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Abstract
The Sm3+ ions were doped tellurite glasses with composition (55-x) TeO2-10ZnF235BaO-xSm2O3 (where x = 0.00, 0.05, 0.10, 0.50, 1.00 and 1.50 in mol%) to investigate
the physical, the optical, the luminescence and structural properties. The functional
groups can be identified using FT-IR spectra of Sm3+ in the glasses. The most intense
peak from emission spectra is at 600 nm (4G5/26H7/2) corresponding to reddish-orange
color. The oscillator strengths were resolved from the absorption spectra and then used
to calculate the Judd–Ofelt (J–O) intensity parameters. The radiative properties were
calculated by J–O intensity parameters for various transitions in tellurite glass matrices.
According to the results of stimulated emission cross section, lifetime and the branching
ratio of the emission transition 4G5/26H7/2, it is promised that 0.50 mol% of Sm2O3
doped tellurite glasses is the potential laser material.

1. Introduction
Rare earth (RE) doped glasses have been studied
especially in optical practices for several applications
such as display monitor, optical detectors, optical
fibres, sensors and solid state lasers [1-4]. One of rare
earth ions popularly doped in glasses is Sm3+. That
exhibited peak and highest emission peak in the range
of 550-700 nm, are suitable for using Sm3+ ion as the
dopant for orange or orange-red emission [5]. The
glasses doped with them emit reddish orange light by
reason of the 4G5/2 → 6HJ (J = 5/2, 7/2, 9/2, 11/2)
transitions. Thus, they are suitable for applications
integrated in powerful lasers, display devices,
submarine communication and high dense information
storage devices [6,7]. Tellurite based glasses have the
remarkable properties such as low phonon energy
(700-800 cm-1), high refractive index (1.9-2.4),
relatively low melting temperature (about 800°C) and
moisture resistant [8-10]. Their low phonon energy
reduced the non-radiative transitions from excited
states to lower energy levels of rare earth ions,
therefore the luminescence intensity is increased. The
obvious nonlinear optical properties of TeO2 based
glasses emerged by the high hyper polarity of electron
pair related with the 5s orbital of the tellurium atom
[11]. However, in the field of optics, nonlinear effects
became a subject of interest only after the invention of
the laser. After the invention of laser, many classical
experiments in Nonlinear Optical (NLO) such as
experiments on Second Harmonic Generation (SHG)
by Franken et al, in 1961, Sum Frequency Generation

(SFG) by Bass et al in 1962 and optical rectification
by Bass et al in 1962 were performed. Since then,
NLO had become a rapidly growing field in Physics.
Nonlinearities are found everywhere in optical
applications and at present, nonlinear optical
properties of many optical materials with significant
relevance to technological and optical applications
have been found [12]. The glass structure has weaker
Te-O bonds which can be simply broken and helpful
for taking rare earth ions and other heavy metal oxides
[13]. In this work, the tellurite glasses doped with
varied concentrations of Sm3+ions were prepared.
Accordingly, their physical and spectroscopic
properties were measured and analyzed. The JuddOfelt intensity parameters were also computed using
the absorption data of the glass samples. The
computations were particularly operated for different
Sm2O3 concentration. The emission properties of glass
samples for different Sm2O3 concentration were also
discussed in particulars.

2. Experimental
2.1 Glass preparation
The glass samples were prepared with composition
(55-x)TeO2-10ZnF2-35BaO-xSm2O3 (where x = 0.00,
0.05, 0.10, 0.50, 1.00 and 1.50 in mol%) using a
normal melt quenching technique. The raw materials
were mixed into 6 batches each of 15 g. The mixtures
were homogeneous by crushing in an agate mortar and
then put into a porcelain crucible. The containers were
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put into electrical furnace operated at 950C for 1 h for
the mixtures to be melted. Each batch of melting
materials was poured into the preheated graphite plate
and then coupled by another graphite plate to undergo
uniform thickness. Then, they were annealed in an
furnace for 3 h at 350C to eliminate strain, adjust the
mechanical strength, and left to reach the room
temperature. The samples then were cut and adipose
to the dimension of 1.0×1.5×0.3 cm3 for further optical
measurements.

