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Abstract
The lithium borosilicate glass containing  Dy2O3 was prepared by the melt quenching technique. Due to an increase in  Dy3+, 
the intensity of bands increases, they get wider, and they contain a combination of bands, according to infrared data analysis. 
Several absorption peaks can be seen in the optical absorption spectrum of glass samples, but a strong absorption peak can be 
seen in the (Near Infrared) NIR area at wavelengths of 1250 nm. The optical intensity rises with  Dy2O3 content until it reaches 
1.5 mol%  Dy2O3, at which point it drops. The trend in Judd–Ofelt parameters is Ω2 > Ω6 > Ω4. The asymmetry between  Dy3+ 
ions and the ligand field environment in the glass samples is stronger in the present work than in previously reported  Dy3+ 
doped glasses, showing a higher asymmetry between  Dy3+ ions and the ligand field environment in the glass samples.
Excitation wavelengths of 350 nm, 370 nm, and 390 nm were used to create luminescence emission spectra. Both glasses 
excited at 370 nm and 390 nm showed quenching at 0.5 mol %, while samples stimulated at 350 nm showed quenching at 
0.1 mol%,  Dy2O3. The Y/B values of the prepared glass samples under investigation are around 1, indicating that white light 
production is possible. The figure of Ω4/Ω6 suggested that laser production would be possible. All the samples are lit in a 
near-perfect white light (0.33, 0.33). CCT, which measures illumination appearance and white light chromaticity, was used 
to investigate color purity and associated color temperature (CCT).
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1 Introduction

Saving energy and reducing the area of the form used for 
lighting is becoming a growing priority around the world. 
To draw the attention of a solid-state (SSL) light, this design 
originated from a mercury argon discharge fluorescence 
lamp [1–3]. SSL is made up of W-LEDs that are activated 
by a UV or violet chip and are created from an InGaN blue 
LED chip that has been coated with a crystalline YAG: yel-
low phosphorous or RGB phosphor [4–6].

When working with phosphors to make W-LEDs, a vari-
ety of issues arise, including white light scattering, a low 
color rendering index, a high associated color temperature, 

and lighting degradation. It produces poor heat resistance, 
which reduces the light intensity and alters the emission 
color [4, 7–9]. Researchers are working hard to eliminate 
this flaw by replacing the phosphor with a material that is 
both thermally stable and light dispersive.

Silicon-based materials are used in manufacturing instead 
of phosphor to decrease the defect that has been related to 
a slew of difficulties, including longer and more expensive 
production [8]. Glass is preferred over crystalline materi-
als. With the physical properties and high solubility of (rare 
earth) RE ions that allow it a wide emissivity and wave-
length tenability, it is a more complete fabrication, easier to 
shape, and decorate any shape [9].

It is preferred to make an alkaline borosilicate glass 
doped with  Dy3+ because of its multiple advantages. 
To begin with, silicate is transparent, thermally stable, 
and has high phonon energy [8]. The borate has a boron 
valence of + 3, has a low melting temperature, is suitable 
for glass forming, has a low heat fusion temperature, and 
has a low heat fusion temperature [4, 10–12]. In addition, 
the two formers have high RE solubility and excellent heat 
stability [13].
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The addition of alkali can result in a decrease in pho-
non energy, resulting in high emission efficiency, as well 
as a change in the former’s coordination number, leading 
to changes in the physical properties of the glass formed 
[4, 14].

Dy ions were chosen because their frequency range dif-
fered from that of other ions. Blue emission (4F9/2 → 6H15/2) 
at 483 nm, which is used in the contact amplifier [15, 16], 
and yellow emission (4F9/2 → 6H13/2) at 575 nm, which is 
highly dependent on host type and  Dy3+ concentration [17, 
18], characterize the visible area. To adjust the white emis-
sion, change the Y/B ratio [8].

Dy3+ symmetry is also explained in terms of the covalent 
link between Dy and the oxygen ion [4]. Several studies have 
investigated the effects of doping  Dy3+ in various formers. 
Several researchers [1, 19–22] investigated the effects of 
 Dy3+ doping on the structural, physical, optical, lumines-
cent, and thermos-luminescent properties of various form-
ers. The effect of substituting  Dy2O3 for  B2O3 on the optical 
characteristics and radiation originating from the stimula-
tion of lithium borosilicate samples was investigated [23]. 
According to the authors, CIE coordinate values are declin-
ing in the white light zone. The CCT values of the samples 
under investigation suggest that, under the appropriate exci-
tation, cold light can be generated from the produced glass. 
As a result, some of the glass samples under investigation 
could be suited for ambitious projects involving laser and 
cool white light development.

The purpose of the study is to see how different 
amounts of  Dy2O3 affect the structure of borosilicate glass 
samples, as well as their optical properties and white light 
emission.

2  Experimental Works

The glass sample’s composition of 30  SiO2 + 35  Li2O + 35 
 B2O3 + x  Dy2O3 where x = 0.1, 0.5, 1, 1.5, and 2 mol% were 
melted in a porcelain crucible at 1100 °C for half an hour 
before being poured between two copper plates in an electric 
muffle furnace, (Lenton).

The X-ray diffraction (XRD) technique was used to deter-
mine the nature of the investigated substances (Philips Ana-
lytical type PW3710).

The Archimedes method is used to calculate the density 
of glass samples.

The weights of glass samples in air and toluene, respec-
tively, are Wa and Wb , and �t is the density of toluene ( �t = 
0.865 g  cm−3).

(1)ρ =
�tWa

(Wa −Wb)
gcm−3

The vibration groups of the studied samples were 
investigated using the KBr disc technique in the range of 
2000–400  cm−1 using a JASCO FTIR-4100.

The optical absorption spectra in the range of 190 to 
2500 nm were measured using a computerized recording 
spectrophotometer (JASCO 570).

The emission was measured using a spectrofluorometer 
(JASCO FP-6300) in the wavelength range of 200–800 nm.

