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Introduction

The majority of optical technologies need a wide variety of 
material properties to be used effectively and efficiently in the 
application of interest. Due to some properties such as accessibility, 
corrosion resistance, ease of production, optical transparency as 
well as, and thermal and mechanical stability, silica glasses have 
traditionally been taken into consideration [1]. 

Why it is important to study tellurite glasses? 

Because tellurite glasses are a new kind of glass with unique 
physical properties and sophisticated applications. 

Why doping tellurite glasses by Rare Earth (RE)? 

To get new optical characteristics of tellurite glasses. 

Now, tellurite glasses are used in optical technologies such as 
optical transmission technology, and lasing material production, 
and this is due to their interesting properties rather than other  

 
glasses [2-19]. TeO2 is combined with other modifying oxides and 
glass-forming to enhance their performance in terms of physical 
properties. Also, it has been reported that in view of the rising 
global demand for energy and the climate effects associated, 
borosilicate and tellurites as cover glasses in Si photovoltaics and 
their performances under sunlight [16]. Moreover, sophisticated 
applications and thulium-doped fluorotellurite glass fibers have 
been reported [5,7]. The Sm3+ ion’s luminescence properties 
in glass materials, including the transition probabilities, cross-
sections of the emission, branching ratios βR, radiative lifetimes τR, 
and the widths of the line for the excited states, must be carefully 
studied. This information is necessary for the construction of 
optical devices including light-emitting diodes (LEDs), fiber 
amplifiers, and color displays.

The capability of storage of high energy, high gain as well 
and low optical losses are other significant features needed for a 
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Ultraviolet–visible spectra were measured (400–3000 nm) for the new glass system in the form of 80 (TeO2) - (20-x) (WO3) - x (Sm2O3), x = 0, 
1, 2, 3, 4 and 5 mol% have been measured. The optical energy band gaps via Tauc’s model and absorbance spectrum fitting (ASF) according to the 
absorption spectra fitting (ASF) method, refractive index (n), molar refraction (Rm), electronic polarizability (αm), reflection loss (RL), dielectric 
constant (ε) and optical electronegativity (χ*) were also calculated. The optical band gap values rose while the refractive index values dropped 
with increasing concentrations of dopant Sm3+. The photoluminescence spectra recorded under 325 nm excitation exhibited the emission bands 
at 563 nm, 599 nm, and 647 nm assigned to the transition of 4 6/5/2 5/2G H , 4 6/5/2 7/2G H  and 4 6/5/2 9/2G H  respectively. Additionally, the oscillator strength type 
transition probabilities, Smeas, Scal, and the parameters of Judd–Ofelt Ω2, Ω4, Ω6 have been calculated. The branching ratio, βR, spectroscopic quality 
factors, χ, and radiative lifetimes, τR, of number of excited states of Sm3+ were also determined. The probability of an absorption or emission 
process was determined using the absorption, emission cross-sections, and gain cross-section. These glasses doped with Sm3+ ions will be a good 
option and an excellent choice for optical applications, according to the spectroscopic characteristics. 
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laser medium, in addition, to the cross-section of the stimulated 
emission, lifetime of the fluorescence, and optical efficiency [20-
24]. By using Judd–Ofelt theory [25,26], the intensity factors, Ωt, 
(t=2, 4, 6), radiative branching ratios (βR), spontaneous transition 
probabilities (AR), and radiative lifetimes (τR) can be estimated. 

The motivation for this work was:

Part 1: Synthesis of new tellurite glass system in the form of 80 
(TeO2) - (20-x) (WO3) - x (Sm2O3), x = 0, 1, 2, 3, 4 and 5 mol%. XRD 
measurement has been used to check the amorphous state. Both 
density and molar volume have been measured [27].

Part 2: Ultraviolet–visible spectra will be measured (400–
3000 nm) for the new glass system. The optical energy band gaps 
via Tauc’s model and absorbance spectrum fitting (ASF) according 
to the absorption spectra fitting (ASF) method will be calculated. 
The photoluminescence spectra recorded under 325nm excitation 
exhibited the emission bands at 563 nm, 599 nm, and 647 nm will 
be measured. Additionally, the oscillator strength type transition 
probabilities, Smeas, Scal, and the parameters of Judd–Ofelt Ω2, 
Ω4, Ω6 will be calculated. The novelty of the present work is in the 
choice of the compositional oxides selected to suit their application 
in optical applications.  

Experimental Work

The absorption spectra of the Tungsten Tellurite glass samples 
doped with Sm2O3 were examined in the wavelength range of 400 
to 3000 nm by using a double beam spectrophotometer Cary 5000 
UV–Vis-NIR. The luminescence spectra for the titled glass system 
have been recorded by using a simple photoluminescence (PL) 
system (He-Cd laser, CW, 325 nm, Max. 200 mW, KIMNON KOHA 

CO., LTD., JAPAN).

