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The present work reports the effect of concentration on photoluminescence properties of Sm3* ions doped
lead tungstate tellurite (LTTSm) glasses by using the absorption, emission and decay measurements. The
Judd-Ofelt theory has been used to evaluate the three Judd-Ofelt intensity parameters (£2;46) and cal-
culated oscillator strengths (f:). LTTSm glasses exhibited intense reddish-orange emission when excited
with 477 nm wavelength. Concentration quenching has been noticed beyond 1.0 mol% of Sm3* ion con-
centration. The decay curves of *Gs, level exhibited single exponential behavior for all the concentrations
and the measured lifetimes are found to depend strongly on Sm3* concentration. From the emission char-
acteristic parameters of Gsy, level, it is concluded that the LTTSm glasses could be useful for photonic
devices like visible lasers, fluorescent display devices and optical amplifiers.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In the search of new materials for optical devices such as lasers,
fiber amplifiers, upconvertors, light emitting diodes (LED’s) and
memory devices, several rare-earth doped inorganic glasses with
suitable formers and modifiers were prepared by different work-
ers [1-10]. Host glass composition plays very important role on
the spectral characteristics of rare-earth ions. The characteristic
features of tellurite based glasses like low-melting temperature
(~800°C), slow crystallization rate, excellent transparency in a
wide spectral region (0.3-6.0 um), good mechanical stability, max-
imum chemical durability, low cut-off phonon energy and high
refractive indices make them as the best host materials for obtain-
ing efficient luminescence from trivalent rare-earth ions [8,9]. The
presence of PbO, PbF, and Bi; 03 etc., compounds in conventional
glasses such as silicates and borates enhances their luminescence
properties [11-16]. Schoonover et al. [17] investigated the emis-
sion properties of Sm3* ions in lead borate glasses and found that
heavy metal lattices enhance the fluorescence yield of rare-earth
ions due to their low phonon energies.

The optical properties of Sm3*-doped glasses have attracted
much attention because of their technological applications. Addi-
tionally, the Sm3* ions exhibit broad emission bands due to
4Gs;p > OH; (J=5/2, 7/2, 9/2, 11/2) transitions in any host matrix.
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Moreover, the phonon energies of hosts are not so critical to the
reddish-orange emission at ~600 nm, because of the large energy
difference of 4G5/2 metastable level to its next lower lying level
[18,19]. It is also well known that the intensities of emission bands
of Sm3* ion in glasses depend on its concentration and glass com-
position [20]. In order to obtain optimum emission characteristics
for device applications, the characteristic features of host as well as
concentration dependent studies of Sm3* are essential.

In the present study the spectroscopic and stimulated emis-
sion characteristics of Sm3* ions in lead tungstate tellurite (LTT)
glasses were investigated by using the absorption, photolumines-
cence and decay measurements. Judd-Ofelt (J-0) [21,22] intensity
parameters §2; (A=2, 4, 6) were determined from the experimen-
tal oscillator strengths and the spontaneous transition probabilities
(AR) for the observed emission transitions were predicted. The laser
characteristic parameters such as the measured branching ratios
(Bm), stimulated emission cross-sections (oe), gain bandwidths
(0e x AAp) and optical gain (oe x TR) parameters were evaluated.

2. Experimental
2.1. Glass preparation

LTT glasses with different concentrations of Sm3* ion were prepared by conven-
tional melt quenching technique using the chemicals PbF, (99.9%, Aldrich), WO3

(99.9% Fulka), TeO; (99.9%, Aldrich) and Sm; 03 (99.9%, Indian Rare-Earths) with the
following molar percentages:

LTTSmO1 : 15PbF, + 25WO03 + 59.9Te0; + 0.1Sm;03
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Fig. 1. Optical absorption spectrum recorded for LTTSm10 glass.

LTTSmO5 : 15PbF, + 25WO03 + 59.5Te0; + 0.55Sm;03
LTTSm10 : 15PbF; + 25W0s3 + 59.0TeO; + 1.0Sm;0s3

LTTSm20 : 15PbF; + 25WO03 + 58.0TeO; + 2.0Sm;03

About 10 g batches of pre-weighed quantities of chemicals were thoroughly grinded
in an agate mortar to homogenize the chemical constituents. The mixture was taken
in a platinum crucible and heated at 700-750 °C for 40 min. The melts were poured
on a preheated brass moulds and annealed at 300°C for 12 h to remove thermal
strains occurred during sudden quenching. In order to carry out the physical and
optical measurements, the glasses were cutinto 15 x 10 x 2 mm?3 shape and polished
well.

