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areas [10-14]; In order to meet the desired specifications, a
good host glass is highly essential to improve the quantum
efficiency. In the process of searching of various oxide
glasses, the host glasses with heavy metallic components like
lead oxide, aluminum oxide and silicon dioxide are found to
have the ultrafine transparency, high thermal stability, low
melting point, infrared transparency, corrosion resistance and
also good solubility of rare earth ions [15, 16]. In these multiconstituents, the role of lead in the glass network is to reduce
the phonon energy of borate (~1400cm-1) and also to increase
the mechanical stability by lowering the melting temperature.
Hence, in the present study the lead borosilicate glasses (LBS)
are chosen as a host matrix to meet the specified applications.
Among rare earth ions, the neodymium (Nd 3+) ion is identified
as one of the most efficient ions for solid state lasers with the
emission wavelength at 1060 nm as well as the possibility for
lasing action at other wavelengths such as 1800, 1350 and 880
nm which are be useful for broadband laser amplifiers and
other photonic applications [17, 18]. The intensities of Nd3+
ion absorption bands have been analyzed using the Judd-Ofelt
(JO) analysis [19, 20]. The JO analysis leads the evaluation of
set of three intensity parameters Ω2, Ω4 and Ω6, which are
sensitive to the environment of rare earth ion doped glass
matrices. From these intensity Ωλ, (λ = 2, 4 and 6) parameters,
the laser characteristic properties can be predicted to judge the
lasing efficiency of the prepared glasses. In the present
investigation, the effect of Nd3+ ions in different
concentrations (0.1, 0.5, 1.0 and 2.0 mol %) modifies the
behavior on the intensities of emission bands are reported and
the results are compared with certain pertinent glasses
reported earlier.

Abstract
In the present work, neodymium (Nd3+) doped lead
borosilicate glasses (NLBS) were prepared using the various
chemical constituents such as PbO, H3BO3, SiO2, Al2O3, LiF
and Nd2O3 by the conventional melt-quenching method. The
structural properties of the NLBS glasses were investigated
through the X-ray diffraction (XRD), Fourier transform
Infrared (FTIR) spectral measurements; whereas the optical
properties such as intensity parameters (Ωλ), radiative
transition probabilities (AR), total transition probability (AT),
radiative lifetime (τR) and branching ratios (βR) have been
determined from the UV-VIS-NIR absorption and emission
spectra. From the XRD analysis, the amorphous nature of
NLBS glasses has been confirmed and the functional groups
as well as the co-existence of trigonal BO3 and tetrahedral
BO4 units are identified from the IR spectra. The experimental
and calculated oscillator strengths (fexp & fcal) and the
evaluated Judd-Ofelt (JO) intensity parameters (Ωλ, λ = 2, 4
and 6) were determined from the absorption spectrum and
compared with the other Nd3+ doped host glasses. From the
recorded emission spectra, three NIR bands identified at 903,
1060 and 1334 nm corresponding to the 4F3/2→4I9/2,
4
F3/2→4I11/2 and 4F3/2 →4I13/2 transitions, respectively for which
the effective bandwidths (ΔλP), radiative transition
probabilities (AR), branching ratios (βR), and stimulated
emission cross-sections (σe) were also evaluated. The
intensities of emission bands increased with the increase of
Nd3+ ions concentration upto 1.0 mol% and then decreased at
higher concentrations due to the concentration quenching.
From the results of these investigations, it is concluded that
the Nd3+ doped LBS glasses could be useful for various
photonic applications in different fields.
Keywords: Lead borosilicate glasses; Structural properties;
JO analysis; Intensity parameters; Optical properties

EXPERIMENTAL STUDIES
Synthesis of Nd3+ -doped lead borosilicate glasses
High purity chemicals of PbO, H3BO3, SiO2, Al2O3, LiF and
Nd2O3 (99.99) were selected as raw materials for the
preparation of Nd3+ - doped lead borosilicate (LBS) glasses by
the melt-quench procedure. The selected chemical
constituents were collected into a clean and dry agate mortar
and thoroughly mixed for 30 min. The well mixed batches
were taken in a porcelain crucible and kept in a programmable
electric furnace and allowed for melting about 1 hr. The
molten liquid was poured on the preheated brass mould to
obtain transparent glass and also to avoid cracks. The casted
glasses are kept for annealing for 10 hours at 400 OC and then
allowed to cool to room temperature in another furnace to
remove the internal stress and strains present in the glasses.

