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a b s t r a c t

Dy3+ doped boro-tellurite glasses were prepared by following melt quenching technique with the
chemical composition (69 − x)H3BO3 + xTeO2 + 15Mg2CO3 + 15K2CO3 + 1Dy2O3 (where x = 0, 10, 20, 30 and
40 wt%) by varying the tellurium dioxide content. The structural and optical properties have been studied
through XRD, FTIR, absorption, luminescence and decay time measurements. The XRD pattern has been
used to confirm the amorphous nature of the prepared glasses. The FTIR spectra reveals the presence of
B–O vibrations and Te–O stretching modes of TeO3 and TeO6 units in the prepared glasses. The UV–vis–NIR
absorption spectra were used to calculate the oscillator strength, bonding parameters ( ¯̌ and ı) and
Judd–Ofelt intensity parameters (˝�, � = 2, 4 and 6). The radiative transition probability (A), stimulated
emission cross section (�E

P ) and the experimental, calculated branching ratios (ˇR) have been calculated
from the luminescence spectra corresponding to 4F9/2 → 6H11/2, 6H13/2, and 6H15/2 excited state transi-
eywords:
morphous materials
xide materials
ptical properties
uminescence

tions. The structural and optical properties corresponding to the compositional changes were discussed
and compared with the similar studies.

© 2011 Elsevier B.V. All rights reserved.
-ray diffraction

. Introduction

Tellurite based glass is an excellent linear and non-linear optical
aterial due to its peculiar properties like low melting temper-

ture, high dielectric constant, high refractive index, large third
rder non linear susceptibility and good infrared transmissivity
1,2]. Recently, the study on rare earth doped materials gained sig-
ificant importance due to their potential applications in the field
f photonics as optical data storage, display monitors, X-ray imag-
ng, sensors, lasers, up-conversion and amplifiers for fiber optic
ommunications [3]. Studies on the optical properties of the rare
arth ions in glasses provide fundamental data that includes tran-
ition position and cross section, transition probabilities, radiative
nd non radiative decay rates, branching ratio, etc., for the excited
tates. This data is essential to design optical devices such as laser,
olor displays, up converters and fiber amplifiers. In order to iden-
ify new optical devices for specific utility or devices with enhanced
erformance active work is being carried out by selecting appro-
riate new hosts doped with rare earth ions [4].
There are two types of structural units namely trigonal bipyra-
id (tbp) and trigonal pyramid (tp) TeO2 which are responsible for

he attractive properties arising from these tellurite based glasses.

∗ Corresponding author. Tel.: +91 451 2452371; fax: +91 451 2454466.
E-mail address: mari ram2000@yahoo.com (K. Marimuthu).

925-8388/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.04.055
In the tbp unit, a lone pair of electron occupies one of the equatorial
sites of tellurium sp3d hybrid orbitals and oxygen atoms occupy the
other two equatorial and axial sites. When alkali oxides are added
to tellurium oxide, the concentration of the tp units in which a lone
pair of electron occupies one of the tellurium sp3 hybrid orbital is
increased [1,5]. Ardelean et al. [6] studied the structural and mag-
netic properties of boro-tellurite glasses. Tellurite glasses combine
the attributes of wide transmission (0.35–6 �m), good glass stabil-
ity, rare earth ion solubility, slow corrosion rate. Lowest phonon
energy spectrum arising from oxide glass formers and high non
linear refractive index have been already reported by Wang et al.
[7].

The present work reports the structural and optical behavior
of Dy3+ doped boro-tellurite glasses. The structure of the Dy3+

doped glasses has been studied through XRD and FTIR spectra. The
optical behavior of the glasses has been studied through absorp-
tion, photoluminescence and lifetime measurements. The radiative
parameters for the excited states of Dy3+ ions were calculated fol-
lowing the Judd–Ofelt theory. Decay time measurements have also
been studied and these results were compared with the similar
Dy3+ glasses.
2. Experimental

In the present study Dy3+ doped boro-tellurite glasses have been prepared by
following conventional melt quenching technique [8]. The starting materials H3BO3,
TeO2, Mg2CO3, K2CO3 and Dy2O3 used in the study were of analytical grade (99.99%

dx.doi.org/10.1016/j.jallcom.2011.04.055
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:mari_ram2000@yahoo.com
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Table 1
Physical properties of the Dy3+ doped boro-tellurite glasses.