Results and Discussion

Optical Absorption Analysis

Table 1 [27] collected density and molar volume values for 80 
(TeO2) - (20-x) (WO3) - x (Sm2O3), x = 0, 1, 2, 3, 4 and 5 mol%. 
Density was in the range (6.0296 - 6.1201) g/ cm3 m while molar 
volume was (29.05 - 29.39) cm3. Figure 1 displays the absorption 
spectra (400 nm-3000 nm) of the multi-component tellurite 
glasses with Sm3+ ions that were prepared. Several peaks have 
been found, and they are ascribed to transitions between the 
energy states { }6 2 15/2H S LJ→ +  of Sm3+ ions. In the Near Infrared 
Region, the absorption bands are centered at the wavelengths of 
950, 1094, 1253, 1402, 1505, 1536, 1563, 1983, and 2759 nm. 
These bands associated with the electronic transitions in Sm3+ 
ions from 6 6 6 6 6 6 6 6 6  ,  ,  ,  ,  ,  ,    5/2 11/2 9/2 7/2 5/2 3/2 15/2 13/2 11/2H to F F F F F H H and H  respectively 
[28]. The strongest absorption peaks were attributed to the 
6 6

5/2 7/2H F→  and 6 6
5/2 5/2H F→  transitions respectively at 1253 and 

1402 nm wavelength depending on the glass host environment 
surrounding the Rare Earth ion [29]. There were shoulder 
peaks on several of the major absorption peaks. The Stark effect 
has caused the manifold at which this occurs to be divided into 
numerous states of somewhat differing energy. All the glass 
samples have comparable absorption peaks in terms of position 
and shape; however, the intensity of these peaks increases linearly 
as the Sm3+ ion concentration increases. This nature means that 
there was no cluster formation around the Sm3+ ions in the glass 
matrix. The prior data are fairly consistent with earlier samarium 
oxide reports [30-32].

Figure 1: UV–Vis-NIR spectroscopy of prepared glasses doped with Sm3+.
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Table 1: Energy band gap and linear refractive index of 80 TeO2-(20-x) WO3-xSm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.

X Sm2O3 
(mol %)

Density ρ
 (g. cm-3)

Molar volume 
Vm (cm3. mol-1)

Energy gap, eV Calculated Refractive index (n)

Tauc’s, (E)Tauc’s ASF, (EASF) Tauc’s, (E)Tauc’s ASF, (EASF)

Direct Indirect Direct Indirect Direct Indirect Direct Indirect

1.0 6.0296 29.05 2.88 2.75 2.89 2.75 2.43 2.467 2.426 2.467

2.0 6.0601 29.11 2.89 2.77 2.91 2.77 2.426 2.462 2.421 2.463

3.0 6.0851 29.18 2.92 2.79 2.94 2.79 2.420 2.457 2.414 2.457

4.0 6.0967 29.31 2.94 2.81 2.96 2.80 2.413 2.453 2.408 2.454

5.0 6.1201 29.39 2.98 2.83 2.99 2.81 2.403 2.445 2.401 2.451

Band Gap Energy Eopt

Figure 2 shows the absorption spectra (400nm - 600nm) of 
the undertaken multi-component tellurite glasses incorporating 
Sm2O3. Tauc’s model, the optical absorption coefficient α(ν) was 
calculated via Eq. (1) [33-36]:

( ) 2.303                      (1)A
d

α ν  
 
 

=

In the above equation, A and d are signifiers of the absorbance 
in arbitrary units and the sample thickness in cm, respectively. Eq. 
(1) has been modified by Mott and Davis Eq. (4) according to this 
theory, the absorption coefficient 

( )
( )                (2)

nh EgB h
ν

α ν ν
−

=

where B= band tailing, hν = the energy of the incident photon 
energy, and Eg = energy of the optical band gap. The power n refers 
to the nature of electronic transition during absorption [21-23]. 
Figure 3 displays the change of (αhν)2 that was measured by 

(cm−1 eV)2 with photon energy (E = hν) (eV) for direct allowable 
transition for the prepared glass system (TWSm). The Eg values 
for the studied glass samples (TWSm) were found in the range 
from (2.88 eV to 2.98) eV, listed in Table 1. The optical band gaps 
for the indirect allowed transition are evaluated by plotting hν 
as a function of (αhν)1/2 for all the Sm3+ doped TW glass samples, 
shown in figure 4. The values of Eopt were found in the range of 
2.75 eV to 2.83 eV listed also in table 1 for TWSm samples. As 
the concentration of the dopant (Sm3+) rose, the band gap values 
tended to increase. This could be due to the creation of non-
bringing Oxygen atoms (NBOs). (NBOs) could lower the valence 
band minimum, thus leading to the increase of direct band gap 
value. The number of (NBOs) increases due to the modifiers. The 
E ASF

Gap  values for indirect allowable transition for (TWSm) glass 
samples were (2.75 to 2.81) (eV), listed in table 1. It was found 
that the E ASF

Gap  values were in agreement with those obtained by 
Tauc’s method [35].

