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ABSTRACT

The preparation and spectroscopic investigation of Sm,0; doped ZnF,-PbO-B,05 glasses. XRD patterns confirmed
their amorphous nature are reported. From measured densities, various physical parameters - including molar
volume, optical band gap, refractive index, electronic polarizability and optical basicity were systematically
evaluated and presented. Optical absorption spectra show well defined Sm* transitions from °Hs,=>°F, where
J= 11/2 — 1/2 levels. The optical band gaps are found to be minimal for the glass containing 2.0 mol. %
Sm;0s. Judd-Ofelt analysis yielded Q,> Q4> Q¢ with bonding parameter & highest at 2.0 mol. % Sm,0s,
indicating a less covalent environment. Overall, the linear variation of physical and optical properties reflects
the compositional role of Sm;0s. These results provide useful for potential laser-host applications.
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Introduction

In view of many aspects including structure, stability, chemical durability, hosting the
modifier up to a larger extent etc., B,Os stands as a unique glass network former among
the others like SiO, P,0s, As;0s and GeO,. Literature studies on borate glasses [1-8]
explicitly demonstrate that the structure of pure borate glass is primarily built from
trigonal planer BOs flat triangles embedded with boroxol rings (BsOs). In general, the
bonding between boron and oxygen in the planar BOs unit is partially covalent with sp?
hybridization and partially ionic with differences in electronegativity (oxygen becomes
more electronegative than boron). In pure borate glass, boroxol ring is formed by three
BO: triangles, which subsequently create three-dimensional networks with bridging
oxygens (BOs) which causes to attain characteristics including presumably low density,
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high transparency in UV (ultraviolet) and IR (infrared) region, high thermal conductivity
and lower electrical conductivity.

Pb0O-B,0s has wider glass forming region ranging from 0.4 to 90 mol. % of PbO with
stable phase separation. Adding PbO to B,0s glasses significantly modifies their physical,
optical and structural properties and also this modification is strongly compositional
dependent. With low PbO concentrations up to ~ 20 mol. % plays a modifier role by
breaking B-O-B linkages and encourages the conversion of BOs into non-bridging oxides
(NBOs) by changing the boron atoms to tetragonal BO4 (sp® hybridization) from trigonal
BOs planer (sp? hybridization), which provides the pathway to increase the density and
compactness of the glass [9], whereas with moderate PbO concentration up to
~ 40 mol. % [10] still plays a modifier role but with transition phase by producing more
tetragonal BO4 units and NBOs with separation of borate network which causes the
decrease in connectivity and glass samples becomes less rigid. However, with more than
40 to 80 mol. % [11], PbO starts acts as a modifier by forming Pb—O-Pb linkages leading
to the formation of pyramidal or square —planer PbO4 structural units. Hence the network
becomes weaker, creates a pathway to lower the glass transition temperature, and
increases thermal expansion, electrical conductivity properties and refractive index.
Despite of the above benefits, there are some handicaps like toxicity and environmental
hazards that become expensive for processing and disposal.

When ZnF; is added to a binary composition like PbO-B,0s, it interacts with both
borate and lead oxide units by introducing Zn?* and F ions. Adding ZnF, [12,13] leads to
the conversion of BOs units to BO4 units and PbO into PbF; as follows:

Zn** + BO; — Zn— 0 — BO,,
ZnF, + PbO - ZnO + PbF,.

Moreover, ZnF, is added to PbO-B,0s, Zn?* competes with Pb?* for network modifier
positions by replacing the Pb-0 bonds with Zn-0 bonds. Hence, Zn?* acts as a modifier along
with this it is also important to mention that modifying action is strongly based on the
composition of the glass. The presence of two different network modifier ions Zn?** and Pb*
can disrupt the glass network by breaking B-O bonds and introducing NBOs, influencing the
atomic packing, density and glass transition temperature [14,15]. Hence the optimal Zn/Pb
ratio leads to a glass with adjustable properties that were essential for maintaining the
durability of the glass sample. With these factors, we are motivated to choose the glass
composition of 20 % ZnF,-20 % PbO-60 % B,0s system for the present study.

