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The chemical composition of Pr’*-doped strontium-aluminum-bismuth-borate glasses with different
concentrations, that is, (50 — x)B203 + 20Bi;03 + 7AIF3 + 8SrO + 15SrF> + xPr:(CO3)3 (where x = 0.1, 0.5,
1.0, and 1.5 mol.%), have been prepared by the melt quenching technique. XRD, SEM, and EDS studies re-
veal the structural and amorphous properties of the prepared glasses. Different borate groups are analyzed
by FTIR measurements. Judd-Ofelt (J-O) intensity parameters, 2, (A = 2, 4, and 6) are calculated from the
absorption spectrum to identify the nature of Pr’" ions with their surrounding ligands. Using the J-O param-
eters, the radiative properties such as radiative transition probabilities (Ar) and radiative lifetimes (t.q) are
evaluated for various excited transitions of Pr’" ions. Stimulated emission cross-sections (o,F) and branch-
ing ratios (Pr) for the emission transitions are evaluated by the photoluminescence spectra. The higher val-
ues of a,f and Pr are identified for the emission transitions *Py—>H, and 'D>—Hy of SABiBPrl15 and
SABIBPr01 glasses; these glasses are suitable for light emitting materials. The chromaticity color coordi-
nates are calculated to find the average color of the emission spectra.
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Memodom 3akanku @ pacniage noayuensvl CMpOHYUEBO-ATIOMUHUEB0-8UCMYM-OOpamuble CMeKad, 1e2u-
posannvie uonamu Pr’* ¢ paznuunvivu konyenmpayuamu: (50 — x) B203+20Bi03+7AIF;+8SrO+155rF2+
+ xPr; (CO3)3 (20e x = 0.1, 0.5, 1.0 u 1.5 mon.%). Hccredosanua memodamu XRD, SEM, EDS noxazviearom
cmpykmypuvle U amopgusie ceolicmea comosvix cmekol. bopamuvie epynnvl npoananusuposansvl ¢ nomo-
wvio usmepenuii memooom FTIR. Ilapamempuvr unmencusnocmu JJocadoa—Ogpenvma (J-0), 2, (A =2, 4 u 6)
paccuumansl no cnekmpy noznowjenus O uoenmugurayuu npupoost uonos Pri* ¢ oxpyxcarowumu ux nu-
eandamu. C nomowppio napamempog J-O uccnedosanvl uziyyamenvhvle c8OUCMEdA (8epOAMHOCIU U3NYUA-
MeabHbIX Nepexo00s (Ar) U pacuayuoruvie BPeMeHA HCUSHU (Teql) OIS PASIUUHBIX 8030YHCOCHHBIX Nepexo-
006 uonoe Pr’*. Ceuenus evinyscoennozo uznyuenus (o,5) u coomnowenue semseii pacnada (Br) ona nepe-
X0006 usNyueHus oyenenvl no cnekmpam gomonomunecyenyuu. bonee evicoxue snavenus o," u Pr noryue-
HbL 051 U3TyHamenvHulx nepexo0os *Py—>Hy u 'Dy—3Hy ons cmexon SABiBPr15 u SABiBPr01; smu cmexna
ROOX00sIM OISl CGEMOUBNYHAIOWUX Mamepuanos. Llgemosvie KOOpOUHAMbBL YBEMHOCHU DACCHUMAHbL OISl
onpeoenenus cpeone2o Yaema CReKmpo8 U3LyUeHUsl.

Kntouesvie cnoea: npaszeooum, onmuueckoe nocnoujeHue, (GomorroMuHecyeHyus, anamus Jxcaoda—
Ogenvma.
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Introduction. Rare earth (RE) ion doped glasses have many advantages compared to crystalline materi-
als, namely a wide fluorescence band due to the disordered ion environment and uniform optical properties
for different glass compositions. They can be manufactured without grain boundaries and are easy for fabri-
cation and inexpensive [1]. RE doped glass materials are useful for developing optical broad band amplifi-
ers, solid state lasers, sensors, up-converters, and visible display device applications [2, 3]. Because of the
large number of energy levels and energy level positions due to their 4f" electronic configuration in the ul-
traviolet (UV), visible, and infrared spectral regions, RE ions have various applications [4, 5]. Compared to
different glass systems, oxide glass acts as the most stable active ion host for practical applications because
of its high chemical durability and thermal stability [6, 7]. The emission property of any rare earth doped
glass depends on its phonon energy. In this paper, the phonon energies of BoO3 and Bi,O3 have 1400 and
500 cm’!, respectively. BiO3 has a lower phonon energy than B,Os, and the addition of Bi,O; into B,Os
leads to decreasing the phonon energy of the glass hosts [8]. Moreover, the fluoride content from AlF; also
leads to decreasing the phonon energy and increasing the emission cross-sections [5].