3  Results and Discussion

3.1  Structure Properties

Figure 1 depicts the XRD pattern of prepared glass samples. 
The presence of a broad hump and the absence of distinct 
peaks indicate that the samples are amorphous.

The infrared spectra of lithium borosilicate glass sam-
ples containing  Dy3+ ions are shown in Fig. 2. The B–O 

Fig. 1  The X- ray diffraction of the prepared glass samples

Fig. 2  The infrared spectra of lithium borosilicate glass samples con-
taining  Dy3+ ions
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stretching vibrations of trigonal  (BO3)3− units (in meta-, 
pyro-, and ortho-) are responsible for the broadband of 
1200–1700  cm−1 (centered at 1376  cm−1). Anti-symmetri-
cal stretching vibrations with three NBOs of B–O–B groups 
were assigned to the band at 1420–1540  cm−1 [24].

The stretching vibrations of the non-bridged oxygen atom 
(O–B–O) in the  [BO2O]−units interconnected with  [BO4] 
units or  [BO3] units are located at 1360  cm−1 and 1455  cm−1, 
respectively [25]. Increases in  Dy3+ concentration increase 
band intensity while decreasing 1280–1600   cm−1 band-
width. The absence of the band at 1214  cm−1 implies asym-
metric stretching of ortho-borate B-O bonds [22].

The band at 1228  cm−1 [25] is due to symmetric bonds 
from B–O, a stretch of pyroborate units  [B2O5]4−.

As the intensity of the band at 800–1200  cm−1 grows, 
it widens and becomes wider. The stretching vibrations of 
B–O bonds in tetrahedral  BO4 units cause  Dy3+ to include 
a combination of bands, constructed from two bands at 886 
and 928  cm−1.

The non-bridging oxygen (NBOs) vibration in the 
form of the  BO4 group is responsible for the band around 
1005  cm−1. The stretching vibration of B–O–M causes the 
band at 995  cm−1. Overlapping contributions of silicate and 
borate groups containing  BO3 and  BO4 units can occur when 
silicate and borate groups in the 1000–1120  cm−1 range 
are overlapping [22, 26]. From the stretching vibrations of 
Si–O–Si bonds, the possible configurations of existence in 
the glassy network for silicates [8] are Q3 (1075  cm−1) (3 
bridging oxygen and one non-bridging), Q2 (1000  cm−1) (2 
bridging oxygen and 2 non-bridging), and Q1 (900  cm−1) (1 
bridging oxygen and 3 non-bridging). The presence of B-O-
Si bonds accounts for the band at 1020  cm−1. The stretching 
vibration of Si–O–Si bonds in the NBO of  SiO4 tetrahedral 
units causes two bands at 1040 and 1100  cm−1. That is, as 
the NBO bonds (Si–O–Si links in Q1 units) rose, so did the 
bridge oxygen bond (Si–O–Si bonds) [24].

The bending vibration in symmetric  BO3, the bending 
vibrations of Si–O–B bridges, the presence of  BO4 vibra-
tion tetrahedral units, and the symmetrical bending of the 
Si–O–Si vibration group [27] are all covered by the band at 
688  cm−1 [27, 28]. The emergence of a band at 455  cm−1 
[26] when Dy concentration increases was attributed to the 
deformation vibration of bonds in Si–O groups, including 
 SiO4 tetrahedra overlapped with B–O–B linkages, as well 
as the vibration of a metal cation such as  Li+ peaks [22, 
28–30]. According to the results, silicate groups grow at the 
expense of  BO3 groups, which explain the rise in the Si–O-B 
bonding connection.

3.2  Physical Properties

From the perspective of bridging oxygen BO and NBOs, den-
sity plays an important role in characterizing the glass structure. 

The effect of  Dy2O3 concentration on density and molar volume 
is seen in Fig. 3. The density ρ and molar volume Vm {Molar 
volume = molecular weight/ density (Vm = Mw/ρ)} exhibit 
a similar tendency in this picture, with the density and Vm 
increasing as the  Dy2O3 concentration increases.  Dy3+ enters 
the interstitial position in the glass structure, breaks bonds to 
create NBOs, and causes a volume increase [27, 31]. The den-
sity increased as the MW (molecular weight) of Dy increased 
[32, 33]. Vm increases as the oxygen level rises, resulting in the 
de-polymerization of glass structures [34, 35].

3.3  Optical Properties

The optical band gap is important in photonic applications 
[20] because it allows for a visual representation of the levels 
between the valance and conduction bands. The optical band 
gap Eg was calculated using Tauc plots and the absorption 
coefficient approach (α) based on the relationship between 
(αhv)2 and hv [33].

In Fig. 4, the optical band gap values are calculated and 
depicted.

The Eg value drops until it reaches 0.5 mol %  Dy2O3 and 
then rises. The ionic character acquired from NBOs reduces 
Eg, which increases localized state-formed bonding defects 
[28, 32, 36–39].

Many researchers investigated the effects of changing 
parameters on the optical band gap, such as modifier con-
centrations [29], boron substitution with Dy [25, 31], and 
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an intermediate like Al substitution with Dy [20], and all 
concluded that an increase in  Dy2O3 concentration leads to 
a decrease in Eg values. The Urbach relation, according to 
[35], defines the degree of disorder.

where αo is a constant and ΔE is the band tail, computed 
from the linear relationship between ln(α) and hυ.

From the relation between ln (α) and hυ observed the 
reverse behavior between Eg and ΔE, and the sample con-
taining 0.5 mol%  Dy2O3 has the highest value of defects and 
a drop in the amorphous semiconductor ratio [34].

The optical absorption spectra of Dy-doped glass samples 
(Fig. 5) reveal the transition area, kind of transition, line 

(2)α(υ) = αo exp
(

h�

ΔE

)

strength, and structure. Figure 5 shows that as the  Dy2O3 
content increases up to 1.5 mol%, the absorption increases, 
and then drops.