In the last few decades, lanthanide ion-doped glasses have drawn more attention
due to the exhibition of well-defined sharp absorption/emission spectra due to 4f-4f
intra-ion transitions, high quantum efficiency, up-conversion luminescence, local
symmetry of lanthanide ions, which leads to the host glass matrix suitable as the best
optical materials for the lasers, biosensing, optical amplifiers, radiation dosimetry,
tunable light-emitting diodes (LEDs). Samarium is the sixth element in the lanthanide
series with atomic number 62, electronic configuration [Xe]4f®6s2. These 4f® unpaired
electrons are responsible for the distinct optical and magnetic properties. In general,
Samarium exists in two oxidation states Sm?* [Xe]4f® and Sm>*" [Xe]4f> among these,
the second one usually plays a crucial role in the optical properties.
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Nevertheless, it is important to mention that this fluoroborate system provides
improved rare-earth ion solubility and favourable spectroscopic characteristics compared
with conventional borate glasses, making it a promising host matrix for studying Sm** ion
optical properties. In the present investigation, we have attempted to characterize the
optical absorption of Sm** in zinc lead borate glasses mixed with different concentrations
of Sm,0sto get insight into the possible use of these glasses as laser hosts. The study is
additionally intended to understand the relation between the macroscopic and
microscopic optical properties and physical parameters.

Materials and Methods

The present studied glass samples had been prepared by adopting the melting and
quenching method which is as similar as mentioned in our previous works [12,16]. Within
the glass-forming region of system, the compositions are chosen for the present study
is 20 ZnF, - (20-x)PbO - 60 B,0s: x Sm,0s (with x=0.5, 1.0, 1.5 and 2.0 all in mL %).
The detailed chemical composition of their codes is displayed in Table 1. Figure 1 depicts
a schematic representation of the glass sample preparation process.

Table. 1. Composition of glass samples (all in mol. %)

Sample Code ZnF, PbO B.0; Sm;0;
So 20.0 20.0 60.0
S1 20.0 19.5 60.0 0.5
S2 20.0 19.0 60.0 1.0
Ss 20.0 18.5 60.0 1.5
S4 20.0 18.0 60.0 2.0

AR grade chemicals weighted (all
in mol%) based composition
using Essce Vibra HT digital
weighting balance

1 1

Finally the samples were polished
to dimensions of 2cm x 2 cm x 0.2
cm size

Grinding of chemicals with agate Melt was quenched and are
mortar to obtain Homogeneous annealed at 250°C for 3 Hrs and
mixture then cooled to room temp.

! 1

Melting the chemical mixer in - Bubble free Melt poured on the
platinum crucible at 700°C for 1 rectangular brass mould to obtain
Hr until to get bubble free liquid glass

Fig. 1. Flow-chat of various steps involved in preparation of ZnF,-Pb0O-B,03:5m,05
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The X-ray diffraction (XRD) patterns were recorded using the Philips PW 1830 X-ray
diffraction spectrometer. The optical absorption spectra of samples acquired by using
the JASCO V-670 UV-VIS spectrophotometer at room temperature in the wavelength
range of 300-1800 nm. The infrared transmission spectra recorded by the Shimadzu IR
Affinity-1S spectrophotometer by using KBr pellets in the 400-2000 cm™ wavenumber
region. The Vibra HT density kit is used for measuring the weights of the glass samples
in air as well as in buoyant medium acetone. The refractive index of the glass samples
measured using the Abbe refractometer using monochromatic wavelength 589.3 nm with
mono-bromo naphthalene as the contact layer.

