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Abstract

Samarium (Sm3*)-doped glass has sparked a rising interest in demonstrating a notice-
able emission in the range of 400-700, which is advantageous in solid-state lasers in
the visible region, colour displays, undersea communication, and optical memory
devices. This study reports the fabrication of Sm®"-doped bismuth-germanium-
borate glasses were established using a standard melt-quenching technique and
inspection by absorption, steady-state luminescence, and transient studies. The typi-
cal peaks of Sm®* ions were detected in the visible range under 403 nm excitation. A
strong emission band was detected at 599 nm that resembles the *Gs,,—°H-,, tran-
sition of Sm®* ions for BGBINYSmg s glass. Furthermore, a reddish-orange (coral)
luminescence at 646 nm that resembles the *Gs,,—°Ho,, transition was also per-
ceived. The stimulated emission cross-section of “Gs,, level for BGBINYSmg 5 glass
was 0.39 x 10722 cm?. Lifetime of the *Gs,, level was enhanced for the BGBi-
NYSmg s glass and decreased with an increase in active ion concentrations. The life-
time quenching of ions at the metastable state was because of energy transfer
among Sm®* ions by cross-relaxation channels. Commission Internationale de
I'Eclairage (CIE) coordinates were evaluated from the emission spectra. Moreover, all
the findings recommend these glass as light-emitting materials in the coral region at

599 nm for solid-state lighting applications.
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display somewhat high thickness and are prone to form glass. Interest

in borate glass is mostly because of compatibility with Ln ions and

Lanthanide (Ln)-doped glass has been found as a potential material for
the development of lasers [1], amplifiers [2], colour displays [3], mem-
ory devices [4], sensors [5], upconverters [6], downconverter [7], opti-
cal waveguides [8], and laser cooling of solids [9-11] due to their
interesting physical, chemical, mechanical, and optical properties.
Bismuth oxide (Bi,O3) is one of the essential prominent glass-

forming and fluxing materials. Glass melts with high content of Bi,O3

transition metal ions, low melting temperatures, wide glass-forming
ability and high optical nonlinearity [12]. Conversely, boric oxide
(B,O3) has a long bond length, and a smaller heat of fusion and cation.
It is a candidate for a glass former and a flux material. When Bi®* is
bonded with oxygen is simply able to form a glass structure. The Bi®*™
has a high density and is transparent, but it does not form a glass

structure itself. Therefore, the glass scintillator is fashioned with B,O3
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in amalgamation with Bi,Os. Recently, bismuth-borate glass has gar-
nered attention due to their conceivable usage in diverse applications
that includes thermomechanical sensors, optoelectronic devices,
radiation-shielding purposes, reflecting windows, etc. [13]. The combi-
nation of two matrix-forming oxides (Bi,O3; and B,O3) has influenced
the glass structure of both the ions with multiple coordination such as
BO,4, BO3, BiO3; and BiO4. Moreover, the ability of the structural
groups of boron (orthoborate [BO3]®~ and metaborate [BO,]7) as well
as the bismuth polyhedron has been extended for forming indepen-
dent interrelated networks [14].

Bismuth-borate glass exhibits some interesting properties that
include low melting temperature in the range of 600-800°C [15],
wide glass-forming region, high index of refractive index (1.9-2.3),
high mechanical strength, and high chemical durability. Nd®*, Sm®*,
Yb3*, and Er®*-doped glasses have been described and observed as
possible laser and amplifier gain media. Conversely, bismuth-germa-
nium-borate glass possesses combined properties of germanium and
bismuth. Heavy metal ions such as Bi>O3, Y,03, and GeO, were
added to the borate matrix, B,O3-Bi,O3-GeO,-Y,03-Na,O, for
enhancing the mechanical strength and chemical durability, ultimately
could decrease the host phonon energy.