Figure 5 shows the transition of Dy [40] from the ground 
state 6H15/2 to the excited level 6P7/2, 4I15/2, 4F9/2, 6F3/2, 6F5/2, 
(6F7/2 + 6H5/2), (6F9/2 + 6H7/2), (6F11/2 + 6H9/2) and 6H11/2 at 
348, 426, 450, 746, 792, 880,1068, 1246, and 1672 nm, 
respectively.

High optical absorption intensity at 1260 nm, hyper-
sensitive transition, which follows the selection rules 
|ΔS| = 0, |ΔL| ≤ 2and|ΔJ| ≤ 2 [40], and mostly impacts the 
environment. And the low intensity appears in the visible 
region according to the forbidden transition [4].

3.4  Judd–Ofelt Parameters

According to the relationship presented in ref [9, 23], the 
form of the optical absorption band is used to determine the 
line strength experimentally.

Line strength experimentally

The integrated area under the peak might be used to figure 
it out. The line’s strength was determined using the refer-
ence’s relation [4, 23] and listed in Table 1.

The Root mean square deviation �rms [40] determines 
the fit between experimentally acquired fexp and estimated 
fcalc values.

(3)(f exp) = 4.32x10−9 ∫ �(v)dv

Fig. 4  The effect of  Dy2O3 concentration on the optical band gap and 
band tail

Fig. 5  Optical absorption 
spectra of glass samples doped 
with  Dy3+
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where N is the number of energy transition levels.
And [41] is used to measure the proportion of relative 

error:

Fexp max and Fexp min are the maximum (hypersensitive 
transition) and minimum experimental oscillator forces, 
respectively.

All the results show an excellent match between experi-
mental and computed values.

All the determined peak intensities except the peak 
6H15/2-6H11/2 in all glass samples and the band 348 nm in 
glass samples concentrations of 0.1 and 0.5 mol%  Dy2O3 
were calculated using the Judd Ofelt parameters Ω2, Ω4, 
and Ω6.

The influence of  Dy2O3 concentration on the Judd Ofelt 
parameters is seen in Fig. 6. The trend in the Judd–Ofelt 
parameters is Ω2 > Ω6 > Ω4.

Table 2 shows the JO parameters that were acquired.
The Judd–Ofelt parameter intensities values of the glass 

samples under study are higher than the other glass systems, 
and follow the trend Ω2 > Ω6 > Ω4, suggesting that  Dy3+ was 
successfully doped in the glass matrix, according to Table 2.

According to Table 2, the Judd–Ofelt parameter intensities 
values of the glass samples under study are higher than the 
other glass systems and follow the trend Ω2 > Ω6 > Ω4, indi-
cating that  Dy3+ was successfully doped in the glass matrix.

The larger Ω6 than Ω4 values are explained by the host’s 
influence with varying concentrations of rare-earth ions [34].

The asymmetry of the ligand field environment surround-
ing the  RE3+ ion site and the covalency of the metal–ligand 
bond are both influenced by the Ω2 values.

(4)�rms =

�

∑

(fexp − fcalc)
2

N − 3

(5)Error% =
root mean square

Fexp max
− Fexp min

Higher values of Ω2 imply that the dysprosium ions and 
oxygen ions in  Dy2O3 are more covalent, as well as the 
asymmetry of  Dy3+ ions.

The Ω2 parameter, which affects the covalence of rare-earth 
ions, impacts the sensitivity of the rare-earth matrix, ligand 
anions, and site symmetry, whereas the viscosity and hard-
ness of the host glass matrix are related to Ω4 and Ω6 [20]. As 
a result, the greatest value of Ω2 confirms that rare-earth  Dy3+ 
ions have greater covalence, surrounding ligands, and site sym-
metry. As a result, a high-quality host glass matrix for optical 
and lightning device applications has been confirmed [21].

The JO intensity parameters provide information on the type 
of ligand-RE3+ ion bonds as well as  RE3+ ion site symmetry.

Short-range effects are represented as the valence of the 
RE–O bond and are dependent on hypersensitivity transi-
tions, hence the parameter Ω2 is utilized to calculate the 
coordination structure asymmetry.

However, the long-range effect factors Ω4 and Ω6 are 
summarized in defining bulk properties [4]. The high value 
of Ω2 indicates a high covalency and reduces Dysprosium’s 
coordination symmetry.

Table 1  Experimental, 
calculated line strength and the 
root mean square deviation for 
all prepared glass samples

nmλ 2  Dy2O3 1.5  Dy2O3 1  Dy2O3 0.5  Dy2O3 0.1  Dy2O3

fcal fexp fcal fexp fcal fexp fcal fexp fcal fexp

1246 48.8 48.9 79.5 79.5 62.6 58.1 58.7 58.7 288 287
1068 9.64 8 15.6 12.8 0.119 9.97 11.5 11 54.9 32.3
880 6.70 8.75 10.9 13.8 8.67 0.11 8.53 11.4 36.3 42.9
792 5.41 4.63 7.34 7.24 6.95 5.90 11.2 5.9 33.2 19.8
746 0.22 0.86 0.37 1.36 0.17 1.11 0.16 1.11 1.04 3.71
450 0.28 2.54 0.47 4.04 0.38 3.25 0.38 3.14 2.07 12
426 0.158 0.089 0.21 0.159 0.118 0.099 0.16 0.158 1.38 1.65
348 0.73 4.98 0.99 8.48 0.65 5.68 ----- ------ ----- -----
�
rms

3.02 5.33 1.68 0.34 8.79
Error% 6.21 6.72 2.69 0.58 3.06
Ω4/Ω6 0.078 0.105 0.044 0.186 0.86
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Table 2  The J-O intensity parameters Ωλ (×  10–20  cm2) of prepared glass samples (comparison with other glass references), and Ω4/Ω6 ratio