Results and Discussion

Using classical Archimedes’ principle, densities have been computed, by measuring the
weights of the samples in acetone and air using the equation:

p= () P &)
where p is density of the sample, W, and W, are the samples weights in O-xylene and air,
respectively, p, is is density of the O-xylene. It was discovered that densities decreased
as the quantity of dopant Sm;0; in the glass matrix increased. Using these obtained
densities various other significant parameters viz., molar volume (V},,), oxygen packing

Table 2. Physical parameters of Sm;0; doped ZnF,-PbO-B,0; glasses

Propert Standard relation bample code
REIY ' So S S Ss Ss
W,
Density (p), g/cm? p= ( z )pb 4173 4,165 4,159 4157 4,142
Wa — Wl
Avg. mol. weight (M) M= ZXL-Mi 107.09 | 107.72 108.35 108.97 109.60
Refractive index (n) Experimental 1.685 1.723 1.735 1.742 1.757
Molar volume (V,,), M
cm®/mol V, = /p 25.66 25.86 26.05 26.21 26.46
Sm3* ion
. NAxi'D
concentration (N), = ——= 11.60 23.10 34.50 45.50
x10?! ions/cm? M
. . 1/
Inter ionic - [47 4411 | 3510 | 3072 | 2.800
distance (r;), A iy
. 11 w1
Polaron radius (), A N _[ ] 1.777 1414 | 1238 | 1128
P~ 216N;
- 4.2
Reflection loss (R,). I 00650 | 00704 | 00722 | 00732 | 00753
x107 il
21
Molar refraction (R,,) R, = <Zz n 2) |7 12.293 | 12.829 13.059 13.219 13.512
Molar electronic Ry,
polarizability (e,) Un = 5 4.878 5.091 5.182 5.245 5.361
Electronic 3(n>-1)
polarization (,) a, = ) 1.899 1.967 1.987 1.999 2.025
Metallization R,
o M=1-— 0.520 0.503 0.498 0.495 0.489
criterion (M) |2
E = (a/hw)l/Z =
Energy gap (E,), eV 9 1.620 1.599 1.593 1.589 1.581
gy gap (Ey) L Clhw —E,)
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density (OPD), polaron radius (R,), inter-ion distance (R;), and dopant-ion
concentration (N;) are estimated and presented in Table 2 along with used standard
equations [17,18]. Table 2 shows that molar volume and Sm** ion concentration increase,
whereas polaron radius and inter-ionic distance decrease with increasing the Sm,0; content.

The absolute refractive index (n) at a specific wavelength of 589.3 nm was measured.
The refractive index values for the studied samples were found ~ 1.68 to 1.76 following
the increasing trend with increasing the Sm;0s content. Using standard relations along with
the measured densities and refractive indices, the physical parameters such as molar
refraction, molar electronic polarizability, and metallization criteria were evaluated and
same were systematically presented in Table 2. From Table 2, it is observed that molar
refraction and molar electronic polarizability increase with increasing the Sm,0s content,
whereas the metallization criteria decrease with Sm,0s content.

The diffraction patterns of all samples exhibited broad diffuse halos without any
sharp crystalline peaks, confirming the amorphous nature of the glasses across the
prepared compositional range. Since all compositions displayed similar amorphous
diffraction features, only a representative XRD pattern corresponding to the S4 sample
(2.0 mol. % Sm;0s) has been presented in Fig. 2.

Intensity (arb.units)

10 20 30 40 50 60
20 (degree)

Fig. 2. X-ray diffraction pattern of ZnF,~Pb0O-B,03 glasses doped with 2.0 mol. % Sm,0;

The optical absorption spectra of Samarium doped ZnF,-Pb0O-B,0s glasses recorded
at room temperature in the wavelength range 200-2000 nm is shown in Fig. 3.
The spectra of S;: samples exhibits the absorption bands with peak positions at about 935,
1070, 1224, 1367, 1364, and 1578 nm. Based on the literature [19,20], these observed
bands are assigned due to °Hsp —®Fii, ®Fon, ®Fip, ®Fsp, ®Fsp, and SFi, transitions
respectively. Other glass samples also exhibit peaks with a slight shift in band position
which is expected due to the structural changes that take place in a sample by the
compositional change. The details of the observed band positions for the samples are
presented in Table 3.
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Fig. 3. Optical absorption spectra for ZnF,-PbO-B,0; glasses mixed with different concentration of Sm;05

