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Abstract

In this research, the luminescence properties of borate glasses doped with Dy.0Os have been
investigated. The glass samples with chemical composition of (40-x)B203:20A1203:20Ca0:20Naz0:
xDy20z (where x = 0.00, 0.05, 0.10, 0.50, 1.00, and 2.00 mol%o) were prepared by the conventional
melt quenching technique. The results show that the density and molar volume tend to increase with
increasing of Dy20Os concentration. The excitation spectra are observed seven bands at 325, 351, 364,
387, 425, 452, and 472 nm corresponding to the transitions from the ground state ®Hs to excited
states SPas2, P72, (“lie+*Par), (*lzz+*F2), *Guar, *lisi2, and *For, respectively. The emission spectra
were recorded using 350 nm excitation wavelength. The emission peaks are observed at 482
(*For2—®Has12), 576 (*Faro—°®Ha1312), and 664 (*Foo—°Haiz2) nm. The ratio of ED transition to the MD
transition is a measure of symmetry orientation of the local environment around the RE ion site
which is evaluated for the present work using Yellow/Blue (Y/B) intensity ratio (*Fe—°®Haisn)/
(*Fo2—C®Has12) values. The tunable white light emission at the strongest excitation wavelengths are
investigated through CIE 1931 diagram and calculated the correlated colour temperature. The decay
curves show the decreasing of lifetimes with addition of Dy.Os concentration.
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Introduction

In recently years, the glasses doped with rare-earth  display etc. (Burtan et al., 2012; Venkataiah et al.,
ions (RE) have been attracted great interest among 2015; Pawar et al., 2017). Dysprosium (Dy*') is a
the researchers because of their interesting optical rare-earth ions that received considerable attention
characteristics in the fields of solid-state lasers, recently given their distinctive properties which
optical amplifiers, optical detectors, and colour are suitable for White-Light Emitting Diodes

-

Center of Excellence in Glass Technology and Materials Science (CEGM), Nakhon Pathom Rajabhat University, Nakhon Pathom
73000, Thailand.

Science Program, Faculty of Science and Technology, Nakhon Pathom Rajabhat University, Nakhon Pathom 73000, Thailand.
Physics Program, Faculty of Science and Technology, Nakhon Pathom Rajabhat University, Nakhon Pathom 73000, Thailand.
Center of Radiation Research and Medical Imaging, Department of Radiologic Technology, Faculty of Associated Medical Sciences,
Chiang Mai University, Chiang Mai, 50200, Thailand.

Applied Physics, Faculty of Science and Technology, Suan Sunandha Rajabhat University, Bangkok 10300, Thailand. E-mail:
narong.sa@ssru.ac.th

Corresponding author

Suranaree J. Sci. Technol. 28(4):030064(1-6)

AW

2

*



030064-2

Luminescence Properties of Dy** ions doped in B,O3-Al,03-Ca0-Na,O Glass for Solid State...

(W-LEDs) applications (Yan and Ju, 2016;
Luewarasirikula and Kaewkhao, 2018; Khan et al.,
2019; Ravangvong et al., 2019). Borate glasses
based on rare earth ions are also interesting as
alternative host for RE ion due to their specific
properties such as low phonon energy, small band
gap, low melting temperature, mechanical strength,
etc. The structure of borate glass consists of both
triangular (BOs) and tetrahedral (BO4) groups.
Furthermore, these two fundamental units can be
arbitrarily combined to form different BxOy
structural groups (Terczyn’ska-Madej et al., 2011;
Othman et al., 2016; Ruangthaweep et al., 2017).
In order to study Dy®* ions role in borate glass, the
glass samples with Dy,Os different concentration
were prepared and the physical, optical and
luminescence properties of these glasses were
investigated. In addition, alkali ion such as
Ca?*(glass modifier), Al¥*(intermediate) and Na*(glass
modifier) were added in glass structure as modifier
and intermediate.

Methodology

Sample Preparation

The glass samples with different Dy,03
concentration were prepared in composition (40-x)
B,03:20Al,03:20Ca0:20Na,;0:xDy,03 (where x =
0.00, 0.05, 0.10, 0.50, 1.00, and 2.00 mol%) and the
composition of all samples are shown in Table 1.
The whole of composite was mixed and filled in a
high purity alumina crucible (each batch weighs for
20 g). Then the batches were placed in an electrical
furnace and then melted at 950°C for 30 minutes.
After complete melting, the melt was quenched in
air using a preheated stainless steel mould. The
guenched glasses were annealed at 350°C for 3 h to
reduce thermal stress, and cooled down to room
temperature. Finally, all glass samples were cut and
polished to a dimension of 1.0x1.5x0.3 cm for
further investigation.