Glass composition Ω2 Ω4 Ω6 trend Ω4/Ω6 Reference

lithium borosilicate glass 0.1Dy 290 31.4 42.3 Ω2 > Ω6 > Ω4 0.74 P. w
lithium borosilicate glass 0.5 59.11 1.011 12.036 Ω2 > Ω6 > Ω4 0.084 P. w
lithium borosilicate glass 1.0 66.019 0.247 11.913 Ω2 > Ω6 > Ω4 0.021 P. w
lithium borosilicate glass 1.5 83.299 1.253 14.582 Ω2 > Ω6 > Ω4 0.086 P. w
lithium borosilicate glass 2.0 52.582 0.525 9.557 Ω2 > Ω6 > Ω4 0.055 P. w
Bismuth-based fluorophosphate glasses 1Dy 10.05 4.28 3.09 Ω2 > Ω4 > Ω6 1.385 [42]
lead borate titanate aluminum fluoride: Dy3 + 7.05 1.22 1.91 Ω2 > Ω4 > Ω6 0.639 [43]
niobium containing tellurium calcium zinc borate:  Dy3+ 11.3 3.3 2.6 Ω2 > Ω4 > Ω6 1.269 [44]
Dy: Potassium lead tellurofluoroborate glasses 9.86 3.39 2.41 Ω2 > Ω4 > Ω6 1.407 [45]
Tellurite 8.59 1.48 2.43 Ω2 > Ω4 > Ω6 0.609 [46]
Bismuth fluoro phosphate 11.21 1.63 3.12 Ω2 > Ω4 > Ω6 0.522 [47]
1.0 Dy: bismuth phosphate glasses 13.91 5.97 3.04 Ω2 > Ω4 > Ω6 1.964 [48]
Oxyfluoro borate 19.9 4.52 9.21 Ω2 > Ω4 > Ω6 0.491 [9]
magnesium-sodium-borotellurite glasses 0.05 30.86 5.78 4.44 Ω2 > Ω4 > Ω6 1.302 [49]
magnesium-sodium-borotellurite glasses 0.5 35.98 8.87 2.12 Ω2 > Ω4 > Ω6 4.184 [49]
magnesium-sodium-borotellurite glasses 1.0 33.54 7.8 5.07 Ω2 > Ω6 > Ω4 1.538 [49]
magnesium-sodium-borotellurite glasses 1.5 21.09 1.69 7.49 Ω2 > Ω6 > Ω4 0.226 [49]
Lithium borosilicate 1.0Dy 52.8 0.775 10.6 Ω2 > Ω6 > Ω4 0.073 [23]
Lithium borosilicate 2.50Dy 46.6 5.33 7.26 Ω2 > Ω6 > Ω4 0.734 [23]
Lithium borosilicate 5.0Dy 37 5.62 5.69 Ω2 > Ω6 > Ω4 0.988 [23]
Lithium borosilicate 10.0Dy 40.7 7.9 5.55 Ω2 > Ω4 > Ω6 1.423 [23]
Tellurite 16 2.39 3.75 Ω2 > Ω4 > Ω6 0.637 [50]
Germanate 3.65 0.65 1.57 Ω2 > Ω6 > Ω4 0.414 [51]
Tellurite 1.46 2.32 3.6 Ω6 > Ω2 > Ω4 0.367 [52]
Borate 23.02 12.86 12.17 Ω2 > Ω4 > Ω6 1.057 [53]
Aluminoborosilicate Dy 0.1 12.59 0.45 17.52 Ω6 > Ω2 > Ω4 0.026 [31]
Molybdenum borosilicate0.98 0.98 0.23 0.69 Ω2 > Ω4 > Ω6 0.333 [54]
Silicate 8.32 2.14 2.75 Ω2 > Ω6 > Ω4 0.778 [18]
Lead borosilicate 11.43 4.38 3.82 Ω2 > Ω4 > Ω6 1.147 [55]
Phosphate 8.05 2.77 2.31 Ω2 > Ω4 > Ω6 1.199 [56]
Silicate 8.06 2.24 2.03 Ω2 > Ω4 > Ω6 1.103 [57]
Potassium lead bismuth borate (K1Dy) 5.28 2.77 1.64 Ω2 > Ω4 > Ω6 1.689 [58]
Sodium lead bismuth borate (Na1Dy) 5.79 1.78 1.77 Ω2 > Ω4 > Ω6 1.006 [58]
Calcium lead bismuth borate (Ca1Dy) 5.78 1.66 1.62 Ω2 > Ω4 > Ω6 1.025 [58]
Strontium lead bismuth borate (Sr1Dy) 5.07 2.18 1.8 Ω2 > Ω4 > Ω6 1.211 [58]
Barium lead bismuth borate (Ba1Dy) 5.2 2.9 1.46 Ω2 > Ω4 > Ω6 1.986 [58]
Dy: bismuth zinc borate glasses 4.03 1.14 1.65 Ω2 > Ω6 > Ω4 0.691 [59]
Dy: zinc-lithium- borotellurite glasses 4.42 1.2 1.18 Ω2 > Ω4 > Ω6 1.017 [60]
Dy: Barium Borophosphate 4.71 1.27 0.99 Ω2 > Ω4 > Ω6 1.283 [61]
1Dy: sodium bismuth strontium phosphate glasses 2.48 0.82 0.61 Ω2 > Ω4 > Ω6 1.344 [62]
Dy: yttrium calcium silicoborate glasses 2.84 0.15 0.95 Ω2 > Ω6 > Ω4 0.158 [63]
Dy: fluoroaluminatetellurite 3.02 0.77 2.01 Ω2 > Ω6 > Ω4 0.383 [64]
Lithium boro-tellurite: Dy 12.05 1.22 0.76 Ω2 > Ω4 > Ω6 1.57 [65]
Calcium boro-tellurite: Dy 11.88 1.19 0.75 Ω2 > Ω4 > Ω6 1.59 [65]
Zinc boro-tellurite: Dy 14.24 2.4 0.96 Ω2 > Ω4 > Ω6 2.55 [65]
Barium boro-tellurite: Dy 12.24 1.28 0.78 Ω2 > Ω4 > Ω6 1.6 [65]
Strontium boro-tellurite: Dy 14.09 2.13 0.88 Ω2 > Ω4 > Ω6 1.95 [65]
Boro-tellurite glasses 8.05 1.2 1.02 Ω2 > Ω4 > Ω6 1.18 [66]
Lithium potassium borate 25.68 0.28 3.18 Ω2 > Ω6 > Ω4 0.09 [67]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 0.5 Dy 25.4 10.1 3.12 Ω2 > Ω4 > Ω6 3.24 [68]
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Figure 6 indicates the Ω2 values of glass samples in the 
same phase as the hypersensitive intensity, although it has a 
different trend in a sample containing 0.1  Dy2O3, which has 
a high value of Ω2.

