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Abstract: For usage in solid-state white light-emitting device applications, dysprosium-activated calcium aluminum barium sodium borate glass was
synthesized. The detailed understanding of physical, optical, structural, and photoluminescence characteristics was examined and compared. To
comprehend the oscillator strength of the ligands in the prepared glasses, the Judd–Ofelt intensity characteristics were assessed. The Ω2 greater
relative oscillator strength value shows highest for the prepared glasses suggesting their cause due to hypersensitive transitions. In comparison to
other glasses in the research, the potential radiative transition probabilities, branching ratios, and stimulated emission cross-section for 575 nm
emission all exhibited higher values. The stimulated emission cross-section shows highest for 0.3 mol% Dy2O3 content in the present glasses.
The asymmetry of synthesized glass sample ratio has been evaluated and compared using yellow to blue (Y/B) emission ratio. Study of the
emission spectra and assessment of co-related color temperature and Duv values for the glasses reveal emission in the CIE diagram’s white light zone.
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1. Introduction

The Dy3+ ion has a remarkable fluorescence performance in the
region of white light emission, making it one of the most fascinating
rare-earth ions (REIs) for doping in glasses [1]. One of the REIs,
trivalent dysprosium Dy3+, has the potential to be used in white light
applications [2]. A fascinating oxide that has been discovered to be
more efficient in optical applications owing to an increase in
fluorescence when doped in host materials is the different glass
intermediates, such as Al2O3 [3]. To increase the stability of the
glass network, borate as a glass forming still has to be mixed with
other oxide modifiers, such as alkaline oxides. Dy3+ doped glass is
more intriguing to research due to its high emission in the visible
range of 400–800 nm, and the impact of the CaO component on
luminescence qualities was also studied [4, 5]. The line linking the
blue and yellow sections in the CIE 1931 chromatic diagram often
passes through the zone of white light. White light quality may be
predicted from the material by adjusting the intensity of yellow to
blue (Y/B) emission [6]. Glasses made of 23CaO+ 10Al2O3 +
(51–x)B2O3+ 6BaO+ 10Na2O + xDy2O3 (where x= 0.1, 0.3, 0.5,
and 1.0 mol%) were described in the paper, and their optical
characteristics were assessed using Judd–Ofelt analysis. The present
stoichiometry was chosen because the addition of BaO and Al2O3

content to the glass would increase the stability and also influence
the structure's compactness. The emission of Yellow and blue light
obtained by the Dy2O3 content which can be tailored to produce
superior white light by analyzing their asymmetry ratio in the host

matrix. In the present work, the key impact of the novel glass which
has studied shows superior photonic white emission compared with
other reported literatures.

2. Experimental Methods

2.1. Glass preparation

Glass sampleswere synthesized bymelt quenchingmethod,with a
composition of 23CaO+ 10Al2O3 + (51–x)B2O3+ 6BaO+ 10Na2O
+ xDy2O3. The high-quality oxide chemicals CaCO3, Al2O3,
H3BO3, BaCO3, Na2CO3, and Dy2O3 were thoroughly combined in
a pestle and mortar before being crushed to a fine powder and
weighed at 15 g. The resultant mixture was then cooked for 3 hours
at 1150 °C in an electrical furnace. The glass was then annealed for
the full day at 550 °C before being allowed to cool gradually to
ambient temperature. The refractive index was measured using
digital Abbe refractometer at sodium wavelength (589.3 nm) with 1-
bromonaphthalin (C10H7Br) as contact liquid. The density of the
glass was determined by Archimedes’ method, using distilled water
as an immersion liquid. Furthermore, the molar volume is calculated
based on the density data. The absorption spectrum characterization
was conducted using the Shimadzu 3600 UV-VIS-NIR
spectrophotometer. Meanwhile, excitation and emission spectra were
observed using the Agilent Cary Eclipse spectrofluorometer. The
prepared glasses are shown in Figure 1, and their glass stoichiometry
ratio with glass code is presented in Table 1.*Corresponding author: R. Rajaramakrishna, Siberian Federal University,

Russia. Email: r.rajaramakrishna@gmail.com
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3. Result and Discussion

3.1. Physical properties

3.1.1. Analysis of density, molar volume, and dielectric
constant

The density (ρ) and molar volume of produced glass were
calculated [6]. Table 2 lists the physical properties of the prepared
glass sample and the refractive index of the glass with variation of

