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Abstract—In this work we prepared boro-telluride glass samples while varying the concentration of TeO,
(0.00, 10.00, 20.00 mol %) by melt quenching technique and study their physical, optical and luminescence
properties by various characterization methods. We found that band gap lies in the 2.88—2.18 eV range, show-
ing decreasing trend with increasing concentration of TeO,. The emission spectra shows four emission peaks
under 378 nm excitation centered at 486, 545, 590 and 620 nm because of the transition from D, state to ’ F;
(where, J =6, 5, 4, 3) lower levels. Whereas the intensity decreases with increasing concentration of TeO,,
indicating that the non-radiative energy transfer through cross relaxation (CR) increases with increasing con-
centration of TeO,. The color coordinates for all studied glasses fall in green region and were (x = 0.304, y =
0.605). The CCT obtained value for all prepared glasses is 6000 K. Above study suggests that these glasses can
be potentially used in green light LEDs and in other solid state lighting applications.
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INTRODUCTION

The rare earth (RE3") ions doped glasses are attrac-
tive due to their applications in the development of
optical fiber, laser, light emitting devices, optical
waveguides and amplifiers. The 4f—4f transition of
RE3*-ions is less sensitive to its surrounding environ-
ment because of its 45 and 5p electrons shielding prop-
erties that facilitate to obtain optical amplification and
laser action in IR-region [1, 2]. The Tb*"-ions doped
oxide based glasses are attractive candidate for green
and blue emission from emitting D, levels under UV-
excitation. The emission from Tb**-ions doped oxide
based glasses usually appear green to human vision
because of the transition from > D, to " F; state (545 nm,
green). Furthermore, these glasses are also the poten-
tial candidates for active-gain medium to obtain strong
pulsed laser in green region operating at 543 nm by
providing four level systems for laser with low-thresh-
old pumping power [3—5]. Moreover, luminescence
properties of the Tb>"-ions have gained great attention
because of its IR-to-visible up-conversion, possible
excited state luminescence, large quantum yield, scin-
tillators, display, lasers and quantum cutting [6—13].
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Recently, P.W Meta et al. have reported the efficient
laser operating in yellow and green regions and its sat-
uration of green emission under visible light and cath-
ode-ray excitation in fluoride crystal doped with
Tb3*-ions [12]. Yamashita et al. report the cw-laser
action and amplification in fluoride fibers doped with
Tb3*-ions [13].

A glass former such as phosphate, borate, silicate
and telluride are suitable as a glass host material of
gain medium owing to their mechanical and thermal
properties. Boro-tellurite host glasses are interesting
material to be studied for various applications in dif-
ferent fields. These glasses have large refractive index,
low melting temperature, good thermal and chemical
stability like borate and has low phonon energy
(®700 cm™"), high transparency and dielectric con-
stant as telluride has [14—18]. The introduction of net-
work modifier such as Na,O and CaO not only intro-
duces the structural changes by non-bridging-oxygen
(NBO) formation in boro-telluride network but also
soften glass network, reduce the temperature and
enhance the mechanical and chemical stability [19].
The present work aims to study the effect of glass for-
mer concentration and excitation wavelength on the
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Table 1. Physical and optical properties of NCBT doped with Tb3*-ions

Physical property NCBT-Tb

Glass Sample xTeO, (x = 0, 10, 20 mol %)

0.0 10.0 20.0

Average molecular weight, M, g/mol 71.1595 80.1575 89.1555
Density, p, g/cm? 2.3089 2.4939 2.6223
Thickness of the glass, d, cm 0.3550 0.3600 0.3500
Refractive index, n,4, 589.3 nm 1.5131 1.5373 1.5533
Dielectric constant, e 2.2894 2.3633 2.4127
Optical dielectric constant, Pdt/dP 1.2894 1.3633 1.4127
Molar volume, ¥y, cm3/mol 30.8193 32.1419 33.9989
Molar refractivity, R,,, cm3/mol 9.2642 10.0426 10.8848
Refraction losses, R, % 4.1681 4.4843 4.6959
Molecular electronic polarizability, o, X 10726 m? 3.6712 3.9796 4.3133
Indirect optical band gap energy E;;“d, eV 2.8735 2.8375 2.1792
Oxygen packing density 84.40 77.65

luminescence properties of Tb,05 (1.0 mol %) doped RESULTS AND DISCUSSION

10Na,0—10Ca0—(79 — x)B,0;—xTeO, by melt
quenching technique. The glass was characterized by
measuring Physical, Optical and Luminescence prop-
erties by various methods and techniques.