Figure 2: Absorption spectra of 80 TeO2-(20-x) WO3-x Sm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.
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Figure 3: Variation of (αhν)2 with photon energy (E=hν) for 80 TeO2-(20-x) WO3-x Sm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.

Figure 4: Variation of (αhν)(1/2) with photon energy (E=hν) for 80 TeO2-(20-x) WO3-x Sm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.

Recently, the EGap was calculated by using absorbance 
spectrum fitting (ASF) [32-34]. The absorption coefficient α(ν) 
can be expressed by the next equation as:

1 11( ) ( )             (3)

k
kC hc

cut
α λ λ

λ λ
−= −

 
 
 

The cut-off wavelength which is related to the optical gap 
represented by λcut, c = the velocity of light, and h = Planck’s 
constant. The above Eq. will be as: 

1 1
( ) D( )              (4)

k

A
cut

λ λ
λ λ

= −
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where 1[(hc) / 2.303]kD d−= . E ASF
Gap  in a model of ASF can be calculated 

directly from λcut by using Eq. (5):

1239.83E                   (5)hCASF
Gap cut cutλ λ= =

Figure 5 shows the changing of (A/λ)2 with (λ)-1 (nm−1) for 
direct transition for the studied glass system. By extrapolating the 
linear part of these plots at the values of (A/λ)2 = 0, the value λcut 
for each plot was obtained. Substituting the values of λcut in Eq. 
(6), the corresponding E ASF

Gap  will be calculated. The optical band 
gap values E ASF

Gap  for the direct allowed transition were found in 
the range from (2.89 eV to 2.99) eV for the TWSm glass samples, 

listed in table 1. Figure 6 depicts the variation of (A/λ)0.5 with (λ)-1 
measured in (nm−1) for indirect allowable transition for the glass 
system. The values of E ASF

Gap  for indirect transition were estimated 
by extrapolating the straight region of the graphs which passed 
through nearly all of the points at the values where (A/λ)0.5 = 0. 
These values were then substituted in Eq. (5). The E ASF

Gap  values for 
indirect allowable transition were found in the range from (2.75 
to 2.81) eV, listed in table 1. It was found that the E ASF

Gap  values were 
in agreement with those obtained by Tauc’s method. In addition, 
the values of the energy band gap for the indirect case were lower 
than those in the direct case.

Figure 5: Variation of (A/λ)2 with (λ)-1 of 80 TeO2-(20-x) WO3-x Sm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.

The calculated refractive index (n) was determined using the 
next equation [37]: 0.5.2 1

1                  (6)2 202

Optn E

n

−
= −

+

  
        

(n) of the 80 TeO2 - (20-x) WO3- x (Sm2O3) were inverse with 
the values Eopt and their behavior was shown in figure 7 and their 
values were listed in table 1. This decrease is not only due to the 
addition of less polarizable Sm3+ but could be also due to the 
conversion of TeO4 to the less polarizable TeO3 structural unit [38]. 
Molar refraction (Rm) and Molar polarizability (αm) were obtained 
as follows [39-41]: 2 1                       (7)2 2

nR Vm mn

 
 
 
 

−=
+

                       (8)
2.52

Rm
mα =

Figure 8 displays the behavior of Rmolar & αmolar with Sm2O3 

mol%. Table 4 collected values of Rm. The increment in both (Rm) 
and (αm) are enhanced by doping Sm3+ into tellurite glass. Moreover, 
the reflectivity, RL, optical transmission T, and metallization factor 
M will be calculated by the next equations [42-44]:

21                       (9)
1

nRL n
 
 
 

−=
+

2                        (10)2 1
nT

n
=

+

1                     (11)RmM
Vm

 
  
 

= −

Rm = molar refraction and Vm = molar volume.

The behavior of T and RL are in opposite trends with 
increasing dopant mol% content as shown in figure 9 and their 
values are tabulated in table 2. Metallization criterion (M) is in 
which indicates that the prepared glasses are good nonlinear 
optical materials. 
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Figure 6: Variation of (A/λ)1/2 with (λ)-1 of 80 TeO2-(20-x) WO3- xSm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.