S. No. Physical properties B0TD B1TD B2TD B3TD B4TD

1 Density, � (g/cm3) 3.14 3.46 4.32 4.63 5.83
2 Refractive index, nd (589.3 nm) 1.596 1.624 1.656 1.682 1.704
3 Rare earth ion concentration, N (×1020 ions/cm3) 4.535 4.472 5.054 4.947 5.731
4 Polaron radius, rp (Å) 5.2444 5.268 5.058 5.094 4.850
5 Inter ionic distance, ri (Å) 13.015 13.076 12.553 12.643 12.038
6 Field strength, F (1014 cm−2) 1.770 1.754 1.903 1.876 2.070
7 Electronic polarizability, ˛e (10−22 cm3) 1.792 1.885 1.736 1.828 1.617

3 8.217 6.481 6.736 6.148 5.098
2.547 2.637 2.742 2.829 2.903
5.271 5.655 6.100 6.466 6.778
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is attributed to the Te–O–Te or O–Te–O linkages of the bending
vibrations [9,12,13]. It is observed that the band positions around
839 and 440 cm−1 appear when the tellurium di-oxide content
increases.
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8 Molar refractivity, Rm (cm )
9 Dielectric constant (ε)
10 Reflection losses, R (%)

urity). The batch composition (in wt%) of the Dy3+ doped boro-tellurite glasses are
s follows:

9B2O3 + 0TeO2 + 15MgO + 15 K2O + 1Dy2O3 B0TD

9B2O3 + 10TeO2 + 15MgO + 15 K2O + 1Dy2O3 B1TD

9B2O3 + 20TeO2 + 15MgO + 15 K2O + 1Dy2O3 B2TD

9B2O3 + 30TeO2 + 15MgO + 15 K2O + 1Dy2O3 B3TD

9B2O3 + 40TeO2 + 15MgO + 15 K2O + 1Dy2O3 B4TD

About 7 g of the batches of composition were taken in an agate mortar and
round thoroughly to obtain homogeneous mixture. The mixture was then taken in
o a porcelain crucible and heated to 900 ◦C in an electrical furnace for 45 min. The

elt was then quickly poured onto a preheated brass plate and pressed with another
rass plate to obtain circular shaped glass samples of thickness about 1.5 mm. The
lass samples were annealed at 350 ◦C for 7 h to avoid the formation of cracks, air
ubbles and to enhance the mechanical strength. The glasses were polished to obtain
lanar faces before to take optical measurements.

The X-ray diffraction measurements were carried out using JEOL 8530 X-ray
iffractometer employing CuK� radiation. The infrared spectra of the glass sam-
les were recorded using Perkin-Elmer paragon 500 FTIR spectrometer with a
esolution of 4 cm−1 in the wavenumber range 400-4000 cm−1. The optical absorp-
ion measurements were made using CARY 500 spectrometer in the wave length
ange 360–2000 nm with a resolution of ±0.1 nm. The photoluminescence mea-
urements were made using Perkin-Elmer LS55 spectrometer in the wavelength
ange 450–700 nm with a resolution of ±1.0 nm. The decay luminescence measure-
ents were measured through a digital storage oscilloscope (Tektronix TDS1001B)

nterfaced to a personal computer that records and averages the signal.
The glass density was measured following the Archimedes principle using

ylene as an immersion liquid and the refractive index of the prepared glasses were
easured using Abbe refractrometer at sodium wavelength. The measured physical

roperties of the Dy3+ doped boro-tellurite glasses are presented in Table 1.