Dy content are shown in Figure 2. When the mol% concentration of
Dy2O3 in the glass increases, the molar volume rises from 2.4738
(gm/kg3) to 2.8424 (gm/kg3) and from 25.5086 (cm3/mol) to 34.442
(gm/kg3), which is shown in Figure 3. The increase in glass density
may be attributed to Dy2O3 increased molecular weight (372.998 g/
mol), which is higher than the molecular weights of the other
components in the glass samples. (CaO, Al2O3, B2O3, BaO, and
Na2O have respective molecular weights of 56.08, 101.96, 69.6203,
153.33, and 61.9789 g/mol) which is less than the rare-earth
molecular weight. As a result, when Dy3+ ions are alternately
exchanged with B2O3, the glass matrix becomes denser. In contrast,
D2 glass exhibits lower density and larger volume when compared
to other glasses, indicating that the glass contains more nonbridging
oxygen. The increase in molar volume in the glass samples might be
attributed to the formation of non-bonding oxygen (NBO) and the
growth of the calcium aluminum barium sodium borate glass
network. By increasing the Dy2O3 concentration in the glass
samples, the dielectric constant is substantially raised [7].

3.1.2. Average boron–boron distance
The average boron–boron separation (dB–B) that identifies the

effect of dopant concentration in the matrix is given.

Figure 1
Prepared glass samples

Table 1
Glass samples with different compositions

Samples Glass composition (mol%)

(D1) CaAlBBaNaDy
(0.1)

23CaO-10Al2O3-50.9B2O3-6BaO-
10Na2O-0.1Dy2O3

(D2) CaAlBBaNaDy
(0.3)

23CaO-10Al2O3-50.7B2O3-6BaO-
10Na2O-0.3Dy2O3

(D3) CaAlBBaNaDy
(0.5)

23CaO-10Al2O3-50.5B2O3-6BaO-
10Na2O-0.5Dy2O3

(D4) CaAlBBaNaDy
(1.0)

23CaO-10Al2O3-50.0B2O3-6BaO-
10Na2O-1.0Dy2O3

Table 2
Physical properties of D series with different Dy2O3

concentration

Physical properties D1 D2 D3 D4

Density (g/cm3) 2.4738 2.1746 2.9603 2.8424
Molar volume (cm3/mol) 29.783 34.442 25.5086 27.219
Refractive index (n) 1.58 1.58 1.57 1.58
Dielectric constant (ε) 2.496 2.496 2.496 2.496
Dy3+ion concentration
(×1021 ions/cm3)

0.551 1.429 3.217 6.031

Polaon radius rp (Aº) 5.018 3.653 2.789 2.262
Interionic distance ri (Aº) 1.222 0.889 0.678 0.550
Field strength (F × 1020)
cm−2

0.148 0.279 0.479 0.728

Average boron–boron
separation (dB–B) (Aº)

3.931 3.957 3.992 4.031

Molar refraction (R) (cm3/
mol)

9.9120 11.4624 8.3691 9.0586

Molar cation polarizability
(αcat)

0.253 0.253 0.253 0.253

No. of oxides in chemical
formula (NO2

−)
2.22 2.22 2.22 2.22

Electronic oxide
polarizability (αo2–n)

1.657 1.934 1.381 1.504

Optical basicity (Λ) 0.6035 0.5170 0.7241 0.6648
Metallization criteria (M) 0.667 0.667 0.671 0.667
Theoretical basicity
(Λtheo)

0.691 0.690 0.689 0.687

Figure 2
Refractive index vs concentration of Dy2O3 content

Figure 3
Density, molar volume vs concentration of Dy2O3 content
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dB�Bð Þ ¼ Vm
2NA 1� Xpð Þ

� �
1=3

(1)

FromTable 1, we can see that as the proportion of Dy2O3 has increased,
the average spacing between boron and boron has also increased. Such
an increase leads Dy atom to bond in between boron atoms. Hence, one
can observe such increase in average boron to boron distance.

3.1.3. Interionic distance, polaron radius, and field strength
Dysprosium ion concentration (NDy), polaron radius (rp), mean

interionic distance (ri), and field strength (F) are calculated by the
relations.