Figure 7:  Variation of (a) Eoptical and (b) noptical with Sm2O3 content mol%.

The static dielectric constant, ε will be calculated [45]:
2                   (12)nε =

Values in table 2 showed that the ε is directly proportional to 
the calculated refractive index of the prepared glasses. The optical 
electronegativity χ* may be estimated by using the next relation 
[46]:

* 002688                   (13)opticalEχ =

The linear dielectric/dielectric susceptibility χ(1) of the glass 
system can be calculated by the next equation [46,47]:

( )2(1) 1 / 4               (14)opticalnχ π= −
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Figure 8: Variation of Rmolar and αmolar with Sm2O3 content mol%.

Table 2: Molar refraction (Rm), electronic polarizability (αm), reflection loss (RL), optical transmission (T), Metallization criterion (M), dielectric 
constant (ε), metallization criterions based on index refraction M(n), optical electronegativity (χ*) linear optical susceptibility χ(1) and optical energy 
band gap M( Tauc s E ‘ ) for glass samples in the system 80 TeO2-(20 x)WO3-xSm2O3 where x = 1.0, 2.0, 3.0, 4.0 and 5 mol %.

X Sm2O3
 (mol %) (Rm) (αm x 10-24 cm3) (RL) (T) (ε) M(n) M (ETauc’s) χ* χ(1)

1.0 17.991 7.139 0.173 0.705 5.881 0.381 0.381 0.739 0.405

2.0 17.987 7.138 0.172 0.706 5.852 0.382 0.38 0.745 0.403

3.0 18.017 7.149 0.171 0.707 5.842 0.383 0.382 0.75 0.401

4.0 18.049 7.162 0.170 0.708 5.808 0.384 0.383 0.755 0.399

5.0 18.042 7.160 0.169 0.710 5.769 0.386 0.386 0.761 0.396

Figure 9: Variation of Rloss and Toptical with Sm2O3 content mol%.
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The behavior of χ* and χ(1) with Sm2O3 mol% content in the 
proposed glasses is presented in figure 10. The value of χ* takes 
high values from 0.739 to 0.761, whereas χ(1) drops from 0.405 

to 0.396 as Sm2O3 concentration increases from 1 to 5 mol%. as 
shown in table 2. The changes in the structure of glasses illustrate 
the behavior of the χ* and χ(1) with the addition of Sm3+ [48,49].

Figure 10: Variation of χ* and χ(1) with Sm2O3 content mol%.

Luminescence spectra

The photoluminescence (PL) spectra of Sm3+ doped TW 
glasses were monitored within the wavelength range 550–700 
nm under an excitation of 325-nm wavelength He-Cd laser, and 
displayed in figure 11. Three main emission bands that centered 
at 563 nm, 599 nm, and 647 nm were observed in the emission 
spectra figure. The emission peaks were indicated to the transition 
of 4 6 4 6 4 6/ ,  / ,   /5/2 5/2 5/2 7/2 5/2 9/2G H G H and G H respectively. TWSm glasses 
emission spectra manifest that the 4 6

5/2 7/2G H→  transition is more 

intense, while 4 6
5/2 5/2G H→  and 4 6

5/2 9/2G H→  are moderately intense. 
It is feasible to expect colors of yellow, green, intense orange, 
and weak red color from these emission bands. In nature, these 
transitions are classified as magnetic and electric dipoles. Based 
on the literature, the selection rule 4 6

5/2 5/2G H→  and 4 6
5/2 7/2G H→  

indicated the electric and magnetic dipole in nature while the 
transitions 4 6

5/2 9/2G H→  and 4 6
5/2 11/2G H→  are purely electric dipole in 

nature [50]. 

Figure 11:  Luminescence spectra of prepared glasses doped with Sm3+.
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Oscillator Strengths and Judd-Ofelt Parameters

The Judd-Ofelt (JO) theory is frequently used to predict 
the probability of laser action and optical amplification [51], 
by analyzing the forced electric dipole transitions in the 4fn 
configuration of RE ions in various isotropic lattices (crystalline 
and amorphous). The next formula is used to calculate the 
measured line strengths, ( )S J Jmeans ′→ , of the absorption band: 
[25, 26].