EXPERIMENTAL

Glass sample with chemical composition of
10Na,0—-10Ca0—(79 — x)B,0;—xTeO0,—1.0Tb,0,
where x = 0, 10 and 20 mol % were prepared by melt
quenching technique and Ilabeled as NCBTO0,
NCBTI10 and NCBT20 respectively. All chemicals
were weighted according to the above composition for
5 g batch for each sample and were put into alumina
crucible and melted in electric furnace at 1000°C for
3 h. The melt was then quenched at pre heated stain-
less steel mold and immediately transferred to another
furnace for annealing at 500°C to remove the thermal
stresses. Finally after cutting and polishing, the sam-
ples were characterized by various techniques.

Density of the NCBT glass samples were measured
by using densitometer (Dietheim Limited, HR-200
model) using Archimedes principle with water as
immersion liquid (p, = 0 : 999 g/cm?), refractive index
was measured by Abbe refractometer (ATAGO) with
mono-bromo-naphthalene as contact liquid and
sodium vapor lamp providing light (A = 598.3 nm).
For structural analysis FTIR spectrometer is used.
Shimadzu UV-3100 spectrometer was used to measure
the absorption spectra in UV-Visible-NIR region (200
to 2500 nm). Cary Eclipse (Agilent Technologies) flu-
orescence spectrometer is used to measure the Life-
time, excitation and emission spectra.
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Physical Properties

Table 1 display optical and physical properties of
the NCBT glass doped with Tb*"-ions were calculated
from Ref [20]. Density of material is a significant
parameter used to estimate the degree of compactness
of structure, modification of glass network geometri-
cal configurations and intestinal holes dimensional
variation [21]. Figure 1 shows increasing trend in den-
sity and molar volume with increasing concentration
oftelluride. This happens due to two reason: due to the
conversion of [BO;]™3 triangle to BO™ tetrahedral
(anomaly effect of boron) and another reason is that
telluride has higher molar mass and density (molar
mass = 127.60 g/mol, p = 6.25 g/cm?) then boron
(molar mass = 10.811 g/mol, p = 2.34 g/cm?). The
increase in molar volume confirms the creation of
non-bridging-oxygen (NBOs) and structure expan-
sion with addition of telluride which has above density
and molecular weight. The increase in density with
increasing telluride concentration results in an
increased in the refractive index because of the
enhanced resistance to the flow of light. Oxygen pack-
ing density (OPD) is another parameter that explains
the structure of network glass. The OPD decreases
with the addition of telluride to the glass network indi-
cating the expansion of the glass network expansion
caused by OPD creation [23].

Fourier-Transform Infrared Spectroscopy (FTIR)

Information about the arrangement of the struc-
tural units was attained by FTIR spectroscopy. The
Fig. 2 shows the FTIR spectra of NCBT glasses. There
are six bands located at 805, 984, 1204, 1333, 1815—
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Fig. 2. FTIR spectra of Tb*" -ions doped NBCT glasses.
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2332 and 3351—3946 cm~' in FTIR spectra of pre-
pared NCBT glass samples. The band around 805 cm™!
is due to the B—O—B bond bending vibrations, while
band located around 984 cm~' is due to B—O bond
stretching of [BO]* tetrahedral [24]. The bonds
located at 1205 and 1379 cm™! are due to the B—O
bonds asymmetric stretching relaxation from [BO;]
and pentaborate rings and tetraborate stretching vibra-
tion, respectively [24]. Moreover, the bonds at 1815—
1332 and 3351—3946 cm™! region are because of OH-
group and H,O anti-symmetric stretching and O—H
stretching, respectively [25].