NDy ¼ mol% of Dy2O3ð ÞNAρg=Mw (2)

Polaron radius; rp ¼ 0:5
π

6N

� �
0:333

(3)

Interionic radii; ri ¼
1
N

� �
0:333

(4)

Field strength; F ¼ Z
rp2

� �
(5)

where N is the Dy3+ ion concentration.
From the measured values of refractive index (n) as shown in

Table 1 and density, molar refractivity (RM) and dielectric constant (ϵ)
are calculated

RM¼
n2� 1ð Þ
n2 þ 2ð Þ

M
ρ

� �
(6)

The drop in rp and ri that is seen as the Dy2O3 content rises is due to the
rise in Dy3+ concentrations. As a result, the Dy-O distance decreases,
increasing the Dy-O bond strength and, ultimately, the field strength
surrounding the Dy3+ ion, as shown in Table 2.

3.1.4. Electronic oxide ion polarizability
From the refractive index (n), it is possible to calculate the oxide

ion’s electronic polarizability as follows:

αo
2 � n ¼ Vm

2:52

� �
n2� 1ð Þ
n2 þ 2ð Þ

� �
�
X

αcat

� �
= No

2�ð Þ (7)

where α cat denote the molar cation polarizability. These calculated
values of α and No2− are tabulated in Table 2. The refractive index
method was used to calculate the electronic oxide polarizability
using [8] for the present glasses, and it was discovered that these
values exhibit a nonlinear trend with increasing Dy2O3 content. This
was anticipated due to the increase in NBO (non-bridging oxygen)
in the current glass matrix [6]. As one can observe that the
D2 glass shows more NBO’s, the more oxide polarizability
increases.

3.1.5. Metallization criteria (M)
The solid-state material’s metallic or insulating behavior can be

predicted using the metallization criterion, M, which is given by

M ¼ 1� ðRm=VmÞ (8)

The insulating behavior will be confirmed with Rm< Vm and metallic
behavior will be confirmed ifRm>Vm. The insulating behavior of the

glasses is confirmed by evaluating the values ofM,which are listed in
Table 1.

3.1.6. Optical basicity
Glass’s ability to transmit an ion’s negative charge is evaluated

using its optical basicity (the electron density carried by oxygen).
The degree of basicity of oxide glass is proportional to the
amount of oxygen that donates electrons. Bases are oxides having
a low chemical hardness and a high electron density. Acids are
compounds having a high chemical hardness and a low electron
donation. The relationship between optical basicity and electronic
oxide polarizability is given by

Λ ¼ 1:67 1� 1
αo2 �

� �
(9)

It has been shown that the optical basicity displays a nonlinear trend
with the increase of Dy2O3 content. These results indicate that
electrical oxide polarizability and optical basicity are closely
related, and that oxygen in contemporary glasses has a higher
ability to transmit a negative charge to the surrounding cation.

3.1.7. Theoretical optical basicity
The following relation has been used to calculate the theoretical

optical basicity (Λth.) of current glasses.

Λth ¼ xB2O3ΛB2O3 þ XCaOΛCaOþ XAl2O3ΛAl2O3

þ XBaOΛBaOþ XNa2OΛNa2Oþ XDy2O3ΛDy2O3

(10)

The optical basicity shows increases with increasing Dy2O3 content.
The decrease in the theoretical optical basicity leads to a decrease in
covalency of the cation oxygen bonds of the studied glasses.

3.2. IR studies

IR spectra can be used to study information about the rotation
and vibration of different molecules in glassmatrix. Since each group
of molecules in the matrix has its own unique features of vibrational
frequencies, each group’s characteristic vibrations are related to
frequency. These vibrations are independent of other groups of
molecules present in the matrix. The images below show the
CaAlBBaNaDy glasses’ recorded Fourier transform infrared
spectra at room temperature.

The spectrum shows seven typical bands coming from different
elements in the current glasses doped with Dy3+ ions, and it depicts
the functional groups of the glass matrix. The significant locational
alterations in bands are shown in Figure 4. Peaks at 440, 583, 669,
834, 1255, 2920, and 3384 cm−1 were seen in the produced glass
samples. The strength of these bands varies depending on the
composition. The band in the range of 400–500 cm−1 is due to
Ca2+ cation vibrations. Due to the existence of B-O bond
stretching in the BO4− structural unit from a di borate group, the
second band was detected at 769–1200 cm−1. The band seen
between 1200 cm−1 and 1569 cm−1 is caused by the trigonal units
of BO3's NBOs stretching vibrations. The existence of symmetric
hydrogen bond (OH) group vibrations in the referred
glasses is what is responsible for the final strong wide band at
3384 cm−1 [9, 10].
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3.3. X-ray diffraction studies

The X-ray diffraction patterns of each glass sample doped with
Dy3+ ions are shown in Figure 5. The diffracted intensity for the
angular distribution of dispersed X-ray energy between 10° and
100° was measured for each sample. The XRD pattern clearly
demonstrates the amorphous nature of all manufactured Dy3+

doped CaAlBBaNaDy glass samples by showing two significant
broad humps [11].