3 (2 1) 9
( )                  (15)3 2 2 28 ( 2)

ch J n
S J Jmeans

e N n
ψ

π λ

+
′→ =

+

 
 
 

where J and J` stand for the total angular momentum of the 
initial and final levels, respectively, N is the concentration of Sm3+ 
ion, n is the refractive index, c and h have their usual meaning, 
λ stands for the mean wavelength of the certain absorption band 
and ( )dψ α λ λ= ∫  indicates the integration of the absorption 
coefficient as a function of λ. The local field correction that’s 
associated with the ion in the dielectric host medium [52] is 
represented by the factor [9/ (n2+2)2] in Eq. (15). The Judd-Ofelt 
parameters Ω2, Ω4, and Ω6 that are related to the corresponding 
transitions between J and J` manifolds were then determined 
using the measured line strengths in the following form: [25,26]

( ) 2( ) | ( , ) || || ( , ) |           (16)2,4,6 ( )S J J S L J U S L Jcalc
λ

λ λ′ ′ ′ ′→ = Ω < >∑ =

where the matrix elements || ( ) ||U λ  are determined in the 
intermediate coupling approach, and aren’t dependent on 
the crystal host. They are doubly minimized rank unit tensor 
operators, λ. The crystal-field parameters, interconfigurationally 
radial integrals, and the interaction between the core ion and 
the intermediate environment are all included in the Judd-Ofelt 
parameters Ω2, Ω4, and Ω6, which illustrate how the host affects the 
transition probabilities. The measured absorption line strengths 
values, Smeas are summarized in table 3. The three JO parameters 

for Sm3+ in (TW) host material are given the following values 
by the least squares fitting of Smeas to Scalc. The values of U(λ) that 
were tabulated by Carnall et al. [53] were used for calculating 
the values of JO intensity parameters Ω(λ) because they are almost 
host-independent. In general, JO parameters may be affected by 
both the fit transition as well as the accuracy of the absorption 
measurements. J–O parameters Ωλ for the prepared glasses were 
shown in figure 12 and their values were summarized in table 
3. From the observation in the table, the present glass system 
showed the intensity factors for J-O in the trend of Ω4 > Ω6 > Ω2 [54-
58], like some other glass matrices as well which is a confirmation 
that the glasses show ionic nature, which has a strong and rigid 
network between Sm-O ions. Ω2 illustrates how the covalency 
between the rare earth ion and ligand anions is dependent. The 
decrease of Ω2 indicates the increase in the symmetrical degree 
around Sm3 ion site. When the ion site is more centro-symmetrical 
and its chemical bond is more ionic with ligands, the values of Ω2 
become weaker. While Ω4 and Ω6 denote the viscosity of the glass 
matrix and dielectric of the media. They are corresponding to the 
host medium rigidity where the ions are located in the matrix. 
Moreover, they are influenced by the vibronic transitions of the RE 
ions bound to the ligand atoms [59,60]. This would also imply the 
formation of NBO, which is a reflection of the deformation of TeO4 
tbp structural unit to TeO3+1 polyhedral or TeO3 tp structural unit. 
Compared to other glass samples, TWSm1 and TWSm3 have the 
highest values of Ω2 which is an indication that the Sm3 ions sites 
they occupy were more asymmetric in nature and the chemical 
bond between Sm3 ions and ligand ion is the most covalent. The 
quality of the prepared glasses is characterized by using the 
spectroscopic quality factor formula χ=Ω4/Ω6 [61,62]. The Ω4/Ω6 
values were in the range of 2.57 × 10-20 cm2 to 2.70 ×10-20 cm2. The 
higher value of the spectroscopic quality factor (χ) is an indication 
that the glass material is appropriate for lasing media.

Table 3: Measured and calculated absorption line strengths and J- O parameters Ωλ of Sm3+ in (TWSm) glasses.

Transition 6H5/2→
Wave 

length 
(nm)

Sm 1 Sm 2 Sm 3 Sm 4 Sm 5

S(Exp) S(The) S(Exp) S(The) S(Exp) S(The) S(Exp) S(The) S(Exp) S(The)

10-20 cm2 10-20 cm2 10-20 cm2 10-20 cm2 10-20 cm2

6H11/2 2759 1.246 1.2062 0.9988 0.9432 1.3183 1.2841 0.998 0.9267 1.2778 1.2458
6H13/2 1983 0.4163 0.2491 0.3272 0.1952 0.4434 0.2636 0.304 0.1911 0.4331 0.2559
6F1/2 1563 0.2843 0.1134 0.213 0.0818 0.3024 0.1083 0.2091 0.0715 0.2858 0.0902

6H15/2 1536 0.5953 0.0158 0.4653 0.0124 0.6582 0.0167 0.463 0.0121 0.6346 0.0162
6F3/2 1505 1.1253 1.3963 0.8663 1.0749 1.2093 1.5162 0.8504 1.0685 1.1485 1.457
6F5/2 1402 2.9422 2.7523 2.2745 2.1263 3.2203 3.009 2.2796 2.1272 3.1187 2.9107
6F7/2 1253 2.8173 2.9594 2.1891 2.3049 3.0289 3.18 2.1624 2.2791 2.9414 3.0827
6F9/2 1094 1.5625 1.4546 1.209 1.1383 1.6655 1.5455 1.1811 1.117 1.6103 1.4996

