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Abstract
Dysprosium oxide-doped glasses with a composition of  60B2O3-10Sb2O3-10Al2O3-10NaF-(10-x) LiF-xDy2O3 (x = 0.1,0.5, 
1.0,1.5,2.0,2.5 mol%) were prepared using a conventional melt-quenching technique. The glasses were characterized through 
various analytical investigations, including X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, refrac-
tive index, density, optical absorption, excitation, photoluminescence (PL) studies, decay measurements and radiation shield-
ing parameters. The XRD and FT-IR confirms the glassy nature and functional groups present in the titled glass. The 
absorption spectra were used to determine the oscillator strength of the  Dy3+ absorption transitions as well as the bond 
created with the  O−2 ion in the titled glass network. The degree of the suitability of developed glasses for lasing applications 
was demonstrated by radiative parameters determined using Judd–Ofelt theory. In the prepared glass samples, the optical 
bandgap measurements indicate the presence of non-bridging oxygen (NBOs), localization of charges and donor centers 
in the titled glasses. Due to the de-excitation of 4F9/2 to the corresponding 6H15/2,6H13/2 and 6H11/2 states, the PL emission 
spectrum shows two main strong emissions at blue(480nm), yellow (575nm) and one less emission at red (663nm). The 
CIE coordinates determined using PL emission spectra reveal the coordinates that are falling within the white light region. 
Various shielding parameters such as mass attenuation coefficient, mean free path, effective atomic number were estimated 
to understand the radiative shielding nature of the titled glasses. Within the addition of  Dy2O3, it was found that the shield-
ing parameters values of the titled glass samples are increasing. The Mass Attenuation Coefficient, Half Value Layer and 
Mean Free Path of the as prepared glasses has been compared with different types of concretes to understand the shielding 
effectiveness of prepared glass. 
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Introduction

The rare-earth (RE) doped materials have gained consider-
able attention owing to their potential applications in many 
fields, like medicine, optoelectronics, and telecommunica-
tion (optical fibers, lasers, and amplifiers) because RE ions 
exhibit emission transitions in 4f-4f or 4f-5d, additionally 
their unique electronic configuration from the ultraviolet 

region to the infrared region makes them to act as an excel-
lent activator to emit sharp luminescence [1–3]. In par-
ticular, glasses doped with RE ions have gained signifi-
cant attention for the development of Solid-State Lighting 
devices (SSL). The SSL technology is used in many lighting 
applications because of its advantages like durability, energy 
saving and eco-friendly [4]. In SSL, white light-emitting 
diodes (wLEDs) are an interesting possible substitute for 
fluorescent lamps because of their advantageous properties 
such as transparency, thermal stability, and low cost. Cur-
rently, blue or near-ultraviolet LED chips are used to excite 
phosphors (YAG:  Ce3+, for example) in epoxy resin to pro-
vide white light. To achieve great brightness, however, the 
output power of the LEDs must be raised, which raises the 
chip's temperature. The resin can break down as a result of 
the temperature rise, which would lower the light's quality 
and intensity. Since they may be made in the form of a lens, 
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luminescent materials doped with trivalent RE ions can be 
utilized to replace the phosphor particles to promote direct 
encapsulation of the LED chip [5].

On the other hand, the RE ions are using to replace the 
concretes [6] which are opaque and unclear to visible light, 
as alternative gamma ray shielding materials for various uses 
in high energy physics applications and nuclear waste man-
agement. The gamma rays which may lead to increase the 
risks for cancer, damage to human cells, and environmental 
effects. Therefore, the use of reliable shields is fundamental. 
Radiation shields are the most widely used materials because 
of their high density, good structural properties, and cost 
efficiency. Although lead is a very efficient shielding mate-
rial but it is highly toxic and harmful to the environment; 
therefore, the present research is focused on non-toxic alter-
natives [7]. Numerous studies have been reported to replace 
the lead-based glass with different types of glass matrices 
like borates [8], silicates [9], phosphates [10], tellurites [11], 
etc., borate glasses are well-suited application for the pre-
pared glasses [12–14].Boric acid  (B2O3) is one of the excel-
lent glass former in oxide materials because it has a high 
glass-forming trend and exhibits unique advantages, like 
minimum dielectric constant, ease of formation, low melting 
point, low cost, high RE ion solubility, and good transpar-
ency. Borate glasses are suitable for a variety of applica-
tions in fiberglass as they tend to reduce thermal expan-
sion and resist thermal shock at high temperature. However, 
the main drawback of borate glasses is that, they possess a 
phonon energy of approximately 1300  cm−1, which is rela-
tively quite high because the presence of lightweight which 
possess relatively high phonon energy. Such high phonon 
energies increase nonradiative loss through the multiphonon 
relaxation process. Heavy metal oxides like bismuth, tellur-
ite, tungsten, and antimony have attracted attention because 
of their relatively low phonon energies, high polarizabilities, 
and high refractive indices [15]. In addition to the this, alkali 
fluorides such as NaF and LiF in the glass minimizes the 
non-radiative energy loss and decreases the phonon energy. 
Such alkali fluorides also help to remove the -OH groups 
present in the borate glasses. In addition, Aluminum Oxide 
 (Al2O3), as a glass modifier, provides mechanical strength 
to glass and improves its optical response. The thermal and 
chemical properties also enhanced the emission properties 
of the prepared glass samples [16]. By adding the  Al2O3 to a 
borate glass matrix it can form the  AlO4 and  AlO6 units [17].

Among lanthanides, Dysprosium ions  (Dy3+), is a prom-
ising ion for white-light devices and visible-laser applica-
tions. It has distinct emission bands between the visible and 
near-infrared regions, which lend themselves to a variety of 
interesting optical properties. Due to electronic transitions 
at 4F9/2 → 6H15/2, 4F9/2 → 6H13/2, and 4F9/2 → 6H11/2,  Dy3+ ions 
primarily exhibit two strong emission bands, which are pure 
magnetic dipole transition at blue (470–500 nm) and pure 

electric dipole transition at yellow (570–600 nm) regions, as 
well as one weak red emission band (660–700 nm). Among 
these, the hypersensitive transition 4F9/2 → 6H13/2 is strongly 
affected by the environment. Emission of white light at a 
regulated yellow to blue (Y/B) ratio can be achieved by 
adjusting the concentration of dysprosium ions in a host 
matrix and adjusting excitation wavelength. The Y/B ratio 
also provides information on the  Dy3+ -O2− ion environment 
in the nearby regions of the dysprosium ions, such as the 
degree of covalence. Both visible and near-infrared solids 
state lasers can be created through glasses doped with  Dy3+ 
ions [18, 19].