INTRODUCTION
In the modern era, the variety of oxide glasses are
incorporated with various rare earths ions (RE3+) have
attracted the several researchers and technologists due to their
unique properties such as trouble-free casting, good
transparency, solubility of rare earth ions and long term
stability [1-9]. However, due to the increasing demand of the
rare earth doped multi-component oxide laser glasses in
various applications such as higher order harmonic
generation, time-resolved laser spectroscopy, plasma
generation, laser abalation, fusion drive and in many more
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LBS glass (NLBS0.0) is white, while Nd3+ doped LBS glasses
are turn into purple color due to the activation of Nd3+ions in
the host glass (NLBS0.0). The prepared NLBS glasses were
shown in the Fig.1.

The obtained glasses were polished by using various grades of
cerium oxide powders and silicon carbide emery sheets. The
molar composition (in mol %) and labeling of the prepared
glasses are presented in Table 1. The color of the un-doped

Table 1. Glass composition and coding of the NLBSX
(X= 0.1, 0.5, 1.0 and 2.0 mol%) glasses

(i) NLBS0.1

Glass composition (mol %)

Code

40 H3BO3-30.0PbO-10 SiO2-10 Al2O3-10LiF-0.0 Nd2O3

NLBS0.0

40 H3BO3-29.9PbO-10 SiO2-10 Al2O3-10LiF-0.1 Nd2O3

NLBS0.1

40 H3BO3-29.5PbO-10 SiO2-10 Al2O3-10LiF-0.5 Nd2O3

NLBS0.5

40 H3BO3-29.0PbO-10 SiO2-10 Al2O3-10LiF-1.0 Nd2O3

NLBS1.0

40 H3BO3-28.0PbO-10 SiO2-10 Al2O3-10LiF-2.0 Nd2O3

NLBS2.0

(ii) NLBS0.5

(iii) NLBS1.0

(iv) NLBS2.0

3+

Figure 1. Nd doped lead borosilicate glasses

Characterization of Nd3+- doped LBS glasses

RESULTS AND DISCUSSION

The refractive indices of the glasses were found using the
Abbe’s refractometer using sodium vapour lamp as a light
source. The densities of the NLBSX (X = 0.1, 0.5, 1.0 and
2.0 mol %) were determined by the Archimedes method using
water as an immersion liquid. The X-ray diffraction pattern
was recorded between the angles 100 to 800 by using Philips
X’Pert MPD X-ray diffractometer. The infrared (IR) spectrum
was recorded by Perkin-Elmer (PE580) spectrometer in the
range of 4000-400 cm-1. Absorption spectrum for NLBS1.0
glass was recorded in the wavelength 400-900 nm using a
JASCO V-770 UV-VIS-NIR spectrophotometer with the
spectral resolution of 0.1 nm. The photoluminescence spectra
as well as the decay profiles were measured using FLS 980
spectrometer.

Physical properties
For the Nd3+ - doped LBS glasses, refractive indices (n) and
the Nd3+ ions concentrations (C) were determined. From these
values, the other dependent physical properties such as
oxygen packaging density (O), inter-ionic distance (ri),
polaron radius (rp) and field strength (F) have been calculated
by using the expressions given in the literature [21] and are
presented in Table 2. It is observed that, with the increase of
Nd3+ ions concentration the inter-ionic distance and the
polaron radius decreases. It could be due to the increase of the
packing fraction of the atoms. The refractive index of a glass
depends on number of individual ions exists in the glass and
increases with the polarizability of cations.
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Table 2. Certain physical properties of NLBSX (X= 0.1, 0.5, 1.0 and 2.0 mol%) glasses
S.No.
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Property
Refractive index
Nd3+ concentration (n)
in 10 20 ions/cc
Oxygen packaging
density (O) m3/mole
Inter-ionic distance (ri) Ao
Polaron radius (rp) Ao
Field strength (F) in 1014 cm-2