Table 3. Optical absorption data and band gaps of Sm;05 doped ZnF,-PbO-B,0s glasses

Glass

So S1 S, Ss S4
Cut-off wavelength, nm 361.5 380 406 407 409
Hs/,—°F11/2 --- 935 931 933 936
Hs/p—°Fop2 1070 1073 1075 1076
Hs,—°F7 1224 1223 1224 1225
®Hs,—°Fsp 1367 1365 1366 1368
Hs,—5Fs 1394 1395 1397 1398
Hs,—F1 1578 1579 1579 1580
Optical band gap E,, eV 3.40 3.02 2.98 2.92 2.90

(ehv)? (eV- cm)l?

26

2.7

28

29

3 31
hv (eV)

32

i3

Fig. 4. Tauc plots between (ahw)l/z vs hw for ZnF,-Pb0-B,05 glasses mixed
with different concentration of Sm,05
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The optical band gap (E,) of all the glasses is evaluated by drawing Tauc plots
between (ahw)'/2 vs ha (Fig. 4) as per Eq. (2) [12]:
E, = (ahw)l/z = C(hw — E,), (2)
where Aw is the photon energy, E, is the optical band gap and C is a temperature
independent constant related to the extent of the band tailing. The energy band gap of
the samples is found to be the shrinkage with increasing the content of Sm** ion in the
sample (Table 3), where X; is the mol. % of the oxide compound,M; is the molecular
weight of the compound, p,, is the density of acetone, N, is the Avogadro number, Z is
the thickness of the sample. The IR transmission spectra in the region 400-1600 cm for
the pure as well as samarium oxide doped glasses were recorded and presented as Fig. 5.

BO; units

B-O-B linkages

BOy structural units

PbOy structural units

Sy
S3

ZnOy structural units

Transmittance %

S1

So

1600 1400 1200 1000 800 600 400

‘Wavenumber (cml)

Fig. 5. Fourier transform infrared (FTIR) spectra of ZnF,-PbO-B,0s: Sm;0; glasses

It shows conventional bands due to the presence of borate groups, and they are due
to the B-0-B linkages at about 710 cm, BO4 structural units at about 1060 cm™, BOs
units are at about 1425 cm, respectively. Additionally, at about 450 cm™, a band due to
PbO. vibrations is also located in these spectra [13,21]. With the introduction of Sm,0s
(0.5-2.0 mol. %) into the glass network, no new additional bands appeared. The summary
of the data on various bands observed in the IR spectra of ZnF,-PbO-B,0s: Sm,0; glasses
are presented in Table 4.

Table 4. Band positions (in cm™) in the IR spectra of ZnF,-PbO-B,0; glasses doped with different
concentrations of Sm,03

Assignment Glass
So S1 S, Ss S4

BO; units, cm™! 1470 1462 1448 1435 1421
BO4 groups, cm! 1039 1041 1045 1052 1068
B-0-B linkage, cm™? 719 721 720 719 721
Zn0g units, , cm™? 503 503 501 505 502
PbO.units, cm™ 437 435 436 442 435
BOs units, cm! 1470 1462 1448 1435 1421
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Among different constituents in the present studied glass composition of ZnF,-PbO-
B,0s: Sm;0s, B,0s is the good glass network former, the primary structural units include;
trigonal boron (BOs) group, tetragonal born (BO4) group [22], boroxol rings (BsOs), when
mixed with modifiers, forms a complex super structural unit like di-borate [B,Os]?%,
tri-borate [Bs0;]>,, meta-borate [BO,]" and pen-ta-borate [BsOs]*etc. The IR transmission
spectrum of pure glass sample (S¢) exhibits two groups of characteristic board bands
at about 1425 and 1060 cm™, which are the evidence of trigonal BOs; and tetragonal BO4
structural units. Additionally, the spectrum also shows that another two bands at about 710
and 450 cm™ are attributed to the B-O-B vibrations and PbO, structural units. The spectrum
of sample S; also exhibits similar bands with a slight shift in wave number. Further, it is
observed that the intensity of the tetragonal BO. band increases with the slight shift
towards the lower energy side whereas the intensity of the trigonal BOs; band decreases
with a slight shift towards the higher energy side with increasing the content of
the samarium ions. The increase in the BO4 bands by the expensive of the BOs; band
is understood as the addition of the Sm,0s; converts the BOs; units into BO. units
by introducing the NBOs. This behavior suggests that the samarium ions play a modifier
role in the glass matrix when mixed with a small concentration. The decrease in the density
of the sample with an increase in the content of Sm,0; also supports the above result as
with an increase in the ratio of NBO/BOs, the glass structure becomes loosened and hence
the density of the sample decreases with the increase in the content of the samarium ions.