In the present work, we synthesized the  Dy3+ ions acti-
vated  60B2O3-10Sb2O3-10Al2O3-10NaF-(10-x) LiF-xR.E 
(OFSbB) glass samples were synthesized and characterized 
them by using XRD, FT-IR and optical properties such as 
absorption, luminescence spectra and decay time measure-
ments. Evaluation of Judd-Oflet (J-O) intensity parameters 
and their trends, as well as physical parameters, were inves-
tigated with respect to  Dy3+ concentration. The optical band-
gap energy was estimated using Tauc’s plot for the indirect 
and direct transitions from the absorption data. Under excita-
tion at 351 nm, the yellow-blue (Y/B) intensity ratio results 
in the application of white-light-emitting devices. The PSD 
software was used to investigate OFSbBDy glasses gamma-
ray shielding parameters, including the Effective Atomic 
Number, Linear Attenuation Coefficient, Half Value Layer, 
Tenth Value Layer, Mean Free Path, Mass Attenuation Coef-
ficient, and Exposure Buildup Factor.

Experimental Approach

Synthesis

The Melt-quenching method was used to synthesize the  Dy3+ 
ions-doped glass with a  60B2O3-10Sb2O3-10Al2O3-10NaF-(10-x) 
LiF-xDy2O3 composition (where, x = 0.1, 0.5, 1.0, 1.5, 2.0, 2.5 
mol %). The prepared glasses are referred to as OFSbBDy0.1, 
OFSbBDy0.5, OFSbBDy1.0, OFSbBDy1.5, OFSbBDy2.0, and 
OFSbBDy2.5, depending on the Dy-ion concentration from 0.1 
to 2.5mol% respectively. All the chemicals were weighed using 
an electrical weighing balance with an appropriate molecular 
weight. After weighing, the chemical composition was ground 
into a fine powder using an agate mortar and pestle. The batch 
materials, which were placed in silica crucibles and heated for ten 
minutes at 1200 °C in an electric furnace, had a stoichiometric 
composition of approximately 8 g. The melt was kept homogene-
ous by being stirred every three minutes. To eliminate the internal 
thermal stress caused by the quenching process, the melt was 
quenched in a brass mold and plates that had been preheated and 
then annealed for two hours at 500 °C. The prepared glasses had 
a 2 mm thickness and were transparent.
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Sample Characterization

Using Cu K (λ = 1.5405Å) radiation, an XRD analysis of 
the prepared glasses amorphous nature was performed on 
PANalytical EMPRYREAN diffractometer. The densities 
and refractive index of the glass samples were measured 
using Archimedes rule and Brewster’s angle method respec-
tively. FT-IR spectra of the glass samples were recorded 
using a JASCO FT/IR- 4700 spectrometer. A JASCO V-670 
UV–vis-NIR spectrometer was utilized for the recording of 
the absorption spectra. Using a JASCO FP-8300 spectrofluo-
rometer, excitation, PL spectra and PL decay curves of the as 
prepared glass samples were recorded at room temperature. 
The characteristics of photon shielding for the OFSbBDy 
glasses were computed using the PSD/Phy-X software [20].

Results and Discussion

Structural Analysis

X‑ray Diffraction

Figure 1 shows the patterns of X-Ray Diffraction at the dif-
ferent concentrations of  Dy3+ ions-activated OFSbB glass 
samples recorded in the 2θ range of 20–80˚ on a PANalyti-
cal EMPYREAN diffractometer with Cu Kα (λ = 1.5405Å) 
radiation. In general, non-crystalline materials do not exhibit 

sharp peaks because of the nonperiodic arrangement of 
atoms in these solids, which does not satisfy the diffraction 
condition [21]. The prepared glass samples exhibited a broad 
hump at approximately 27°, indicating the presence of the 
 BO3 group [5].

Fourier Transform Infrared Spectroscopy

FT-IR plays an important role in determining the struc-
tural properties of the as prepared glass samples. Fig-
ure 2 represents the FT-IR spectra of  Dy3+ ions-doped 
and un-doped OFSbB glass samples, which were recorded 
in the wavelength range from 450 to 3500  cm−1. The  BO3 
group is present, as an evidenced by the peak at  512cm−1. 
The bending vibrations of the BO – O–  BO4 bonds is 
attributed due to the peak at  688cm−1. The peak at 891 
cm-1 corresponds to the stretching vibrations of the tetra-
hedral  BO4

−1 units. The peak at 1047  cm−1 indicates the 
pentaborane group. The peaks at 1209  cm−1 represent the 
B-O-B bending vibrations in the tetrahedra correspond-
ing to boron-tetrahedral units. The peak at 1335  cm−1 
represents the stretch vibration between Boron-Oxygen 
bonds of the  BO3 unit, which also results about the link 
between oxygen and different connecting diverse groups 
like orthoborate, metaborate and pyroborate. The peak at 
2345  cm−1 indicates the presence of hydrogen bonds in 
the prepared glasses. The peak at 3057  cm−1 indicates the 
presence of the OH group [22–25].

Fig. 1  The X-Ray Diffraction 
patterns of the undoped and 
doped OFSbBDy glass samples
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Physical Parameters

Table 1 describes Physical parameters of  Dy3+ ions doped 
OFSbB glasses like refractive index(n), density, RE ion 
concentration(N), average molecular weight(M), polaron 
radius(rp), inter-ionic distance(ri), and field strength(F) of the 
prepared glasses. The OFSbB glasses density increased with 
an increase in  Dy3+ ions concentration. The density increased 

because of the increase in the molar mass and modifications 
of the  BO3 triangles in to  BO−4 tetrahedra. The density 
depends on the alkali type and alkali earth modifier, which 
occupy the interstitial positions in the glass network. The 
 Li+ ion connects with the glass former cations, that is with 
 B3+ ions, and enhances ring-type structures and coordination 
numbers, which also leads to a increase in density because 
of the presence of Non-Bridging Oxygen (NBO) atoms 

Fig. 2  The Fourier transform 
infrared (FTIR) spectra of 
the  Dy3+ ions doped into the 
OFSbB glass samples
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Table 1  Physical parameters of  Dy3+ ions doped OFSbB glasses

Physical Parameters OFSbBDy0.1 OFSbBDy0.5 OFSbBDy1.0 OFSbBDy1.5 OFSbBDy2.0 OFSbBDy2.5