Samarium (Sm®*) ion is one of the stimulating ions used for inves-
tigating the spectroscopic properties due to the *Gs,, level that allows
a high stimulated emission and quantum yield. Moreover, Sm* is a
crucial ion as it evidences the emission of green, coral and near-
infrared corresponds to the transitions of excited to ground levels,
$Gs/o—°H, (J = 5/2, 7/2, 9/2, 11/2). An energy gap of ~7000 cm™*
between the metastable state, 4G5/2 and the lower state of Sm®* ion
does not become embellished due to phonon losses and the orange
emission due to the *Gs,,—°H5, transition is barely influenced by a
host lattice matrix. It is noteworthy that the nonappearance of lower-
lying excited states in Sm®*:materials make them suitable material for
applications in photonics. Sm®-doped glass and complexes were pro-
posed to be suitable in the field of visible solid-state lasers, submarine
communication, display devices and optical memory devices [16-19].
In addition, Sm®* emits photons through other channels in the visible
region [20-23]. This can be exploited in the exciting field of photon-
ics, such as LED and display technologies. Multicolour emission of

3+ jons has benefited tunable laser and optical amplifier applica-

Sm
tions [24]. Furthermore, the ionic state of Sm®* ions can be straight-
the Sm?* state

atmosphere [25], ionization [26], or irradiation of ultrafast lasers [27]

forwardly reduced to under a reducing
and spectral hole scorching studies [28]. But, less attention has been
paid by researchers to a systematic analysis of heavy metal oxide-
modified Sm3*-doped borate glass [29-47] related to the other Ln®*
ions because of intense emissions. It is utilized definitely for the com-
bination of other Ln®* ions for improving the luminescence quantum
efficiency, which is important in the field of optoelectronics [48, 49].
In this work, various concentrations of Sm®"-doped borate-
germanium-bismuth (BGBiINYSm) glasses were synthesized and optical
and photoluminescence properties investigated. Optical absorption
spectra were utilized for evaluating the Judd-Ofelt (JO) [50, 51] param-

eters of the Sm®* jons. Some of the radiation properties that included

branching ratios, transition probabilities, emission cross-section, and
radiative lifetime were evaluated. Lifetimes of the “Gs,, state of Sm®*

ions were explored through the analysis of the fluorescence decay

profile.
2 | EXPERIMENTAL
21 | Glass preparation

Sm*-doped glass, (30 — Xx)B,O3 + 20GeO, + 20Bi,03 + 20Na,0
+ 10Y,03 + xSm,03, where x = 0.05, 0.1, 0.5, 1.0, 1.5, 2.0, and
2.5 mol% referred as BGBiINYSmg o5, BGBINYSmg 4, BGBiNYSmg s,
BGBiNYSm; o, BGBiNYSm;s, BGBiNYSm,, and BGBiNYSm,s,
respectively, were synthesized using a typical melt-quenching tech-
nique. The glass samples have been labelled as proposed in previous
work [52-54]. A batch of 15 g of boric acid (H3BO3, 99.5%), bismuth
oxide (BioO3, 99.9%), germanium oxide (GeO,, 99.9%), yttrium oxide
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FIGURE 1  Optical absorption spectrum of BGBiINYSmO.5 glass in

the (a) UV-visible and (b) NIR regions.
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(Y203, 99.9%) and samarium oxide (Sm,0s3, 99.9%) was used as start-
ing reagent chemicals without further purification. The weighted com-
position was ground for 1 h with a mortar and pestle to obtain a
homogeneous powder. Well mixed powder was shifted to the alumina
crucible (99.9% purity) and heated at 1200°C for 1 h 30 min. Molten
glass was cast on the brass mould and preheated at room temperature
(RT). This was proximately shifted to an annealing furnace and
annealed at 400°C for 2 h to reduce the interior stresses of the glass
samples after cooling to RT. Lastly, the samples were refined for fur-

ther optical characterization.