Various applications of Pr’" doped glass materials are mainly due to the large number of absorption
bands in the UV, visible, and near infrared regions [9, 10]. Jamalaiah et al. [5] reported the optical absorp-
tion, fluorescence, and decay properties of Pr’*-doped PbO-H3;BO;-TiO,-AlF; glasses. Murthy et al. [11]
investigated the optical absorption and emission characteristics of Pr’**-doped alkaline earth titanium phos-
phate glasses.

In this work, different concentrations of Pr** ions were doped in strontium-aluminum-bismuth-borate
(SABIiB) glasses, and the structural and optical properties of the obtained materials were investigated. X-ray
diffraction (XRD), scanning electron microscopy (SEM), and energy dispersion spectroscopy (EDS) were
used to identify the glass nature, and Fourier transform infrared (FTIR) spectroscopy was used to identify the
structural groups of the SABiB glasses. The experimental oscillator strengths (fexp) were calculated from the
transitions of the absorption spectra, and the theoretical oscillator strengths (fea ) were calculated from the
Judd-Ofelt theory. Using the oscillator strengths data, the Judd-Ofelt (J-O) intensity parameters (€2, Qu, and
Qs) were evaluated. From the J-O intensity parameters, the radiative transition probabilities (4r) and radia-
tive lifetimes (tca) were evaluated for different excited states of Pr’* ions. Stimulated emission cross-sections
(op), branching ratios (Br), and effective line widths (Alerr) were obtained through the photoluminescence
spectra for different concentrations of Pr**-doped SABIB glasses. It is observed that the present Pr** doped
glass can be useful for laser emission devices.

Experimental. Trivalent praseodymium doped SABiB glasses with the composition (50—x)B,Os+
+20Bi203+7AlF3+8SrO+15SrF,+xPry(CO3)3 - 8H,O (where x = 0.1, 0.5, 1.0, 1.5 mol.% referred to as
SABiBPr01, SABiBPr05, SABiBPr10, and SABiBPr15 glasses, respectively) were prepared by the melt
quenching method. The homogeneous mixture of high purity starting chemicals H3BOj;, Bi,O3;, AlFs,
S12,CO3, SrF,, and Prz(CO3)3 - 8H20, weighing about 8 g, was thoroughly ground in an agate mortar and
melted in an electric furnace at 1150°C for 45 min. This temperature was increased by 50°C as the Pr** ion
concentration increased by 0.5 mol.%. During melting, the chemicals in the crucible were stirred for bubble-
free and homogenous mixing. The melt was then poured onto a preheated brass plate and then pressed by
another brass plate to get a uniform thickness. Finally, the glasses were annealed at 350°C for 3 h to improve
the mechanical strength.

The density of the samples was measured by the Archimedes principle using xylene as the immersion
liquid. The refractive indices were measured using an Abbe refractometer with a sodium vapor lamp
(589.3 nm) and 1-monobromonaphthalene (CioH7Br) as the contact liquid. The physical parameters like
thickness ¢, refractive index 7, density p (g/cm®), and concentration of rare earth ion (N, 10'° ions/cm®) were
calculated for 1.0 mol.% of Pr** doped SABiB glass using the formula

N =xpNa/M,
where x is the mol fraction of the rare earth ion, Nj is the Avogadro number, and M is the average molecular
weight or molar mass of the glass. The densities (p) of the glass samples were determined by the conven-
tional Archimedes method, using xylene as the immersion liquid, with the formula
p =0.86[a/(a - b)],
where a is the sample weight in air, b is the sample weight in xylene, and 0.86 gm/cm? is the density of xylene.
XRD patterns were obtained in the region 10-80° using an INEL C120 diffractometer with a resolution

of 1° employing CoK, radiation. We confirmed the amorphous nature of the glass sample. To analyze the
surface morphology and to confirm the elemental compositions of the present SABiB glass samples, the
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SEM image and the EDS spectrum were recorded using a Carl Zeiss EVO-MA15 scanning electron micro-
scope. The FTIR spectrum was recorded using a Bruker Vertex-80 FTIR spectrophotometer in the spectral
region 500-4000 cm™ with a spectral resolution of 4 cm™' to identify the structural groups in the glass sam-
ples. Using a Jasco V-570 spectrophotometer, the optical absorption spectral measurements were recorded in
the range 420-1800 nm with a resolution of 1 nm. The excitation and emission spectra of Pr’* doped glasses
were recorded using a Jobin Yvon Fluorolog-3 spectrophotometer with a resolution of 1 nm by exciting with
the xenon lamp at 450 nm wavelength. All the spectral measurements were carried out at room temperature.