Refractive index  (nd) 2.243 2.252 2.256 2.259 2.267 2.271
Density (g/cc) 2.916 2.936 2.962 2.988 3.014 3.04
Average molecular weight (g) 83.586 94.452 96.187 97.922 99.658 101.393
Dy3+ ion concentration (×  1022 ions/cm3) 0.034 0.172 0.341 0.506 0.668 0.826
Mean atomic volume (g/cm3/atom) 6.901 7.721 7.767 7.867 7.853 14.208
Dielectric constant (Ɛ) 5.031 5.071 5.089 5.103 5.139 5.157
Optical dielectric constant(P�t∕�p) 4.031 4.071 4.089 4.103 4.139 4.157
Reflection losses (R) 0.146 0.148 0.148 0.149 0.150 0.150
Molar refraction  Rm  (cm−3) 16.435 18.517 18.728 18.928 19.169 19.373
Polaron radius (Å) 5.816 3.413 2.720 2.385 2.175 2.026
Interionic distance (Å) 0.144 8.470 6.750 5.919 5.398 5.029
Molecular electronic polarizability (×  10–23 

 cm3)
0.392 7.958 4.032 2.722 2.071 1.677

Field strength (×  1015  cm2) 0.886 2.574 4.053 5.270 6.338 7.302
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in dysprosium oxide. The refractive indices of the glasses 
increased with increasing  Dy3+ ions concentration because 
the polarizability of oxide increase with rare earth ions and 
also related to the density. The prepared glasses result the low 
molar electronic polarizability value results the increase in 
the glass network stability because the molar polarizability 
connected to macro and micro, physical, chemical properties 
like UV absorption, chemical stability [14, 26].

Absorption Spectral Analysis

Figure 3 shows the absorption spectral data of the  Dy3+ 
ions-doped OFSbB glasses, which were recorded at room 
temperature from the ultraviolet–visible to near-infrared 
region. The absorption spectra show twelve peaks that are 
arising due to f-f transition from the ground energy state 
6H15/2 to various higher energy states of the doped dyspro-
sium ions. The twelve electronic transitions of the absorp-
tion bands from 6H15/2 ground state are 4M15/2, 6P5/2, 4I13/2, 
4G11/2, 4I15/2, 4F9/2, 6F3/2, 6F5/2, 6F7/2, 6F9/2, 6F11/2, 6H11/2 with 
the energies 350, 364, 387, 426, 451, 473, 683,753, 802, 
901, 1092, 1275 and 1684 nm respectively. All electronic 
transitions were identified according to a report available 
in literature [27]. The resultant band peak intensity exhib-
iting high energy in the UV region is weak because of 
less absorption, and the low-energy near-infrared region 
(NIR) exhibits a strong absorption titled host matrix. The 
 Dy3+ ions electronic configuration is  4f9, which results in 
a ground state multiplet (6H), a high-intensity band at 1275 
nm in the near-infrared region, and free ions in the ultra-
violet region because of the overlapping of different 2S+1LJ 
levels. The spectra exhibited high intensity because of the 

hypersensitive nature of the 6H15/2 → 6F11/2 electronic tran-
sition, and obeyed the selection rules |∆S|= 0, |∆L|≤ 2, and 
|∆J|≤ 2 [28]. The electronic transition between the ground 
state (6H15/2) and excited states (6H, 6F) exhibited sharp 
and intense bands, owing to their spin-allowed nature.

Nephelauxetic Effects and Bonding Parameters

From the optical absorption spectra, the bonding nature of 
Dy-O in the OFSbB glass was determined. The nephelaux-
etic ratio (β) and the bonding parameter (δ) studies were 
used to determine the Dysprosium ion ligand’s bonding 
nature. The following equations are used to determine the 
Nephelauxetic ratio:

where, ϑc is the wavenumber  (cm−1) of a specific shift of 
the rare earth ions & ϑa stands the wavenumber  (cm−1) for 
the similar shift of an aqua ion. The δ is calculated by the 
following equation.

Here,  β is the average of β value. `based upon the 
environment of δ results either positive or negative 
which indicates the covalent or ionic nature if bond-
ing. The bonding parameter of the prepared  Dy3+ ions-
doped OFSbB glass was negative, -0.936, -0.932, -0.930, 
-0.929, -0.924, and -0.923 for 0.1,0.5,1.0,1.5,2.0 and 2.5 
mol% indicating ionic bonding. It indicates that when 
the concentration of RE ions increases, the ligand net-
work surrounding the RE ions changes. The number of 
NBO’s in the glass matrix, which are reason for the large 
changes in bonding parameter values, is also influenced 
by the doping concentration. The prepared glass samples, 
a decrease in ionicity corresponds to a reduction of bond-
ing defects.

Optical Bandgap Analysis

Optical bandgap analysis was used to determine the band-
gap between the conduction and valence bands in the oxide 
glasses. The nature of the glass structure and chemical 
bonding can be explored by analyzing the optical absorp-
tion spectral transitions [27, 29, 30]. By calculating the 
absorption coefficient α(ν), information about the induced 
transitions, such as direct and indirect allowed transitions, 
can be obtained. From the Davis and Mott theory, the fol-
lowing expression is used to evaluate the absorption coef-
ficient [31].

(1)β =
ϑc

ϑa

(2)δ =
1 − β

β
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Fig. 3  The absorption spectra  Dy3+ ions doped OFSbB glass samples
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where B is the band tailing parameter,  Eg is the bandgap 
energy & n = 1/2 or 2, depends upon either indirect allowed 
transition or direct allowed transition, respectively. By using 
Tauc plot ((αhν)1/n vs. hν) the  Eg values of the OFSbBDy 
glasses were determined through extrapolating the linear 
portion of the curve. Figure 4 represents the Tauc plot for 
indirect (n = 1/2) and direct (n = 2) transitions of the pre-
pared glasses.

Estimation of Oscillator Strengths and Judd–Ofelt  
Intensity Parameters

The oscillator strengths are determined using the J–O the-
ory, which explains the strength of the absorption peaks of 

(3)αhν = B
(

hν − Eg

)n RE ions. This determines the integration of the area under 
the curve of each observed band. Using the equation given 
below, the experimental oscillator strength(fexp) was calcu-
lated as follows:

Here, Ɛ(ν), ν addresses the molar absorption of the 
peak(cm−1), frequency of specific band.

