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A B S T R A C T

In this work, a lithium tellurite glass (80TeO2− 20Li2O, in mol%) was synthesized and its optical properties
were analyzed. This glass matrix has been extensively studied, mainly due to its highly nonlinear optical
properties, but there have been no reports concerning its luminescence properties. To the best of our knowledge,
this is the first observation of visible emission related to Te4+ centers in a lithium tellurite glass. A broad and
intense emission band was centered at 650 nm and there was a broad excitation band in the UV–Vis region. The
emission lifetime at room temperature was approximately 7.0 ± 0.2 μs and the fluorescence quantum efficiency
was 63 ± 6%. These characteristics indicated that the system consisting of Te4+ centers in lithium tellurite glass
is a good candidate as a phosphor material for various applications.

1. Introduction

Tellurite (TeO2-based) glasses are of scientific and technological
interest due to their low melting temperatures (700–800 °C) [1], good
optical transmission in the visible and infrared regions (up to about
6 μm) [2], high refractive indices (1.8–2.3), good resistance to hostile
media when compared to hygroscopic fluorides, low phonon energy
(~800 cm−1) among oxide glasses, high dielectric constant (13−35)
[3], and large third-order nonlinear susceptibility [4]. These properties
make tellurite glasses suitable for applications involving third harmonic
generation or optical Kerr effects [5–7]. Tellurite glasses are also strong
candidates for super-high speed optical switches or shutters, and are
promising materials for use in fiber optics [8] and solar cells [9,10,11]
when they are doped and/or co-doped with rare earth or transition
metal ions.

The transformation of pure tellurium oxide to glass is difficult, due
to the presence of a pair of electrons in the equatorial region of the
TeO4 trigonal bipyramids (tbp) found in the tellurium oxide network
[12,13]. This structural unit hinders creation of the structural ar-
rangement necessary for glass formation. Therefore, it is very difficult
to obtain pure tellurium oxide glass using the traditional melt-
quenching process. In order to avoid this problem, alkali oxides have
been added to TeO2, which affects the optical properties of the glass, for

example causing a blue shift in the absorption edge, and also improves
the rare earth solubility [14,15]. When the ratio of the modifying oxide
is increased, the dominant TeO4 tbp structure is progressively converted
into a TeO3 trigonal pyramid (tp) structure [16].

It is well known that optical transitions between excited and ground
states in ns2-type ions are parity-allowed, with the atoms exhibiting ns2

electron configuration in the excited state and ns1np1 electron config-
uration in the ground state [17]. Some examples of these atoms are
Te4+, Sn2+, Sb3+, Tl+, Pb2+, and Bi3+. Among these, few reports can
be found in the literature concerning Te4+ emissions. Donker et al.
investigated the spectroscopic characteristics of Te4+-doped alkali ha-
lides [18] and oxide crystals [19], while Masai et al. reported on the
emission of Te4+-doped zinc borate glass [20,21]. In these studies, it
was found that Te4+ emission was strongly affected by the coordination
field, mainly due to the electrons present in the outermost shell. This
implies that the Te4+ emission intensity is strongly dependent on the
temperature, so that at room temperature (RT) it is very low, with
consequent low fluorescence quantum efficiency.

The fluorescence quantum efficiency (η), which is one of the most
important optical parameters of luminescent ions, measures the con-
version of absorbed photons into emitted photons. It can be determined
using integration sphere or photothermal methods. In the latter case,
the sample absorbs the energy from a laser and converts it into heat
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(non-radiative transitions). The fraction of the absorbed energy con-
verted into heat, φ, is related to η, as will be discussed below. Among
the photothermal methods, thermal lens spectroscopy (TLS) is an ef-
fective technique that has been used for determination of η in rare
earth-doped glasses [22–24].

The aim of this study was to investigate whether Te4+ centers were
present in lithium tellurite glass and to determine their fluorescence
quantum efficiency at RT using thermal lens spectrometry (TLS). The
main hypothesis was that during the processes of synthesis of lithium
tellurite glasses, the TeO2 acts as a conditional network former and can
also be found in the matrix in ionic form (Te4+).