The JO parameters of the investigated glass samples were 
compared to those of other glass samples prepared as given 
in Table 3. It noticed the high value of the current glass.

Judd–Ofelt parameters predict the spectroscopic ratio 
from connection Ω4/ Ω6 [4, 39]. The obtained value varied 
according to the  Dy2O3 content, and a high value for the 
sample containing 0.1  Dy2O3 indicated that laser produc-
tion was feasible.

Table 2 shows the Ω4/ Ω6 ratio for the glass samples under 
investigation compared to other glass systems. The spectro-
scopic quality factor Ω4/Ω6 is a crucial characteristic of a 

laser’s activity, and if it is greater than 0.9, it indicates that 
the laser is suitable for use.

3.5  Excitation and Emission Properties

Figure 7 shows the excitation of the sample containing 
1 mol%  Dy2O3 in the range from 300 to 500 nm by observ-
ing the emission spectra at 575 nm.

From Fig.  7, it observed seven peaks presented at 
324  nm, 350  nm, 365  nm, 386  nm, 424  nm, 451  nm, 
and 471  nm assigned to (6H15/2 → 4M17/2, 6P3/2), 
(6H15/2 → 6P7/2), (6H15/2 → 4I11/2, 6P5/2), (6H15/2 → 4I13/2, 
4F 7/2) ,  ( 6H 15/2 →  4G 11/2) ,  ( 6H 15/2 →  4I 15/2)  and 
(6H15/2 → 4F9/2) transitions of  Dy3+ ions, respectively [2, 
9]. It is concluded that the samples can effectively stimulate 

Table 2  (continued)

Glass composition Ω2 Ω4 Ω6 trend Ω4/Ω6 Reference

1.0 Dy 32.7 7.54 4.96 Ω2 > Ω4 > Ω6 1.52 [68]
1.5 Dy 34.2 1.78 7.78 Ω2 > Ω4 > Ω6 4.37 [68]
2.0 Dy 34.8 2.19 7.74 Ω2 > Ω6 > Ω4 3.53 [68]
SiO2–B2O3–Al2O3–NaF–ZnF2: Dy0.5 2.026 1.111 1.849 Ω2 > Ω6 > Ω4 0.601 [30]
: Dy 0.7 1.329 0.564 1.003 Ω2 > Ω6 > Ω4 0.562 [30]
: Dy 1.0 2.437 0.606 1.989 Ω2 > Ω6 > Ω4 0.305 [30]
: Dy 1.5 1.594 0.541 0.654 Ω2 > Ω6 > Ω4 0.827 [30]
calcium boroaluminate glasses
: Dy

5.247 0.116 2.1 Ω2 > Ω6 > Ω4 0.055 [69]

Zinc calcium tellurofluoroborate glasses: Dy 6.245 1.8241 2.8002 Ω2 > Ω6 > Ω4 0.651 [70]
Potassium aluminum telluroborate glasses: Dy 3.34 0.2 0.68 Ω2 > Ω6 > Ω4 0.294 [71]
Dy: Zinc Alumino Bismuth Borate glasses 2.23 0.14 0.41 Ω2 > Ω6 > Ω4 0.341 [72]
Dy: B2O3-PbO-Al2O3-ZnO glasses 7.321 2.567 2.807 Ω2 > Ω6 > Ω4 0.914 [4]
Sodium lead alumino borosilicate Dy 0.5 7.535 2.088 2.311 Ω2 > Ω6 > Ω4 0.903 [20]
Sodium lead alumino borosilicate Dy 1.0 14.495 1.264 2.234 Ω2 > Ω6 > Ω4 0.567 [20]
Sodium lead alumino borosilicate Dy 1.5 10.322 1.573 3.517 Ω2 > Ω6 > Ω4 0.447 [20]
Oxy-fluoroborate glasses: Dy10 16.3 6.99 7.28 Ω2 > Ω6 > Ω4 0.95 [9]
lead telluroborate glasses, Dy10 7.75 2.31 2.7 Ω2 > Ω6 > Ω4 0.85 [73]
mixed alkali borate glasses Dy8 13.97 0.51 3.28 Ω2 > Ω6 > Ω4 0.15 [74]
lead lithium fluoroborate glasses: Dy 14.4 5.23 5.71 Ω2 > Ω6 > Ω4 0.92 [75]
sodium lead borophosphate glasses: Dy 6.37 0.34 2.16 Ω2 > Ω6 > Ω4 0.157 [76]
lead fluorophosphates glasses: Dy10 7.12 1.59 2 Ω2 > Ω6 > Ω4 0.795 [77]
B2O3-TeO2-PbO-PbF2-Bi2O3-CdO glasses: Dy 10.216 1.731 2.127 Ω2 > Ω6 > Ω4 0.814 [78]
tellurite based tungsten-zirconium glasses: Dy10 6.91 0.99 1.01 Ω2 > Ω6 > Ω4 0.980 [79]
Na2O–MgO–Bi2O3-B2O3: Dy1.0 26.22 3.43 6.63 Ω2 > Ω6 > Ω4 0.517 [80]
Na2O–BaO–Bi2O3-B2O3: Dy1.0 13.36 7.73 2.01 Ω2 > Ω6 > Ω4 3.846 [80]
Li2O-Gd2O3-Bi2O3- B2O3 glasses: Dy1.0 10.64 6.1 5.86 Ω2 > Ω6 > Ω4 1.041 [81]
Fluorogermanate: Dy 5.41 1.89 1.92 Ω2 > Ω6 > Ω4 0.984 [82]
Sodium fluoroborate: Dy 12.98 3.07 3.74 Ω2 > Ω6 > Ω4 0.821 [83]
lead telluroborate glasses: Dy 7.75 2.31 2.7 Ω2 > Ω6 > Ω4 0.856 [73]
tellurite tungsten-zirconium glasses: Dy 6.91 0.99 1.01 Ω2 > Ω6 > Ω4 0.980 [79]
lead borate glasses: Dy10 4.9 0.94 2.07 Ω2 > Ω6 > Ω4 0.454 [84]
fluorozirconate glass: Dy 3.22 1.35 2.38 Ω2 > Ω6 > Ω4 0.567 [85]
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Table 3  The Y/B ratio for 
present samples and compare 
them with other samples