Additionally, the following formula can be used to esti-
mate the calculated oscillator strength(fcal) during the pri-
mary and final state transitions [32, 33]:

(4)fexp = 4.318 × 10−9 ∫ �(v)dv

(5)

fcal =
8π2mc

3h

(

n2 + 2
)2

9n

ν

(2J + 1)

∑
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(
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The plank constant, electron mass, refractive index, and 
wavenumber (in  cm−1) are all represented here by h, m, n and 
ν respectively. The angular momentum from the ground start 
to the excited state is represented by J (J = L + S); the absorp-
tion band’s Lorentz local field correction is  (n2 + 2)2/9n; the 
host-dependent J-O intensity parameters and  Uλ are the 
host-independent elements of the unit tensor square matrix. 
The following expression is used to evaluate the quality of 
fitting between the  fexp and  fcal data using root mean square 
deviation(δrms). The following expression is used to evaluate 
the quality of fitting between the  fexp and  fcal data using δrms.

where N represents the level. Table 2 shows the  fexp,  fcal 
and δrms values of the as prepared glass samples. The three 
calculated J-O intensities Ωλ(λ = 2,4,6) parameters are 

(6)δrms =

�

∑
�

fexp − fcal
�2

N

shown in Table 3. The parameters demonstrate nature of 
the local arrangement and bonding nature of the RE ions. 
From the Table 3, the evaluated Ωλ values results the same 
trend (Ω2 > Ω6 > Ω4) for all the titled glasses. From Jor-
gensen and Reisfeld theory [34], the covalent valence of the 
metal–ligand bond and the asymmetry of the ion sites in the 
ligand field around the  Dy3+ ions affect the Ω2 parameter, 
while Ω4 and Ω6 depend on the viscosity of the medium and 
rigidity of medium. The Ω6 specifies the rigidity and a lower 
polarizability. Moreover, the determined Ω6 value indicates 
strong ionic network coupling and also results merging the 
opposite similarity energy levels. This remains vital increase 
to emission intensity the  Dy3+ ions and keeps the thermal 
stresses low in order to achieve the thermal equilibrium of 
the quantum efficiency. The large value of Ω2 comparing 
with the Ω6 indicates the large asymmetry around the  Dy3+ 
ions and closes the binding of the ligand ions. Moreover, the 
Ω2 value highly depends upon the sensitive transitions and 

Table 2  The oscillator strength 
 (fexp and  fcal X  10–6), rms 
deviation (δrms ×  10–6) of the 
OFSbBDy glasses for different 
absorption bands

Transition OFSbBDy0.1 OFSbBDy0.5 OFSbBDy1.0 OFS-
bBDy1.5

OFS-
bBDy2.0

OFS-
bBDy2.5

6H15/2 → fexp fcal fexp fcal fexp fcal fexp fcal fexp fcal fexp fcal

4M15/2 0.154 0.093 0.617 0.106 0.58 0.951 0.389 0.091 0.28 0.073 0.245 0.055
6P5/2 1.714 1.714 2.062 2.085 1.891 1.891 1.757 1.684 1.12 1.142 1.04 0.794
4I13/2 0.814 0.691 1.634 0.826 1.074 0.726 1.201 0.669 0.954 0.472 0.761 0.336
4G11/2 1.525 1.539 1.994 1.861 1.567 1.64 1.464 1.516 1.261 1.055 1.184 0.746
4I15/2 1.027 0.175 1.647 0.134 1.095 0.098 0.924 0.033 0.68 0.039 0.483 0.033
4F9/2 0.841 0.606 1.065 0.715 0.597 0.619 0.52 0.548 0.346 0.376 0.239 0.263
6F1/2 - - 1.836 0 0.793 0 0.654 0 0.517 0 0.351 0
6F3/2 0.96 0.725 1.096 0.882 0.957 0.773 0.998 0.706 0.64 0.479 0.419 0.333
6F5/2 3.496 3.842 4.709 4.673 3.744 4.103 3.559 3.749 2.752 2.539 1.151 1.764
6F7/2 6.788 7.841 8.591 9.163 6.511 7.989 5.882 7.029 3.147 4.836 2.118 3.39
6F9/2 8.804 8.544 9.217 9.093 7.998 7.635 6.32 6.043 4.74 4.338 3.432 3.106
6F11/2 11.73 11.799 12.324 12.324 10.49 10.583 9.236 9.305 7.68 7.766 5.91 5.999
6H11/2 4.564 4.035 5.05 4.825 4.952 4.237 4.418 3.892 3.39 2.736 2.616 1.944
RMS(δ) 0.45 0.746 0.619 0.511 0.59 0.509

Table 3  Comparison of J-O 
intensity parameters (Ω2, 
Ω4, Ω6 ×  10–22  cm2) between 
OFSbBDy glasses and different 
reported  Dy3+ ions doped 
glasses

Glass system Ω2 Ω4 Ω6 Trend References

OFSbBDy0.1 572.59 299.74 530.97 Ω2 > Ω6 > Ω4 Present work
OFSbBDy0.5 672.23 219.89 652.8 Ω2 > Ω6 > Ω4 Present work
OFSbBDy1.0 609.98 157.3 575.25 Ω2 > Ω6 > Ω4 Present work
OFSbBDy1.5 629.11 36.39 531.38 Ω2 > Ω6 > Ω4 Present work
OFSbBDy2.0 531.4 53.85 365.75 Ω2 > Ω6 > Ω4 Present work
OFSbBDy2.5 412.76 47.77 255.57 Ω2 > Ω6 > Ω4 Present work
LBGS0.5Dy 832 214 275 Ω2 > Ω6 > Ω4  [35]
Lead fluorophosphate glass 712 159 220 Ω2 > Ω6 > Ω4  [19]
oxyfluoride glass 641 102 225 Ω2 > Ω6 > Ω4  [36]
TSWD5 1220.2 264.4 337.5 Ω2 > Ω6 > Ω4  [37]
BTLN0.5D 632.9 171.5 114.1 Ω2 > Ω6 > Ω4  [38]
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provides the information on the nature of the Dy-O bonds. 
Higher oscillator strengths of hypersensitive transitions lead 
to maximum values of Ω2. The prepared glasses typically 
have Ω2 values that lies between in the range of Ω6 and Ω4 
for the oxyfluoride glass. As we see that Ω2 increases until 
OFSbBDy0.5 glass greater and confirming the high asym-
metry ligand field around the  Dy3+ ions of the prepared 
glass. The J-O values results are compared with published 
work which is shown in Table 3 [19, 35–38].