6F11/2 950 0.1995 0.1954 0.1586 0.1531 0.2139 0.2068 0.1501 0.1499 0.2037 0.2007
4G5/2 557 0.0373 0.0072 0.0283 0.0056 0.0255 0.0079 0.0215 0.0056 0.0205 0.0076

Ω2 (10-20 cm2) 0.5851 0.4218
 0.5588 0.3687 0.4651

Ω4 (10-20 cm2) 9.6205 7.4359
 10.5275 7.4454 10.1922
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Ω6 (10-20 cm2) 3.6807 2.8859
 3.8924 2.8229 3.7781

 Χ=Ω4/ Ω6 2.6138 2.5766
 2.7046 2.6375 2.6977

r. m. s. (10-20 cm2) 0.2769 0.2162
 0.3068 0.2167 0.2985

Figure 12: Dependence of Judd-Ofelt (JO) parameters on the Sm2O3 content.

The spectroscopic quality parameter is greater than 1 for all 
the prepared samples, affirming the largest stability and fitting for 
the production of the photonic devices. Their values are collected 
in table 3. To assess the fitting quality between the calculated 
and the experimental oscillator strengths, the root mean square 
was determined using the relation [63,64]. Root-mean-square 
deviation (R. M. S.) is a measure of the fit quality and can be 
calculated as follows:

( )
1/22

. .                 (17)
3

S SmeascalcR M S p
p

−
= ∑

−

 
 
  
 

where, p, indicates the number of transitions that are observed 
on the absorption spectra that have been detected. R. M. S. values 
affirm the fitting quality as shown in table 3. 

Radiative Properties

Branching Ratio βr and Radiative Lifetime τ 

Radiative properties such as transition probability A, 
emission cross-section E

pσ , bandwidth effλ∆ , branching ratio βr, 
and radiative lifetime τ are evaluated by using both calculated 
refractive index n and JO parameters [65]. The branching ratio, a 
crucial factor in the design of the laser system and can be used to 
predict the radiative intensities of emission lines created from an 
excited level describes the probability of the stimulated emission 
for a certain transition [65,66]. Branching ratio βr is obtained from 
the next equation [67],

                     (18)
ARad

r AT
β =

( )
4 3 2 2 2 264 ( 2)

|| ||                 (19)2,4,6 4227 (2 1)

n n e
A J U JR hC J
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+

′ ′= Ω∑ =
+

 
  

               (20)A AT Rad= ∑

in which, AT stands for the overall probability of all transitions 
and the spontaneous emission possibility related to the transition 
of an electric dipole between the excited Jψ ′ ′  and the lower state 

Jψ  denoted by ARad. The lasing efficiency of an emission transition 
is characterized by the luminescence branching ratios. The 
branching ratio for the potential laser transition is in the order 
of 0.50. The relative area under the emission bands was used to 
evaluate the branching ratios that are obtained experimentally 
(βexp). The experimental results obtained in the present glass 
system show that the 6 6 6 6 6 6,  ,  5/2 11/2 5/2 3/2 5/2 5/2H H H F H F→ → →  
transitions for all samples have higher branching ratios than the 
other transitions and all their values are (≥0.5), which is essential 
for the design of the laser system. The radiative lifetime can be 
evaluated from the following equation 1

AT
τ =

 
  
 

 [67]. This lifetime is 
dependent on the total probability of a spontaneous transition. 
The results for the branching ratio βr and the radiative lifetime τ of 
the prepared glass samples were collected in table 4.
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Table 4: Electric (SED) dipole strength, electric (AED) and magnetic (AMD) radiative transition probabilities, branching ration (βr), and radiative life-
time (τr) of Sm3+ doped (TW) glasses.