Results and discussion. The X-ray diffraction pattern of 1.0 mol.% of Pr’* doped SABiIB glass is
shown in Fig. 1a. No diffraction peaks were observed in the spectrum. This is the characteristic feature of the
long range, disorder, which confirms that the prepared glasses are perfectly amorphous. The SEM image
of 1.0 mol.% of Pr** doped SABIB glass is shown in Fig. 1b. No grains were observed in SEM images and
the images were completely plain. The energy dispersive analysis of the X-rays (EDAX or EDS) spectrum of
1.0 mol.% of Pr** ion doped SABiB glass is shown in Fig. lc. The EDS spectrum is used to find the ele-
ments of the glass sample (in %).
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Fig. 1. XRD graph (a), SEM image (b), EDS spectrum (c), and FTIR (d) spectrum of 1.0 mol.%
of Pr¥*-doped strontium-aluminum-bismuth-borate glass matrix

The FTIR spectrum of SABiBPr10 glass in the IR region 5004000 cm™' is shown in Fig. 1d. The ob-
served band near 698 cm™! is due to the bending vibration of the B-O-B linkage [12, 13]. One band is ob-
served in the infrared spectral range 900-950 cm™' (~ 943 cm™' ) and relates to the B—O stretching vibration
of tetrahedral BO4 units [14]. Another band, observed at ~1245 cm ™!, is due to the B-O stretching vibrations
of metaborate and orthoborate groups of BO; units [15]. The peak around 1636 cm™' can be due to the
asymmetric stretching relaxation of the B-O bond of trigonal BOs units [16]. The peak at 2314 cm'! is due to
the O—H bond stretching vibrations [17]. Some peaks are observed between 2700-3600 cm ™. They are due
to the hydrogen bonding vibrations [18].

The optical absorption spectra for different concentrations of Pr’* ion doped SABiB glasses observed in
the visible and near infrared regions are shown in Fig. 2. This spectrum consists of six absorption transitions.
These transitions are from the *Hi ground level to the different excited levels (CPa, Pi+'Is, *Po, 'Da, *Fu,
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and *F3). It is observed that all these transitions occur between the 4/2 energy level configurations of the Pr**
ions. These transitions are observed at 442, 470, 482, 589, 1446, and 1518 nm. The transitions, observed in
the absorption spectrum, can be divided into three groups; one is the transition from 3Hs—3F34 in the near
infrared region, the second is an isolated band related to the *Hs—'D; transition at 586 nm, and the third is a
complex group of transitions from *Hs—>Py 1, in the violet-blue region. Similar absorption transitions are
identified in the previous works on Pr** ion doped glass materials [2, 5]. These transitions are assigned based
on the reported work of Pr’* ion doped glasses [19]. For Pr’** ion doped glass materials, the ion has transi-
tions *H4—3P; and *Hs—>F>, which are known as hypersensitive transitions. They obey the selection rules
AS =0, AL <2, and AJ > 2 in the visible and near infrared regions, respectively. These hypersensitive transi-
tions are strongly dependent on the interaction between the rare earth ion and neighboring ligands [20]. In
the present work, the *Hs—?>F) transition is not identified and the *Hs—>P; transition is only observed as a
hypersensitive transition having the highest value of experimental oscillator strength in the visible region for
all the concentrations.

Absorbance a b
31‘14, 0,
o 1.5 mol.%
1: 2 1.0 mol.% R N
—— 0.5 mol.% Hy —°F;

0 mol.%

450 500 550 600 650 1200 1400 1600 A, nm

Fig. 2. UV-Vis and NIR absorption spectra of different concentrations of Pr’*-doped
SABIB glasses.