Glass composition Y/B
350 nm

Y/B
370 nm

Y/B
390 nm

Reference

lithium borosilicate glass 0.1Dy 1.11 0.97 1.06 P. w
lithium borosilicate glass 0.5 1.1 1.0 1.03 P. w
lithium borosilicate glass 1.0 1.11 1.03 1.05 P. w
lithium borosilicate glass 1.5 1.11 1.0 1.02 P. w
lithium borosilicate glass 2.0 1.11 0.97 1.02 P. w
fluoride-based bismuth phosphate 0.1Dy 1.856 [42]
fluoride-based bismuth phosphate 0.5Dy 1.942 [42]
fluoride-based bismuth phosphate 1.0Dy 1.978 [42]
fluoride-based bismuth phosphate 1.5Dy 1.978 [42]
fluoride-based bismuth phosphate 2.0Dy 1.918 [42]
Lithium borosilicate 0.5Dy 1.1 0.99 1.07 [23]
Lithium borosilicate 1.0Dy 1.11 1.01 1.06 [23]
Lithium borosilicate 2.50Dy 1.13 0.95 0.99 [23]
Lithium borosilicate 5.0Dy 1.1 1.01 0.98 [23]
Lithium borosilicate 10.0Dy – 0.73 0.79 [23]
Alkali lead bismuth borate (K1Dy) 1.04 [58]
Alkali lead bismuth borate (Na1Dy) 1.07 [58]
Alkali lead bismuth borate (Ca1Dy) 1.08 [58]
Alkali lead bismuth borate (Sr1Dy) 1.18 [58]
Alkali lead bismuth borate (Ba1Dy) 1.15 [58]
Dy: bismuth zinc borate glasses 1.6 [59]
Dy: zinc-lithium- borotellurite glasses 1.093 [60]
Dy: yttrium calcium silicoborate glasses 1.141 [63]
Dy: fluoroaluminatetellurite 1.04 [64]
Lithium boro-tellurite: Dy 1.571 [65]
Calcium boro-tellurite: Dy 2.162 [65]
Zinc boro-tellurite: Dy 2.25 [65]
Barium boro-tellurite: Dy 1.285 [65]
Strontium boro-tellurite: Dy 1.761 [65]
doped magnesium zinc sulfophosphate glass: Dy 1.6 [86]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 0.5 Dy 1.06 [68]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 1.0 Dy 1.07 [68]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 1.5 Dy 1.13 [68]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 2.0 Dy 1.1 [68]
SiO2–B2O3–Al2O3–NaF–ZnF2: Dy 0.5 1.78 [30]
SiO2–B2O3–Al2O3–NaF–ZnF2: Dy 0.7 1.81 [30]
SiO2–B2O3–Al2O3–NaF–ZnF2: Dy 1.0 1.82 [30]
SiO2–B2O3–Al2O3–NaF–ZnF2: Dy 1.5 1.85 [30]
Sodium lead alumino borosilicate: Dy 0.5 1.063 385 [20]
Sodium lead alumino borosilicate: Dy 1.0 1.092 [20]
Sodium lead alumino borosilicate: Dy 1.5 1.088 [20]
Zinc alumino Bismuth Borate glasses: Dy10 1.18 [12]
Lithium tetraborate glasses: Dy8 1.019 [87]
Na2O–MgO–Bi2O3-B2O3: Dy0.1 1.68 390 [80]
Na2O–MgO–Bi2O3-B2O3: Dy0.5 1.76 [80]
Na2O–MgO–Bi2O3-B2O3: Dy1.0 1.85 [80]
Na2O–MgO–Bi2O3-B2O3: Dy1.5 1.89 [80]
Na2O–MgO–Bi2O3-B2O3: Dy2.0 1.76 [80]
Na2O–BaO–Bi2O3-B2O3 Dy0.1 1.91 [80]
Na2O–BaO–Bi2O3-B2O3 Dy0.5 1.85 [80]
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the range of ultraviolet (UV) light and near-ultraviolet 
(NUV) light to blue light. It can be used as commercial 
chips and Blue LED or GaN lamps because they emit an 
ideal phosphor in the 350–410 nm range [2, 9, 22].

The larger and broader peaks at 350 nm were utilized 
as the exciting energy of prepared glass samples, while the 
others at 370 nm and 390 nm were used to investigate the 
effect of different exciting energies on glass (Fig. 8).

In spectra of prepared glass samples excited at 350 nm, 
370 nm, and 390 nm, two peaks at 484 nm and 574 nm 
ascribed to 4F15/2 → 6H15/2 and 4F15/2 → 6H13/2 are shown 
in Fig. 8. The two reasons appear to be emissions. The 
first, levels above 4F9/2, have low energy, allowing them 
to be close enough to release electrons via non-radiative 
relaxation.