2. Material and methods

Lithium tellurite glass with nominal composition 80TeO2− 20Li2O
(mol%) was prepared in an ambient atmosphere by the conventional
melt-quenching method. The reagents TeO2 (99.995% purity, Sigma-
Aldrich) and Li2CO3 (99.997% purity, Sigma-Aldrich) were weighed
out, mixed, and melted in a Pt-5%Au crucible at 850 °C for 1 h. The melt
was poured into a stainless steel mold preheated to close to the glass
transition temperature (Tg ~260 °C [25]) and was subsequently an-
nealed for 5 h to relieve the mechanical tensions. The resulting glass
was cut and polished. The sample density (ρ) was determined at room
temperature by Archimedes' method, using distilled water as the im-
mersion liquid, presenting a value of the (5.00 ± 0.01) g/cm³ .

The ground state absorption spectrum of the glass was obtained at
RT using a UV–Vis spectrophotometer (Cary 50, Varian) operated in the
wavelength range from 370 to 700 nm. The photoluminescence (PL)
and PL excitation (PLE) spectra were obtained at RT, using a Xe lamp
(150W) as the excitation source, coupled to a monochromator
(Newport Cornerstone 260™), mounted with a 300-line diffraction
grating and blaze at 500 nm. The lamp emissions were selected with the
Newport monochromator to excite the sample in the spectral range
from 300 to 500 nm with step of the 5 nm. The luminescence of the
sample was directed by an optical fiber to a second monochromator
(iHR-320, Horiba Jobin Yvon) with aperture opening of 2mm and
operating with a diffraction grating of 600 lines and blaze at 600 nm.
This second monochromator separated the wavelengths of the spectral
emission band from 500 to 800 nm, with a 2 nm step, and directed the
luminescent signal to the photomultiplier (R928, Hamamatsu). The
obtained photoluminescence spectra are normalized by the Xe lamp to
prepare an excitation-emission contour plot. Measurements of the life-
times of Te4+ ions were obtained using excitation at wavelengths of
360 or 460 nm with an optical parametric oscillator (OPO) pumped by a
10 ns pulsed Nd:YAG laser (355 nm, 10 Hz).

The fluorescence quantum efficiency was determined by TLS, where
the change in the probe beam intensity was proportional to the thermal
lens-induced phase shift, given by [26]:

= −θ P
Kλ

φ ds
dT

,abs

p (1)

where Pabs = PeαLeff is the absorbed power, Pe is the excitation power, α
is the optical absorption coefficient at λexc, Leff =[1-exp(-αL)]/α is the
effective sample thickness, L is the sample thickness, K = ρCD is the
thermal conductivity, ρ is the volumetric density, C is the specific heat,
D is the thermal diffusivity, φ=1-η(λexc/< λem> ) is the fraction of
the absorbed energy converted into heat, < λem> is the average
emission wavelength, and ds/dT is the temperature coefficient of the
optical path length at the probe beam wavelength, λp. The TLS setup
consisted of two beams in a mode-mismatched configuration, with an
excitation beam from an Ar+ laser (Innova 308 C, Coherent) tuned at
360 nm and a probe beam from a HeNe laser at 632.8 nm. The transient
curves obtained were fitted using the theoretical model proposed by
Shen et al. [26]. Further details of the experimental arrangement can be
found elsewhere [23].

3. Results and discussion

Fig. 1 shows the UV–Vis–NNIR absorption coefficient spectrum of
the 80Te-20Li glass, which was made in the form of a thin piece (L
=350 μm) polished to a high level of quality. A small feature in the
absorption spectrum can be observed at around 480 nm, which over-
lapped with the initial part of the charge transfer band of the glass. The
hypothesis was that this absorption was related to the Te4+ ions. The
inset in Fig. 1 shows a photograph of the glass exposed to ambient light
(yellow color) and excited at 405 nm using a diode laser. This un-
expected observation, together with intense luminescence in the red
region, has not been reported previously for lithium tellurite glass.