The experimental oscillator strengths (fexp) are calculated for absorption transitions. These values direct-
ly indicate that these transitions occur from the ground state *Hj to the various excited states [5]. Experi-
mental and calculated oscillator strengths are evaluated using the equations given by El Okr et al. [4], and
the reduced matrix elements taken from the paper of Carnall et al. [19]. A good agreement between the ex-
perimental (fexp) and calculated oscillator strengths (fear) is identified for the observed electric dipole transi-
tions by the least value of the root mean square deviation as

Srms = [2Z(fexp — feal)Z/N]2,

where N is the total number of energy levels included in the fitting procedure. For all the concentrations, the
oscillator strengths values are given in Table 1. In the present work the obtained drms values are almost the
same for all the concentrations. The oscillator strengths and Srws values are similar to the reported Pr’* ion
doped glasses [21-23]. The J-O [24, 25] intensity parameters Q) (A = 2, 4, 6) are completely host dependent,
and these values are evaluated using all the absorption transitions. In the present work, the J-O intensity pa-
rameters follow the order Qg > Q, > Q4 for all the concentrations, and these values are compared with the
reported work of Pr’* ion doped glasses given in Table 2. The covalency of the rare earth ion with the sur-
rounding ligands is proportional to the value of Q, parameter. The higher value of the €, parameter is ob-
served for SABiBPrO1 glass, indicating the stronger covalent bonding and lower site symmetry of the rare
earth ion with the surrounding ligands. The Q4 and Qg parameters are considered as indicators of the viscosi-
ty of the Pr** doped glasses [26]. The stimulated emission in a laser active medium is estimated by the spec-
troscopic quality factor (), which is the ratio of the Q4 and Qs parameters [27]. The higher spectroscopic
quality factor (y) of the host materials indicates the promised stimulated emission. SABiBPr10 and
SABiBPrl15 glasses have higher values of y, indicating that their stimulated emissions are higher compared
to the other two glasses in the present work. The y values of the present glasses are lower than the y values of
all the reported Pr’* ion doped glasses [9, 28-30] and are similar to phosphate glasses [30]. These compari-
sons are shown in Table 2.



Pr**-DOPED STRONTIUM-ALUMINUM-BISMUTH-BORATE GLASSES

643

TABLE 1. Experimental oscillator strengths (fexp) and calculated oscillator strengths (fcar) in certain excited
states of Pr’**-doped strontium-aluminum-bismuth-borate glasses for all the concentrations

SH—> 0.1 mol.% 0.5 mol% 1.0 mol% 1.5 mol%
Jexp Jeal Jexp Jfeal Jexp Jfeal Jexp feal

3p, 13.08 9.30 13.57 9.42 13.70 8.98 13.79 7.56

3pi+s 3.13 441 2.96 441 3.38 4.65 2.65 3.95
3P 3.61 2.08 3.71 2.1 35 2.3 2.79 2.0
'D, 4.00 2.83 4.27 2.85 4.42 2.72 3.11 2.30
3F, 10.09 10.04 10.16 10.15 9.57 9.64 7.82 8.12
3F; 15.07 14.97 15.14 15.10 14.65 14.55 12.48 12.28
OrMS +2.708 +2.827 +3.0465 +3.739

TABLE 2. Judd-Ofelt intensity parameters (Qx1072° cm?) (A =2, 4, and 6) and spectroscopic

quality factors (y) for all the concentrations of Pr**-doped SABiB glasses

Glass Q; Q4 Q¢ 20 | x=Q4/Q6 Trend Reference
SABIiBPr01 5.85 3.19 | 1579 | 24.83 0.21 Q6> Qp > Q4| Present work
SABiBPr05 5.17 3.19 | 15.95 | 24.31 0.20 Q6> Qp > Q4| Present work
SABiBPr10 5.37 3.56 | 15.12 | 24.05 0.24 Qs> Qr > Q4| Present work
SABiBPr15 5.19 3.02 | 12.70 | 20.91 0.24 Q6> Qp > Q4| Present work
Zinc chlorideborophosphate | 3.72 | 3.31 5.38 | 1241 0.62 |Q6>Qr>Qy [9]
Lead borate 3.59 3.50 526 | 12.35 0.67 Q6> Q> [28]
Chlorophosphate 438 1.86 | 4.15 10.39 0.45 Q> Q6> [29]
Phosphate 10.0 2.0 7.0 19 0.29 Q> Q6> Qu [30]

Figure 3a represents the excitation spectrum of SABiBPr10 glass, measured by monitoring an intense
emission at 617 nm. From the excitation spectrum, excitation peaks are observed and these are assigned to
the electronic transitions, *Hy—>P,, 3Hs—>P1, and *Hy—>Py at 450, 471, and 485 nm, respectively. Among
these transitions, the highest intensity transition wavelength (450 nm) is selected for emission spectral meas-
urements. Figure 3b shows the emission spectra of different concentrations of the Pr** ion doped SABiB
glasses obtained upon excitation with 450 nm in the wavelength range 450—700 nm. The emission profiles
are found to be the same but variations of peak intensities are observed while the rare earth ion concentration
is changed. The emission mechanism for the SABiBPr10 glass matrix is shown in Fig. 4.