. Results and discussion

.1. XRD and FTIR analysis

X-ray diffraction pattern of the boro-tellurite glasses recorded
n the range of 5◦ ≤ � ≤ 80◦ exhibits broad diffuse scattering at lower
ngles suggesting the lower range structural disorder which con-
rms the amorphous nature of the prepared glasses. XRD pattern
f the Dy3+:B0TD glass is shown in Fig. 1.

The infrared transmittance spectra of the Dy3+ doped boro-
ellurite glasses recorded between 400 and 4000 cm−1 are shown
n Fig. 2. The peak frequencies and their assignments are presented
n Table 2. The observed band position around 3557 cm−1 can be
ttributed to the fundamental stretching of hydroxyl groups [9–11].
he band position around 2925 cm−1 is assigned to the hydrogen
ond. The band around 1640 cm−1 reveals the stretching vibration
f borate triangles. The broad band around 1430 cm−1 attribute the
symmetric mode of B–O stretching vibrations in BO3 unit from

oroxol rings [12]. The band at 1240 cm−1 has been ascribed to the
–O stretching vibration of BO3 units in boroxol rings. The absorp-
ion band at 1090 cm−1 is assigned to B–O stretching vibration
f BO4 units in triborate, tetraborate and pentaborate groups and
2θ

Fig. 1. XRD Pattern of the Dy3+:B0TD glass.

the band centered around 1020 cm−1 is due to the B–O vibrations
attached with the BO4 units. The band centered around 839 cm−1

attributes to the Te–O bending vibration in TeO3 units [9,12]. The
peaks around 710 cm−1 attribute to the Te–O stretching mode
of [TeO3] and [TeO6] units. The band position around 440 cm−1
4000300020001000
Wavenumber (cm-1)

Fig. 2. Infrared spectra of Dy3+ doped boro-tellurite glasses.



K. Maheshvaran, K. Marimuthu / Journal of Alloys and Compounds 509 (2011) 7427–7433 7429

Table 2
Peak table of FTIR spectra (in cm−1) of Dy3+ doped boro-tellurite glasses.

S. No. B0TD B1TD B2TD B3TD B3TD Assignments

1 3436 3430 3557 3556 3556 Fundamental stretching of OH groups
2 2925 2924 2925 2924 2924 Hydrogen bonding
3 1626 1630 1634 1643 1648 Stretching vibration of borate triangles
4 1417 1421 1434 1446 1430 B–O− vibrations
5 1228 – 1228 1242 1242 Stable tetrahedral BO4 units
6 – 1084 1090 1095 1094 BO4 stretching in the tri, tetra and pentaborate group
7 1020 1022 1008 1004 1004 B–O vibrations attached with BO4 units
8 – – 839 839
9 – 710 697 712
10 – – 431 428
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Fig. 3. Absorption spectra of the Dy3+ doped boro-tellurite glasses.

.2. Absorption spectra

The room temperature absorption spectra of Dy3+ doped
oro-tellurite glasses are recorded in the wavelength range
60–2000 nm and are shown in Fig. 3. The spectra consist of 10
ransitions originating from the 6H15/2 ground state similar to other
bsorption spectra of Dy3+ doped glasses [14–16]. The absorp-
ion bands arise from the 6H11/2, 6F11/2, 6F9/2, 6F7/2, 6F5/2, 6F3/2,
F(3)9/2, 4I(3)15/2, 4G(4)11/2 and 4I(3)13/2 states of Dy3+ ions. The
F5/2 → 6H11/2 transition located at around 7820 cm−1 is a hyper-

ensitive transition satisfies the selection rule |�S| = 0, |�L| ≤ 2,
�J| ≤ 2 [17]. The band positions (in cm−1) and their assignments
or all the prepared glasses are presented in Table 3.

able 3
bserved band positions (cm−1) and bonding parameters (ˇ and ı) of Dy3+ doped boro-te