The second factor is the high energy distance between the 
4F9/2 and the lower energy 4F1/2 (7000  cm−1), which allows 
it to absorb electrons at the 4F9/2 level and emit them as 
radiative energy in the form of yellow and blue emissions 
at the lower level.

The blue emission expressed as the magnetic dipole 
(MD) doesn’t affect the environment via the rule 
(ΔJ = 0, ± 1 but 0 ↔ 0 forbidden). The electric dipole (ED) 
represented by yellow emission is a hypersensitive transi-
tion with its surroundings via the rule (ΔJ = 0, ± 2) [9]. 

Figure 8 demonstrates that the peak’s strength rises with 
 Dy2O3 concentration up to 0.5, and then falls as quenching 
events in the glass samples are stimulated by 370 nm and 
390 nm. The samples excited by 350 nm decrease from the 
composition of 0.1 mol%  Dy2O3.

Table 3  (continued) Glass composition Y/B
350 nm

Y/B
370 nm

Y/B
390 nm

Reference

Na2O–BaO–Bi2O3-B2O3 Dy1.0 1.86 [80]
Na2O–BaO–Bi2O3-B2O3 Dy1.5 2.04 [80]
Na2O–BaO–Bi2O3-B2O3 Dy2.0 1.95 [80]

Fig. 7  Excitation spectra of a doped glass sample at a higher concen-
tration of 1% Dy by observing the emission spectra at 575 nm

Fig. 8  Emission spectra of glass samples excited at 350, 370 and 
390 nm
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Table 4  Color coordinates (x, y) of Dy3 + doped glass samples under 350, 370 and 390 nm excitation comparison with other glass

Glass composition λex 350 nm λex 370 nm λex 390 nm CCT CCT CCT Reference

x y x y x y

lithium borosilicate glass 0.1Dy 0.33 0.38 0.31 0.33 0.34 0.36 P. w
lithium borosilicate glass 0.5 0.33 0.37 0.33 0.34 0.34 0.37 P. w
lithium borosilicate glass 1.0 0.33 0.37 0.33 0.34 0.34 0.37 P. w
lithium borosilicate glass 1.5 0.33 0.36 0.32 0.33 0.33 0.35 P. w
lithium borosilicate glass 2.0 0.32 0.36 0.32 0.33 0.34 0.35 P. w
fluoride-based bismuth phosphate 0.1Dy 0.342 0.396 5206 [42]
fluoride-based bismuth phosphate 0.5 0.341 0.397 5208 [42]
fluoride-based bismuth phosphate 1.0 0.331 0.355 5487 [42]
fluoride-based bismuth phosphate 1.5 0.336 0.378 4626 [42]
fluoride-based bismuth phosphate 2.0 0.358 0.369 4593 [42]
Li2O-BaO-Gd2O3- SiO2: Dy 0.332 0.347 5500 [15]

λex450nm
niobium phosphate glasses:0.5Dy 0.41 0.42 4344 [88]
ZnBiNaPSr oxyfluoride glasses Dy1.0 0.345 0.39 5115 [89]
magnesium-sodium-borotellurite glasses 0.05D 0.3607 0.4040 4682 [49]
magnesium-sodium-borotellurite glasses 0.5D 0.3716 0.4124 4433 [49]
magnesium-sodium-borotellurite glasses 1.0D 0.3681 0.413 4523 [49]
magnesium-sodium-borotellurite glasses 1.5D 0.3781 0.2407 4311 [49]
Lithium borosilicate 0.5Dy 0.34 0.36 0.32 0.33 0.34 0.35 5095 6046 5141 [23]
Lithium borosilicate 1.0Dy 0.36 0.37 0.32 0.34 0.34 0.37 4488 5733 5147 [23]
Lithium borosilicate 2.50Dy 0.34 0.36 0.31 0.32 0.34 0.35 4946 6474 4824 [23]
Lithium borosilicate 5.0Dy 0.35 0.31 0.31 0.31 0.39 0.36 4215 6621 3497 [23]
Lithium borosilicate 10.0Dy – - 0.31 0.30 0.32 0.31 – 6867 5942 [23]
Potassium lead bismuth borate (K1Dy) 0.386 0.401 4022 [58]
Sodium lead bismuth borate (Na1Dy) 0.397 0.427 3928 [58]
Calcium lead bismuth borate (Ca1Dy) 0.391 0.421 4022 [58]
Strontium lead bismuth borate (Sr1Dy) 0.351 0.415 4978 [58]
Barium lead bismuth borate (Ba1Dy) 0.333 0.383 5485 [58]
zinc telluro-fluoroborate glasses: Dy 0.354 0.407 4877 [90]
titania- fluorophosphate glasses: Dy 0.4 0.45 4006 [91]
ZrO2 − Na2O − B2O3 glasses: Dy 0.39 0.42 4039 [92]
B2O3–Al2O3–ZnF2–NaF/LiF oxyfluoride glasses: Dy 0.347 0.38 5016 [93]
Lithium boro-tellurite: Dy 0.323 0.359 5878 [65]
Calcium boro-tellurite: Dy 0.31 0.325 6672 [65]
Zinc boro-tellurite: Dy 0.339 0.349 5234 [65]
Barium boro-tellurite: Dy 0.326 0.345 5785 [65]
Strontium boro-tellurite: Dy 0.307 0.315 6982 [65]
doped magnesium zinc sulfophosphate glass: Dy 0.39 0.42 4039 [94]

λex450 CCt
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 0.5 Dy 0.32 0.35 6195 [68]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 1.0 Dy 0.32 0.35 6051 [68]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 1.5 Dy 0.33 0.36 5723 [68]
Bi2O3-B2O3-Ga2O3-GeO2-TeO2 2.0 Dy 0.31 0.34 6355 [68]
SiO2–B2O3–Al2O3–NaF–ZnF2 0.5 0.389 0.435 4123 [30]
SiO2–B2O3–Al2O3–NaF–ZnF2 1.0 0.392 0.435 4061 [30]
SiO2–B2O3–Al2O3–NaF–ZnF2 1.5 0.393 0.439 4072 [30]
SiO2–B2O3–Al2O3–NaF–ZnF2 2.0 0.4 0.439 4022 [30]
Sodium lead alumino borosilicate Dy 0.5 0.34 0.38 5107 [20]
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The quenching phenomena are formed by increasing the 
 Dy2O3 concentration, which reduces the intermolecular 
distance between the molecules. It causes the  Dy3+ ions 
to close together, allowing excitation energy to be trans-
mitted between surrounding rare-earth ions, resulting in 
a reduction in emission intensity [7] and an increase in 
non-radiative energy via the cross-relaxation and resonant 
energy channels [19].