NLBS0.0
1.51
0

NLBS0.1
1.520
0.481

NLBS0.5
1.54
2.348

NLBS1.0
1.55
5.252

NLBS2.0
1.57
9.540

6.89

8.024

8.057

8.116

8.178

0
0
0

26.68
10.74
2.60

15.71
6.328
7.50

12.00
4.836
12.82

9.83
3.962
19.11

Structural studies
The XRD pattern of un-doped lead borosilicate host glass
shown in Fig. 2 reveals the absence of sharps peaks in the
spectrum which clearly indicates the non-crystalline nature of
the glass. The presence of functional groups as well as local
structural units are identified from the FTIR spectral
measurements recorded in the 400-4000 cm-1 for the NLBS0.0
glass is shown in Fig.3. The spectral profiles exhibited IR
bands at 678, 835, 1220, 1352, 1585, 1732, 2337, 3699 and
3917 cm-1 reveals the local structures in the LBS glass. The
band at 678 cm-1 is attributed due to the combined vibrations
of BO4 and PbO4 units [22]. The broad band observed at 835
cm-1 indicates the anti-symmetric stretching mode of Pb-O
bonds [23]. The band at 1220 cm-1 is due to the BO3 stretching
vibrations, whereas the band at 1352 cm-1 is due to the
stretching vibration of B-O in BO3 units of meta, pyroborate
and orthoborate groups [24, 25]. The bands at 1585 and 1732
cm-1 are assigned to the bending vibrations of H-O-H bonds.
The narrow band at 2337 cm-1 is due to the anti-symmetric
stretching of adsorbed water molecules. The bands at 3699
cm-1 and 3917 cm-1 are due to the fundamental stretching
vibrations of hydroxyl groups [26, 27] and the summary
various IR bands are reported in the Table 3.

Figure 2. XRD pattern of NLBS0.0 glass (host glass)

Figure 3. FTIR spectrum of NLBS0.0 glass (host glass)
Table 3. Observed IR bands along with their assignments of NLBS0.0 glass (host glass)
Observed IR band position(cm-1)
678
835
1220
1352
1585
1732
2357
3699
3917

Assignments
Combined vibrations of BO4 and PbO4 units
Anti-symmetric stretching mode of Pb-O bonds
BO3 stretching vibrations
B-O stretching vibration in BO3 units
Bending vibrations of H-O-H bonds
Bending vibrations of H-O-H bonds
Anti -symmetric stretching of adsorbed water molecules
O-H stretching vibrations
O-H stretching vibrations
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Absorption studies of the Nd3 +- doped LBS glasses

According to the Judd-Ofelt theory, the calculated oscillator
strengths (fcal) are given by

Fig. 4 shows the optical absorption spectrum of NLBS1.0
glass recorded in the wavelength region of 400 - 950 nm. Due
to the absorption of energy by the ground state ( 4I9/2) Nd3+
ions, they get excited to the various excited levels. From the
absorption spectrum, eleven absorption bands at 430, 460,
477, 513, 526, 583, 627, 682, 747, 804 and 875 nm are
identified corresponding to the transitions 4I9/2→ 2P1/2, 4G11/2,
2
G9/2, 4G9/2, 4G7/2, 4G5/2, 2H11/2, 4F9/2, 4F7/2, 4F5/2 and 4F3/2
respectively. The assignments of the transitions have been
done based on the reports by the Carnal et.al [28]. Among
these energy levels, the 2P1/2, 4G11/2, 2G9/2, and 2H11/2 levels are
not well resolved due to the strong absorption of the host
glass. The observed absorption bands in the present work are
similar to those of other Nd3+ doped glasses, which indicate
homogeneous incorporation of the rare earth ions in the glass
network. It is also noticed that the bands at 526, 583, 747 and
804 nm are more intense than other bands. In the case of rare
earths ions certain transitions are sensitive to ligand
environment of the host and these transitions are called as
hypersensitive transitions, obeying the selection rules ΔJ≤2,
ΔL≥2 and ΔS = 0. These transitions posses higher reduced
matrix elements (||U2|| and also higher oscillator strengths with
respect to other transitions. In the case of Nd 3+ ion, the
4
I9/2→4G5/2 is the hypersensitive transition and possesses
higher oscillator strength.