Optical Absorption and Energy Band Gap

Figure 3 shows the absorption spectra in NIR
region for the prepared NCBT glasses. Where two
absorption bands are observed in NIR region due to
the transition to 7, ; , and ’ F; levels from ” Fs level. The
transitions to ’Fy, ’F, and " F, states from ’ F level over-
lap with each another. Furthermore, absorption of
prepared glass increases with increase in tellurium in
prepared glass samples. The peaks are assigned as per

GLASS PHYSICS AND CHEMISTRY  Vol. 50

literature [3]. The indirect energy band gap (E,,) was
obtained by plotting (a4v)”, where (n = 1/2) as a func-
tion of energy of the photon (4v). Indirect band gap
energy is obtained by extrapolating linear region of
curve to Av-axis [3] as shown in Fig. 4. The band gap
lies in the 2.88—2.18 eV range, showing decreasing
trend with increasing concentration of TeO,. The
structure and chemical compositions affect the band
gap of the material. The decreasing the band gap with
increasing TeO, suggest that TeO, act as modifier and
create NBOs in glass network. This structural disorder
further results in extension of the localized states
within band gap energy [26].

Excitation Spectra

Figure 5 shows the excitation spectra (for A, =
544 nm) of Tb>*-ions doped NCBT glasses samples in
200—550 nm spectral range. The Fig. 5 shows broad
band in 200—300 nm spectral range which originate
from 4/%—4f75d transition of Tb*"-ions [27]. Where,
seven sharp peaks of Tb**-ions were observed in 300—
550 nm spectral range position at 304, 319, 342, 352,
368, 378 and 486 nm due to transition from > F; ground

No. 1 2024
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Fig. 6. Emission spectra of NCBT glasses with concentration of TeO; (Aqy. = 378 nm).

state to *Hg, °D), °L;g, °Lg, °L )y, D3 and > D, excitation
states, respectively [1]. Among these transitions, the
transition to the >D; and °D, is more intense and hence
selected to record the emission spectra of the glass
samples. Whereas, another wavelength of 222 nm was
selected for measuring the emission spectra of NCBT
glasses doped with Tb**-ions. Similar results have also
been reported in the literature [1, 3, 27].

Emission Spectra

The Figs. 6 and 7 show the emission spectra of
Tb3*-ions doped NCBT glasses of 10 mol % concen-
tration of TeO, under 378 nm excitation and Tb3*-ions
doped NCBT glasses with different concentration (i.e
0.00, 10.00 and 20.00 mol %) of TeO, under different
excitation wavelengths (i.e 222, 378 and 486 nm),
respectively. The Fig. 6 shows four emission peaks
under 378 nm excitation centered at 486, 545, 590 and
620 nm because of transition from >D, state to the ’F,
(wWhere J = 6, 5, 4, 3) lower levels [1, 3, 12—14]. The
emission positioned at 545 nm has highest intensity.

GLASS PHYSICS AND CHEMISTRY Vol. 50 No. 1

Energy level diagram transition from >D, state to the
’F, (where J= 6, 5, 4, 3) lower levels are shown in Fig. 8.
Furthermore intensity of NCBT glass with 0.00 mol %
of TeO, has highest intensity. Whereas the intensity
decreases with increasing concentration of TeO,, indi-
cating that the non-radiative energy transfer through
cross relaxation (CR) increases with TeO, addition, as
shown in Fig. 8 [1, 3]. Energy transfer through CR-
channel increase with increasing concentration of
TeO, as the average-distance among Tb’*—Tb3*
decrease because tellurium has larger size then borate
which is replaced by it. Moreover the NCBTO00,
NCBT10 and NCBT?20 glasses were pumped under
222, 378 and 486 nm excitation as shown in Figs. 7a—7c
respectively. The shape and peaks position of emission
spectra is independent of excitation wavelength and
for all concentration of TeO,. This is due to the intra-
shielding effect of /—ftransitions by 5s, Sp-orbital elec-
trons making the 4f orbital electron of the rare earth
insensitive to glass matrix. However, the emission
intensity for 378 nm excitation is highest for all con-
centrations of TeO,. This shows that, the non-radia-
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Fig. 7. Emission spectra (Aqy = 222, 378 and 486 nm), of NCBT00, NCBT10 and NCBT20 glasses.

tive energy transfer (NR) and energy transfer through
CR-channel are high for other excitation wavelengths.