2.2 | Characterization techniques

Archimedes' principle was adopted to evaluate the density of the glass
with water as a dipping liquid. A J.A. Woollam spectroscopic ellips-
ometer (Model: M-2000VI) was utilized to measure the index of
refractive (n). A Varian Cary-5000 ultraviolet (UV)-visible-near-
infrared (NIR) optical spectrophotometer (Agilent) was used to record
the optical absorption in the range 370-2250 nm. An Edinburg spec-
trofluorometer (FLS-1000) was utilized to quantify the photolumines-
cence (PL) spectra. Decay lines were explored by the similar
spectrometer upon excitation at a wavelength of 403 nm from a
xenon lamp in the pulsed mode.

3 | RESULTS AND DISCUSSION

3.1 | Optical absorption spectrum

The absorption spectrum of BGBiINYSmg 5 glass is revealed in Figure 1.

Abundant optical bands are entrusted due to different f-f electronic
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transitions in the wavelengths from 370 to 2250 nm. In total,
14 absorption peaks were revealed in the optical absorption spectra
due to 4f electrons that were overlapped by 5s and 5p occupied
orbitals. As seen in Figure 1a,b, six optical bands were detected in the
visible region and the rest in the NIR region. All evolutions occurred
from the lowest state of ®Hs,, to accompanying higher states, °Ps,»,
(P, *P)s/2, *Goya, *l13/2, *Mus/2, l11/2 + *los2, *F11/2, *Fos2, °F7/2.°Fs.2,
F3,, ®H1s/2, °F1/2, ®°H1a/2. The energies of these bands with the cor-
responding wavelengths are listed in Table 1. The absorption profile
revealed that the 6H5/2—>6F7/2, 6H5/2—>6P3/2 and 6H5/2—>6F9/2 evolu-
tions were much stronger related to other evolutions.

All of these optical transitions obeyed the electric-dipole
(ED) selection rule, AJ < 6, whereas the ®Hs,»,—°F7,,,°P3, transitions
followed the selection rules of AJ =0, +1 relevant to the magnetic-
dipole (MD) transition. Among all the revealed optical bands, the
%Hs,,—°F;,» evolution is said to be an oversensitive transition

depending on the Sm®* ion environment.

3.2 | Optical properties: Judd-Ofelt analysis

3.21 | Judd-Ofelt (JO) parameters

Judd-Ofelt parameters for BGBINYSmg 5 glass were estimated with
the help of the combined area below the absorption peaks and refrac-
tive index. The oscillator strengths for both experimental (fex,) and
evaluated (f.,) for the transitions were also assessed and listed in
Table 1. Furthermore, f, is related to the ED transition that occurred
from the lowest energy state to the higher energy state [49]. More-
over, f., is evaluated with the help of the least square fitting scheme
(Equation 2). The fex, relating to the excited level ®Hs,5 is evaluated
using Equation (1) [48].

TABLE 1  Oscillator strength (fex, and fca) of the optical evolutions of Sm3* ions in BGBINYSmq 5 glass.
Wavelength (1) nm Energy () cm™? Transitions from °Hs,» fexp feal |Af] = |fexp — feall
403 24,813 P32 0.108 0.016 0.092
418 23,923 (°P,*P)s/2 0.060 0.004 0.056
436 22,935 4Gon 0.070 0.003 0.066
448 22,321 H13/2 0.050 0.000 0.049
462 21,645 “Mys/2 0.026 0.004 0.021
475 21,052 Doy &+ ey 0.040 0.000 0.040
944 10,593 SF11/2 0.030 0.024 0.005
1,080 9259 Fg/2 0.078 0.145 0.066
1,231 8123 %F)n 0.221 0.189 0.032
1,372 7288 e 0.056 0.066 0.009
1,482 6747 SFs/2 0.045 0.052 0.006
1,531 6531 *Hys/z 0.033 0.001 0.032
1,592 6281 F11/2 0.036 0.031 0.005
1943 5146 SHya/2 0.066 0.015 0.050
B =1.0061
6 = —0.0061