Transition B0TD B1TD B2TD

6H11/2 5922 5981 5981
6F11/2 7837 7849 7843
6F9/2 9158 9149 9166
6F7/2 11,124 11,136 11,186
6F5/2 12,500 12,531 12,453
6F3/2 13,387 13,369 13,369
4F(3)9/2 21,231 21,186 21,142
4I(3)15/2 22,173 22,222 22,173
4G(4)11/2 23,585 23,585 23,585
4I(3)13/2 25,510 25,576 –
¯̌ 1.007 1.009 1.010
ı −0.718 −0.871 −1.007
836 Te–O bending vibration in TeO3 units
716 Te–O stretching mode of TeO3 and TeO6

439 Te–O–Te or O–Te–O linkage bending vibrations

Dy3+–ligand bonding parameters ( ¯̌ , ı) have been calculated
from the Nephelauxetic ratio (ˇ) using the below given relation
[18]

ˇ = �c

�a
(1)

where �c is the wave number (in cm−1)of a particular transition for
the rare earth ion under investigation and �a is the wave number
(in cm−1) for the same transition of an aqua-ion. From the average
values of ˇ (referred as ¯̌ ) the bonding parameter is calculated using
the formula [18]

ı = 1 − ¯̌

¯̌
× 100 (2)

The bonding will be covalent/ionic depending on the positive or
negative sign of ı. The bonding parameters ( ¯̌ , ı) for the prepared
Dy3+:boro-tellurite glasses have been presented in Table 3 and it
is observed from the table that the prepared glasses posses ionic
nature and the ionic nature gradually increases when the tellurium
di-oxide content increases in the host matrix.

3.3. Oscillator strengths and Judd–Ofelt analysis

The measurement of intensities of the optical absorption bands
of RE3+ ions plays a major role in understanding their optical prop-
erties [19,20]. The oscillator strengths (fexp) of the absorption bands
are determined experimentally using the following formula [21]

fexp = 4.318 × 10−9

∫
ε(�)d� (3)

where ε(�) is the molar extinction coefficient at a wave number �
cm−1. The experimental oscillator strengths (fexp) of the Dy3+:BXTD
glasses were evaluated by measuring the integrated areas of the
Judd–Ofelt (JO) theory [22,23]. The transition intensities are char-
acterized by the JO intensity parameters ˝� (� = 2, 4 and 6) which
depend on the local environment of the rare earth ion. The calcu-

llurite glasses.

B3TD B4TD Aquo-ion [27]

5977 5992 5850
7837 7837 7700
9158 9149 9100
11,161 11,211 11,000
12,469 12,500 12,400
13,405 13,387 13,250
21,231 21,277 21,100
22,173 22,124 22,100
– 23,640 23,400
– – 25,800
1.011 1.012
−1.079 −1.151



7430 K. Maheshvaran, K. Marimuthu / Journal of Alloys and Compounds 509 (2011) 7427–7433

Table 4
Experimental and calculated oscillator strengths (×10−6) and Judd–Ofelt (×10−20 cm2) parameters of Dy3+ doped boro-tellurite glasses.

Transition B0TD B1TD B2TD B3TD B4TD

fexp fcal fexp fcal fexp fcal fexp fcal fexp fcal

6H11/2 1.083 1.140 1.100 1.161 0.921 1.269 0.956 1.182 0.773 0.916
6F11/2 6.524 6.519 7.965 7.957 8.381 8.337 8.168 8.139 7.313 7.294
6F9/2 1.884 1.879 1.893 1.888 1.684 1.877 1.580 1.705 1.340 1.386
6F7/2 1.617 1.674 1.468 1.533 2.433 1.654 1.983 1.482 1.201 1.060
6F5/2 1.116 0.808 1.065 0.706 0.852 0.785 0.757 0.699 0.822 0.468
6F3/2 0.098 0.153 0.142 0.133 0.132 0.149 0.115 0.133 0.120 0.089
4F(3)9/2 0.096 0.130 0.070 0.117 0.083 0.127 0.098 0.113 0.154 0.081
4I(3)15/2 0.324 0.392 0.312 0.386 0.366 0.422 0.318 0.393 0.085 0.297
4G(4)11/2 0.180 0.050 0.171 0.063 0.102 0.055 0.120 0.051 – –
4I(3)13/2 0.983 0.199 0.737 0.204 – – – – – –
N 10 10 9 9 8
� ±0.272 ±0.210 ±0.294 ±0.192 ±0.165
˝2 7.553 9.100 9.575 8.045 9.229
˝4 1.252 1.548 1.258 1.196 1.147