3.4. Optical absorption studies

In Figure 6, the absorption spectra reveals that the investigations
of 23CaO+ 10Al2O3 + (51–x) B2O3+ 6BaO+ 10Na2O + xDy2O3

glass doped with different doses of Dy2O3 are determined. There are
eleven absorption peaks in the spectrum, which are located at
wavelengths of 346, 362, 384, 423, 450, 745, 796, 889, 1077,

1255, and 1667 nm and correspond to the electronic transitions of
6P7/2, 4P3/2, 4F7/2, 4G11/2, 4I15/2, 6F3/2, 6F5/2, 6F7/2, 6F9/2, 6H9/2, and
6H11/2, respectively. In the produced CaAlBBaNaDy glass
samples, the electronic transition at 6H9/2 exhibits the maximum
intensity in the 1255 nm NIR region [11, 12].

The optical band gap is evaluated and shows a direct energy band
gap Egdirect from 3.76 eV to 3.86 eV as shown in Figure 7, whereas the
indirect energy band gap Egindirect values have been evaluated and shown
in Figure 8 using Tauc relation αhν ¼ B hν� Eg

� 	
n, where “B” repre-

sents constant, hν is the energy, Eg represents band gap, and “n” repre-
sents the transition process which adopts different values.When ‘n’ takes
2 for allowed transitions, 3 for indirect forbidden transitions, ½ for direct
allowed transitions, and 3/2 for direct forbidden transitions. The values
range from 3.39 eV to 3.45 eV as shown in Figure 8. The disorderness
in the glass structure can be evaluated using the Urbach energy plot
ln(α) vs hν graph (Figure 9) then taking the linear slope in the
optical region and reciprocating gives the value of Urbach energy
EU= 0.50 eV–0.58 eV and presented in Table 3. More disorderness

Figure 5
X-ray diffraction pattern of CaAlBBaNaDy glasses

Figure 4
FTIR of CaAlBBaNaDy glasses
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Figure 6
UV–Vis–NIR absorbance of CaAlBBaNaDy glasses

Figure 7
Direct optical band gap of CaAlBBaNaDy glasses
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Figure 9
Urbach energy of CaAlBBaNaDy glasses

Figure 10
Photoluminescence spectra of excitation of CaAlBBaNaDy

glasses

Figure 11
Photoluminescence spectra of emission of CaAlBBaNaDy glasses

Figure 8
Indirect optical band gap of CaAlBBaNaDy glasses

Table 3
Direct/indirect optical band gap and Urbach energy of the prepared glasses

Sl. no. Glasses Direct band gap (in eV) Indirect band gap (in eV) Urbach energy (EU, eV)

01 (D1) CaAlBBaNaDy0.1 3.7060 3.085 0.53
02 (D2) CaAlBBaNaDy0.3 3.8717 3.589 0.58
03 (D3) CaAlBBaNaDy0.5 3.8664 3.500 0.54
04 (D4) CaAlBBaNaDy1.0 3.8672 3.450 0.50
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was observed for D2 glass than compared to various Dy2O3 concen-
trations.

3.5. Luminescence studies

3.5.1. Photo-excitation spectra
The excitation spectra of the produced Dy3+ ions doped

CaAlBBaNaDy glasses have been recorded spanning the wavelength
range of 250–550 nm [13–16] by keeping watch of emission
wavelengths at 575 nm and the excitation spectrum of
CaAlBBaNaDy glass, as shown in Figure 10. Eight unique peaks

were seen in the CaAlBBaNaDy glass excitation spectrum, which
was recorded at 575 nm for emission. These peaks varied from the
starting state (6H15/2) through many excited states (6P3/2), (6F5/2,4D5/

2), (6P7/2, 4M19/2+4P3/2,4D3/2), 5P5/2, 4F7/2+4I13/2, 4G11/2, 4I15/2, and
4F9/2. The most potent peak in the excitation spectra of the glasses
was determined to occur at 386 nm, leading researchers to conclude
that effective excitation may be started by blue or near UV
wavelengths, which are features of white light generations [13–16].