Due to electron-electron coulombic interaction and spin-orbit (LS) coupling
interactions among the free ion with 4f> configuration (Sm** ion) splits into many energy
levels specified by typical term symbols. Some major term symbols are
®H(/=5/2,7/2,9/2,11/2,13/2,15/2), °©¢F,(J=1/2 to 11/2) °®P, (/=3/2,5/2,7/2),
‘G (1=5/2,7/2,9/2,11/2), “F,(/=3/2,5/2,7/2,9/2), *I, | =9/2, 11/2, 13/2, 15/2) and ?H,
2G, %F, 2P (singlet and doublet states), respectively. By Hund’s rule, ®Hs, has lowest
J= |L — S|) value and is the ground state. When ions, like Sm**, are placed in a crystal
field (like glass or crystals) their energy states split and shift due to the interaction
between the ion and the surrounding ions or ligands in the host material. This shifting
and splitting depends on the strength of the crystal field and the symmetry of the sm**
ion site in the host. Generally, the absorption bands of the trivalent samarium ions in
a host are categorized into two groups low energy transition band group spreads over
the wavelength 800-1800 nm, and high energy transition band group spreads over
the wavelength 320 to 650 nm. The optical absorption spectra of present investigated
samples in Fig. 3 exhibit the sharp intensive bands in the NIR region only and are
assigned due to ®Hs;, —°F112%Fop, ®Fip, Fspa, 6F31, and ¢Fitransitions respectively. All these
transitions are spin allowed (AS =0) and follow AJ=0, #1 from J=5/2. The complete
disappearance of some absorption transitions due to the presence of the modifier PbO
was observed [23] may be due to the factor-like change in local symmetry around Sm?**
ions by PbO by reducing cross-linking and introducing NBOs, shielding and quenching
effects from Pb? ions by its heavy atomic cores and high polarizability, interaction
between electronic transitions and vibrations (vibronic coupling) succors to forbidden
4f-4f transitions or makes them extremely weak.

Judd-Ofelt (JO) parameters are vital to enhance the comprehension of optical
characteristics, particularly concerning rare-earth ions such as samarium in glass
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matrices. They bid valuable insights into properties like radiative transition probabilities,
oscillator strengths, and branching ratios etc.

By applying JO theory and measuring the area under the absorption curves, the
experimental oscillator strengths were determined by the simplified relation [24]:
fexp = 4.318 x 107° [ £(9)dY, (3)
where [ £(9)dd is the area under the absorption curve, £(9) is the molar absorptivity of
the respective band at 9:
(W) =2, (4)
where A/l is the absorbance coefficient, c is the concentration of the lanthanide ion.

The calculated oscillator strengths for the electric dipole transition from the ground
state () to the excited state (y") were obtained using the relation:

foar = (222) () S e (|02 11))’, )

oain

where all the terms having their own standard meaning, which are mentioned in the
literature [25,26], ||U*|| are the square reduced matrix element of the unit tensor operator
of the rank 4 = 2, 4,6, these standard values were acquired from [27].

