)). Maximum Sr was around 3.7 %/K at room tem-
perature, while the minimum was 2.85 %/K at 360 K. The maximum Sr
value was slightly higher than obtained for a Rb2ScCl5:H2O:0.1 %Te4+
single crystal (3.53 %/K) by monitoring the uorescence lifetime-
temperature dependence, [45] as well as higher than reported for tel-
lurite glasses doped with different rare earths [8,46].

Recently our group explored the optical properties of a Nd3+-doped
Tellurite glass for uorescence infrared thermometry. The obtained re-
sults indicated a very high sensitivity (3.00 %/K) at 370 K, highlighting
the tellurite glass when compared with other glass families [8].

The stability of the TL:Te4+/1.2Ag glass was evaluated using PL
measurements as a function of temperature, during a complete cycle
between 300 and 360 K. The maximum emission intensity remained
similar after a heating/cooling cycle, as shown in Fig. 8(b) for the PL
signal at 609 nm recorded at different temperatures. Similar experi-
mental procedures were also performed for the temperature sensing
based on the photoluminescence lifetime (described on Section 3.3) and
based on the photoluminescence excitation intensity (Section 3.4),
indicating the same very good reproducibility shown in Fig. 8(b).

This third methodology using the tellurite glass as an optical tem-
perature sensor provided a higher maximum Sr value, compared to the
two preceding methods. To investigate the dependence of Sr on the
AgNO3 concentration, the same methodology described here was also
applied with the TL:Te4+ and TL:Te4+/0.6Ag glasses, resulting in
maximum Sr values of 1.86 and 0.66 %/K, respectively, at room tem-
perature. A glass with 2.4 % of AgNO3 was also prepared for testing as
an optical temperature sensor, with no observed improvement, so the
present results highlighted the TL:Te4+/1.2Ag glass as a potential
candidate for use in optical temperature sensing applications.

4. Conclusions

In this study, investigation was made of the effects of AgNP on the
structure and Te4+ photoluminescence of a tellurite glass. The glass
material was evaluated as an optical sensor for temperatures between
298 and 370 K, employing three different methods: (1) monitoring the
average emission lifetime, which provided maximum relative sensitivity
(Sr) of 0.95 %/K; (2) measuring the Te4+ photoluminescence excitation,
observing the emission at 609 nm, with maximum Sr of ~1.75 %/K; (3)
calculation of Sr using the ratio of the maximum emission intensity and
the wavelength corresponding to the peak position, with maximum Sr of
3.7 %/K at room temperature. Method (2) is a novel way to use pho-
toluminescence excitation spectroscopy to measure temperature,
enabling simpler operation of the device, since two independent exci-
tations (at 375 and 450 nm) can be used to record the PL intensity (at
609 nm), while method (3) provides greater relative sensitivity.
Compared to other ions with similar electronic congurations, Te4+
doped tellurite glass exhibits the signicant advantage to present high
luminescence quantum efciency. Furthermore, this glass possesses a
broad emission band, enabling the selection of the optimal wavelength
for temperature-dependent emission monitoring. The excitation band of
Te4+ in this glass is also broad, providing exibility in choosing a
convenient and cost-effective pump source. Moreover, the strong tem-
perature dependence of Te4+ luminescence endows the tellurite glass
with high sensitivity, making it a promising candidate for optical

Fig. 8. (a) λp/Ip ratio (green spheres) and relative sensitivity (Sr, orange line),
as a function of temperature, for the TL:Te4+/1.2Ag glass. (b) PL intensity, as a
function of temperature, during heating and cooling.
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temperature sensing applications, what can be noted by the excellent
performance of this tellurite glass when compared to materials reported
previously in the literature.
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