3.5.2. Photo-emission spectra
At an excitation wavelength of 386 nm, Figure 11 depicts the

emission spectra of the studied glasses. It has three visible peaks
that result from transitions from the 4F9/2 to 6H15/2 state,6H13/2 and
6H11/2 states [13–16].

The emission spectrum under 386 nm excitation for 4F9/2 to 6H15/2

transitions, which are connected to electric and magnetic dipole
transitions of Dy3+, showed two strong bands in the blue and yellow
region with maximums at 485 nm and 575 nm, as well as a minor
red band at 645 nm. These transitions are also responsible for the
485 nm (blue) emission. The 575 nm (yellow) emission is caused by
the 4F9/2 to 6H13/2 transition, which is linked to an electric dipole
transition of Dy3+. According to the PL emission spectrum, the
yellow emission is greater than the blue emission in the Dy3+ doped
CaAlBBaNaDy glasses. This demonstrates that a poor symmetrical
spot in the current glass contains the REI Dy3+ [14, 17]. The
concentration quenching effect was seen at a Dy2O3 level of 0.3 mol
%. The Resonance Energy Transfer (RET) phenomenon
luminescence intensity decreased, and as demonstrated in Figure 12,
the activation of cross-relaxation pathways is also to blame for
this (CRC).

3.5.3. Judd–Ofelt analysis
The Judd–Ofelt intensity parameters (Ωλ, where λ= 2,4,6) have

been evaluated using the absorption spectra of synthesized Dy3+

doped CaAlBBaNaDy glasses. The results are shown in Table 4,

Table 4
Judd–Ofelt parameters of the prepared CaAlBBaNaDy glasses

Wavelength

(D1) (D2) (D3) (D4)

fexp fcal fexp fcal fexp fcal fexp fcal

346 —— —— 0.30 0.04 0.33 0.04 0.56 0.03
361 —— —— 1.45 0.52 1.05 0.35 1.30 0.26
383 0.18 0.52 2.59 1.16 1.65 0.85 2.11 0.66
422 1.03 0.19 0.46 0.09 0.25 0.14 0.28 0.08
450 2.86 0.28 0.75 0.69 0.50 0.49 0.54 0.38
468 1.78 0.11 0.30 0.27 0.11 0.20 0.13 0.14
745 0.41 0.08 0.84 0.31 0.85 0.20 0.43 0.15
796 0.63 0.42 1.89 1.65 1.93 1.10 1.21 0.82
883 1.98 1.63 4.00 3.59 2.53 2.74 2.02 1.95
1077 3.36 3.45 3.80 3.89 3.83 3.80 2.50 2.53
1252 0.90 9.00 8.57 8.52 8.14 8.12 6.68 6.65
1657 0.63 0.95 1.59 1.94 1.27 1.45 0.91 1.13
N 10 12 12 12
RI 1.58 1.58 1.57 1.58
δrms 0.988 0.556 0.447 0.548
Ω2 (×1020) 8.382 7.183 6.793 6.219
Ω4 (×1020) 5.461 2.611 4.108 2.453
Ω6 (×1020) 1.011 3.965 2.666 1.969
JO Trend Ω2> Ω4> Ω6 Ω2> Ω6> Ω4 Ω2> Ω4> Ω6 Ω2> Ω4> Ω6

Figure 12
Partial energy level diagram of CaAlBBaNaDy glasses
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which demonstrates that the J-O parameters consistently follow the
trend of Ω2 > Ω4 > Ω6 for all the current glass samples. The J-O
intensity characteristic Ω2 is more sensitive to the local structure
around the rare-earth ions (Dy3+) and is most reliant on the
hypersensitive transition. The hypersensitive transitions with
greater relative oscillator strength value cause the higher Ω2 value.
A much larger value of the Ω4 parameter suggests increased
stiffness in the glass network of the generated glasses as
compared to the recorded literature [12, 15, 18] and presented in
Table 5. The Ω4 and Ω6 parameters are related to the bulk
properties of the glasses, such as viscosity and rigidity. It has
been shown that the J-O intensity characteristics of the tested
glasses are identical to those of known Dy3+ doped glasses [13,
14, 16].