l
t
f

f

w
s
t
a
t
w
o
t
u
m
b
e
t
J
i
t
±
t
o

a
t
b
h
a
t
i
m

h
g
[
i
g
t
a
d
g
b

corresponding to F9/2 → H15/2 (blue), H13/2 (yellow), H11/2
(red) transitions respectively. The luminescence spectra of these
glasses are similar to other reported Dy3+:glasses [16,18,27]. The
4F9/2 → 6H13/2 transition is hypersensitive, and its intensity is
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6H
11/2

6H
13/2

6H
15/2

4F
9/2

B4TD

B3TD

B2TD

B1TD

B0TD
˝6 1.918 1.636
˝4/˝6 0.653 0.946
Ref. index 1.596 1.624

ated oscillator strengths (fcal) of an electric dipole transition from
he ground state to excited state have been calculated using the
ollowing equation:

cal =
[

8	2mc�

3h(2J + 1)

][
(n2 + 2)

2

9n

]
×
∑

�=2,4,6
˝�(
J‖U�‖
 ′J′)

2
(4)

here � is the wave number (cm−1) of the transition from ground
tate (
 J) to excited state (
 ′J′), n is the refractive index, c is
he velocity of light in vacuum, m is the rest mass of an electron
nd ||U�||2 are the doubly reduced matrix elements evaluated in
he intermediate coupling approximation for the state 
 J to 
 ′J′

hich are almost independent of the host matrix. The experimental
scillator strengths (fexp) are calculated using Eq. (3) for observed
ransitions. The calculated oscillator strengths can be determined
sing Eq. (4). A least square fitting method is then used to deter-
ine the ˝� (� = 2, 4 and 6) parameters which give the best fit

etween experimental and theoretical oscillator strengths. The
xperimental and calculated oscillator strengths for various transi-
ions by taking all the observed levels (N) along with � values and
O parameters for the prepared Dy3+:BXTD glasses are presented
n Table 4. The rms deviation of Dy3+:BXTD glasses corresponding
o B0TD, B1TD, B2TD, B3TD and B4TD glasses is ±0.273, ±0.210,
0.294, ±0.192 and ±0.165 respectively. The values of the oscilla-

or strengths in the present work are similar to those reported for
ther Dy3+ doped glasses [16,24,25].

The intense transitions lying between the 6H15/2 ground state
nd the 6H and 6F terms in the infrared region are the spin allowed
ransitions (�S = 0). The transitions within the 6H term are allowed
y the selection rule on the orbital angular momentum �L = 0 and
ence they are intense. The agreement between the experimental
nd calculated oscillator strengths is good for the intense transi-
ions and moderate in the case of weak transitions. The spectral
ntensity of the hypersensitive transition (6F11/2) is found to be

ore than the other transitions.
It is observed from Table 4 that the value of JO parameter, ˝2 is

igher when compared to other two values ˝4 and ˝6 for all the
lasses and follows the trend as ˝2 > ˝6 > ˝4. Jacob and Weber
26] reported that the ˝4/˝6 ratio called as spectroscopic qual-
ty factor which is used to characterize the quality of the prepared
lasses and based on the magnitude of spectroscopic quality fac-
or (˝4/˝6) in the present work, Dy3+:B3TD glass appears to be