In numerous references [4, 8, 9, 21, 22], the radiative 
transition created by photons and the non-radiative transi-
tion formed by phonons in the Dy emission.

The symmetry around Dy can be seen in the ratio 
between ED and MD [22, 40]. The higher the ED emis-
sion, the more asymmetric the glass composition is, and 
the Dy ions are in the low symmetry center. The increased 
covalency between Dy and O ions is shown by the high 
value of the Y/B (yellow emission/ blue emission) ratio 
found in Table 3 [15]. The laser’s white light emission 
is predicted by a Y/B value greater than unity [4]. With 
the different  Dy2O3 concentrations, Table 3 shows a less 
significant difference in the Y/B ratio. It is caused by a 
disparity in sensitivity intensity.

Table 3 compares the Y/B ratio of the glass samples under 
investigation to that of other glass systems. In the creation 
of white light, a specific emission intensity ratio of yellow 
to blue (Y/B) is important. If the Y/B ratio is one, it will 
produce pristine white light.

The acquired Y/B ratios for the glass samples under 
investigation ranged from 0.9 to 1.1, as shown in Table 3.

Also, note from Table 3 that adding  Dy3+ ions to the host 
(Present work) or at the expense of the former component 
(Borate) of the glass (reference 13) does not change in the 
properties studied.

With an excitation wavelength of 350, 370, or 390 nm, 
the Y/B ratio is virtually equal to unity, making it the finest 
choice for warm white light materials and the production 
of WLEDs from these glasses, which are ideal for emitting 
white color and various photonic applications.

As stated in Table 4, this result was compared to other 
produced glass samples.

Emission spectroscopy measurements with a CIE 1931 
chromatogram, which is shown as a mapping that predicts 
the commonly achieved light coordination point of mono-
chromatic light [1, 40] (Δλ → 0) located around the chro-
maticity peripheral, are used to characterize luminance 
intensity.

The CIE diagram of prepared glass samples with vari-
ous  Dy2O3 concentrations and excitations migrating to the 
center as the source spectral bandwidth widens is depicted 
in Fig. 9.

Any variation in Dy concentration and excitation wave-
length could impact the (x, y) parameter [9], which identified 
all samples around a perfect white light (0.33, 0.33) [1, 7] 
based on the co-oriented values obtained.

CCT analyzed the quality of emitted light by measuring 
illumination appearance and white light chromaticity.

The CCT of glass samples in the 6000-6500 K > 4000 K range 
utilized as the warm white light is shown in Fig. 9 [4, 7, 22].

Table 4  (continued)

Glass composition λex 350 nm λex 370 nm λex 390 nm CCT CCT CCT Reference

x y x y x y

Sodium lead alumino borosilicate Dy 1.0 0.34 0.39 5271 [20]
Sodium lead alumino borosilicate Dy 1.5 0.34 0.39 5362 [20]
Zinc alumino Bismuth Borate glasses: Dy 0.31 0.31 ––– [12]
sodium-aluminum-phosphate glasses: Dy 0.44 0.44 ––– [95]
Li2B4O7 glasses: Dy 0.35 0.38 ––– [87]
calcium tungstate: Dy 0.34 0.35 5288 [96]
Na2O–MgO–Bi2O3-B2O3: Dy0.1 0.38 0.41 4201 [80]
Na2O–MgO–Bi2O3-B2O3: Dy 0.5 0.385 0.416 4133 [80]
Na2O–MgO–Bi2O3-B2O3: Dy 1.0 0.388 0.419 4082 [80]
Na2O–MgO–Bi2O3-B2O3: Dy 1.5 0.39 0.42 4035 [80]
Na2O–MgO–Bi2O3-B2O3: Dy 2.0 0.384 0.416 4137 [80]
Na2O–BaO–Bi2O3-B2O3: Dy 0.1 0.394 0.421 3963 [80]
Na2O–BaO–Bi2O3-B2O3: Dy 0.5 0.388 0.418 4067 [80]
Na2O–BaO–Bi2O3-B2O3: Dy 1.0 0.391 0.421 4014 [80]
Na2O–BaO–Bi2O3-B2O3: Dy 1.5 0.394 0.424 3977 [80]
Na2O–BaO–Bi2O3-B2O3: Dy 2.0 0.391 0.421 4017 [80]
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4  Conclusions

Lithium borosilicate glasses doped with different concentra-
tions of Dysprosium oxide were investigated using a spec-
troscopic technique such as an XRD diffractometer, FTIR, 
optical absorption, and photoluminescence (excitation & 
emission) properties were studied for  Dy3+ doped glasses. 
The Judd–Ofelt parameter calculated for reported glasses 
follows the trend Ω2 > Ω6 > Ω4 and shows that the Dy-O 
bond’s covalence with the host glass is more asymmetric. 
The luminescence spectrum exhibits two peaks correspond-
ing to the transitions 4F9/2 → 6H15/2 (blue) and 4F9/2 → 6H13/2 
(yellow), in which the white light transition is dominant. 
Based on the findings, it appears to be a viable option for 
laser-active medium and lighting device applications.
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