Initial radiation excites Pr** ions from the 3H, ground state to the 3P, level and then, due to nonradiative
transitions, these ions move from 3P to the metastable states *Py+'7s, *Po, and 'D-. Finally, the emission
takes place from these metastable states to different lower levels Ha, 3Hs, and 3F,. In the emission spectra,
four emission bands are observed around 491, 532, 612, and 648 nm, and these bands are assigned to the
transitions *Po—>Hy, 3P1—>Hs, 'Dy—3H,, and 3Py—3F,, respectively. The emission band positions are as-
signed following Jamalaiah et al. [5]. The emission transitions *Py—>H, and 'D,—>Hj are more intensive-
compared to other transitions. The fluorescence intensity of the transition *Po—>H, increases with increasing
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Fig. 3. Excitation spectrum of 1.0 mol% of Pr’" (a) and emission spectra
for all the concentrations of Pr**-doped SABiB glasses (b).
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Fig. 4. Energy level diagram for emission mechanism of 1.0 mol.%
of Pr**-doped SABIB glass.

Pr*" ions concentration up to 1.0 mol.% and then decreases for 1.5 mol.% due to the concentration quenching
of the emission intensity by the large energy transfer between Pr** ions. This is the optimized concentration
of Pr** ions for the *Py—>H,. The fluorescence intensity of the 'D, emitting level is dominant at 0.1 mol.%
because this state is populated by fast multiphonon non-radiative relaxation from the higher lying *Py ; level.
The intensity decreases of 'D, level at higher concentrations (>0.5 mol.%) is due to the energy transfer
through the cross-relaxation channel. Therefore, due to the cross-relaxation, the fast quenching in emission
intensity takes place.

The increase in the Pr** ion concentration results in a significant red shift in the emission transition
!D,—3H,. This shift may be ascribed to the site distribution of Pr** ions in the vicinity of ligand fields [31].
For different Pr** ion concentrations (0.1, 0.5, 1.0, and 1.5 mol.%) of the represented glasses, the transition
'D,—3Hy is observed at 604, 608, 612, and 617 nm, respectively. The redshift can be identified as the fixed
difference in the wavelength of the emission transition with increasing concentration of the Pr’* ion. Howev-
er, for other three emission transitions (*Po—>Ha, *P1—>Hs, and *Po—>F5), the redshift is not observed. Us-
ing the J-O intensity parameters, the radiative parameters (like radiative transition probability (4r), peak
stimulated emission cross-section (cp"), branching ratios (Bexp and Peal), and integrated absorption cross-
section (X)) are calculated for certain excited states of Pr’* ion doped SABiB glasses. The branching ratio (B)
is an important radiative parameter that can be calculated as the ratio of radiative transition probability (4r)
for a transition from the excited state to a lower state and the total radiative transition probability (4t) of the
excited state; here At is the sum of the Ar terms for all the transitions. Branching ratio values are calculated
using the equation given by Zhang et al. [2]. The radiative lifetimes of *Py state are calculated from the total
radiative transition probabilities. These values are 19.21, 20.12, 19.40, and 21.87us for 0.1, 0.5, 1.0, and
1.5 mol.% of Pr** ion doped glasses, respectively. From Table 3 it follows that the transition *F3—>Hj has
higher branching ratios, and the *Py—>F; transition has higher absorption cross-sections for all the concen-
trations.

The higher values of experimental branching ratios (Bexp) are obtained from the areas under the emission
bands. The transitions having higher branching ratios are of interest for laser application. In the present work
Bexp values are compared with Bcar for all the concentrations. The variations in the values of branching ratios
with increase of the ion concentration for the emission transitions *Po—>Hy and 'D,—>Hy are similar to the
branching ratio values reported by Jamalaiah et al. [5], and these values are presented in Table 4. Based on
the values of branching ratios and data of the emission spectrum, it is observed that the two emission transi-
tions *Py—>Hy and 'D,—>Hs have dominant intensities at different concentrations and are confirmed as laser
transitions.