2.2 Physical and optical studies

87

concentration. The molar volumes of glasses tent to
increase with increasing of Sm2O3 concentration,
reflecting that the glass structure was expanded with
higher concentration of Sm2O3. Higher ionic radius
values of Sm3+ ions result in increased value of the
molar volume. [15,16], reflecting that more nonbridging oxygen has been increased. The density ()
are between 5.27±0.005 to 5.34±0.109 g·cm-3 while
their molar volumes (VM) are between 28.39 to 30.32
cm3·mol-1. Refractive index were increased with
density value, which it is general trend for optical
material.

The Sm3+ doped tellurite glass samples were
brought to measure their density via Archimedes
method using the densitometer HR-200 weighing
balance. The refractive index of these samples were
measured at room temperature by using Reflectivity
Meter (PRM). The physical properties: density, molar
volume, refractive index of the samples with various
concentration of Sm3+ ions are summarized in Table 1.
Fourier transform infra-red (FTIR) spectra of the
glasses were obtained by a Agilent Technologies Cary
630 FTIR system with a spectral resolution of 4 cm-1
[14]. The optical absorption spectra were investigated
in the UV-Vis-NIR range corresponding to 200-2,500
nm using a UV–3600 Shimadzu UV–VIS–NIR
spectrophotometer. The Cary Eclipse Fluorescence
Spectrophotometer was used to examine the excitation
and emission spectra of the samples. The instrument
was also operated to measure the lifetimes of the
transition from the 4G5/2 excited level of Sm3+ ion
under the 404 nm incident light. The J-O intensity
parameters which accord significant information
regarding local structure and bonding in the
neighbourhood of Sm3+ ion have been computed and
reported.

3. Results and discussion
3.1 Physical properties
Figure 1 displays the density () and molar volume
(VM) on the concentration of Sm2O3. The fluctuating
density of glasses are not depended on Sm2O3

Figure 1. (a) Density () and (b) molar volume (VM)
of tellurite glasses doped with Sm3+.

Table 1. Physical properties of the Sm3+ ion doped zinc-barium-borate glasses.
Sample
No.
1

Physical
properties
Density (g·cm-3)

2

Molar Volume
(cm3·mol-1)
Refractive index

3

0.00
mol%
5.27±
0.002
28.39

0.05
mol%
5.28±
0.012
29.87

0.10
mol%
5.34±
0.006
29.55

0.50
mol%
5.27±
0.001
30.11

1.00
mol%
5.29±
0.004
30.14

1.50
mol%
5.30±
0.006
30.32

1.60

1.83

1.85

1.86

1.87

1.87
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3.2 FTIR spectra analysis
This technique establishes exploring of structural
systems related to both local structures in the glasses
matrix and the anionic places with the modifying cat
ion [17]. The spectra were measured in the
wavenumber range of 650-4,000 cm-1. The vibrational
spectra of the Sm2O3 are appear in Figure 2., the band
positions together with their assignments are displays
in Table 2. [18-20] It was observed that as the Sm2O3
concentration increases the intensity of OH band
decreases, this indicates that Sm3+ doped tellurite
glasses are suitable for high grade optical glasses with
low OH content. [21] The peaks at 816-839 cm-1 can
be assigned to the symmetric stretching bending
vibrations of the Te-O-Te linkages of [TeO3] structural
units. [22] The shoulder around 1057-1082 cm-1 may
be designated to the Stretching vibrations of Te–NBO
[23]. The band around 2138-2176 cm-1 is due to
stretching vibration of OH group and bands around
2963-2989 cm-1 are due to OH group. [24]

concentration. These results show higher absorption
potentiality of tellurite glass with more quantity of
Sm3+ in glass.

Figure 3. The absorption spectra of tellurite glasses
doped with Sm3+ ions.