Photoluminescence Spectra

PL spectral studies of the  Dy3+ ions doped OFSbB glasses 
were recorded and which are represented in the Figs. 5 and 6. 
Figure 5 The excitation spectra were in the range of 320 nm to 
500 nm, and the emission spectra (Fig. 6) were in the range of 
450 nm to 750 nm. At an emission wavelength of 573 nm, the 
peaks of the excitation bands located at 325, 338, 351, 364, 
387, 427, 452, and 474 nm were related to transitions from 
4M17/2, 6P7/2, 6P5/2, 4I13/2, 4G11/2, 4I15/2, and 4F9/2. Amongst 
these transitions, the 6H15/2 → 6P7/2 band at 351nm was rela-
tively more intense than the other transitions. The results of 
the two highly intense bands at 480 nm(blue), 575 nm (yel-
low) and one less intense band at 663nm (red) correspond-
ing to the transitions from the excited level 4F9/2 → 6H15/2, 
4F9/2 → 6H13/2 and 4F9/2 → 4H11/2 respectively. The Fig. 7 rep-
resents the variation of emission intensities of OFSbBDy0.5 
glass excited at different excitation wavelengths. From the 
emission spectra, it is observed that luminescence intensity 
increases up to 0.5 mol% of  Dy2O3 and decreases beyond 
because of concentration quenching effect. The concentra-
tion quenching effect is the result of the Dy-Dy distance, 
which occurs with increasing  Dy2O3 concentration. The 
reduction in Dy-Dy distance shows resonant energy transfer 
(RET), which is otherwise called “energy migration” and the 
cross-relaxation (CR) energy transfer process between  Dy3+ 
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Fig. 5  The excitation spectra of  Dy3+ ion doped OFSbB glass samples

Fig. 6  The emission spectra of 
 Dy3+ ion doped OFSbB glass 
at an excitation wavelength 
351 nm. The inset shows the 
Yellow-blue (Y/B) intensity 
ratio of  Dy3+ ions doped 
OFSbB glasses
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donor ions and acceptor ions. In Fig. 8, the  Dy3+ ions partial 
energy level diagram and the RET, which corresponds to the 
PLE and PL transitions (6H15/2 → 6H15/2: 4F9/2) as well as CR 
(6H15/2 → 6F5/2: 6F9/2), (4F9/2: 6H15/2 → 6F3/2: 6F11/2) [39].

Among all the above-mentioned transitions of the PL spectra, 
the transition at 4F9/2 → 6H15/2 is allowed magnetic dipole and 
the transition at 4F9/2 → 6H11/2 is forced electric dipole in nature 
[40]. The relationship between these two transitions indicates the 
nature of the dysprosium-oxygen bond by determining the ratio 
of yellow to blue, the degree of covalence between Dy-O ions 
increases with its value. In addition, for studying the symmetry 
shifts in  Dy3+ ions, an important parameter is the yellow-to-blue 
intensity ratio (Y/B) which is shown inset of Fig. 6. The Y/B 
intensity ratios were 1.11,1.56,1.48,1.38,1.55, and 1.54, corre-
sponding to the OFSbBDy0.1, OFSbBDy0.5, OFSbBDy1.0, 
OFSbBDy1.5, OFSbBDy2.0 and OFSbBDy2.5 glasses. The 
increase in the Y/B ratio indicated an increase in the covalent 
nature of the Dy-O bond. This indicates higher structural disorder 
around the  Dy3+ ions [26, 27].

Radiative Properties

Following the expressions reported in the literature [41].The 
radiative properties have been calculated using J-O Parameters 

which includes effective bandwidths, radiative lifetimes (τR), 
radiative transition probabilities  (AR), Stimulated emission 
cross-sections (σse) and branching ratios (βexp). The  AR values 
influenced by the J-O intensity parameters and the energy gap 
between the initial and terminal levels, to determine the radia-
tive relaxation of an excited state to all its lower levels

where  AT denotes the total probability of transition which is 
the summation of transition probability values for a potential 
transition. The branching ratio (βR) is the basic parameter 
for the designing the laser since it portrays the chance of 
accomplishing the stimulated emission from any specific 
transition. The value for the potential laser activity must be 
greater than 0.5. The following expression can be used to 
determine the value of R from the total transition probability 
 (AT) that corresponds to the emission and excited level to 
the lower level

(7)�R =
1

Aτ(ψJ)

(8)βR =
AR(ψJ,ψ

�

J
�

)

AT(ψJ)
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Fig. 7  The emission spectra of  Dy3+ ion doped OFSbB glass at an excited at 351 nm,375 nm and 405 nm wavelengths



 Journal of Fluorescence

1 3

The higher branching ratio of the 4F9/2 → 6H13/2 shift 
among the observed emission shifts indicates that it 
is suitable for its lasing action. From the Table 5, the 
observed βexp values for each prepared glasses tend 
to be 6H13/2 > 6H15/2 > 6H11/2 which indicates that yel-
low emission is predominant. As a result, the prepared 
glasses are promising materials for visible yellow laser 
applications. Laser execution is highly dependent upon 
the σse which lies between the primary level (ΨJ) and 
the concluding level (Ψ'J’) with possibility  AR is cal-
culated as follows

where, λP is the emission lines peak wavelength and Δλeff is 
the effective bandwidth of the emission band, The effective 
bandwidth is determined by integrating the luminescence 
line’s intensity and dividing it by the intensity at the peak 
wavelength. The outcome for the radiative properties is 
recorded in Table 4. The optical gain bandwidth (σse × Δλp) 
and optical gain (σse × τR) values fundamental for manufac-
turing lasers and optical materials [42]. For the 4F9/2 → 6H13/2 
transition, OFSbBDy0.5 glass has relatively higher values 
for gain bandwidth and optical gain parameters than the 
other prepared glasses which is shown in Table 5, This indi-
cates the suitability of OFSbBDy0.5 glass for the visible 
laser and fiber amplifiers. [30, 35, 43–49].

(9)σse
(

ψJ,ψ
�

J
�)

=

(

λ4
p

8πσn2Δλp

)

AR(ψJ,ψ
�

J
�

)

Photoluminescence Decay Analysis

With an excitation wavelength of 351nm and an emission 
wavelength of 575nm, the time decay profile for all the as 
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Fig. 8  The partial energy level diagram of  Dy3+ ions doped OFSbB glass samples

Table 4  The Radiative transition probability  (As−1), radiative branch-
ing ratios (βR) and stimulated emission cross-section (σse)  (10–22  cm2) 
for the emission transitions of  Dy3+ ions doped OFSbB glasses