2.2. Physical and optical measurements

The amorphous nature of the glasses was identified by the Siefert x-ray diffrac-
tometer using CuKa as the radiation source at 40kV and 30 mA. The absence of
XRD peaks (not shown) indicates the amorphous nature of title glasses. For all the
glasses, the densities (d) of ~6.605 g/cm? with an estimated error of +0.001 g/cm3
were found by the Archimedean’s principle using water as immersion liquid. The
refractive index (n) of 2.2352 for LTTSm10 glass was determined by Brewster’s angle
method at He-Ne polarized laser (632.9 nm) with 2 mW power and no consider-
able variation has been noticed for other glasses. The concentrations (C) of Sm3*
ions (in ions/cm?) were calculated as 0.42, 2.11, 4.09 and 8.19 (x10%° ions/cm?)
for LTTSmO1, LTTSmO5, LTTSm10 and LTTSm20 glasses, respectively. The opti-
cal absorption spectrum of Sm3* ions in LTTSm10 glass in the spectral region
300-2100 nm was recorded at room temperature by using Varian Cary 5E UV-vis-
NIR double beam spectrophotometer. Excitation, visible photoluminescence and
decay measurements were performed by using JOBIN YVON Fluorolog-3 spectroflu-
orimeter with xenon flash lamp as excitation source.

3. Results and discussion
3.1. Analysis of absorption spectrum - intensity parameters

The optical absorption spectrum of LTTSm10 glass in the spectral
region 900-2100nm is shown in Fig. 1. The inset figure repre-
sents the absorption spectrum in the region of 300-900 nm. The
absorption bands identified at 394, 942, 1080, 1230, 1377, 1484,
1542, 1583 and 1944nm are assigned to SHs; — “Lys2, SFq1p,
6F9/2, 6F7/2, 6F5/2, 6F3/2, 6H15/2, 6F1/2 and 6H13/2 transitions, respec-
tively. According to Boehm et al. [23], the absorption bands of Sm3*
ion can be classified into two groups: the first is the low-energy
group which contains the transitions upto 10,700 cm~! (~935 nm)
and the other is high-energy group containing the transitions in
the range 17,600-32,000cm~! (~570-313 nm). The presence of
Pb2* jons in LTTSm10 glass may be responsible for the disap-
pearance of some of the absorption transitions of Sm3* ion at

Table 1

Assignment of absorption bands, measured (fy,) and calculated (f.) oscillator
strengths (x10~%) and comparison of intensity parameters (§2) x 10-2° cm?) of Sm3*
ion.

Transition A (nm) LTTSm10
fe fm

SHsj, — SHys)2 1944 0.23 0.13
5Hsj, — SF1p 1583 0.70 0.37
5Hsj, — SHys)n 1542 0.02 0.56
5Hsp, — SF3p 1484 1.80 2.32
5Hsj, — SFspa 1377 2.93 2.66
5Hsj, — 5F7p 1230 3.96 3.95
5Hsp, — SFop 1080 2.41 2.45
5Hspp — Fq1p2 942 0.38 0.35
Glass host 2 24 26
LTTSm10 [This work] 1.30 3.08 1.54
LBTAF [20] 0.27 2.52 2.47
PbO-PbF,-B,05 [27] 1.28 2.78 1.97
PbO-PbF; [28] 1.16 2.60 1.40
ZnBS [29] 0.29 3.82 3.65

higher-energy range [14]. The oscillator strengths of the absorption
bands are determined using our previous work [24]. The exper-
imental oscillator strengths of the absorption bands of LTTSm10
glass are relatively much higher than those reported for Sm3* ion
in CdO-Al,05 [15], LBTAF [20], LiLTB [25] and N4BS [26] glasses
as presented in Table 1. The reasonably small §;ms of +£0.30 x 10-6
between the measured and calculated oscillator strengths indicates
that the intensity parameters obtained in the present work are
more reliable.

The intensity parameters evaluated for LTTSm10 glass are com-
parable to those reported for different Sm3*-doped host matrices
[20,27-29] as given in Table 1. In order to minimize the &;ms, the
oscillator strength corresponding to the 6H5/2 —>4L15/2 (394 nm)
transition is not considered in determining the intensity param-
eters. The intensity parameters follow the trend, §2; < £26 < £24 and
they play very important role for the investigation of local structure
as well as bonding in the vicinity of RE ions. The higher magnitude
of §£2, indicates that the asymmetry sites occupied by Sm3* ions are
higher and the higher mixing of the opposite parity electronic con-
figurations are responsible for the large spectral intensities. Also,
the higher value of 2, parameter indicates the higher degree of
covalency of Ln-0 bond. When compared to other glasses, the sites
occupied by Sm3* ions in LTT glasses posses higher asymmetry and
greater degree of covalency for the Sm-0 bond.