3.4 Judd–Ofelt intensity parameters
Judd-Ofelt theory is important for calculating the
differentiation intensity of the rare earth ions in several
host matrices [25,26]. The J-O parameters were used
to analyze the various radiative properties of Sm3+ ion
for example radiation transition probability, branching
ratio, radiative lifetime and stimulated emission crosssection (σrms). The approximation of the calculated
oscillator strength (fcal) of an electric dipole transition
was done for Sm3+ ion within the 4f shell using the
equation
 8 2 mcv   ( n 2  2)2 

2
f cal  

    ( J U  ' J ') (1)
 3h(2 J  1)   9n   2,4,6

Figure 2. FTIR spectra of Sm3+ ion doped tellurite
glasses.

3.3 Absorption spectra
UV-VIS-NIR absorption spectra of Sm2O3 doped
tellurite glasses are presented in Figure 3. The optical
spectra of glass represent seven absorption bands at
948, 1086, 1249, 1395, 1505 and 1553 nm which are
due to the Sm3+ transitions from 6H5/2 to 6F11/2, 6F9/2,
6
F7/2, 6F5/2, 6F3/2 and 6H15/2 serially. Furthermore, the
absorption increased with increasing of Sm2O3

Where m is the electron mass; J is the angular
momentum (kg m2·s-2),  is the energy of the transition
in cm-1,  (λ = 2, 4 and 6) are the JO intensity
2
parameters and  are the doubly reduced matrix
elements of the unit tensor operator [27] c is the light
speed, n is the refractive index, h is Planck's constant
2

and 
are the doubly reduced square matrix
elements of the unit tensor operator which are evaluated
from the intermediate coupling approximation for a
transition from J to  J state [28]. < 𝑈  > is
independent of the host matrix.

Table 2. FTIR band positions (cm-1) and their peak assignments of tellurite glasses.
Sample
No.
1
2
3
4

0.00
mol%
830
1057
2173
2963

0.05
mol%
822
1073
2174
2979

0.10
mol%
829
1075
2176
2989
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0.50
mol%
817
1067
2138
2966

1.00
mol%
816
1082
2166
2981

1.50
mol%
839
1067
2169
2984

Assignments
Symmetricstretching bending of Te-O bonds
Stretching vibrations of Te-NBO
O-H group stretching vibrations
OH group

Sm3+ ions doped zinc barium tellurite oxyfluoride glasses for laser materials
(n2 + 2)2 /9n is the Lorentz local field correction
factor which indicates that the ions are calculated in a
dielectric medium but not in a vacuum [29]. The
experimental oscillator strength (fexp) were calculated
by integrating area under each absorption bands of the
Sm3+ ion doped tellurite glasses using the equation.
fexp = 4.318  10-9(v)dv

(2)

Where (v) is the molar extinction coefficient at 
energy cm-1. The JO theory [30,31] gives the oscillator
strength, f, of a transition from the ground state to an
excited state. If the transition is of electric dipole type,
the calculated oscillator strength from the ground state
to an excited state is given. The equation use to
calculate the root mean square deviation (rms), rms,
between (fexp) and(fcal) follow as

  ( fexp  fcal ) 2 


N



1/2

 rms

(3)

Where N is number of levels included in the fit.
The total emission cross-sections of Sm3+ doped
tellurite glasses are shown in Table. 3. The results
show the complementary between the experimental
results and calculated oscillator strengths [32]. The
values of the fcal and fexp were calculated by equation 1
and 2 respectively and the results are show in Table 4
for different Sm3+ ions content. The JO intensity
parameters are host dependent and are important
inexploring the glass structure and transition rate of
the rare earth ion energy levels. The trends of the JO
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parameters are found to be in the order of Ω4> Ω2> Ω6
for the prepared Sm3+: tellurite glasses. The Ω2, JO
intensity parameter of the Sm3+ doped glasses are
found to be associated with the covalence, structural
change and symmetry of the ligand field around Sm3+
site [33] The JO intensity parameters Ω4 and Ω6 refer
to the viscosity of the glass matrix and dielectric of the
media, which are affected by the vibronic transitions
of the RE ions bound to the ligand atoms [34,35]. The
structure of tellurite glasses consists of randomly
connected Te-O bonds and O–H bond stretching
vibrations. The observed trend in the variation of the
J-O parameter was Ω4> Ω2> Ω6. The spectroscopic
quality factors for the 0.5 mol % exist Sm2O3 glasses
shown to be better parallel to the different glasses in
the prepared series. The J-O intensity comparison
between another works and 10TeO2– 15CaO–5ZnO–
10Nb2O5–59B2O3–Sm2O3 are shown in Table 5.
Table 3. Experimental and calculated oscillator
strengths (x10-6) for 0.5 mol% and the total emission
cross-section of Sm3+ ion doped tellurite glasses.
Transition
G5/26H5/2
4
G5/26H7/2
4
G5/26H9/2
4
G5/26H11/2
4