The dependence of the emission on the UV–Vis excitation was in-
vestigated by subjecting the glass to PL-PLE measurements. In Fig. 2(a),
the excitation wavelength is plotted on the x-axis and the emission on
the y-axis, and the intensity is shown using a log color scale. The con-
tours show a broad range of emission in the visible and near-near in-
frared regions, between 500 and 800 nm, for excitation in the range
from 300 to 500 nm. The maximum emission was at around 645 nm, for
maximum excitation between 330 and 400 nm. There was a blue shift in
the emission center position when the excitation was performed using
higher energies (for wavelengths< 330 nm). Figs. 2(b) and 2(c) show
the normalized PL spectra under excitation at 310, 360, and 460 nm,
and the normalized PLE spectra for the emissions at 575 and 645 nm.
For excitation at both 360 and 460 nm, there were broad emission
bands (FWHM ~3400 cm−1) with maxima centered at ~645 nm, while
excitation at 310 nm resulted in a broad emission band (FWHM
~3900 cm−1) centered at ~575 nm. This indicated that the lumines-
cence of the glass could arise from two different states, with the
emissions for excitation at 360 and 460 nm originating from the same
band, while the emission for excitation at 310 nm originated from a
second band. The PLE spectrum, shown in Fig. 2(c), presented a shape
similar to those reported in the literature for Te4+-doped materials
[18,20,21].

To determine the fluorescence quantum efficiency of the Te4+ ion in
the 80Te-20Li glass, thermal lens transient signals were obtained for
excitation at 360 nm using different power levels. Fig. 3 shows a typical
transient (I(t)/Io) for excitation power of 11.3 mW. The experimental
curve was fitted by the theoretical model proposed by Shen et al. [26],
from which the parameters θ and tc were determined. From the average
value obtained for tc (1.34 ± 0.01ms), the thermal diffusivity
( =D ω t/4oe c

2 , where in the setup used, ωoe =38 ± 1 μm) was calculated
to be (2.7 ± 0.1) 10−3 cm2/s. This was in agreement with the value
reported in the literature for 80Te-20Li glass [27].

Plotting of the θ values as a function of the excitation power (Pe)
confirmed the expected linear behavior (inset of Fig. 3), so a linear fit
was performed to obtain the thermal lens amplitude signal normalized

Fig. 1. Absorption coefficient spectrum of the 80TeO2− 20Li2O glass at room tempera-
ture. The photographs in the inset are of the sample in ambient light and with excitation
at 405 nm.
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by the excitation power, θ/Pe =−0.023 ± 0.001W−1. Use of the
expression Θ= θ/Pabs [24] resulted in Θlum =23.3W−1 for the lumi-
nescent Te4+ centers in the 80Te-20Li glass. Since it is known that Θnlum

=36W−1 for the host glass without luminescence, as recently mea-
sured by the multi-wavelength method for Yb3+-doped
80TeO2− 20Li2O glass [24], the value for the fraction of the absorbed
energy converted into heat could be obtained directly using Θlum/Θnlum

=(θ/Pabs)lum×φ/(θ /Pabs)nlum =φ=0.647 ± 0.002. Thus, con-
sidering the average emission wavelength < λem> = 645 nm, λexc
=360 nm, and the relation = − < >φ η λ λ1 ( / )exc em , a fluorescence
quantum efficiency of η=0.63 ± 0.06 was obtained for Te4+. This

value is very high, compared to the values reported previously for
Te4+-doped zinc borate glass (between 5% and 8%, with lifetime of
~3 μs) [21]. This difference was probably due to the limited local dis-
tribution of the Te4+ coordination state, with Te4+ in the 80Te-20Li
glass structure expected to exhibit single symmetry. The η value ob-
tained for the Te4+ center in lithium tellurite glass is comparable to the
values measured for other ns2 centers. Masai et al. found η=0.6 (with
lifetime of 5.5 μs) for Sn2+-doped zinc borate glass [21]. The same
authors noted that Te4+ PL is very difficult to observe at RT and that
the fluorescence characteristics can vary with the local coordination
field, depending not only on the chemical composition of the host glass,
but also on the solidified cooling process [20,21].