In the present work, chromaticity coordinates are calculated for all the Pr**-doped glass matrices, and
these coordinates are characterized by the CIE colorimetric standards (they are used by Smith and Guild
[32], for example). The chromaticity coordinate values are (0.53, 0.42), (0.47, 0.44), (0.42, 0.46), and
(0.38,0.45) for 0.1, 0.5, 1.0, and 1.5 mol.% of Pr** doped SABiB glass matrices, respectively. For all the
concentrations of Pr** doped glass matrices, the coordinate values fall in the yellow region, as shown
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in Fig. 5. As the concentration increases from 0.1 to 1.5 mol.%, the chromaticity coordinate values move
towards the green region. Hence, from the chromaticity diagram it is evident that for all the Pr’*-doped
SABIB glasses the average emission color is yellow.

0o 01 0E 03 04 05 06 07 00

Fig. 5. CIE color coordinate diagram of different concentrations of Pr**-doped
SABIB glasses with excitation wavelength 450 nm.

TABLE 3. Branching ratios (f) and integrated absorption cross-sections (3 - 10" cm™)
of Pr**-doped SABIB glasses (for all the concentrations)

Transition 0.1 mol.% 0.5 mol.% 1.0 mol.% 1.5 mol.%

p z p z p z p z

3p—3F, 0.24 28.13 0.23 25.35 0.23 26.63 0.25 25.18
3p,—3Hg 0.18 15.91 0.19 16.08 0.17 1522 | 0.16 12.8
3p—3Hs 0.30 21.22 0.32 21.34 0.31 21.61 0.30 18.24
3pe—3F, 0.37 38.81 0.34 34.22 0.34 35.51 0.37 34.33
3po—3Hs 0.28 26.94 0.30 | 27.17 0.27 | 25.73 0.26 | 21.62
3po—3Hy 0.28 16.55 0.29 16.52 0.35 1842 | 0.30 15.63
1D,—3F, 0.36 11.19 0.33 9.97 0.34 10.25 0.37 9.84
'D,—3H, 0.41 4.5 0.43 4.52 0.41 433 0.39 3.66
3F—3H, 0.88 16.58 0.88 17.11 0.88 16.53 0.88 13.95

TABLE 4. Emission band positions (Ap), effective line widths (Alerr),
radiative transition probabilities (4r), peak stimulated emission cross-sections (op),
and branching ratios (B) of Pr**-doped SABiIB glasses (for all the concentrations)

Transition Parameter 0.1 mol.% 0.5 mol.% 1.0 mol.% 1.5 mol.%

Ap, NM 490.5 490.5 491.2 491

Alefr, nm 39.1 23.9 16.9 19.5
3po—3H, Ar, s 14688 14629 16293 13831
op, 102° cm? 6.73 4.10 3.23 3.16

Beal 0.28 0.29 0.35 0.30

Bexp 0.06 0.21 0.45 0.47

Ap, NM 604 608 612 617

Alefr, nm 15.8 16.2 17.2 20.9

'D,—3H, Ar, s~ 2681 2685 2568 2179
op, 1072° cm? 0.76 0.78 0.81 0.84

Beal 0.41 0.43 0.41 0.39

Bexp 0.89 0.69 0.41 0.34

Conclusion. The absorption and emission properties of Pr**-doped strontium-aluminum-bismuth-borate
glasses are studied. The amorphous nature of the studied glass matrix is confirmed by the XRD spectrum and
the SEM image. The presence of the elements in the glass sample is confirmed by the EDS spectrum. Differ-
ent structural groups are identified by the FTIR spectrum. In the determination of the J-O intensity parame-
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ters, the small drms deviations show a good agreement between the experimental and calculated oscillator
strengths, including the *H4—>P> hypersensitive transition. A higher value of the €, parameter is observed
for SABiBPr01 glass, indicating stronger covalent bonding and lower site symmetry of the rare earth ion
with the surrounding ligands. The spectroscopic quality factor (y = Q4/Qg) is higher for both SABiBPr10 and
SABiBPr15 glasses, indicating their high stimulated emissions. The two emission transitions *Py—>H, and
!D,—3H, have dominant intensities for all the concentrations, which confirms their prospects for laser appli-
cation. The average color of the emission spectrum is found to be yellow, and it is confirmed by the chroma-
ticity color coordinate diagram.
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