𝑓𝑐𝑎𝑙 = [

8𝜋2 𝑚𝑐𝜈

] 𝜒 × ∑𝜆=2,4,6 Ωλ (Ψ𝐽‖𝑈 𝜆 ‖Ψ′𝐽′)

3ℏ(2𝐽+1)

where m is the mass of the electron, c is velocity of light, h is
Planck’s constant, 𝜈 is the mean energy of the transition,
2

𝑛(𝑛2 +2)

𝜒=
is the effective field correction at a well9
localized centre in a medium of isotropic refractive index n,
λ (λ = 2, 4 and 6) are called as the Judd-Ofelt intensity
2
parameters and‖𝑈 𝜆 ‖ are the squared reduced matrix elements
of the unit tensor operator of the rank λ, which are calculated
from the intermediate coupling approximation for a transition

J   ' J ' .
From the experimental oscillator strengths (fexp) and by using
the Judd-Ofelt analysis, the calculated oscillator strengths (fcal)
as well as the intensity parameters are obtained by equating
the expressions (1) and (2) are presented in Table 4.

Table 4. Experimental (fexp) and calculated (fcal) oscillator
strengths of NLBS1.0 glass
Transition
from 4I9/2
2

P1/2
G11/2
2
G9/2
4
G9/2
4
G7/2
4
G5/2
2
H11/2
4
F9/2
4
F7/2
4
F5/2
4
F3/2
σrms

Energy
(cm-1)
23,256
21,739
20,964
19,493
19,011
17,153
15,949
14,663
13,387
12,438
11,429

4

Figure 4. Absorption spectrum of NLBS1.0 glass along with
the assignment of absorption bands

Oscillator strengths (10-6 )
fexp
fcal
0.20
0.21
0.60
0.49
0.80
0.83
2.24
2.23
4.26
4.15
25.58
25.59
0.28
0.49
1.78
1.82
10.51
9.43
13.41
14.10
1.81
1.24
±0.45×10-6

In our investigation, higher fexp and fcal values are observed for
the transition 4I9/2→4G5/2 which confirms the hypersensitive
nature of the transition. The perfectness of the fitting between
fexp and fcal has been determined by finding the root mean
square deviation (σrms) using the expression

Judd-Ofelt analysis
To investigate the nature of bonding that exists between the
rare earth ions and the surrounding ligands and as well as the
symmetry around the rare earth ions, the JO analysis has been
adopted. The JO theory enables the evaluation of intensity
parameters Ωλ (λ = 2, 4 and 6), which are useful to know the
nature of the bonding, asymmetry and also in the prediction of
certain radiative parameters. To evaluate the JO intensity
parameters, the experimental (fexp) oscillator strengths are
determined using the expression [29]
𝑓𝑒𝑥𝑝 = 4.32 ×10−9 ∫ 𝜀(𝜈) 𝑑𝜈

(2)

2 1/2

∑(𝑓𝑒𝑥𝑝 −𝑓𝑐𝑎𝑙 )

𝜎𝑟𝑚𝑠 = [

𝑃

]

(3)

Here ‘P’ is the total number of energy levels used in the fitting
procedure. In the present work, the observed root mean square
deviation (𝜎𝑟𝑚𝑠 ) 𝑖𝑠 0.45 × 10−6 , which indicates the good
fitting between the fexp and fcal values.

(1)

where (ν) is the molar extinction coefficient of the each band
at an energy of ν(cm−1 )
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Table 5. Comparison of Judd-Ofelt intensity parameters (in 10-20 cm2) of the NLBS1.0 glass with other Nd3+ doped host glasses
Glass matrix
NLBS1.0 [Present work]
30B2O3-70PbO[30]
30PbO-70B2O3 [30]
BBO [31]
BINLAB4 [32]
ZBLAN [33]
Silicate[34]

Ω2
10.96
3.52
3.96
9.95
5.75
5.09
4.71

Ω4
1.62
2.98
3.77
8.91
5.39
3.12
4.54

Ω6
19.87
5.48
4.68
12.00
7.69
7.16
5.05

χ = Ω4 /Ω6
0.081
0.543
0.805
0.742
0.700
0.435
0.899

Trend
Ω6>Ω2 >Ω4
Ω6>Ω2 >Ω4
Ω6>Ω2 >Ω4
Ω6>Ω2 >Ω4
Ω6>Ω2 >Ω4
Ω6>Ω2 >Ω4
Ω6>Ω2 >Ω4

The evaluated intensity parameters λ (λ = 2, 4 and 6) of the
NLBS1.0 glass are compared with those of other Nd 3+ doped
glasses as presented in the Table 5 [30-34]. The intensity
parameter 2 provides the necessary information regarding
the nature of symmetry, hypersensitivity and presence of
covalence bond between rare earth ion and the ligand
environment [35]. The parameter 4 mainly depends on the
long range effects and related to the bulk properties of the
glass, whereas, the 6 parameter provides the information
about the rigidity of the host matrix and also electron-phonon
coupling strength between the rare earth ion and anion ligands
[36].