Glass symbol Transition 6H5/2→ SED ´10-20 (cm2) AED (s-1) AMD(s-1) βr τr (ms) n

Sm 1

6H11/2 1.2062 14.246 0.000 0.7650 53.6973 1.67488
6H13/2 0.2491 10.291 0.000 0.2638 25.6364 1.87767
6F1/2 0.1134 77.846 0.000 0.1000 1.2848 1.95251

6H15/2 0.0158 1.435 0.000 0.0396 27.6096 1.95672
6F3/2 1.3963 545.164 0.058 0.5120 0.9391 1.96143
6F5/2 2.7523 913.755 0.198 0.5724 0.6263 1.97645
6F7/2 2.9594 1072.839 0.011 0.4093 0.381 1.99683
6F9/2 1.4546 658.943 0.000 0.2509 0.3808 2.01712

6F11/2 0.1954 116.509 0.000 0.0418 0.3591 2.03519
4G5/2 0.0072 48.240 35.422 0.0675 0.8066 2.10699

Sm 2

6H11/2 0.9432 11.281 0.000 0.7589 67.2739 1.68118
6H13/2 0.1952 8.153 0.000 0.2631 32.2739 1.88333
6F1/2 0.0818 56.689 0.000 0.0938 1.6547 1.958

6H15/2 0.0124 1.137 0.000 0.0395 34.7636 1.9622
6F3/2 1.0749 423.925 0.058 0.5109 1.205 1.96691
6F5/2 2.1263 713.059 0.200 0.5712 0.8008 1.9819
6F7/2 2.3049 843.965 0.011 0.4052 0.4801 2.00227
6F9/2 1.1383 520.799 0.000 0.2524 0.4847 2.02257

6F11/2 0.1531 92.227 0.000 0.0421 0.4562 2.04068
4G5/2 0.0056 37.656 35.74 0.0743 1.0117 2.11328

Sm 3

6H11/2 1.2841 15.552 0.000 0.7607 48.9146 1.68745
6H13/2 0.2636 11.128 0.000 0.2612 23.4749 1.88897
6F1/2 0.1083 75.869 0.000 0.0884 1.1646 1.96347

6H15/2 0.0167 1.549 0.000 0.0392 25.332 1.96767
6F3/2 1.5162 604.060 0.059 0.5135 0.850 1.97237
6F5/2 3.0090 1019.254 0.202 0.5794 0.568 1.98734
6F7/2 3.1800 1175.998 0.011 0.4127 0.3509 2.0077
6F9/2 1.5455 714.170 0.000 0.2478 0.3470 2.028

6F11/2 0.2068 125.817 0.000 0.0413 0.3283 2.04616
4G5/2 0.0079 53.849 36.06 0.0659 0.7325 2.11957

Sm 4

6H11/2 0.9267 11.298 0.000 0.7546 66.7870 1.69075
6H13/2 0.1911 8.110 0.000 0.2611 32.1910 1.89195
6F1/2 0.0715 50.336 0.000 0.0828 1.6458 1.96639

6H15/2 0.0121 1.129 0.000 0.0392 34.727 1.97059
6F3/2 1.0685 427.989 0.059 0.5119 1.1959 1.97529
6F5/2 2.1272 724.431 0.203 0.5764 0.7954 1.99026
6F7/2 2.2791 847.351 0.011 0.4067 0.480 2.01063
6F9/2 1.1170 518.917 0.000 0.2504 0.4825 2.03096

6F11/2 0.1499 91.677 0.000 0.0417 0.455 2.04919
4G5/2 0.0056 38.306 36.260 0.0746 1.0005 2.1235
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Sm 5

6H11/2 1.2458 15.679 0.000 0.7561 48.2218 1.70674
6H13/2 0.2559 11.160 0.000 0.2597 23.2728 1.90633
6F1/2 0.0902 65.147 0.000 0.0767 1.1778 1.98033

6H15/2 0.0162 1.551 0.000 0.039 25.134 1.98451
6F3/2 1.4570 598.727 0.060 0.5126 0.856 1.98918
6F5/2 2.9107 1016.736 0.207 0.5810 0.5714 2.00409
6F7/2 3.0827 1175.352 0.011 0.4169 0.3547 2.02441
6F9/2 1.4996 714.351 0.000 0.2482 0.3475 2.04475

6F11/2 0.2007 125.899 0.000 0.0414 0.3285 2.06305
4G5/2 0.0076 53.830 37.059 0.0666 0.7329 2.13901

Figure 13: The absorption and emission cross-sections for the prepared glass samples doped with Sm2O3.
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Absorption and emission cross-sections

It is crucial to understand the gain bandwidth, the cross-
section of the stimulated emission (σe), and the optical gain 
parameters for predicting the performance of laser in Sm3+ ions 

doped TW glass system. The gain bandwidth and optical gain 
values need to be quite large for a successful laser transition. 
Additionally, the stimulated emission cross-section is another 
factor to take into account when designing a laser because a high 
value for this parameter implies high-quality CW laser material.

Figure 14: Gain coefficient for the prepared glass samples doped with Sm2O3.