3.2. Emission spectra and radiative parameters

The excitation wavelength plays an important role in recording
the emission spectra of rare-earth ions doped luminescent mate-
rials. The excitation spectrum of LTTSm10 glass by monitoring the
emission at 600 nm is shown in Fig. 2. It contains nine excitation
bands centered at 376, 404, 420,441, 448,477,501,528 and 561 nm
corresponding to the 6H5/2—>6P7/2, 4F7/2, 4M19/2, 4G9/2, 4M17/2,
41112, 4G72, #F3)2 and 4Gs)y transitions, respectively. The excita-
tion band due to the ®Hs; — %141, (477 nm) transition is found to
be more intense and hence the emission measurements were car-
ried out by exciting the samples with this wavelength. The room
temperature fluorescence spectra recorded for LTTSmO1, LTTSmO5,
LTTSm10 and LTTSm20 glasses in the spectral region 500-750 nm
are shown in Fig. 3. For all the concentrations, the fluorescence
spectra exhibit four emission transitions from 4G5/2 excited level
to its lower lying levels BHJ (J=5/2,7/2,9/2 and 11/2) at 563, 600,
646 and 707 nm, respectively. Among these, the emission band cor-
responding to 4G5/2 — 5H7/2 (600 nm) transition possesses highest
intensity. The 4G, — 5Hsp,, 6Hy/, transitions contain both electric
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Fig. 2. Excitation spectrum of LTTSm10 glass monitoring the emission at 600 nm.

and magnetic dipole contributions obeying the selection rules AJ=
0, = 1[30], while the other two transitions #Gs, — ®Hgj5 5Hyyp are
purely electric dipole interaction. The partial energy level diagram
shown in Fig. 4 describes the emission mechanism of Sm3* ions in
LTT glasses. The closely spaced higher energy levels causes fast non-
radiative (NR) decay from 411, excited state to G5, metastable
state. Due to the large energy gap of ~7150cm~! between 4G5/2
state and its next lower state 6F;; 12, the radiative decay through
intense reddish-orange emission occurs from all the samples.

The J-0O intensity parameters 2, are used to obtain the radia-
tive parameters such as spontaneous emission probabilities (Ag),
luminescence branching ratios (8g) and radiative lifetimes (tg) of
465/2 excited state which are mainly depend on the network former
and modifier of the glass composition as presented in Table 2. The
magnitude of branching ratios characterizes the lasing power of a
transition and it is well established that an emission transition with
the measured branching ratio greater than 0.50 is more potential
for laser emission [31]. From the predicted branching ratios of Sm3*
ions in LTTSm10 glass (see Table 2), it is clear that the G5, — ®H;
transition is found to have the highest g value compared to other
transitions. The measured branching ratios (fSm) determined from
the relative areas of the emission bands of LTTSm10 glass are 0.20,
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Fig. 3. Fluorescence spectra for different concentrations of Sm3* ions in LTT glass
system (A.x =477 nm). Inset figure represents fluorescence intensity as a function
of Sm3* concentration.
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Fig. 4. Partial energy level diagram showing emission mechanism and cross relax-
ation channels in Sm3* ions doped LTT glass system.

Table 2

Electric Aeg and magnetic A,,q probabilities, spontaneous emission probabilities (Ag
in s71), luminescence branching ratios B and radiative lifetime (7g) of 4G5, state
of Sm3* ion in LTTSm10 glass.

Transition Aed Amd Ar Br
4Gsj2 — SFy1p2 0.50 0.00 ~1 ~0
4Gspp — SFop 2.96 0.00 3 ~0
4Gspp — F7p 7.32 0.27 10 0.01
4Gsjp — SFspa 24.69 0.66 35 0.05
4Gspp — SF3p 3.28 0.85 18 0.03
:GS/Z - ZH15/2 0.53 0.00 ~1 ~0
Gsjp — °Fp 2.74 0.00 3 ~0
4Gsjp — SHyspn 9.57 0.00 10 0.01
4Gspp — SHinp 78.98 0.00 79 0.11
4Gspp — SHop 205.48 0.00 205 0.28
4Gsp, — SHyp 272.73 0.58 309 0.42
4Gspp — SHsp 17.53 0.58 61 0.08

Ar=734s""; 1g=1.36ms

0.54, 0.24 and 0.02 fOI'4G5/2 — 6H5/2' 6H7/2' 6H9/2' and GHH/Z transi-
tions, respectively. Amongst these By, values the branching ratios
of 4Gsj, — ®Hy, transition in LTT glasses is found comparable to
various glass hosts [20,23,25,32-36] as shown in Table 3.