Srms = 0.046 (14)
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fop —4.319 x 10’9Je(y)du. (1)

where ¢ is the molar coefficient of extension as a role of wavenumber
v (cm)~ L. From the JO theory [50, 51], the ED transition intensity was
evaluated by intensity parameters £,, 24 and Qg:

feal :% %,12)2)(&0'24:2,4,69’1 (WHUAHY’/J/)Z 2)

where J represents the total angular momentum of the ground state,
n represents the index of refraction of the sample, JO intensity param-
eters (2, [\ = 2, 4, 6]) and ||U"|| are the matrix components of the unit
tensor operator [55].

The JO variables were predicted and tracked the tendency of
Q¢ > Q4 >Q, as listed in Table 2 together with other Sm®*:glass
[20, 29-47]. Among the JO variables, 2, is highly sensitive to the pre-
arrangement of host ions and asymmetric behaviour of the Sm®* ions,
whereas the variables Q4 and Q¢ can influence the concentration of
Sm®* jons, index of refractive, glass host and photosensitive proper-
ties [56]. The Q4 value was greater for oxide glass compared with the
nonoxide optical glass and in-between for mixed glass. It increased
the Sm-0O covalent bond due to the existence of nonbridging oxygens
within the host matrix [57, 58].

3.2.2 | Photoluminescence excitation (PLE)

Figure 2 shows the PLE spectra of the BGBINYSm glass measured
upon positioning the wavelength at 599 nm. The spectra revealed
13 bands from the lowest level, ®Hs,, to various excited levels that
include *Ho/z + *Kis/a, *Dasa, *Hyjz + *P7sa, sz, ®Pajn + 4F7/2,
®Ps/2 + *Ps/2, Mis/2, *Goy2, *Fssa, M1zs2, Hliasz + Hlojz, *Massa, *Grj2

and 4F3/2 corresponding to the peak wavelengths at 346, 362,

TABLE 2 Comparison of JO parameters (x 10~2° cm?) of Sm3*:
BGBiNYSmg s glass.

Glass matrix Q, Q4 Q¢ Trend

BGBiNYSmg 5 [P.W.] 0.28 0.32 0.48 Qg > Q4> Q)
BSYCaSmO03 [20] 2.90 4.50 4.93 Qg > Q4> Q
LFBCdS20 [29] 7.34 5.09 3.70 Q> Q4> Qg
ZBSS0.5 [30] 1.56 219 1.77 Q4> Q6>
BCNS1.0 [31] 4.18 8.30 6.38 Q4 >Q6>Q
PZSMSAg02 [32] 12.69 5.29 4.07 Q> Q4> Q
TNS3 [33] 273 0.23 0.17 Q> Q6> Q
LiPbFPSO5 [34] 3.79 6.96 3.95 Q4> Q6> Q
NNSO5 [35] 0.49 6.59 8.89 Qg >Q4>Q
MG [44] 0.69 4.06 2.29 Q4> Q4> Q)
NBOSm10 [45] 0.26 0.50 1.18 Qg > Q4> Qp
GNS1.0 [46] 3.26 4.75 1.32 Qq>Qp > Qy
CaAIBSmO.5 [47] 0.49 04 0.48 Qy > Qg > Q4

376, 391, 403, 417, 423, 438, 450, 462, 476, 490, 502 and 527 nm,
respectively. Nevertheless, these peaks were not detected well in the
optical absorption in the near UV and visible light regions. An intense
band at 403 nm was discovered due to the 6H5/2—>6P3/2 evolution
and was considered for obtaining the photoluminescence emission of
BGBiINYSm glasses. The intensity of the excitation band at 403 nm
for the ®Hs,,—°P3,, transition increased up to BGBINYSm, o and later

declined with increasing Sm®* ion concentration (BGBiNYSm,_s).