The temperature dependence of the fluorescence signal was in-
vestigated in order to confirm the high η value for Te4+ in the 80Te-
20Li glass. Fig. 4 shows the decay time curves for emission at 645 nm,
with excitation at 360 nm, for sample temperatures ranging from 10 to
300 K. At low temperature, the curves were approximately single ex-
ponential, while non-exponential behavior occurred at higher tem-
perature, indicating a decrease in the average lifetime of the sample.
The inset of Fig. 4 shows the average lifetime for each temperature.
Taking into account the Arrhenius behavior of the lifetime dependence
with the temperature, the activation temperature is 405 K, which im-
plies that the activation energy is 281.5 cm−1. Between 10 and 300 K,
the average lifetime decreased by approximately 45% (from 12.7 to
7 μs), indicating that at RT, η was ~55%, confirming the high value
obtained by TLS for η in the tellurite glass. It is worth noting that at
300 K, the average lifetime was ~21% higher than the value reported
for Sn2+-doped zinc borate glass [21]. Although this comparison is not
ideal, it shows that for an ns2 center emission with long lifetime (longer
than 5 μs), the fluorescence quantum efficiency is expected to be high.
An additional explanation for the long lifetime obtained for Te4+ in
lithium tellurite glass is that this glass matrix has a phonon energy of
~750 cm−1, which is lower than the values for borate glasses
(~1350 cm−1) [28]. Furthermore, the Te4+ concentration in the glass
was expected to be very low, so the fluorescence quenching effect was
reduced.

As mentioned before, the shapes of the Te4+ PL spectra for excita-
tion at 360 and 460 nm were similar (Fig. 2c), suggesting that the
transition to the ground state originated in the same band for these
excitation energies. To confirm this, decay time curves were performed
at RT and the lifetime values obtained were 7.0 ± 0.3 and 6.5 ± 0.3
μs for excitations at 360 and 460 nm, respectively. This indicated that
the red emission was derived from the same state, in this case the 3T1u

level of the Te4+ center.
Based on the spectroscopic results, a partial energy level diagram for

Te4+ was constructed (Fig. 5) in order to summarize the findings. For
better understanding, the absorption and excitation spectra from Figs. 1
and 2 are also shown in Fig. 5. When an ultraviolet laser is used to
excite the system (at around 260 nm, for example), an electron of the
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Fig. 2. (a) Excitation-emission contour plot for the 80TeO2− 20Li2O glass at room
temperature. (b) PL (right) spectrum with excitation at 310 nm and PLE (left) spectrum
for emission observed at 575 nm. (c) PL (right) spectra with excitations at 360 and
460 nm and PLE (left) spectrum for emission observed at 645 nm.

Fig. 3. Thermal lens transient signal for the 80TeO2− 20Li2O glass with excitation at
360 nm. Inset: Thermal lens strength versus excitation power.

Fig. 4. Emission decay curves for the 80TeO2-20Li2O glass, as a function of temperature,
with excitation at 360 nm. The inset shows the temperature dependence of the average
lifetime (left axis) and the normalized lifetime (right axis).
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Te4+ ion is excited from the 1A1g ground state to the 3T2 u excited state.
From there, it decays via phonons to the band bottom and emits a broad
emission band centered at ~575 nm (see Fig. 2). As there is an overlap
between the charge transfer energies (CTEs) of the glass and the Te4+

center, the UV excitation also provides excitation of the tellurite glass,
from where the electron can be transferred to the 3T2u excited state of
the Te4+ center, which then relaxes radiatively to the ground state. The
lifetime of the 3T2u excited state is very short (< 1 ns) so that it was not
registered. For excitation at 360 nm (1A1g → 3A1u), the system relaxes
via phonons from 3A1u to 3T1u, from where it emits at around 645 nm
(3T1u →

1A1g). No emission is expected for relaxation of 3A1u directly to
the ground state, so the same emission shape and lifetime was observed
for excitation at 460 nm.

These entire observed optical characteristic of tellurite glass in-
dicates it for potential applications in photonics. As an example, as
shown in Figs. 1 and 2 the glass exhibits a broad absorption band in the
UV–Vis region of the electromagnetic spectrum, in a region where the
solar spectrum has considerable irradiance. Together, the broad emis-
sion band in the red region can contribute to match the solar spectrum
with the solar cell used actually. Materials with these characteristics
have been looked to increase the efficiency in the conversion of the
solar energy in electric one. Another possible application for tellurite
glass is as low temperature sensor, mainly because it presents strong
temperature dependence of the emission lifetime of Te4+, as seen by
the inset of Fig. 4.

4. Conclusions

In conclusion, the Te4+ center emission characteristic of lithium
tellurite glass was observed. The 80TeO2− 20Li2O glass presented a
broad and intense emission spectrum at RT, which was related to the
Te4+ centers, with lifetime and fluorescence quantum efficiency of 7.0
μs and 63%, respectively. This value of η is considered high, indicating
that the glass has potential for photonic applications.
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