In addition to the emission measurements, the spontaneous
emission probabilities and radiative lifetimes obtained from the

Table 3
Measured (Bm) and predicted (Sg) branching ratios for 4G5, — ®Hy, transition of
Sm3* ion in various glass compositions.

Glass composition Bm Br

LTTSm10 [This work] 0.54 0.42
LBTAF [20] 0.55 0.50
P05 [23] 0.35 0.37
N4BS [26] 0.54 0.43
PKFBASm [32] 0.56 0.42
L5FBS [33] 0.55 0.47
Lithiumfluoroborate [31] 0.46 0.47
ZnCdF [35] 0.38 0.47
ZBLALI [36] 0.37 0.42
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Fig. 5. Decay profiles of 4Gs, level for different concentrations of Sm** ion in LTT
glasses.

J-Otheory [21,22] have been used to evaluate the stimulated emis-
sion cross-sections (oe), gain bandwidths (oe x AAp) and optical
gain (oe x Tg) parameters for the 4G5, — SH; (J=5/2, 7/2, 9/2 and
11/2) transition of LTTSm10 glasses. The stimulated emission cross-
section is one of the important parameters used to identify the
potential laser transitions in a laser active medium. The emission
cross-section of 6.26 x 10722 cm? obtained for 4G5, — ®Hy; tran-
sition in LTTSm10 glass is found to be very close to the values of
6.92 x 10~22 cm? for calibo [14]; 6.30 x 10~22 cm? for lead fluorob-
orate [16]; 5.74 x 10722 cm?2 for L5FBS [33] and 5.73 x 1022 cm?
for Mo-Sb,03-B,03 [37] glasses. The high gain bandwidths
of 10.63x1028cm3 and optical gain of 8.51 x 1072>cm?2s™!
obtained for 4Gs;; — ®Hy, transition indicate that the LTTSm10
glass could be useful for the development of optical devices.

3.3. Luminescence quenching and decay characteristics

Fig. 5 shows the decay profiles of 4Gs, emission level of Sm3*
ions in LTT glasses upon 477 nm excitation by monitoring the
emission at 600 nm. The decay curves exhibited single-exponential
behavior according to equation: I;=I,e~'/*, where I, is the flu-
orescence intensity when t=0 and t represents the lifetime of
the excited state. The predicted radiative lifetime (tg) of 465/2 is
1.36 ms. The measured lifetimes (ty) obtained by taking the first
e-folding times of the maximum intensities are 1140, 760, 620
and 410 s for LTTSmO1, LTTSmO5, LTTSm10 and LTTSm20 glasses,
respectively. From these measurements, it is clear that the mea-
sured lifetime decreases with increase of Sm3* concentration.

The photoluminescence spectra shown in Fig. 3 also reveal
the decrease of emission peak intensities for 2.0 mol% of Sm3*
ion concentration. The inset shows the variation of intensity of
4Gsjp — SHyp, transition with Sm3* ions concentration. The main
reason for the quenching of emission intensities and lifetimes
may be due to the energy transfer through the cross-relaxation
as displayed in Fig. 4, where the energies of emission transi-
tions, A: 4Gsjp — SFsj5 (10,500 cm~1), B: 4G — F7j5 (9632cm™1),
C: 405/2 — 6F9/2 (8503 Cmi]) and D: 465/2 — 6F1]/2 (7146 Cmil)
closely matches with the energies of absorption transitions,
A: SHs;, —Fyq, (10,616cm™1), B: SHsp — SFg;, (9259cm™1),
C: Hs;, > SF7;, (8130cm™') and D: ®Hs;, — SFsp (7262cm™!)
respectively.

4. Conclusions

LTT glasses doped with different concentrations of Sm3* ion
have been investigated through absorption, photoluminescence
and decay measurements. The visible photoluminescence spec-
tra revealed four emission bands at 563, 600, 646 and 707 nm
corresponding to the 4Gs; — ®H; (J=5/2, 7/2, 9/2 and 11/2) tran-
sitions, respectively. From the magnitude of emission intensities
it is concluded that the LTTSmO1, LTTSmO5 and LTTSm20 glass
exhibit reddish-orange emission with 477 nm excitation, while the
LTTSm10 glass emit deep-red luminescence. Among the calculated
spontaneous probabilities and luminescence branching ratios of
the 4G5, — SHj states, the 4G, — ®Hy, transition posses highest
values. The decay curves of 465/2 metastable state upon 477 nm
excitation revealed single-exponential for all the concentrations.
The decrease of lifetimes with an increase in Sm3* concentration
has been attributed to concentration quenching among the Sm3*
ions at higher concentrations. The results of the present inves-
tigation indicate that LTTSm glasses are promising materials for
the development of visible lasers, fluorescent display devices and
optical amplifiers.
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