3.2.3 | Photoluminescence spectra

Figure 3 shows the PL spectra of the BGBINYSm glasses at different

3+

Sm ion concentrations upon 403 nm excitation. These glass

exposed the emissions at 562, 599, 646, and 713 nm corresponding
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FIGURE 2 Excitation profiles of Sm3*:BGBiNYSm glass upon

positioning the emission at 599 nm.
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to the respective evolutions, “Gs,»—°Hs,2, ®Hs,2, ®Hs,, respectively.
It was observed that the coral emission at 599 nm for the
4Gs,2—°Hy,, transition increased up to 0.5 mol% and later declined
upon increasing Sm3" ion density. This declining luminescence
strength was due to the quenching effect through cross-relaxation
channels. Therefore, coral emission has many applications particularly
for colour displays and light-emitting diodes.

Figure 4 represents the Sm®* ion energy level diagram together
with the prominent cross-relaxation networks in BGBINYSm glass.
The resulting combination of cross-relaxation networks is accountable

for the quenching of luminescence in these glass:

i *Gs/a: *Hs/2 < Fs/a. *F11/2,
ii. 4G5/2; 6Hs/z — 6F7/23 6F9/2:
iii. *Gs/z ®Hs/2 <®Fg/2. °F7/2 and
iv. “Gs/a: ®Hs/a <°F11/2. °Fs/2

sm3+

ions are initially stimulated by the appropriate excitation
wavelength. These ions reach beyond the metastable state, “Gs,, and
thereafter relax nonradioactively to this luminescence level due to the
minor energy gap between the levels. Afterwards, the release of
energy arose from the *Gs,, state to the lower energy levels. How-
ever, two photoluminescence bands at 599 and 646 nm were attrib-
uted due to cracking of Stark's level. The characteristic prominent
coral emission was observed principally at 599 nm, which can be ben-

eficial for laser and display applications.

Samarium (Sm*)
6
254 P
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FIGURE 4 Partial energy scheme of the Sm®* ions in BGBINYSm
glass with probable radiative and nonradiative transitions alongside
cross-relaxation (CR) channels.
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Luminescence properties

Making use of the JO intensity parameters of the BGBINYSmg s glass,
the radiative parameters of Sm®* ions that included radiative transi-
tion probabilities A (s~ %), radiative lifetime g (s), and branching ratio
Pr were estimated. Table 3 presents the stimulated emission cross-
section (0se x 1072°, cm?) determined for the “Gs,, level by

Equation (3):

_ ATANN j'P4AR
oSE= (V) =g (3)
€]

where A, represents the peak emission wavelength, Al represents
the effective linewidth. osg results from the region under the emission
peak and its average height, Ln-ligand, ion-ion and ion-ligand interac-
tions that describe the experimental and theoretical results. These are
expected for coupled interaction and are characterized by the laser
transitions. The osg for *Gs;,—°Hs,» and *Gs,,—°H5,, transitions
were comparable but differed from the values of *Gs,,—°Hyq4,, and
4Gs/,—°Hs,, transitions, as noted in Table 3.

From Table 4, for the *Gs,,—°H;,, transition, the radiative life-
time is obtained as high as 5.33 ms for BGBiINYSmg 5 glass compared
with NNSO5 (2.9 ms) [35], 1.68 ms for ZBSSO5 [30], BCNSO1
(0.61 ms) [31], PZSMSAg02 (0.58 ms) [32], whereas lower lifetimes
compared with 5.6 ms for LiPbFPS05 [34] glass. Nevertheless, the Tey
of the BGBiINYSmg 5 glass was as high as 1.5 ms and was comparable
with 1.87 ms for BSYCaSmO03 [20] and 1.94 ms for LiPbFPS05 [34].
Table 4 compares the radiative parameters (A, Br, Tr, Osg, Aless and
Ose X Alerr) for the *Gs,, state of various Sm>*:systems [20, 30-35,
37-39,41-43].