Glass system Transition A βR σSE 

OFSbBDy0.1 4F9/2 → 6H11/2 288 0.05 0.325
4F9/2 → 6H13/2 3254 0.573 2.724
4F9/2 → 6H15/2 1528 0.269 0.886

OFSbBDy0.5  4F9/2 → 6H11/2 321 0.05 0.366
4F9/2 → 6H13/2 3707 0.577 3.139
4F9/2 → 6H15/2 1775 0.276 1.041

OFSbBDy1.0  4F9/2 → 6H11/2 287 0.051 0.329
4F9/2 → 6H13/2 3246 0.578 2.764
4F9/2 → 6H15/2 1533 0.273 0.904

OFSbBDy1.5  4F9/2 → 6H11/2 275 0.054 0.319
4F9/2 → 6H13/2 3002 0.589 2.586
4F9/2 → 6H15/2 1533 0.263 0.8

OFSbBDy2.0  4F9/2 → 6H11/2 223 0.058 0.263
4F9/2 → 6H13/2 2257 0.595 1.976
4F9/2 → 6H15/2 905 0.238 0.549

OFSbBDy2.5  4F9/2 → 6H11/2 176 0.062 0.209
4F9/2 → 6H13/2 1668 0.59 1.467
4F9/2 → 6H15/2 631 0.223 0.384
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prepared samples that correspond to the 4F9/2 state was taken 
into consideration. As can be seen in Fig. 9, the time decay 
profile of each  Dy3+ ions doped glass sample contained only 
one exponential and the estimated values for the decay time. 
Due to the concentration quenching effect, it was discovered 

that the time decay values decreased as  Dy3+ ions concen-
tration increased [50]. Using the following the expressions 
reported in the literature [41], the experimental lifetimes of 
the as prepared glasses are calculated by fitting the decay 
profiles by using following equation

Table 5  Emission peak wavelength(λp) (nm), effective band width (Δλp) (nm), stimulated emission cross-section (σse)  (10–22  cm2), gain band 
width (σse x Δλp)  (10–28  cm3) and optical gain (σse x τR)  (10–25  cm2 s) for the emission transitions of  Dy3+ions doped OFSbB glasses

Glass code 4F9/2 → 6H15/2 (Blue) 4F9/2 → 6H13/2 (Yellow) 4F9/2 → 6H11/2 (Red)

ΔλP σSE σSE x ΔλP τR σSE x τR ΔλP σSE σSE x ΔλP τR σSE x τR ΔλP σSE σSE x ΔλP τR σSE x τR

OFSbBDy0.1 3.84 0.886 3.402 176 1.559 5 2.724 13.62 176 4.794 5.25 0.325 1.706 176 0.572
OFSbBDy0.5 5 1.041 5.205 155 1.613 5.55 3.139 17.421 155 4.865 6.25 0.366 2.287 155 0.567
OFSbBDy1.0 5 0.904 4.52 178 1.609 3.84 2.764 10.613 178 4.919 4.17 0.329 1.371 178 0.585
OFSbBDy1.5 5.55 0.8 4.44 196 1.568 5 2.586 12.93 196 5.068 4.55 0.319 1.451 196 0.625
OFSbBDy2.0 5 0.549 2.745 263 1.443 3.57 1.976 7.054 263 5.196 5.55 0.263 1.459 263 0.691
OFSbBDy2.5 5 0.384 1.92 353 1.355 4.54 1.467 6.660 353 5.178 5.55 0.209 1.159 353 0.737
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Fig. 9  The decay curves of  Dy3+ ions doped OFSbB glass samples
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where  It and  Io represent the intensities of emission for decay 
curves at t = 0 and t = t respectively. With an increase in the 
concentration of the  Dy3+ ions, the experimental lifetime 
values of the 4F9/2 level are 140, 135, 115, 105, 95 and 
84(µs) corresponding to OFSbB0.1, OFSbB0.5, OFSbB1.0, 
OFSbB1.5, OFSbB2.0, and OFSbB2.5, respectively. The 
determined radiative lifetimes are opposing more from the 
experimental lifetimes which is due to non-radiative transi-
tion in the glass. The quantum efficiency (η) is the ratio of 
number photons emitted to the photons observed. For RE 
ions doped glasses, the quantum efficiency is expressed as

The η values are decrease with increase in  Dy3+ ions con-
centration due to increase of non-radiative transition rates. 
These rates can be calculated by difference of inverses of 
experimental and radiative lifetime value:

The determined values of the quantum efficiency and  WNR 
are of prepared glasses are tabulated in the Table 6 and com-
pared with reported values. The  WNR values of OFSbBDy0.5 are 
minimum which is evidently the OFSbBDy0.5 possess higher 
stimulated emission cross section and quantum efficiency.

Commission Intermediate de I’ Elcairage (CIE) 
Chromaticity Coordinates.

The combination of two intense emissions (blue and yellow) 
in the visible region can generate white light, which was 
analyzed using the Commission Internationale de I'Eclairage 
(CIE) to obtain color coordinates. Slightly emission color 

(10)It = Ioe
t

τexp

(11)η =
τexp

τR
x100

(12)WNR =
1

τexp
−

1

τrad

is labeled using color identical function (X, Y, Z) besides 
the color of the spectral power density P(λ) must match the 
simulation for each of the three primary colors. The tristimu-
lus values are used to calculate the chromaticity coordinates 
x and y using the equations.

As a result, the coordinates for white-light emission are 
close to the center of the chromaticity diagram. Plots of 
the CIE chromaticity diagram was made for each prepared 
glass sample in relation to various excitation wavelengths. 
Figures 10 and 11 depicts the CIE diagram for the OFS-
bBDy0.5 sample with various excitations, as well as the 
CIE diagram for all samples with an excitation wavelength 
of 351nm. In comparison to the other excitations, the OFS-
bBDy0.5 sample produce the significant near-white light 
emission for the 351nm excitation. The emission from 
 Dy3+ ions-doped glasses as depicted by the correspond-
ing CIE coordinates (x,y) in Table 7 which suggests their 
potential use as materials for w-LEDs applications.

McCamy proposed a third-order polynomial equation 
for calculating CCT from CIE 1931 color coordinates in 
order to examine the quality of any light source in terms 
of correlated color temperature. This equation reduces the 
specification of white color from two dimensions (CIE 
diagram) to one dimension [51].

(13)

x =
X

(X + Y + Z)
⋯ ;⋯ =

Y

(X + Y + Z)
and z =

Z

(X + Y + Z)

Table 6  Experimental lifetimes (τexp), radiative lifetimes (τR), quan-
tum efficiency (η) and non-radiative decay rates  (WNR) of 4F9/2 → 6H13/2 
transition of OFSbBDy glasses along with reported other glasses.