Photoluminescence studies

Figure 5. Photoluminescence spectra of NLBSX (X = 0.1,
0.5, 1.0 and 2.0 mol %) glasses

Photoluminescence spectra of NLBSX (X=0.1, 0.5, 1.0 and
2.0 mol %) glasses recorded in the region 800-1500 nm with
an excitation wavelength of 808 nm are shown in the Fig 5.
With the given excitation energy, the ground state Nd 3+ ions
are excited to 4F5/2 energy level and then return nonradiatively to the 4F3/2 metastable state. From the metastable
level, the Nd3+ ions return to the lower levels 4I9/2, 4I11/2 and
4
I13/2 by emitting the radiation. The spectra revealed three
emission bands at 903, 1059 and 1334 nm corresponding to
the 4F3/2→4I9/2, 4I11/2 and 4I13/2 transitions respectively. It is
also observed that the emission intensities increases with the
increase of Nd3+ ions concentration upto 1.0 mol% and then
decreases at higher concentrations. It may be due to
concentration quenching as well as the energy transfer
between the Nd3+ ions. Among the emission transitions, the
4
F3/2→ 4I11/2 transition at 1060 nm is found be more intense
than the other transitions

In order to predict the lasing efficiency of Nd 3+ doped LBS
glasses, the evaluated Judd-Ofelt intensity parameters λ (λ =
2, 4 and 6) are used to calculate the radiative properties such
as, spontaneous emission probabilities (AR), total radiative
transition probabilities (AT), radiative liketimes (τR) and
branching ratios (βR) for the 4F3/2→4I9/2, 4I11/2 and 4I13/2
emission transitions using the expressions

Aed 
Amd

64 4 3 n(n 2  2)
S ed
3h (2 J  1)
9

(4)

64 4 3

n 3 S md
3h (2 J  1)
(5)

The sum of the electric dipole (𝐴𝑒𝑑 ) and magnetic dipole
(𝐴𝑚𝑑 ) transition probabilities gives the radiative transition
probability (or) probability for spontaneous emission (𝐴𝑅 ) for
a transition
Ψ𝐽 → Ψ′𝐽′ , as
𝐴𝑅 (Ψ𝐽, Ψ𝐽′) = 𝐴𝑒𝑑 + 𝐴𝑚𝑑
𝐴𝑅 (Ψ𝐽, Ψ𝐽′) =

64𝜋4 𝜈3
3ℎ(2𝐽+1)

(6)

𝑛(𝑛2 +2)2

[

9

𝑆𝑒𝑑 + 𝑛3 𝑆𝑚𝑑 ]

(7)

The total radiative transition probability of an excited state is
given by the sum of spontaneous emission rates of all the
terminal states
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𝐴 𝑇 (Ψ𝐽) = ∑Ψ′𝐽′ 𝐴𝑅 (Ψ𝐽, Ψ′𝐽′)

of an excited state (ΨJ) can be extracted from the total
radiative transition probability by using the expression

(8)

As an excited state Ψ𝐽 is relaxed to several lower lying states
Ψ′𝐽′ , the radiative branching ratio

1
𝜏𝑅

(𝛽𝑅 ) is defined as
𝛽𝑅 (Ψ𝐽, Ψ′𝐽′) =

𝐴𝑅 (Ψ𝐽,Ψ′𝐽′)

(10)

Various calculated radiative parameters are given in Table 6.
In present work, the higher experimental branching ratios are
observed for the 4F3/2→ 4I11/2 transition at 1060 nm for all the
Nd3+- doped LBS glasses which are useful for high gain
broadband amplification applications. According to Jacob and
Weber [37], the radiative properties also depend on the ratio
of 4/6, which is called the spectroscopic quality factor
(SQF). The SQF helps to identify the efficient channel
emission from the 4F3/2excited metastable state to the lower
levels. For all the prepared glasses, the SQF is < 1, and
therefore one can conclude that the 4F3/2→ 4I11/2 transition is
the most potential transition in the Nd3+ doped LBS glasses
for laser applications.