3.2.5 | Decay curve analysis

3+

Sm®* ion-doped BGBiNYSm glass decay lines of the *Gs,,—°H;/»
(604 nm) evolution were obtained upon 403 nm excitation and are
shown in Figure 5. Single exponential behaviour is reported at lower
concentration samples (BGBiINYSmg s5) and later on followed a double
exponential nature for higher concentration samples (BGBiNYSm, s).
The decrease in the lifetime and turning of single to nonexponential
behaviour are mainly a result of two processes. The first one is the
concentration quenching mechanism at higher concentrations in the

4Gs,, state. The second process is nonexponential performance rises

TABLE 3 Radiative parameters of 4G5/2 excited level of BGBiINYSmg 5 glass.
B
Transitions from 4G5/2 AP Aleff (nm) A (571) TR (ms) Osg 10722 sz ﬂexp Bcal Ose X Aleff 10728 cm3
6H5/2 561 9.46 11.77 8.96 0.08 0.19 0.31 0.75
6H7/2 597 11.59 19.48 5.33 0.39 0.52 045 452
6H9/2 644 13.01 7.13 14.25 0.26 0.21 0.15 3.38
6H11/2 707 19.68 2.31 43.90 0.02 0.08 0.09 0.39
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TABLE 4 Comparison of radiative parameters of BGBINYSmq 5 glass with other reported glass for the *Gs,,—°H-,, evolution.

Matrix As™) [} TR (ms) Texp (MS) ose 10722 cm? (AAcq, nm) Ose X Adr 10728 cm®
BGBiNYSmq 5 [PW] 11.77 52 5.33 1.5 0.39 11.59 4.52
BSYCaSmO03 [20] 164 54 2.70 1.87 115 10.28 11.82
ZBSS05 [30] 171 29 1.68 - 14.29 - -
BCNS1.0 [31] 165 48 0.61 248 11.86 9.28 11.00
PZSMSAg02 [32] 471 51 0.58 - 9.66 19.12 18.46
TNSO3 [33] 62 39 6.31 - 4.04 - -
LiPbFPSO5 [34] 177 61 5.6 1.94 8.1 — —
NNSO5 [35] 173 50 29 2.06 10.02 14.25 14.28
PKAICFSmO1 [37] 174 56 - 1.56 0.98 13.78 1.35
OFBSmO01 [38] 101 52 4.9 2.8 5.94 11 6.55
NZLSO05 [39] 69 59 8.48 3.72 4.42 13.78 6.09
TWZSm10 [41] 346 46 2.8 0.59 0.77 16.73 1.28
GBNBGSm1.5 [42] 307 58 3.25 1.16 15.59 13.21 20.59
PCfBfTiS20 [43] 9.07 15 1.1 242 0.47 17.61 0.82
MG [44] 576 46 - 1.76 2.15 6.45 14
NBOSm10 [45] 47.3 68 9.62 1.8 1.66 11.73 —
GNS1.0 [46] 200 36 - 1.81 - - -
CaAIBSmO.5 [47] - 36 - - 3.96 13.66 5.41

due to the energy transfer (ET) through cross-relaxation (CR) channels
of Sm®* ions. Energy exchange among the Sm*®* ions is insignificant
at low densities but considerably dominant at high concentrations.
Consequently, at high concentrations more ET is promising from a
spencer-to-collector that guides to a nonexponential nature. A minor
fall in the decay curves was noticed because of its nonexponential
behaviour as the concentration of Sm®" increases. Dipole-dipole
interactions among Sm>* ions are responsible at high concentrations
for the behaviour of noncomparable profiles [36, 40]. The lifetime
(rexp) Of the noncomparable decay curves was evaluated using
Equation (4).

