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controlled heat treatment method for orange-red laser sources and characterized
© The Author(s), under through X-ray diffraction, Fourier transform infrared, Raman, transmission
exclusive licence to Springer  electron microscopy, photoluminescence excitation, emission and luminescence
Science+Business Media, LLC, decay studies. Up on 396 nm excitation, the BiBCEu glass—ceramics containing
part of Springer Nature 2023 BizBsO;, and CaF, nanocrystallites exhibit an enhanced orange-red lumines-
cence through Eu’*:’Dy — “F, (616 nm) transition. The radiative parameters
such as radiative emission probability rate (Agr), luminescence branching ratio
(Br) and radiative decay time (tg) were determined using the intensities of Eu>*:
Dy — 7F] (J =1, 2, 4) emission transitions following the Judd—Ofelt theory. The
chromaticity coordinates of BiBCEu glass—ceramic heat treated at 575 °C for 10 h
are situated in the orange-red region of the CIE diagram. The BiBCEu glass—
ceramic synthesized at 575 °C for 10 h has an excellent proficiency for solid state
orange-red laser sources.

1 Introduction efficiency and long decay time [1-3]. The transparent

GCs having low optical absorption and scattering
The oxyfluoride glass—ceramics (GCs) doped with  losses with relative refractive index difference
certain rare earth (RE) ions and having one or more  between the glassy and crystalline phases of the
crystalline phases distributed uniformly within the order 0.1 can be fabricated by modifying the experi-
glassy phase have been the significant materials for = mental conditions. The refractive index is found
various optical applications owing to their intense higher in GCs compared to that of bared glasses and
and narrow emission lines, high luminescence it increase with the increase of annealing time [4]. The
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importance of borate based host matrix containing
Bi,O; heavy metal oxide, the formation of Bi;Bs012
and CaF, nanocrystallites have been clearly discussed
in our earlier research work [5]. It is well known that
GCs are polycrystalline materials in which the crys-
tallites are dispersed uniformly throughout the glassy
matrix. The GCs are characterized through their high
strength, high impact resistance, considerably low
thermal expansion coefficient, excellent translucent
properties and thermal shock resistance. They can be
synthesized through controlled crystallization of base
glass. They are resistant to surface damage due to its
improved tensile strength and they have a low ther-
mal coefficient of expansion. These qualities favour
GCs to be used in many industrial, scientific, defense
and bio-medical fields. The GCs find applications in
solar panels, liquid crystal display devices, high-
temperature lamp envelops, magnetic disc substrates
and smart electronic devices.

Trivalent europium (Eu®") is one of the best and
efficient RE ions used for efficient red and/or orange-
red colour center in optical devices due to its domi-
nant emission through °Dy — ’F, transition. The
Eu’* ions have been used to probe the site symmetry
as well as inhomogeneity of the ligand environment
due to the non-degenerate “F, ground and °D, excited
states and relatively simple energy level system [6, 7].
The laser characteristic parameters such as radiative
emission probability (Ag), luminescence branching
ratio (Br) and radiative decay time (tg) have been
evaluated using the intensities of Eu’": °Dy — F;
(J =1, 2, 4) emission transitions following the Judd-
Ofelt (J-O) theory [8, 9]. In literature, the Eu>* -doped
various multi-composition GCs have been reported
for different optical, sensor and photonic applications
[10-12]. This research work reports the synthesis,
morphological, structural and optical analysis of
1.0 mol% Eu’" activated Bi,O3-B,03-CaF, glass and
GCs. The process of finding the three phenomeno-
logical J-O intensity parameters (Q,, Q4 and ) using
the Eu®":°Dy — “Fj _ 15,4 emission transitions is also
presented.

2 Experiments
2.1 Preparation

The glass samples of composition, 71.25 Bi,Os.
+ 17.75 B,O3 + 10.00 CaF, + 1.00 EuF; (in mol%)
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were prepared by conventional melt quench method.
High purity Bi;O; (99%), H3BO; (99.5%), CaF,
(99.99%) and EuF; (99.99%) were used as precursors.
A batch composition of about 20.0 g homogeneous
powder with an additional amount of 5.0 wt% of
H3BO; (to compensate its loss at higher tempera-
tures) was taken and heat treated at 300 °C for 5 h,
cooled to room temperature and then grinded into a
fine powder in dust free environment. These heat
treated powders were melted for 30 min using a pre-
heated muffle furnace at 1000 °C at ambient pressure
and air-quenched in a clean atmosphere, then
annealed at 400 °C for 20 h to eliminate thermal
strains developed during the process of quenching.
The as-prepared glasses were heat treated at 575 °C
for 5 h and 10 h to continue the crystallization pro-
cess forming BizBsO;, and CaF, nanocrystallites and
hence to obtain transparent GCs. The prepared
samples were labeled as BiBCEu-G (as prepared
glass), BIBCEu-GC1 (heat treated at 575 °C for 5 h)
and BiBCEu-GC2 (heat treated at 575 °C for 10 h).