Measurements

The density (p) was measured by Archimedes'
principle using a sensitive microbalance (AND, HR-
200). The molar volume (Vm) of glass samples were

Table 1. Chemical compositions of the glass samples

calculated using the relation, Vm = Mt/p, where Mt
is the total molecular weight of glass multi-
component. The optical absorption spectra were
measured by the UV-Vis-NIR Spectrophotometer
(UV3600 by Bara Scientific company) in range of
600-2,000 nm wavelength. For the luminescence
properties, excitation/emission spectra and lifetime
of glass samples were measured using Cary Eclipse
Fluorescence Spectrophotometer with excited
radiation from a Xenon compact arc lamps. All
measurements were carried at room temperature.
The CIE (Commission Internationale d’ Eclairage)
1931 chromaticity colour coordinate was also
investigated using emission data to confirm the
colour emission from glasses.

Result and Discussion

From direct observations, the obtained glass
samples are optically transparent with faint yellow
color for higher concentration of Dy,O3 content as
shown in Figure 1.
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Figure 1. Glass samples doped with different Dy203

concentrations

Density and Molar Volume

The parameters like density and molar volume
of present glasses are shown in Figure 2. The
obtained density values are within the range of
2.4988-2.6731 g/lcm® The densities of the glass
samples increase slightly with increasing of Dy,03
concentrations. This increase can be explained on
the basis of molecular weight of glass formers,
modifiers as well as intermediates. The low
molecular weight oxide (B203; = 372.99 g/mol) was
replaced by high molecular weight oxide (Dy203 =
372.99 g/mol) in the glass matrix. This result in their
enhancement of density in the glass structure. The

Concentration of

Glass composition (mol%b)

Sample Dy203 B,03 Al,O3 CaO Na,O Dy203
0.00Dy 0.00 40.00 20 20 20 0.00
0.05Dy 0.05 39.95 20 20 20 0.05
0.10Dy 0.10 39.90 20 20 20 0.10
0.50Dy 0.50 39.50 20 20 20 0.50
1.00Dy 1.00 39.00 20 20 20 1.00
2.00Dy 2.00 38.00 20 20 20 2.00
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Figure 2. The density and molar volume of glass
samples as a function of Dy20s
concentration
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Figure 3. The absorption spectra of glass samples

molar volume of the glasses also increases with
increasing of Dy,O3 content. When Dy®* ions were
added into the glass network, then there was a
position transformation from network former to
network modifier. This indicates that the number of
non-bridging oxygen (NBO) has increased by
breaking the of B-O networks (Meegjitpaisan et al.,
2016; Rajagukguk et al., 2016).

Absorption Spectra

The optical absorption spectra of glass samples
in VIS and NIR regions were analysed by the UV-
VIS-NIR spectrophotometer at room temperature in
the range of 300-2000 nm, as shown in Figure 3. All
transitions in the absorption spectrum of Dy®*
originated from the ground state °Hs, to the various
excited states. The seven absorption bands at 452,
754,801,898, 1,089, 1,269 and 1,676 nm can be
attributed to the energy transitions from ®Hs, ground
state t0 *l1s12, *F312, °Fsp2, °Fri2, (CHaa + Fop), (CFrinat
®Hy,2) and °Hy;/» respectively (Chanthima et al.,
2017). Furthermore, the absorbance intensity of
Dy** was observed to increase gradually with
increasing of Dy,0O3; concentration.

Luminescence Properties
The observed excitation and emission spectra
of glass samples are shown in Figures 4 and 5,
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Figure 4. Excitation spectra of glass samples under

575 nm emission wavelength
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Figure 5. Emission spectra of glass samples under
387 nm excitation wavelength

respectively. The excitation spectra were obtained
by monitoring in the wavelength region of 300-525
nm with emission wavelength at A = 575 nm. The
seven excitation bands are located at 325, 351, 364,
387, 425, 452, and 472 nm which attribute to
transitions from the ground state ®His;» to excited
states ®Psp, P72, (“liz+*Par), (“lisz+*Frr), *Giun,
411512, and *Fgp2, respectively. The excitation peak at
387 nm show the highest intensity and was selected
to investigate the emission spectra.

The emission spectra of the glass samples were
recorded in the wavelength region of 450-750 nm.
The three emission peaks are observed at 483 (blue),
575 (yellow) and 664 (red) which corresponding to
the Dy®* emission transitions such as *Foz—®Hisy,
*Fap—%H13p, and *Fep—8H11 transitions, respectively
(Chanthima et al., 2017). The results show that the
intensity of these luminescence bands increase with
increasing of Dy»03 concentration from 0.05 to 0.50
mol% and reaches maximum at 0.50 mol%.
Nevertheless, the emission intensity decreases with
increasing of Dy,Os; concentration from 0.50 to 2.00
mol%. This is well-known as concentration
quenching effect (CQE) due to the photon re-
absorption between closer Dy** neighbours with
increment of Dy,Os; concentration. The energy level
diagrams for the luminescence of the Dy®* ions as
shown in Figure 6.
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Figure 6. The energy level diagrams for the
luminescence of the Dy®* ions in glass