better optical glass. The larger spectroscopic quality factor pre-
ict higher stimulated emission cross section among the prepared
lasses. The JO parameters of the Dy3+:BXTD glasses are found to
e similar and comparable to other reported borate, boro-tellurite
1.778 1.022 1.556
0.708 1.170 0.737
1.656 1.682 1.704

and fluorophosphate glasses [14,27,28]. Among the JO parameters
˝2 is more sensitive to the local structure of the RE ion and inturn
depends strongly on the hypersensitive transition and the higher
value of ˝2 is due to the relatively higher value of the oscillator
strength of the hypersensitive transition. The JO parameters in gen-
eral provide information about the nature of bond between RE ion
and the surrounding ligands and also the symmetry of the envi-
ronment around the RE ions. The variation of ˝2 values within the
BXTD glasses is in good agreement with the bonding parameter
values.

3.4. Luminescence spectra and radiative properties

The luminescence spectra of the Dy3+:BXTD glasses were
recorded at room temperature in the wavelength range
450–750 nm by choosing the excitation wavelength as 375 nm
and the same is presented in Fig. 4. The luminescence spectra
exhibit three emission band peaks at 480 nm, 573 nm and 662 nm

4 6 6 6
700650600550500450
Wavelength (nm)

Fig. 4. Luminescence spectra of the Dy3+ boro-tellurite glasses.
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Table 5
Emission band position (�p, nm), effective band width (��eff , nm), radiative transition probability(A, s−1), peak stimulated emission cross section (�E

P
×10−22 cm2), experi-

mental and calculated branching ratios (ˇR) for 4F9/2 transition level of Dy3+:boro-tellurite glasses.

Transition parameters BOTD B1TD B2TD B3TD B4TD

4F9/2 → 6H15/2 �p 481.54 482.89 482.89 482.20 482.17
��eff 10.31 9.40 9.40 9.88 9.67
A 161.21 157.38 157.38 170.01 114.78
�E

P
4.38 4.27 4.27 4.50 2.93

ˇR (exp) 0.259 0.204 0.204 0.208 0.219
ˇR (cal) 0.140 0.108 0.108 0.116 0.089

4F9/2 → 6H13/2 �p 574.38 573.61 573.83 573.72 573.68
��eff 8.49 7.96 7.26 7.00 7.23
A 752.22 900.78 1003.28 1005.57 885.12
�E

P
50.23 61.64 70.24 75.31 60.59

ˇR (exp) 0.710 0.736 0.763 0.761 0.751
ˇR (cal) 0.655 0.679 0.686 0.683 0.688

4F9/2 → 6H11/2 �p 664.57 665.13 661.79 662.79 664.62
��eff 6.58 6.69 6.49 5.84 4.60
A 89.50 109.16 122.68 121.16 112.62
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13.82
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ˇR (cal) 0.078

trongly influenced by the surrounding environment of Dy3+ ion,
nd the 4F9/2 → 6H11/2 transition is found to be weak in intensity.
t is note worthy to observe that the ratio of 4F9/2 → 6H13/2 and
F9/2 → 6H15/2 transitions (Y/B) values changes with the change in
hemical composition.

The Y/B ratio is more sensitive to the glass composition and in
he present work the Y/B ratio values are 2.744, 3.325, 3.664, 3.743
nd 3.431 corresponding to Dy3+:B0TD, B1TD, B2TD, B3TD and
4TD glasses respectively. The full width at half maximum (FWHM)
f these blue and yellow emissions are 15.72 nm and 14.11 nm,
espectively for the Dy3+:B3TD glass. The luminescence intensity
hanges with the change in glass composition, and it is observed
rom the luminescence spectra that Dy3+:B3TD glass exhibits
trongest emission of all the studied glasses. No change in the
hape or peak position of the broad emission could be observed. The
bserved line widths are large and it may be due to inhomogeneous
ocal fields in the glass. The energy position of the 4F9/2 → 6H13/2
mission exhibits smaller variations (17,433–17,410 cm−1), which
mplies that the interactions of the Dy3+ ions with the glass com-
osition are almost similar irrespective of the change in chemical
omposition. An efficient laser transition has been characterized by
large stimulated emission cross section and in the present study
y3+:B3TD glass exhibits higher stimulated emission cross section
alue.