2.2 Characterization

The powder X-ray diffraction (PXRD) patterns were
recorded using Rigaku Miniflex 600 X-ray Diffrac-
tometer (Acyxy = 1.5406 A). The Fourier transform
infrared (FT-IR) and Raman analysis were carried out
with Perkin Elmer Spectrum One Spectrometer (KBr
pellet) and Horiba Micro-Raman Spectrometer pro-
vided with 532 nm laser, respectively. The formation
of BizBsO;; and CaF, nanocrystallites was examined
with a JEM 2100 plus Hi-Resolution Transmission
Electron Microscope (HR-TEM). The room tempera-
ture absorption studies were carried out on Perkin
Elmer Lambda 950 Spectrophotometer. The photo-
luminescence excitation, visible emission and fluo-
rescence decay studies were carried out with Jobin
YVON Fluorolog-3 Spectrofluorimeter. All the char-
acterizations were done at normal conditions only.

3 Results and discussion
3.1 Structure and morphology

The PXRD patterns of BiBCEu-G and GCs are illus-
trated in Fig. 1. The PXRD profile of BiBCEu-G
reveals pure amorphous phase while BiBCEu-GCl1
and BiBCEu-GC2 samples show a combined phase of
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glass and crystalline. From these profiles, one can
know that the PXRD profile of BiBCEu-GC2 is similar
to the previous work on BiBCEr-GCs [5] and it con-
tains crystalline peaks corresponding to the BizBsO12
(JCPDS No. 00-025-1089) and CaF, (JCPDS No.
00-001-1274) nanocrystallites. The PXRD peaks
noticed at around 26 = 27.86, 47.02 and 55.61 have
been ascribed to (111), (220) and (311) crystal planes
of CaF,.

The FT-IR spectral profiles of BiBCEu-G, BiBCEu-GC1
and BiBCEu-GC2 samples shown in Fig. 2 are almost
identical and they reveal seven IR absorption bands with
considerably small shift towards longer wavenumber
region with increase of crystallanity due to heat treatment.
The FTIR bands positioned at around (3465.2-3466.2),
(1339.1-1340.4), (1222.2-1223.1), (1084.9-1086.0), (921.6—
922.6), (684.1-685.2) and (532.9-534.1) cm™' have been
ascribed to symmetric stretching vibrations of OH™ group,
asymmetric stretching vibrations of B-O bonds, B-O
stretching vibrations in BO;5 units, B-O stretching vibra-
tions in BO, units, bending vibrations of B-O-B linkage
and Bi-O bending vibration in BiOg units, respectively
[13-17]. These results are identical to those reported for
Er’* doped Bi,O5-B,0; glass—ceramics [5].

The Raman spectral profiles of BiBCEu-G, BiBCEu-
GC1 and BiBCEu-GC2 samples in the Raman shift
range 50-950 cm™' are also identical and they are
shown in Fig. 3. Like FTIR bands, the Raman band
positions are also shift towards higher wavenumber
region with increase of crystallanity due to heat
treatment. The Raman bands are positioned at
around (128.1-129.2), (154.0-155.6), (277.9-279.0),
(336.0-337.5), (691.2-692.3) and (757.6-758.4) cm .
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Fig. 1 PXRD profiles of BiBCEu-G and GCs
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Fig. 2 FT-IR spectral profiles of BIBCEu-G and GCs
The Raman band positions in the region

128.1-337.5 cm™!' confirm the formation of CaF,
nanocrystallites [18, 19], while the Raman bands
noticed in the region 691.2-758.4 cm™' corresponds
to BizB50,, nanocrystallites [20, 21].