Glass system τexp(µs) τR (µs) η(%) WNR (s−1) References

OFSbBDy0.1 140 176 79.54 1461 Present work
OFSbBDy0.5 135 155 87.09 955 Present work
OFSbBDy1.0 115 178 64.6 3077 Present work
OFSbBDy1.5 105 196 53.57 4421 Present work
OFSbBDy2.0 95 263 36.12 6724 Present work
OFSbBDy2.5 84 353 23.79 9071 Present work
BTKA0.5D 461 1160 39.4 1310  [47]
TWZDy0.5D 145 - 54 447  [48]
BTLNDy0.5 414 1043 45 1457  [38]
DZCTFB0.5 340 515 66 999  [49] Fig. 10  CIE 1931 chromaticity diagram of  Dy3+ ions doped OFSbB 

glass samples
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The reciprocal slope is given by n = (x − xe)∕(y − ye) and 
the convergence epicenter is given by  xe = 0.332,  ye = 0.186 
respectively. In most cases, the CCT values can be used to 
identify white light. If CCT value ≤ 3700 K, it corresponds 
to emission which represent warm and the emission color 
is pure for CCT values between 3700 and 5000K, it is con-
sidered as pure and below 5000 K, it is considered cooler. 
Hence, it is noteworthy that the CCT values estimated in 
Tables 8 and 9 for the OFSbBDy0.5 sample excited at wave-
length of 351nm were found to be pure white light.

Gamma Radiation Shielding Properties

Web-based software.
Photon shielding and dosimetry (PSD) software is a 

user-friendly online software program accessible on https:// 

(14)CCT = −49n2 + 352n2 − 682n + 5520.33
phy-x. net/ PSD, which was established used for to calculate 
the parameters related to shielding and dosimetry. Depend-
ing on the number of calculations, it produces results on a 
NodeJS platform in a reasonable amount of time. The soft-
ware generates data on radiation shielding parameters by 
selecting two energies that have been defined in the software 
namely 0.0015MeV-15MeV & 1keV to 100GeV. In addition, 
the software includes a number of well-known radioactive 
sources (22Na, 55Fe, 60Co, 109Cd, 131I, 133Ba, 137Cs, 152Eu, & 
241Am), as well as their energies and some characteristic like 
K-shell X-ray energies for Rb, Mo, Ag, Cu, Ba & Tb ele-
ments, which the user can select. The parameters include the 
mass attenuation coefficient, linear attenuation coefficient, 
half-value layer, tenth value layer, effective atomic num-
ber, mean free path, effective conductivity, electron density, 
energy absorption, and exposure buildup factor.

Fig. 11  CIE profile for Dy 
series at different excitation 
wavelengths

https://phy-x.net/PSD
https://phy-x.net/PSD
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Gamma Ray‑radiation Shielding Parameters Fundamental 
Relations: By following the Beer-Lambert’s law, reduces 
the intensity of the beam when a material with the thick-
ness “x” is placed in the path of a monoenergetic x-ray and 
gamma ray beam.

where  I0 and I are the intensities prior to and following atten-
uation, respectively; x is the thickness of the sample; and µ 
is the Linear Attenuation Coefficient  cm−1 (LAC). LAC is 
important because it describes the material interaction with 
radiation and it quantifies how much radiation is absorbed/
scattered as it passes through the material.

The mass attenuation coefficient (MAC) is an important 
parameter for calculating the radiation shielding param-
eters. Understanding behavior of radiation and develop-
ing new applications for radiation-based new technologies 
require the MAC. It is used to evaluate the probability of 
interaction of the photons with the glass sample. It is theo-
retically calculated by using mixture rule [52].

Here, (μ∕ρ)i and wi are the photon mass attenuation 
coefficient and weight fraction of the element and the “i” 
is obtained from the aforementioned software.

The material’s thickness level in cm is referred to as the 
half-value layer (HVL). which can reduce the incoming 

(15)I = I0e
−μx

(16)MAC(μm) = �∕� = Σiwi(μ∕ρ)i

radiation to half of its initial value [53, 54]. The low HVL 
value implies many interactions of gamma rays with the 
sample; thus, the prepared sample has better gamma ray 
shielding effectiveness. HVL is likewise to another param-
eter called the Mean Free Path (MFP), which characterizes 
the typical distance went by a photon in the medium before 
the interaction happens. The following equations can be 
used to determine the HVL and MFP:

and,

where, µ is the Linear Attenuation Coefficient “which is 
equal to the MAC x density of the prepared sample.”

The effective atomic number  (Zeff) was used to calculate 
the shielding characteristics of the materials.  Zeff can be 
calculated using the following equation [55, 56].

Here,

(17)HVL =
0.693

μ

(18)MFP =
1

μ

(19)Zeff =
σt,a

σt,el

σt,a =
μ∕ρ

NAΣi(
Wi

Ai

)
⋯ ;⋯ σt,el

1

NA

Σi

fiAi

Zi

(μ∕ρ)

Table 7  CIE Chromaticity coordinates (X and Y) and Y/B ratios of 
 Dy3+ ions doped OFSbB glasses excited at 351nm wavelength.

Glass Code Y/B ratio Chromaticity
co-ordinates

CCT(K)

x y

OFSbBDy0.1 1.11 0.2826 0.2992 9225
OFSbBDy0.5 1.56 0.3434 0.3724 5122
OFSbBDy1.0 1.48 0.3477 0.3769 4989
OFSbBDy1.5 1.38 0.2921 0.2871 8844
OFSbBDy2.0 1.55 0.3131 0.3161 6589
OFSbBDy2.5 1.54 0.3422 0.3674 5152

Table 8  CIE Chromaticity coordinates (X and Y) and Y/B ratios of OFSbBDy0.5 glasses at different excitation wavelengths.

Glass Code Excitation(nm) Y/B ratio Chromaticity
Co-ordinates

CCT(K)

x y

OFSbBDy0.5 351 1.56 0.3434 0.3724 5122
OFSbBDy0.5 375 0.116 0.3746 0.4026 4320
OFSbBDy0.5 405 1.24 0.3717 0.4031 4397

Table 9  Comparison of CIE Chromaticity coordinates (X and Y) 
and Y/B ratios of OFSbBDy glasses with other reported  Dy3+ doped 
glasses.

Glass code Y/B Chromaticity 
coordinate

CCT(K) References

x y

OFSbBDy0.5 1.56 0.34 0.37 5122 PW
LBGS0.5Dy 1.66 0.41 0.42 3621  [35]
BTSrZofDy0.5 1.76 0.32 0.35 5841  [46]
BiNFB0.5Dy - 0.37 0.38 4144  [44]
NbFSDy 0.82 0.33 0.37 5593  [30]
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Where,  Ai is atomic weight of the  ith element,  NA is 
Avogadro’s number,  fi &  Zi are fractional abundance & 
atomic number respectively of the  ith element.