3.5.4. Radiative transition properties
Using J-O parameters, emission spectra, and refractive index,

radiative characteristics including stimulated emission cross-
section (σ), radiative transition probability (AR), estimated and
experimental, and calculated branching ratio (β) were identified
[27]. The findings of D series glasses for the transitions 4F9/2 →
6HJ (J= 15/2, 13/2, and 11/2) are shown in Table 6. When using
low threshold high gain lasers, the stimulated emission cross-
section (σ) is a crucial parameter.

The maximum stimulated emission cross-section value for the
highest emission peak, 575 nm, is found in the D2 glass sample, per
Table 6. Table 7 compares it to other published publications as well
as the inside of the glass sample.

3.5.5. Asymmetry (Y/B) ratio
The Y/B emission peak ratio for the present glasses, which was

found to be in the range of 1.257 to 1.316, was used to compute the
asymmetry value and was then compared to previous published
findings. The produced glass samples fall within the same range
as the other evaluated and listed glasses are presented in Table 8.
Variations in the Y/B value might be used to customize and tailor
the purity of white emission.

3.6. CIE color chromaticity diagram

The glass samples under examinationwere studied using a color
coordinate system using the CIE 1931 chromaticity diagram. The
doped rare-earth ions in the current study have a specific effect on
the luminescence color of the examined materials triggered at 386
nm. According to the analysis, the dimensions of Dy3+ ions are
around x= 0.34–0.35; y= 0.38–0.39, as shown in Table 9 and
Figure 13. These color coordinates (x, y) from the CIE diagram
are used to determine the co-related color temperature (CCT)
value [34]. With the D1, D2, D3, and D4 glasses, the CCT values
were 4957 K, 4894 K, 4970 K, and 4824 K, respectively.

These findings imply that the investigated glasses generate
white light at an excitation wavelength of 386 nm. The produced

Table 5
Comparison of J-O parameters (×1020) with other Dy doped glasses

Sl.no. Glass Ω2 (×1020) Ω4 (×1020) Ω6 (×1020) J-O trend References

1 CaAlBBaNaDy0.1 8.382 5.461 1.011 Ω2> Ω4> Ω6 Present glass
2 CaAlBBaNaDy 0.3 7.183 2.611 3.965 Ω2> Ω6> Ω4 Present glass
3 CaAlBBaNaDy 0.5 6.793 4.108 2.666 Ω2> Ω4> Ω6 Present glass
4 CaAlBBaNaDy 1.0 6.219 2.453 1.969 Ω2> Ω4> Ω6 Present glass
5 Borate (0.8 mol%) 16.09 3.67 2.61 Ω2> Ω4> Ω6 Rao et al. [15]
6 (NaPO3)6-TeO2-AlF3-LiF 7.06 2.20 0.97 Ω2> Ω4> Ω6 Carnall et al. [13]
7 0.05LBTPD 8.64 4.43 3.46 Ω2> Ω4> Ω6 Selvi et al. [16]
8 LMgBDy05 9.60 5.83 5.82 Ω2> Ω4> Ω6 Narwal et al. [14]
9 L4BD 9.85 4.35 2.47 Ω2> Ω4> Ω6 Babu and Jayasankar [17]
10 0.5Dy 10.69 4.81 5.17 Ω2> Ω6> Ω4 Praveena et al. [19]
11 0.1DyBBCZFB 6.747 2.389 2.202 Ω2> Ω4> Ω6 Mariselvam and Liu [20]
12 Dy:LiLTB 8.75 2.62 2.07 Ω2> Ω4> Ω6 Saleem et al. [21]
13 ZP1D 7.30 1.14 0.86 Ω2> Ω4> Ω6 Lira et al. [22]
14 BPAPbLiDy0.1 5.0624 2.1889 2.5195 Ω2> Ω6> Ω4 Joseph et al. [23]
15 Dy_0.5 19.85 6.66 8.64 Ω2> Ω6> Ω4 Rajagukguk et al. [24]
16 BGGD 3.11 0.84 1.87 Ω2> Ω6> Ω4 Gökçe and Koçyiğit [25]
17 Dy01 6.1242 1.2689 1.2299 Ω2> Ω4> Ω6 Tayal and Rao [26]
18 MgB2O3Dy0.2 17.62 12.36 10.84 Ω2> Ω4> Ω6 Ichoja et al. [9]