The radiative properties such as radiative transition probabil-
ty (A), radiative lifetime (�rad), stimulated emission cross section
�E

P ) and branching ratios (ˇR) are calculated for the 4F9/2 → 6H15/2,
H13/2 and 6H11/2 transitions and are presented in Table 5. It is
bserved from the table that the experimental branching ratio
alues are in agreement with the theoretically predicted values
sing the Judd–Ofelt theory. The experimental branching ratio
alue is found to be maximum for 4F9/2 → 6H13/2 transition for
y3+:BXTD glass. The branching ratio values follow the trend as
F9/2 → 6H13/2 > 6H15/2 > and 6H11/2 for all the prepared Dy3+:BXTD
lasses. The peak stimulated emission cross section (�E

P ) val-
es for the 4F9/2 → 6H13/2 transition for the Dy3+:BXTD glasses
ave been determined using the expressions specified in the
eported literature [27] and they are found to be 50.237, 61.640,
0.240, 75.310 and 60.599 respectively for the Dy3+:B0TD, B1TD,
2TD, B3TD and B4TD glasses which are quite comparable to
he reported values in the literature [15,29,30]. The peak stimu-

ated emission cross section (�E

P ) values and the branching ratio
ˇR) values for the 4F9/2 → 6H13/2 transition posses higher values
ompared to other transitions of the Dy3+:glasses which is suit-
ble for laser action. Among the emission transitions 4F9/2 → 6HJ
6.06 17.00 19.37 21.83
0.043 0.033 0.031 0.030
0.082 0.084 0.082 0.088

(J = 15/2, 13/2 and 11/2) the 4F9/2 → 6H13/2 band at 574 nm shows
higher emission cross-section, which indicates that yellow emis-
sion is dominant. From the tabulated results it is concluded that
4F9/2 → 6H13/2 transition corresponding to Dy3+:B3TD glass is favor-
able for laser action since it posses higher stimulated emission
cross section and branching ratio values among the prepared
glasses.

3.5. Decay curve analysis

The fluorescence decay curve of the 4F9/2 → 6H13/2 transition has
been measured for the Dy3+:B1TD glass and is shown in Fig. 5. The
decay curves are almost single exponential for all the glasses and
the lifetime calculation is straightforward. The near single expo-
nential is either due to the fast decay of excited state Dy3+ ions or
comparatively lesser effect of ligands on the Dy3+ ions. The effective
decay time have been determined using the following expression
[31]
120010008006004002000
Time (μs) 

Fig. 5. Luminescence decay curve for 4F9/2 state of Dy3+:B1TD glass.
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Table 6
Title of the glasses, energy (cm−1), full width half maximum (nm), radiative and experimental lifetime (�rad, �exp, �s), Y/B ratio and quantum efficiency � (%) of the Dy3+:BXTD
glasses and other reported Dy3+ systems.

Sample code 4F9/2 →2
6H15/2 (blue) 4F9/22 →2

6H13/2 (yellow) �rad �exp � (%) Y/B

Energy (cm−1) FWHM (nm) Energy (cm−1) FWHM (nm)