Decay Curve Analysis

The analysis of decay curve is significant to study
the interaction between donor—acceptor ions. It pro-
vides information about the luminescence quenching
effect and energy transfer phenomena of the Tb*-ions
[28—31]. Figure 9 shows the lifetime curve of the D,
state of Tb?*-ions in the NCBT glasses with 378 nm
excitation and monitoring emission at 544 nm. It is
observed that all curves for the decay time in all glasses
are of single exponential. The experimental lifetime of
the prepared NCBT00, NCBTI10 and NCBT20
glasses are 2.73, 2.16 and 1.93 ms respectively. Fur-
thermore, it is observed that the lifetime of > D, state of
the Tb3'-ions decreases in NCBT glasses with
increasing TeO, concentration which is due to the
non-radiative energy transfer through CR-channel.

GLASS PHYSICS AND CHEMISTRY  Vol. 50

Also it is expected that the multi-phonon relaxation is
negligible because of wide energy gap (=15.285 cm™!)
between the emitting °D, state and next lower ’ F, state.

Color Analysis

For luminescence application the color of emission
from the rare earth doped glasses was study in the
frame of CIE-1931 color-coordinates, a universal
model of color scheme established by Commission
international de I'éclairage (CIE) [32]. From the emis-
sion spectra color chromaticity coordinates were mea-
sured with 378 nm excitation for NCBT00, NCBT10
and NCBT20 samples and are shown in Fig. 10. The
color coordinates for all study glasses doped with
Tb3*-ions fall in green region and were (x = 0.304, y =
0.605) that are very close to European-broadcasting
union illuminant (EBU) green (x = 0.290, y = 0.600)
[33]. Moreover the McCamy’s approximation was
used to estimate the quality of the emitted bright green

No. 1 2024
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light by calculating correlated-color temperature
(CCT) [34]. The CCT obtained values for all prepared
glasses are 6000 K that are very close to Daylight CIE
D55 (5500 K) [35] and commercial white light (6400
K) [36]. This suggests that the prepared glasses have
potential application in solid state lighting technology.

CONCLUSIONS

Glass sample with chemical composition 10Na,O—
10Ca0—(79 — x)B,0,—xTe0,—1.0Tb,0; (where x = 0,
10 and 20 mol %) were prepared by melt quenching
technique. While increasing molar volume with
increasing TeO, confirms the creation of non-bridg-
ing-oxygen (NBOs) and structure expansion. This was
attributed to higher density and heavier molecular
weight of the telluride than those of the borate as the
latter is replaced with the former. The OPD decreased
with the increasing concentration of telluride to the
glass network which indicates the glass network
expansion. Two absorption bands were observed in the
NIR region due to the transitions to ’F, ; , and "F; lev-

GLASS PHYSICS AND CHEMISTRY  Vol. 50

els from 7F; level. The band gap lies in the 2.88—
2.18 eV range, showing decreasing trend with increas-
ing concentration of TeO,. The excitation exhibits
broad band in 200—300 nm spectral range which orig-
inating from 4f%—4f75d transition of the Tb*"-ions.
Where, seven sharp peaks of Tb3"-ions were observed
in 300-550 nm spectral range position at 304, 319,
342, 352, 368, 378 and 486 nm due to transition from
>F, ground state to >Hg, °Dy, Ly g, °Lg, °Lyy, Dy and D,
excitation states. The emission spectra showed four
emission peaks under 378 nm excitation centered at
486, 545, 590 and 620 nm because of transition from
3D, state to the ’F, (J =6, 5, 4, 3) lower levels, respec-
tively. The intensity decreased with increasing con-
centration of TeO,, showing that the non-radiative
energy transfer through cross relaxation (CR)
increases with increasing TeO, concentration. The
color coordinates for all samples fall in the green

region and were (x = 0.304, y = 0.605). The CCT
obtained values for all samples are 6000 K. This study
suggests that the prepared glasses can be potentially

No. 1 2024
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used in the green-light LEDs and in other solid-state
lighting applications.
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