samples

Table 2. Intensity ratio of yellow to blue emission

Sample Y/B ratio References
0.05Dy 1.4357 Present work
0.1Dy 1.4499 Present work
0.5Dy 1.4610 Present work
1.0Dy 1.4840 Present work
2.0Dy 1.5350 Present work
LBGS-0.5Dy 1.7 Khan et al. (2019)
LBGS-1.0Dy 1.68 Khan et al. (2019)
PKAZLFDy10 0.79 Vijaya et al. (2013)
LZBSDy0.5 2.45 Jaidass et al. (2018)
LZBSDy1.0 2.65 Jaidass et al. (2018)
L2BTAFDy 2.84 Jamalaiah et al. (2012)
BTLNO.5Dy 2.32 Uma et al. (2016)
LABD-4 1.08 Pawar et al. (2017)
Dy0.5 1.12 Mishra et al. (2016)

The yellow to blue (Y/B) intensity ratio has
been used to determine the Dy3-0O%* bond
covalence. In the present study for all the prepared
glasses, the values of Y/B ratios are calculated. The
present work and other reports presented the
hypersensitive yellow emission, strong influence on
the local environment of the glass matrix with
addition of Dy®* ions as shown in Table 2. The Y/B
values for the present glass show increasing trend
with increment of Dy%* ions attributed to their
structural changes. When compared with other
reported literatures, the present glass samples show
higher than PKAZLFDy10, LABD-4 and Dy0.5
glasses but lower than LBGS-0.5Dy, LZBSDy0.5,
L2BTAFDy, and BTLNO.5Dy glasses.

The measurements of the color of light emitted
by the glass samples, CIE color coordinates (x,y) of
0.5 Dy glass was analyzed by the relative ration of
yellow (575 nm) to blue (483 nm) emission band
which fall in white region as presented in Figure 7.

Understanding of the warm white light
produced by the broadband produced can be
analyzed by the correlated color temperature (CCT)

values which can be calculated by using the Mc
Camy’s formula (McCamy, 1992).
CCT =-437n% + 3601n2 - 6861n + 5524.31 (1)

where, n = (x - 0.3320)/(y - 0.1858) and x, y are the
CIE chromaticity co-ordinates. As per the CCT
ratings for a light source, if CCT values below 3200
K are referred as “warm sources” and ones above
4000 K are considered as “cool in appearance” (Su
et al., 1993). The CCT value for 0.5 mol% Dy,03
concentration is 4417K which is considered to be
cool in appearance. The CCT values were compared
with other reported literature as presented in Table
3 and found that the present glass sample doped with
0.5 mol% of Dy,03 concentration are closer to the
center of chromaticity graph (x = 0.33, y = 0.33).
Hence, such closer to center of chromaticity and
cool in appearance of Dy doped glass are useful for
the development of white light generation devices.

The decay curve of glass samples with
different concentrations of Dy®* are as shown in
Figure 8. The lifetimes for the “Fop—®Hizp
transition decreased with increasing concentration
of Dy»0s. The decreasing behaviour of the lifetime
in the present glass samples are due to the cross-
relaxation energy transfer between donor Dy®* ions
to acceptor Dy** ions.
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Figure 7. The CIE 1931 the chromaticity color

coordinates of 0.50Dy glass

Table 3. Correlated colour temperature (CCT, K) for

0.50Dy glass

Sample CCT (K) References
0.05Dy 4417 Present work
LABD-4 5260 Pawar et al. (2017)
BBS05 6602 Mishra et al. (2016)
Standard white 5455 Su et al. (1993)
Dy0.5 3950 Krishna Reddy et al. (2019)
0.5DZTFB 4769 Suthanthirakumar and

Marimuthu (2016)
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Figure 8.

Conclusions

In this work, the effect of Dy.O3 with different
concentrations on physical and optical properties in
borate glass were investigated. The results show that
the density and molar volume tend to increase with
increasing of Dy,03 concentration. The absorption
spectra of all glass sample reveal six intense bands
at 754, 801, 898, 1,089, 1,269, and 1,676 nm. The
excitation bands were identified at 325, 351, 364,
387, 425, 452, and 472 nm while the emission
spectra exhibit three intense emission bands at 483
(blue), 575 (yellow) and 664 (red) nm. The Y/B
values for the present glass show increasing trend
with increasing in Dy®* ions attributed to the Dy3*-
0% bond covalence. The CIE color coordinates (X,y)
is found to be (0.37, 0.40) for all glasses which was
fall on white region. The CCT value found to be
4417K which is considered to be cool in appearance.
The lifetimes for the “Fg—®H13,2 transition decrease
with increasing of Dy,Os concentration. The
obtained Dy®* ions doped glasses can be applied as
potential candidate for the solid-state white lighting
material applications.
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