(9)

𝐴𝑇 (Ψ𝐽)

= 𝐴 𝑇 (Ψ𝐽) = ∑Ψ′𝐽′ 𝐴𝑅 (Ψ𝐽, Ψ′𝐽′)

The branching ratios are used to predict the relative intensities
of all emission bands originating from a given excited state.
The experimental branching ratios (βexp) are determined from
the relative areas under the emission bands. The fluorescence
branching ratio is a critical parameter for the laser designer,
because it characterizes the possibility of attaining stimulated
emission for a specific transition. The higher experimental
branching ratio will support for the lower threshold value and
high gain amplification in lasers. The radiative lifetimes (𝜏𝑅 )

Table 6. Different radiative parameters of NLBSX glasses (X= 0.1, 0.5, 1.0 and 2.0 mol%) glasses
Transition
F3/2 → 4I9/2

4

F3/2 → 4I11/2

4

F3/2 → 4I13/2

4

Property
AR
AT
βm

NLBS0.1
1368
7221
0.35

NLBS0.5
5117
13054
0.26

NLBS1.0
4356.1
11013
0.25

NLBS2.0
5942
13083
0.45

βR
τR(µs)
AR
AT
βm
βR

0.19
138
4623
7221
0.55
0.64

0.39
95
6542
13054
0.65
0.50

0.4
82
5492
11013
0.66
0.50

0.21
76
5999
13083
0.46
0.69

τR(µs)
AR
AT
βm
βR
τR(µs)

138
1172
7221
0.1
0.16
138

95
1328
13054
0.09
0.10
95

82
1109
11013
0.09
0.10
82

76
1087
13083
0.1
0.10
76

Optical gain =𝜎𝑒 × 𝜏𝑅

From the emission spectra of NLBSX (X=0.1, 0.5, 1.0 and
2.0) glasses certain laser characteristic parameters such as
stimulated emission cross-sections (σe), optical gain
bandwidths (𝜎𝑒 × Δ𝑒𝑓𝑓 ) and optical gain parameters (𝜎𝑒 ×
τ𝑅 )are calculated using the expressions

e 

p4
8  cn 2 e ff

AR

Optical gain bandwidth = 𝜎𝑒 × Δ𝑒𝑓𝑓

(13)

and are presented in Table 7. From the tabulated data, the
NLBS0.5 glass possesses higher values of σe, (𝜎𝑒 × Δ𝑒𝑓𝑓 )
and (𝜎𝑒 × τ𝑅 ) for the 4F3/2→4I11/2 transition observed at
1060 nm. The variation of stimulated emission cross-sections
of the three emission transitions with Nd3+ ions concentration
is shown in the Fig 6. These results are also compared in
Table 8 with the other Nd3+ - doped glasses [34, 38-39].
From these studies, it is concluded that the Nd3+- doped LBS
glasses are more useful for broadband laser applications.

(11)
(12)
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Figure 6. Variation of stimulated emission cross-section of Nd3+ - doped LBS glasses for three different emission transitions
Table 7. Laser characteristic parameters such as emission peak positions (λP, nm), effective linewidths (Δλeff, nm), stimulated
emission cross-sections (σe , 10-20cm2), optical gain bandwidths ((σe× Δλeff), 1026cm3) and optical gain parameters ((σe× τR),
10-24cm3s-1), of the NLBSX glasses (X= 0.1, 0.5, 1.0 and 2.0 mol%) glasses
Transition
4

F3/2 → 4I9/2

Lasing
parameter
λP
Δλeff

NLBS0.1

NLBS0.5

NLBS1.0

NLBS2.0

903
58.55

902
53.15

904
52.26

902
45.87

0.89
5.21

3.57
18.98

3.08
16.09

4.62
21.20

1.23

3.50

2.53

3.51

1059
35.81
9.32
33.38

1059
39.54
11.64
46.02

1059
39.90
9.56
38.15

1060
39.91
10.22
40.79

σe× τR
λP
ΔλP

12.86

11.05

7.83

7.76

1334
67.53

1334
56.36

1337
53.44

1334
63.57

σe
σe× Δλeff

3.16
21.35

4.18
23.56

3.67
19.62

2.92
18.57

σe× τR

4.36

3.97

3.00

2.21

σe
σe× Δλeff
4

F3/2 → I11/2
4

σe× τR
λP
ΔλP
σe
σe× Δλeff

4

F3/2 → I13/2
4

7698

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10 (2018) pp. 7692-7700
© Research India Publications. http://www.ripublication.com