 The absorption cross-section (σa) of Sm3+ ions was obtained 
from the following equation [63,64]:

2.203 ( )
( )                 (21)

OD
a NL

λ
α λ =

where N is defined as the concentration of Sm3+ ions in the 
density section that’s described previously and OD(λ) denotes 
the sample’s optical density. The following equation was used to 

calculate the emission cross-section (σe) of Sm3+ ions containing 
glass [63,64]:

1
( ) exp                   (22)

z E hcl zl
e a z K Tu B

λ
σ α λ

−−
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in which σe, σa denote the emission and absorption cross-
sections respectively, Zl and Zu refer to the partition functions 
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for the lower and upper states that are present in the considered 
optical transition, T in this case refers to the room temperature and 
Ezl is zero-line energy that’s related to the transition between the 
lower Stark sublevels of the emission multiplets and the receiving 
multiplets. Figure 13 displays the absorption and emission cross-
sections that are calculated for the prepared Sm3+ ions doped in 
the glass samples. For the studied glasses, the stimulated emission 
cross-section peak (σEP) was typically 5.98 × 10-20, 4.69 × 10-20, 6.47 
× 10-20, 4.66 × 10-20 and 6.31 × 10-20 cm2, at which the Sm2O3 varied 
from 1.0 to 5.0 mol%, respectively. The highest σEP value is caused 
due to two reasons. The first one, it’s because 6 6

1/2 5/2F H→  has 
a high line strength value [63,68]. Second, since the glass has a 
relatively high refractive index [68]. Re-absorption will take place 
and lead to a deformation of the fluorescence spectrum because 
of the significant overlap between the absorption and emission 
spectra of Sm3+ ions. 

The gain coefficient is crucial for evaluating the laser medium. 
The cross-section of the gain can be determined by using the 
absorption and emission cross-sections from the following 
equation [63],

( ) (1 P) ( )                   (23)P e againσ σ λ α λ= − −

where σgain stands for the gain cross-section, σabs, and σems 
denote the absorption and emission cross sections respectively 
and P indicates the population inversion. Figure 14 illustrates 
the gain coefficient of the TW glass system doped with Sm2O3. 
The dependence of the wavelength of the gain cross section was 
obtained for (P=0, 0.1, 0.2, 0.3, 0.4, …, 1). The gain coefficient serves 
as guidance for prospective operating laser wavelength [63,64]. 
However, the inversion coefficient fraction is more inclined to be 
close to 0.2, as is common for such laser systems. It’s observed 
from the figure that the gain coefficients at 1088 nm are 6.00, 
4.47, 6.47, 4.66 and 6.35 cm−1. Finally, it is well known that laser 
devices, systems, and applications are more likely to exhibit a 0.2 
inversion, making these glasses appropriate for light amplification 
applications.

Conclusion

New glass series of Sm3+ ions doped Tungsten-tellurite glasses 
having the following chemical formula 80 TeO2- (20-x) WO3- x 
Sm2O3, x = 0.0, 1.0, 2.0, 3.0, 4.0, and 5 mol % have been synthesized. 
It could be concluded that:

a) Both VM and ρ increase with increasing concentrations of 
the dopant (Sm3+)

b) UV spectroscopic properties according to ASF: 

c) In Tauc’s model, optical energy band gaps in direct 
transition varied from 2.88 eV to 2.98 eV for Sm glass samples. 

d) The indirect optical energy band gap values for Sm were 
found in the range 2.75 eV to 2.83 eV in Tauc’s method.

e) By applying the ASF model, the optical energy band gap 
in direct transition varied from 2.89 eV to 2.99 eV for Sm glass 
samples.

f) The values of indirect optical energy band gaps varied 
from 2.75 eV to 2.81 eV when using the ASF model.

g) The values of the energy band gap for the indirect case 
were lower than those in the direct case for the prepared glass 
system.

h) The calculated refractive indices were high (around 2.5).

i) Molar refraction (Rm), reflection loss (RL), and 
dielectric constant (ε) showed a decreased trend with increasing 
concentrations of the dopant (Sm3+).

j) The electronic polarizability (αm), optical transmission 
(T), and Metallization criterion (M) showed an increasing trend 
with increasing concentrations of the dopant (Sm3+).

k) The value of χ* increases while χ(1) decreases with 
increment of Sm2O3 concentration from 1 to 5 mol%.

l) For the prepared glass system, JO spectroscopic 
parameters varied in the trend of Ω4 > Ω6 > Ω2. The lower Ω2 
parameter was associated with the centrosymmetric and ionic 
character behavior of Sm3+ ions, whereas the larger values of Ω4 
parameter were associated with the glasses’ rigidity. 

m) These glasses were validated as a good option and 
an excellent choice for optical amplifier and laser technology 
applications due to their large values of the simulated cross-
section and gain bandwidth values. 
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