In high-energy radiation fields, where the radiation 
buildup can be significant, exposure buildup factor (EBF) 
plays crucial role. Also, the EBF is an essential parameter 
for estimating the distribution of photons in an illuminated 

medium [57]. The ability of the EBP is to predict the dose 
rate at a specific point behind a shield. The EBP was calcu-
lated using the following steps:

(a) Finding the equivalent atomic number (Zeq)
(b) Finding the G-P fitting parameters (b,c,a,Xk & d)
(c) Finding the exposure buildup factor EBF.
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Fig. 12  The variation of mass attenuation coefficient, linear attenuation coefficient, half value layer, tenth value layer, Mean free path of the pre-
pared OFSbBDy glasses
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Results

The gamma-ray shielding parameters of the prepared glasses 
were measured for incident photon energy 0.015-15MeV 

Figure 12. The variation of MAC, LAC, HVL, TVL and 
MFP of the prepared OFSbBDy glasses. The decrease with 
increasing photon energy is owing to attenuators deeper 
penetration of photons. The fact that the change of the 

Fig. 13  Mean Free Path for 
prepared glass in comparison 
with ordinary concrete and zinc 
oxide soda lime silica

0.01 0.1 1 20
0.01

0.1

1

10

M
ea

n
Fr
ee

Pa
th
(c
m
)

Energy(MeV)

OFSbBDy2.5
Ordinary concrete
Zinc oxide soda lime silica

Fig. 14  Comparison of Mass 
Attenuation Coefficient (MAC) 
 (cm2/g) and Half Value Layer 
(HVL) (cm) at 1173 keV of 
2.5 mol% doped OFSbB glass 
with different concretes

OFSbBDy25 OrdinaryGlass Barite Chromite Ferrite
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10
MAC
HVL

Glass

M
A
C
(c
m

2 /g
)

0

1

2

3

4

5

6

H
VL

(c
m
)



Journal of Fluorescence 

1 3

MAC values seen that the swift decrease at the range of 
0.02–0.5MeV is due to photoelectric absorption (PE) which 
becomes dominant process. After a slight decrease in the 
range of 0.5-3MeV MeV, Compton scattering (CS) becomes 
the dominant process. Subsequently, the minor increase in 
the photon energy range of 4-15MeV was due to the pair 
production process (PP). The linear attenuation coefficient 
of the prepared glasses, which has a higher value in the 
lower-energy region and a lower value in the higher-energy 
region. The LAC results in a trend similar to of that the 
MAC. Hence, OFSbBDy2.5 glass had a higher shielding 
effectiveness than the others.

The HVL in the lower region is the same for all the samples; 
thereafter, an increase in the value, peak is observed in the range 
of 0.02–0.5MeV for all glass samples. The TVL results which 
exhibits the same trend as the HVL. The MFP exhibits a behav-
ior similar to that of the HVL and TVL, which are independ-
ent in the lower region (0.01MeV) and dependent in the higher 
region(15MeV). The Mean Free Path values for the prepared 
glass samples, ordinary concrete [58], and zinc oxide soda-lime 
silica glass [59] are compared in Fig. 13. This clearly indicates 
that the prepared glass samples possessed better shielding prop-
erties. Furthermore, the results of MAC and HVL at 1173keV 
are also compared to those of other radiation shielding concretes 
(ordinary glass, barite, chromite and Ferrite) in order to provide 
a more conclusive picture of studied glasses attenuation capacity 
and the results are shown in Fig. 14 the OFSbBDy2.5 glass has 

a lower value than concrete, indicating that OFSbBDy glasses 
are better protection form γ-radiation.

For all prepared glass samples, the high  Zeff value is 
observed in low region and decreased with increases photon 
energy.  Zeff increases with increase in  Dy2O3 content and it 
results that OFSbBDy2.5 can absorb high photon energy. 

Fig. 15  The variation of the 
effective atomic number  (Zeff) 
with the photon energy for the 
OFSbBDy glasses
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Figure 15 shows the variation of the effective atomic num-
ber  (Zeff) with the photon energy for the OFSbBDy glasses. 
From the Fig. 15 we can observe that high  Zeff was observed at 
0.04MeV, where the photoelectric effect and predominant scat-
tering is Compton. The interaction of cross-section, which is 
directly proportional to the atomic(Z) number, is the Compton 
scattering process. Consequently, it explains the change of the 
value in the lower region of  Zeff. However,  Zeff reaches its mini-
mum value in the range of 1MeV to 5MeV. Finally, it remains 

constant after increase in photon energy hence the prepared 
glasses are competent shielding materials.

Figure 16 represents the variation of the Exposure build 
factor with the photon energy for the OFSbBDy glasses. Fig-
ure 17 shows the EBF values in the lower range (0.015–0.3MeV) 
are most unity for different penetration depths. As we observed 
that the sharp peak in the EBF values which can be attributed 
of k-edge absorption of the glass continents. The graph makes 
it abundantly clear that the prepared glasses' EBF increase with 
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the mean free path. This also results increase of scattering events 
in target medium. Hence it results in large EBF values.

Conclusion

A series of  Dy3+ ions doped antimony-oxyfluoro-borate glasses 
with a composition of  60B2O3-10Sb2O3-10Al2O3-10NaF-(10-x) 
LiF-xDy2O3(x = 0.1,0.5,1.0,1.5,2.0,2.5mol%) were prepared by 
using the conventional melt quenching method in this study. Var-
ious characterization methods, including UV–Vis-NIR, FTIR, 
luminescence, time decay. The non-metallic nature of NBO and 
glasses is the result of significant changes in a number of physi-
cal parameters brought about by the incorporation of  Dy3+ ions 
into the host. UV–Vis-NIR absorption spectra also reveals the 
other host-dependent transitions and an intense peak that is asso-
ciated with a hypersensitive transition. The Judd–Ofelt theoreti-
cal calculations were used to determine the radiative parameters 
and efficiency. From the J-O analysis, it was found that the J-O 
parameters follow the order(Ω2 > Ω6 > Ω4). The optical bandgap 
analysis was estimated using Tauc’s method. Emission studies 
have been analyzed using the excitation wavelengths from 351 
to 575nm. The glass containing 0.5mol% of  Dy3+ ions produced 
intense light-like emission when excited at 351nm wavelength. 
In general,  Dy3+ ions incorporated antimony-oxyfluoroborate 
glasses are potential candidates for white light emission appli-
cations. The radiation shielding parameters of the prepared 
OFSbBDy glasses were studied at various photon energies 
(0.015MeV-15MeV) using PSD software. The MAC, LAC, 
HVL, TVL, MFP of the prepared glasses results same trend. 
The prepared glass OFSbBDy2.5 sample is capable of better 
radiation absorption glasses than the ordinary concrete and some 
other glass systems. Hence the prepared glass samples are good 
for shielding materials as well as optical applications.
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