p
e (x10-22
(nm) cm2)
563
0.035
600
0.036
645
0.056
707
0.024

β(R)
Exp
0.124
0.514
0.331
0.030

Cal
0.117
0.379
0.283
0.079

Table 4. The absorption peak wavelength (, nm), energy (, cm-1), experimental (fexp) and calculated (fcal)
oscillator strengths (10-6) of Sm3+ 0.5 mol% doped tellurite glass along with Judd-Ofelt intensity parameters
(Ω2,4,6, x 10-20 cm2) [36,37].
Transition 5H5/2
6
F11/2
6
F9/2
6
F7/2
6
F5/2
6
F3/2
6
F1/2+6H15/2
rms

 (nm)
948
1086
1249
1395
1505
1553

 (cm-1)
10548
9208
8006
7168
6644
6439

fexp
0.524
1.151
1.496
1.174
0.916
0.656
±0.086

fcal
0.538
0.824
1.024
1.794
1.244
0.203

Table 5. J–O intensity parameters of the Sm3+ ions doped tellurite glasses and other reported Sm3+ doped glasses.
Glass sample
0.5mol% Sm2O3
PTBEu01
TSWS10
ZLiBiB: Sm3+
Sm3+:SFB

J–O intensity parameters(x10-20 cm2)
Ω2
Ω4
Ω6
1.33
1.40
1.14
2.77
5.22
0
0.070
3.048
2.706
2.03
1.92
1.88
3.51
3.48
4.56

Tends

Ref.

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

Present work
[38]
[39]
[40]
[41]
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3.5 Excitation and emission studies
Figure 4. The excitation spectra (em = 600 nm) of
the Sm3+ ions doped tellurite glasses. The excitation
spectra of tellurite glasses. The spectra display
different excited peaks from the ground state to
various excited states of the Sm3+ those obtain the
emission at 600 nm. The peaks remark are pointed as
6
H5/24H9/2 (346 nm), 6H5/24D3/2 (363 nm), 6H5/26P7/2
(377 nm), 6H5/24L15/2 (390 nm), 6H5/24F7/2 +4K11/2
(404 nm), 6H5/26P5/2, 4P5/2 (418 nm), 6H5/24G9/2
(439 nm), 6H5/24I11/2 (474 nm), 6H5/24G7/2 (500 nm)
and6H5/24F3/2 (528 nm) [36, 37] as show in Figure 4.
The highest peak of excitation spectra is observed at
404 nm.

the transitions 4G5/26H5/2, 4G5/26H7/2, 4G5/26H9/2
and 4G5/26H11/2 [42]. The highest peak distinguished
at 645 nm. In addition, It was found that the intensity
of 1.0 mol% doped glasses is higher than other
samples. There are the differences of the strongest
emission peak and glass sample that possesses the
highest emission intensity. It can be clarified that the
hosting material and activator ions have different
interaction mechanism with UV-Vis and X-ray
excitation. UV-Vis directly excites only the electrons
of Sm3+ ions, while X-ray excites both the electrons of
Sm3+ ions and host. X-ray excitations in the host
results to the hole-electron interaction, then the large
number of secondary electrons are produced. Since
these glasses have long decay time as a few
milliseconds, it can be used for integration mode of
scintillation such as in medical and industrial X-ray
imaging systems. [43].