Alz% +A2T%
_Am tAn 4
e A1 +Axr “)

where A; and A, represents coefficients 7, and 7, are decline period
for exponential components. Lifetime is assessed from Equation (4) and
found to be 1.28, 1.32, 1.68, 0.42, 0.28, 0.24 and 0.21 ms for 0.05, 0.1,
0.5, 1.0, 1.5, 2.0, 2.5 mol% Sm,Os-doped glass, respectively. Lifetime
rises to 1.5 ms as the Sm>* ion density increases up to 0.5 mol% of the
4Gs,,—°H>,» evolution for BGBINYSm glass. Later on, lifetime declines
continuously upon raising Sm>* density due to the quenching effect, as
displayed in Figure 5. The lifetime of 1.68 ms (BGBiNYSmgs) glass is
lower compared with the other investigated glass, 1.76 ms for
MG [44], 1.8 ms for NBOSm10 [45], 1.81 ms for GNS1.0 [46], 1.87 ms
(BSYCaSmO03) [20], 2.06 ms (NNSO5) [35], 1.94 ms (LiPbFPS05) [34],
2.65 ms (PKAICaFSm01) [37], 2.80 ms (OFBSmO1) [38], 3.75 ms
(NZLS05) [39], 0.59 ms TWZSm10 [41], 1.17 ms for GeBiNa-
BaGdSmO5 [42] and 2.42 ms for PcfBfTiS20 [43] glass.

——8Sm0.05
—8m0.1
—8mo0.5
2 —8m1.0
g 0.1 4 —S8m1.5
2 —8Sm2.0
£
°
®
N
®
E 0.01
=} ]
=
0.001 : .
0 2 4 6 8 10
Time (ms)
FIGURE 5 Decay profiles of 4G5/2 level with Sm3™ ion

concentration variation.

3.2.6 | CIE color coordinates analysis

Emission colour of Sm**-doped BGBINYSm glass was inspected with
Commission Internationale de I’Eclairage (CIE) 1931 chromaticity dia-
gram. The colour coordinates of CIE (x, y) were estimated according
to the procedure described elsewhere [59]. CIE colour coordinates
were obtained from the emission spectra of the investigated glass and
are shown in Figure 6. The CIE coordinates were (0.60, 0.39), (0.60,
0.39), (0.61, 0.38), (0.60, 0.39), (0.60, 0.38) and (0.60, 0.39) for 0.05,
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CIE 1931

FIGURE 6 CIE coordinates of Sm**:BGBiNYSm glass under
403 nm excitation. Inset shows the orange-red emission color of the
BGBiNYSmg 5 glass under 403 nm excitation.

0.1, 0.5, 1.0, 1.5, 2.0, 2.5 mol% Sm,0O5-doped glass, respectively.
These coordinates of glass fell in the orange-red region of the CIE

diagram.

4 | CONCLUSION

Sm3+

ion-doped bismuth-germanium-borate (BGBiINYSm) glasses
were prepared using a typical melt-quenching procedure. From the
UV-visible-NIR optical absorption spectrum, based on absorption
bands, JO intensity parameters were evaluated. Moreover, the cova-
lency and asymmetry of the BGBiINYSm glass were also presented.
The PL profile of Sm®* ions was obtained upon 403 nm excitation.
The luminescence profile unveiled an intense band that was noted for
the *Gs,,—°H-,, evolution at a peak wavelength of 599 nm. More-
over, coral emission was observed to be attributed to the
4Gs,,—°Ho,» evolution at 645 nm. Stimulated emission cross-sections
of 0.39x10722 cm? and a lifetime of 1.68 ms for BGBINYSmg 5 glass
were reported. The PL lifetime of the BGBiINYSm glass demonstrated
that the lifetime increased with a rise in the Sm®* density up to
0.5mol% and later steadily diminished because of concentration
guenching. The CIE coordinates were obtained and fell in the orange-
red region. These results recommended that the BGBINYSm glass
emitting an orange-red colour could be an appropriate gain medium
undersea communication

for solid-state lighting, lasers, and

applications.
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