Table 6
Radiative properties of prepared glass samples

Radiative properties D1 D2 D3 D4

482 nm
Δλeff (nm) 16.95 18.66 13.83 17.19
AR (s−1) 139.81 323.02 240.38 174.29
σ (cm2) × 1020 0.337 0.859 0.4738 0.4268
βexp 0.46 0.45 0.37 0.45
βCal 0.11 0.22 0.19 0.17

575 nm
Δλeff (nm) 15.08 16.62 17.88 14.83
AR (s−1) 769.9 29.14 767.54 849.31
σ (cm2) × 1020 3.467 4.207 3.960 3.635
βexp 0.52 0.53 0.61 0.52
βCal 0.65 0.60 0.61 0.62

664 nm
Δλeff (nm) 16.73 13.86 13.86 14.82
AR (s−1) 97.43 91.39 114.72 276.41
σ (cm2) × 1020 0.836 0.6501 0.816 2.10
βexp 0.02 0.01 0.01 0.01
βCal 0.08 0.06 0.07 0.07
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glass samples exhibit exceptional temperature resistance, which is a
prerequisite for applications involving solid-state lighting devices.

Delta u,v (Duv) is a significant number that displays the
separation of a light color point from the black body radiation
curve and is usually associated with CCT values in revealing the
black body curve’s closeness to a specific light source [36, 37].
Duv, like CCT, is an important metric that provides combined
scale and orientation information about a color-sensitive lighting
application, such as film and photography. This number is in the
±0.003 range. Duv values were determined using expressions
found in the literature [38]. As with the current glasses, Duv

values are positive, indicating that the color-emitted photons of
the glasses deviate out from black body profile but are more
centered and are more situated in the yellow region of CIE 1931
diagram.

Table 7
Radiative properties of present glasses and compared with other Dy3+ doped glasses

λ= 482nm

Glass Δλeff (nm) AR (s−1) σ (cm2) × 1020 βexp βCal References

CaAlBBaNaDy0.1 16.95 139.81 0.337 0.46 0.11 Present work
CaAlBBaNaDy0.3 18.66 223.02 0.859 0.45 0.22 Present work
CaAlBBaNaDy0.5 13.83 240.38 0.4738 0.37 0.19 Present work
CaAlBBaNaDy1.0 17.19 174.29 0.4268 0.45 0.17 Present work
BLCFDy3 16.536 165.55 0.0448 0.0692 0.1058 Nishiura and Tanabe [4]
0.05LBTPD 9.38 350.8 8.71 0.610 0.635 Selvi et al. [16]
LMgBDy05 18.67 419.14 6.49 0.40 0.24 Narwal et al. [14]
BGGD1.00 19.77 253.53 3.10 0.320 0.213 Gökçe and Koçyiğit [25]
C2 16.29 440.31 1.1176 0.49 0.20 Rajaramakrishna et al. [28]
D 16.39 489.11 0.5837 0.48 0.21 Rajaramakrishna et al. [28]
CSPB:1.0Dy 20.00 161.68 0.0104 0.22 Albaqawi et al. [29]
1.0DSrMB 1725.7 1.78 0.24 Ichoja et al. [27]
BTKA0.05D 6 ± 1 70.77 2.84 0.126 ± 0.0007 0.109 Annapoorani et al. [30]

λ= 575 nm
CaAlBBaNaDy0.1 15.08 769.9 3.467 0.52 0.65 Present work
CaAlBBaNaDy0.3 16.62 29.14 4.207 0.53 0.60 Present work
CaAlBBaNaDy0.5 17.88 767.54 3.960 0.61 0.61 Present work
CaAlBBaNaDy1.0 14.83 849.31 3.635 0.52 0.62 Present work
BLCFDy3 15.006 492.31 0.2973 0.5841 0.8941 Nishiura and Tanabe [4]
0.05LBTPD 6.68 1193.1 84.04 0.357 0.213 Selvi et al. [16]
LMgBDy05 17.76 1031.26 33.98 0.56 0.60 Narwal et al. [14]
BGGD1.00 19.51 835.56 20.93 0.723 0.703 Gökçe and Koçyiğit [25]
C2 16.44 1425.3 6.869 0.50 0.70 Rajaramakrishna et al. [28]
D 18.91 1412.81 4.8265 0.50 0.69 Rajaramakrishna et al. [28]
CSPB:1.0Dy 13.00 498.94 0.1015 0.71 Albaqawi et al. [29]
1.0DSrMB 5286.5 35.56 0.73 Ichoja et al. [27]
BTKA0.05D 5 ± 1 395.08 38.56 0.850 ± 0.0017 0.609 Annapoorani et al. [30]