Figure 4. The excitation spectra (em = 600 nm) of the
Sm3+ ions doped tellurite glasses.
Figure 5 present the emission spectra of the Sm 3+
doped tellurite glasses at an excitation wavelength of
404 nm. The spectra appear in four significant peaks
together with the nominal peak at the longer
wavelength. The observed emission peaks at 563 nm,
600 nm, 645 nm and 707 nm. These peaks are
coincident to 4G5/2 6H5/2, 4G5/26H7/2, 4G5/26H9/2
and 4G5/26H11/2, the transitions of the Sm3+ ion. The
highest peak of emission spectra is observed at 600
nm. Figure 5. shows the intensity variation for the
4
G5/26H7/2 transition from this figure it is clear that
emission intensity increased up to 0.50 mol % and then
it decreased. This behavior directly related to the
concentration quenching due to an increase number of
Sm3+ ions in the glass matrix. Also as an inset is a
photograph of the light output from the glass while
excited at 404 nm. [37]

3.6 X-ray luminescence spectra
The X-ray luminescence spectra of the Sm3+ ions
doped tellurite glasses are shown in Figure 6. The Xray, from 50 kV and 30 mA operated source, were
irradiated to glass samples. The Sm3+ ions doped
tellurite glasses have four emission peaks at 563 nm,
600 nm, 645 nm and 707 nm, there are determined to
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Figure 5. The mission spectra (ex = 404 nm) of Sm3+
doped tellurite glasses.

Figure 6. The x-ray luminescence spectra of the Sm3+
ions doped tellurite glasses.

3.7 Decay analysis
The lifetimes of the 4G5/2 energy level for the
different mol% of Sm2O3 were measured and the

Sm3+ ions doped zinc barium tellurite oxyfluoride glasses for laser materials
experimental decay curves are shown in Figure 7. The
increasing of the Sm3+ ions affect to the lifetime
decreasing. This may be due to the energy transfer
between excited ion and ground state ion via cross
relaxation. On excitation of the Sm3+ ions above the
4
G5/2 level, the electrons decay to the 4G5/2 level by fast
non-radiative relaxation and emissions accordingly
arise by the transition from this energy level to the
lower energy levels [44].
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indicated via its coordinates [47]. The tristimulus
values X(), Y() and Z() were calculated using the
emission spectra together with CIE color matching
functions. Accordingly, the estimation of chromaticity
co-ordinates (x,y) were constructed from the
tristimulus values as x = X/(X+Y+Z) and y =
Y/(X+Y+Z). The (x,y) coordinates of the samples
were found to be (0.61, 0.39) corresponding to the
color marked in the CIE chromaticity diagram in
Figure 8. The CIE diagram confirms that these Sm3+
doped tellurite glasses emit the light in reddish-orange
region, which indicates its potential for use in the
display applications.

4. Conclusions

Figure 7. Florescence decay profile of the 4G5/2 state
of the Sm3+ions for different concentrations doped
tellurite glass.

The tellurite glasses doped with different Sm2O3
concentrations were prepared and their reddish orange
emitting efficiencies were studied for the development
of laser materials. The molar volumes and refractive
index of glasses were increased with increasing of
Sm2O3 concentration. The structure of tellurite glasses
consists of randomly connected Te-O bonds and O–H
bond. The observed trend in the variation of the J-O
parameter was Ω4> Ω2> Ω6. The spectroscopic quality
factors for the 0.5 mol % exist Sm2O3 glasses shown
to be better parallel to the different glasses in the
prepared series. The emission spectra present peaks at
563 nm, 600 nm, 645 nm and 707 nm. These peaks are
corresponding to 4G5/26H5/2, 4G5/26H7/2, 4G5/2 6H9/2
and 4G5/26H11/2, the transitions of the Sm3+ ion. The
X-ray luminescence spectra have peaks and transitions
like the emission spectra. The lifetime values
corresponding to the 4G5/2 excited state is found to
decrease with increasing in Sm3+ ion concentration.
The CIE 1931 chromaticity co-ordinate (0.61, 0.39)
are also calculated to confirm the potential of observed
materials for use in optical devices. Systematic
analysis of the results suggested that the glass doped
with Sm2O3 concentration at 0.5 mol% is suitable for
laser material and optical device applications.
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