The root mean square deviation values from the calculated and experimental
oscillator strengths were obtained using the basic relation, which helps to understand
the fitment of theoretical data with experimental data in the RE-doped glasses [28]:

Orms = Z(fcal_Tfexp)- (6)

where the absorption band energies (cm?), the experimental (fe) and calculated (fea)
oscillator strengths estimated for the absorption band intensities of ZnF,-PbO-B,03:5m,05
glasses were presented as Table 5.

Table 5. The absorption band energies and the oscillator strengths for the transitions of Sm* ions in ZnF,-
PbO-B,0s glasses

Root mean
Trans. *Hs;,— F11/2 ¢For2 F112 SFs/2 ¢Fs/2 SF1s/2 i?l:':
deviation
fea, 107 0.016 4.051 2.554 3.071 2.005 0.324
S1 fexp, 107 2.250 3.901 2.362 3.164 1.589 0.148 0.937
Energy v, cm™? 6390 6781 7279 8115 9254 10586
fea, 107 0.015 2.502 2.901 3.319 1916 0.296
Sz fexp, 107 3.719 2.409 2.729 3.319 1.590 0.182 1.521
Energy v, cm™? 6519 6807 7268 8112 9256 10585
feal, 10 0.040 9.689 7.445 8.340 5.078 0.802
Sz fexp, 107 6.330 9.332 6.922 8.543 4.026 0.373 2.624
Energy v, cm'? 6456 6794 7276 8118 9262 10579
feal, 10 0.059 15.061 10.796 12.109 7.480 1.193
S4 fexp, 107 6.998 14.503 1.036 1241 5.902 1.131 2.933
Energy v, cm™® 6419 6774 7272 8118 9262 10579

Using least squares fitting analysis, JO parameters T (1 = 2, 4, 6) were determined

with the help of values ||U’1||2(taken from the literature), f.xp, fzqi, and v by the relation [29]:
fe = [TANIUZD? + T,(IU*D? + Te(IU°11)?]9. (7)
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JO Intensity parameters Q, (1 = 2,4,6) are calculated from the above obtained
Ty (A = 2, 4, 6) using the equation:

0 = (=) (F55) @ + DT, (8)

8m2mc nz+2)2

where all symbols have their own significant meaning as mentioned in [27], J is taken as
5/2 for the ground state of Sm*' ion. The obtained JO intensity parameters
Q) (A =2, 4, 6) for Sm,05; doped ZnO-PbO-B,05 glasses are displayed in Table 6. When
the computed oscillator strengths are compared to the experimental oscillator strengths,
a fair match is made. The root mean square (r.m.s) deviation between fe, and fa is used
to express the fit quality. The Judd-Ofelt theory's validity and suitability for the current
glasses are confirmed by the comparatively low levels of these deviations.

Table 6. Judd-Ofelt parameters (Qx102°cm?) of Sm** doped ZnF,-Pb0O-B,0s-B,0;5 glasses

Sample Q. Q, Qs Trends Ref.

S1 471 2.94 1.83 Q> Q> Qg This work

S; 11.6 4.28 2.03 Q> Qs> Qg This work

S3 24.9 9.41 493 Q> Q4> Qg This work

S 39.7 13.0 7.21 Q> Q4> Qg This work
LBGS3 9.93 9.84 7.51 Q> Q> Qg [19]
LTTSm10 1.30 3.08 1.54 Qs> Q> Q, [20]
BLCB20 3.78 0.96 0.68 Q> Q> Qg [23]

From JO-theory, among Q,, Q4, Qg, the first one is profound to the asymmetry of the
local crystal field surrounding the RE-ion by breaking the electric dipole transition
selection rule and making them allowed partially, as a result, provides information about
the electron sharing behavior (covalent character) between the RE-ion and neighbouring
ligands. Hence, the Q, parameter acts like a strain for the asymmetry of the ligand field,
reflecting the degree to which the local symmetry is distorted. For all present studied
four glasses, the values of W, are projected primarily in the following sequence:
Wh > Wa> We. However, it is also observed that with the increase in concentration of the
samarium these Wi (A =2, 4, 6) increases.