Figure 7. Photoluminescence decay profiles of 4F3/2 excited level for different concentrations of Nd 3+ - doped LBS glasses
Table 8. Comparison of stimulated emission cross-sections
(σe , 10-20cm2), optical gain bandwidths ((σe×Δλeff), 10-26cm3)
and optical gain parameters ((σe× τR), 10-24cm3s-1), for the
4
F3/2 → 4I11/2 of NLBSX glasses (X= 0.1, 0.5, 1.0 and 2.0
mol%) glasses with other reported glasses

Luminescence decay studies
Fig. 7 shows the photoluminescence decay curves for the
4
F3/2→4I11/2 transition at 1060 nm wavelength for different
concentrations of Nd3+ - doped LBS glasses (0.1, 0.5, 1.0 and
2.0 mol%). From these curves, the experimental lifetimes
(τexp) have been determined using the following expression.
𝜏=

∞
∫0 𝑡 𝐼(𝑡)𝑑𝑡
∞
∫0 𝐼(𝑡)𝑑𝑡

Nd3+doped glass
NLBS0.1
NLBS0.5
NLBS1.0
NLBS2.0
LTTNd05
LBTAFND05
Flurogallate

(14)

where I(t) is the intensity of the respective decay curve and t
I(t) is the multiplication factor of time and intensity. The
experimental lifetimes (τexp) of 4F3/2 level are 112, 76, 69 and
62 µs for the 0.1, 0.5, 1.0 and 2.0 mol% concentrations
respectively. From these observations, the experimental
lifetimes (τexp) are found to be decrease with the increasing of
Nd3+ ions concentrations in the LBS glasses. On the other
side, the radiative lifetimes (τR) obtained from the JO analysis
are further used to evaluate the luminescence quantum
efficiency (η) of the 4F3/2 level from the ratio between the
experimental lifetime (τexp) and the radiative lifetimes (τR).
The computed quantum efficiencies of 4F3/2 level are 81%,
80%, 84% and 81% for the NLBSX glasses (X = 0.1, 0.5, 1.0
and 2.0 mol %) glasses, respectively. It is observed that the
higher luminescence quantum efficiency (84%) was found for
the NLBS1.0 glass and is suitable for broadband laser
applications.

σe
9.32
11.64
9.56
3.67
1.44
2.60
2.1

σeX Δλeff σeX τR
33.38
12.86
46.02
11.05
38.15
7.83
40.79
7.76
7.59
1.32
8.77
5.98
102.9
-

Ref.
[Present work]
[Present work]
[Present work]
[Present work]
[34]
[38]
[39]

CONCLUSIONS
In the present work, different concentrations of the Nd 3+
doped LBS glasses were prepared by using the melt-quench
method and characterized their structural and spectroscopic
properties by using the XRD, FTIR, absorption,
photoluminescence and decay spectral measurements. From
the XRD analysis, the non-crystalline nature of the prepared
LBS glasses has been confirmed and from the FTIR spectrum,
various functional groups present in the glass host were
identified. From the optical absorption studies, the JO
intensity parameters (Ωλ) were determined from the
absorption spectrum of NLBS1.0 glass and their trend has
been observed as Ω6>Ω2 >Ω4. The higher Ω6 parameter of the
prepared glass indicates rigidness of the glass and also strong
electron-phonon coupling strengths between the Nd3+ ions and
anion ligands. The radiative properties such as transition
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[14]

probabilities (AR), total transition probabilities (AT),
branching ratios (βR), radiative lifetimes (τR) and peak
stimulated emission cross sections (σe), optical gain
bandwidths (σe×Δλeff) and optical gains (σe×τexp) were
calculated for all the emission transitions of the Nd3+ doped
LBS glasses. The higher values of stimulated emission cross
sections, optical gain bandwidth and optical gain observed, for
the 4F3/2→ 4I11/2 transition at 1060 nm suggests that, the
present glasses are highly useful for broadband laser
applications. From the decay profiles of the 4F3/2→4I11/2
transition of Nd3+ ion, it is concluded that, lifetimes (τexp) of
the 4F3/2 level decreased with the increase of Nd3+ ion
concentrations.
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