B0TD 20,767 16.93 17,410 16.13 870 593 68 2.744
B1TD 20,709 16.13 17,433 14.78 753 532 71 3.325
B2TD 20,738 16.80 17,430 12.77 679 478 70 3.664
B3TD 20,708 15.46 17,427 14.11 684 500 73 3.743
B4TD 20,739 15.72 17,431 13.11 778 480 62 3.431
Glass A [15] 20,747 – 17,452 – 876 596 68 –
Glass B [15] 20,790 – 17,452 – 954 612 64 –
Glass C [15] 20,747 – 17,422 – 607 580 95 –
Glass D [15] 20,790 – 17,391 – 642 567 88 –
Glass E [15] 20,747 – 17,422 – 853 600 70 –
Dy3+:ZLB [17] 20,619 18 17,395 17 – 850 – 1.818
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1BNLD [35] 20,790 – 17,422
3BNLD [35] 20,702 – 17,391
Lead borate [36] 20,833 18 17,452

here I(t) is the emission intensity at time t. From the decay curves,
ifetime (�exp) of the 4F9/2 level has been determined by taking the
rst e-folding time of the decay intensity. Energy positions cor-
esponding to the 4F9/2 → 6H13/2 transition and the experimental,
alculated lifetime of the 4F9/2 level of Dy3+ ions, quantum efficien-
ies along with other reported Dy3+ glasses are presented in Table 6.
he energy position of the 6H13/2 emission exhibits smaller vari-
tions (17,433–17,410 cm−1), indicating the similar interactions
f the Dy3+ ions irrespective of the change in chemical composi-
ion. The lifetime of the 4F9/2 levels of Dy3+:BXTD glasses is 593 �s,
32 �s, 478 �s, 500 �s and 480 �s respectively. The measured life-
ime can be calculated from the equation [32]

1
�exp

= 1
�rad

+ WMPR + WET (6)

here �rad is the radiative lifetime calculated from JO theory.
MPR is the multiphonon relaxation (MPR) and WET is the rate

f energy transfer. The energy differences between the 6F9/2 level
nd the next lower level are of about 6000 cm−1 which is large
alue, so the multiphonon relaxation negligible. It is observed from
he table that, the experimental lifetime of 4F9/2 level is found to
e lower than the reported borate, phosphate and fluoro phos-
hate glasses [14,15,17]. The discrepancy between the �exp and
rad may be due to the non-radiative relaxation (WNR) of excited
y3+ ions.

The quantum efficiency (�) is defined as the ratio of the num-
er of photons emitted to the number of photons absorbed. The
uantum efficiency of the 4F9/2 exited state is calculated using the
ollowing equation [33,34],

= �exp

�rad
× 100% (7)

The � values are found to be 68, 71, 70, 73 and 62 respectively for
he Dy3+:B0TD, B1TD, B2TD, B3TD and B4TD glasses respectively.

. Conclusion

The Dy3+ doped boro-tellurite glasses have been prepared and
heir structural and spectroscopic behavior were discussed and
eported. The XRD pattern confirms the amorphous nature of the
repared glasses. The FTIR studies exhibit the B–O vibrations of
O4 units in triborate, tetraborate and pentaborate groups associ-
ted with the prepared glasses. The presence of Te–O–Te linkage

ending vibrations and the Te–O stretching mode of TeO3 and
eO6 units were explored when the tellurium dioxide content
ncreases. The bonding parameters of the prepared glasses indicate
he ionic nature. The J–O intensity parameters and the oscillator

[
[
[
[
[

– 428 405 95 0.875
– 477 395 83 0.752
14 638 447 70 1.08

strengths were calculated from absorption spectra and discussed.
Through the luminescence spectra, the peak wavelength, stimu-
lated emission cross section and branching ratios were calculated
for 4F9/2 → 6H15/2, 6H13/2, 6H11/2 transitions and the results were
discussed and reported. The stimulated emission cross section
for the Dy3+:B3TD glass possess higher value and therefore it
is suggested for suitable laser applications. It is observed from
the luminescence spectra that the Y/B ratio values correspond-
ing to 4F9/2 → 6H13/2 and 4F9/2→6H15/2 transitions change with the
change in chemical composition and this could be used for suitable
laser action. The decay curve of the 4F9/2 level of Dy3+:BXTD glasses
is well fitted for single exponential and the quantum efficiency has
been calculated and discussed.
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