The second phenomenological intensity parameter, W. usually describes the
strength of electric-dipole transitions between 4f levels of the RE-ions, influenced by
medium-range order properties of the host material. The observed increased intensity of
the emission band due to electric dipole transition “Gs,,—®Hy,, along with the increase in
Wswith increasing the concentration of sm** ions strongly suggests that the local strength
around RE-ion is increasing with the surrounding ligand by breaking B-O-B linkages and
create NBOs, which may lead the loosening of the glass structure with the enhanced long-
range polarization effects. Even though samarium is heavy, with increasing the
concentration of Sm**, its network-modifying role and the structural loosening character
can dominate, resulting in lower experimental density and increased molar volume. The
observed increase in macroscopic optical properties like molar refraction (Rv) and molar
electronic polarizability (am) with increasing content of samarium can be expected with
increased local asymmetry and covalence around sm** ion due to a rise in W, value and
rise in long-range local polarizability of samarium ions with the ligand due to rise in W.
The observed decrease in the metallization criterion (M) with increasing Sm** ions also
suggests an enhancement in the covalent nature of the glass matrix [30].
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The observed increase in the third phenomenological intensity parameter, W; with
Sm?*" content indicates enhanced long- range distortions in the ZnF,-Pb0O-B,0s glass
matrix, suggests that the network becomes more flexible and polarizable at a broader
scale, which, along with increases in W, and W., supports stronger electric-dipole
transitions and enhanced luminescent performance.

To further validate the obtained JO parameters, a comparison with previously
reported Sm** doped glass systems has been carried out and is presented in Table 6.
It can be observed that the JO parameters in the present study follow the trend
Q,> Q4 > Q¢, which is consistent with several borate and oxide glass systems reported
in the literature [19,20,23]. The comparatively higher Q; values obtained for the present
glasses indicate increased asymmetry and covalent character around the Sm**ion
environment. Such behavior is commonly associated with the formation of non-bridging
oxygens and structural modifications induced by rare-earth incorporation in the glass
network. The observed values are therefore in reasonable agreement with previously
reported results for Sm*" doped glasses.

The favorable optical properties observed for Sm** doped ZnF,-Pb0O-B,0s glasses,
including well defined absorption bands, suitable JO parameters and enhanced electronic
polarizability, suggest that these materials may serve as promising candidates
for photonic applications such as solid-state laser hosts, optical amplifiers, optical
sensors and luminescent devices operating in the visible and near-IR regions.

Conclusions

20 % ZnF,—(20-x) % PbO-60 % B,03::xSm,0s3 (x =0, 0.5, 1.0, 1.5, 2.0) glass  samples
successfully prepared by melt-quenching technique. The amorphous nature of
the prepared samples was confirmed by the X-ray diffraction spectra. Various macroscopic
physical parameters viz., molar volume, molar refraction, molar electronic polarizability
and metallization criterion were estimated using experimental density and refractive
index. Optical absorption spectra of sm**doped samples exhibited intensive sharp bands
blended with close convolution due to the vibronic coupling and are identified due to
6H5/z —>6F11/2’ 6F9/2, 6F7/2, 6Fs/z, 6F3/2, and 6:’:1/2 transitions respectively. Using JO-theory,
experimental as well as calculated oscillator strengths were evaluated and also identified
well in agreement with them. Three phenomenological intensity parameters follow
the sequence: W, > W4 > Ws. Using these microscopic JO parameters, the behavior of
macroscopic optical parameters viz., molar refraction, molar electronic polarizability and
metallization criterion were understood. FTIR spectra reveal that Sm** ions in the present
glass matrix play the role of modifier by increasing the ratio of NBO/BOs. Overall,
the obtained spectroscopic and structural characteristics indicate that Sm** doped present
glasses are promising materials for photonic applications such as solid-state lasers,
optical amplifiers, sensors and luminescent devices operating in the visible and near IR
regions.
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