λ= 664 nm
CaAlBBaNaDy0.1 16.73 97.43 0.836 0.02 0.08 Present work
CaAlBBaNaDy0.3 13.86 91.39 0.650 0.01 0.06 Present work
CaAlBBaNaDy0.5 13.86 14.72 0.816 0.01 0.07 Present work
CaAlBBaNaDy1.0 14.82 276.41 2.10 0.01 0.07 Present work
BLCFDy3 14.799 58.3 0.0634 0.1964 0.3006 Nishiura and Tanabe [4]
0.05LBTPD 13.23 208.9 13.27 0.033 0.063 Selvi et al. [16]
LMgBDy05 15.37 96.45 6.53 0.02 0.06 Narwal et al. [14]
BGGD1.00 21.00 80.03 3.27 0.069 0.067 Gökçe and Koçyiğit [25]
C2 9.35 149.82 0.721 0.01 0.06 Rajaramakrishna et al. [28]
D 15.71 144.13 0.789 0.01 0.06 Rajaramakrishna et al. [28]
CSPB:1.0Dy 14.00 48.20 0.0151 0.06 Albaqawi et al. [29]
BTKA0.05D 8±1 57.99 6.17 0.019 ± 0.0007 0.089 Annapoorani et al. [30]

Table 8
Asymmetry ratio of Dy3+ doped glasses

Glass Y/B ratio References

CaAlBBaNaDy0.1 1.316 Present work
CaAlBBaNaDy0.3 1.299 Present work
CaAlBBaNaDy0.5 1.267 Present work
CaAlBBaNaDy1.0 1.315 Present work
0.8Dy 1.10 Huimin et al. [31]
NPABSDy5 1.063 Babu and Cole [32]
LZBSDy0.1 2.35 Jaidass et al. [33]
BiBTDy0.1 1.642 Lakshmi et al. [34]
DY0.1 1.66 Monisha et al. [35]
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4. Conclusions

Density and molar volume of the glasses exhibit an inverse
trend, showing that as the concentration of Dy2O3 rises, more
non-bridging oxygen is present in the glasses. The BO4 structural
unit from a diborate group and stretching vibrations of NBOs
from BO3 trigonal units are both visible in FTIR. Urbach energy
showed that the D2 glass sample was more disorderly. Judd–Ofelt
theory was used to highlight the importance of Ωλ (λ= 2,4,6), and
it was discovered that they follow the Ω2 > Ω4 > Ω6 trend,
whereas D2 follows the Ω2 > Ω6 > Ω4 trend. When compared,
the stimulated emission cross-section values at 575 nm were
greater. Pure white emission might be tuned using variations in
the peak-to-peak ratio of the asymmetric (Yellow/Blue) emission.
The CCT values seem to be similar and are in the 4824–4970 K
range. The color coordinates (x, y) and Duv also display values
that are similar, indicating that these produced glasses may be

employed for solid-state applications involving white light-
emitting (w-LED) devices.
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Table 9
CIE Chromatically coordinates, and CCT(K) for CaAlBBaNaDy glasses

Glass X Y CCT (K) DUV References

CaAlBBaNaDy0.1 0.3493 0.3828 4957 0.0133 Present work
CaAlBBaNaDy0.3 0.3518 0.3882 4894 0.0148 Present work
CaAlBBaNaDy0.5 0.3490 0.3846 4970 0.0142 Present work
CaAlBBaNaDy1.0 0.3546 0.3922 4824 0.0156 Present work
KD 0.386 0.401 4022 0.009 Divina et al. [36]
NaD 0.397 0.427 3928 0.017 Divina et al. [36]
CaD 0.391 0.421 4022 0.016 Divina et al. [36]
SrD 0.351 0.415 4978 0.027 Divina et al. [36]
BaD 0.333 0.383 5485 0.056 Divina et al. [36]
L15(Oxyfluoride) 0.347 0.380 5016 0.013 Lakshminarayana et al. [37]

Figure 13
CIE chromaticity diagram of D series glasses
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