The realization of nanocrystallites alongside the
glassy phase has also been examined from the TEM
image of BiBCEu-GC2 and it is shown in Fig. 4a. This
image shows a uniform distribution of nanocrystal-
lites. The lattice spacing corresponding to (111)
crystal plane [d(111)] is estimated to be 0.318 nm using
HR-TEM micrograph shown in Fig. 4b and it is close
to CaF, nanoparticles [22]. The selected area electron
diffraction (SAED) image has been used to find the (h
k D) crystal planes. It is well known that the dy is
equal to the reciprocal of radius of SAED ring. The
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Fig. 3 Raman spectral profiles of BIBCEu-G and GCs
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observed SAED rings have been ascribed to (111)
(220) and (311) lattice planes of CaF, nanoparticles
and they are described in Fig. 4c.

It is well known that the fluoride nanocrystals
facilitate low phonon energy environments for RE
ions and the glasses and GCs with good transparency
and relatively low phonon energy could be an
attractive material for numerous photonic appliances.
The addition of F reduce the phonon energy and
hence the OH™ content resulting to enhance the
luminescence properties of RE ions [23]. ].L Adam
et al. [24] reported that the thermal stability of

N

] Mater Sci: Mater Electron (2023) 34:

amorphous materials improves with the addition of
F". The channel waveguide materials based on fluo-
ride and oxyfluoride glasses were prepared with
0.3 dB/cm background loss and 1 dB/cm net gain at
1.5 pm for integrated optical components [25]. These
reports reveal that the presence of F~ content can
enhance the thermal and optical properties by mini-
mizing background losses. The formation and char-
acteristic behaviour of CaF, nanocrystals in
oxyfluoride glasses for various photonic applications
were reported [3]. The phonon energy of oxide based
bismuth borate glass is about 1466 cm™ [26]. In the

Fig. 4 TEM (a), HR-TEM (b) and SAED (c) images of BiBCEu-GC2

@ Springer



(2023) 34:803

J Mater Sci: Mater Electron

present investigation, the inclusion of fluorine
amount significantly lowers the phonon energy of
Bi,O3-B,O3; glass system and it is obtained as
1334.67 + 0.93 cm™" [5].

3.2 Near UV-VIS absorption spectra

The near UV-VIS optical absorption spectra of BiB-
CEu-G and GCs in the wavelength range from 375 to
600 nm are shown in Fig. 5. The inset-(a) of Fig. 5
illustrates the magnified spectral region from 500 to
600 nm. These spectra reveal two groups of very
weak absorption bands originating from the ’F,
ground energy state and the “F; first excited energy
state. The observed absorption bands have been
attributed to the "Fy — °Le (about 395 nm), "Fy — °Dj
(about 420 nm), “F, — °D, (about 465 nm), 'F, — °D;
(about 525 nm), ’F; — °D; (about 537 nm), “Fy — °D,
(about 579 nm) and “F; — °D, (about 590 nm) tran-
sitions [27]. The presence of these absorption transi-
tions is an indication for the uniform distribution of
Eu’" ions in BiBCEu-G, BiBCEu-GC1 and BiBCEu-
GC2 samples. Usually, the presence of surface defects
(if any) results a broadening of absorption band. In
the present research work, the broadening of
absorption bands is almost negligible indicating fever
surface defects due to the crystallization effect by the
heat treatment. From these spectra it is obvious that
the absorbance of the samples reduce with the
enhancement of crystallization of BizBsO;, and CaF,
nanocrystallites. The inset-(b) of Fig. 5 illustrates the
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Fig. 5 UV-VIS absorption spectra of BIBCEu-G and GCs. Insets
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variation of absorbance of “Fy, — °D, transition with
crystallization. In general, Eu®" ions in any host
matrix exhibit very weak absorption transitions in
near UV-VIS region [4, 11, 28]. In case of Eu®* ions,
the estimation of oscillator strengths and hence the
J-O intensity parameters become difficult using near
UV-VIS absorption spectra. However, the absorption
spectral profiles have been used to evaluate optical
band gap energies of BiBCEu-G and GCs.

In order to know the suitability of a luminescent
material for an optical application, the knowledge of
its optical band gap energy (E,) is essential and it is
expressed in terms of photon energy (hv) and the
fundamental absorption edge coefficient (o) as
o.(hv) = B(hv—E,)", where B is the energy inde-
pendent parameter. The parameter r is 1/2 for direct
allowed, 1/3 for direct forbidden, 2 for indirect
allowed and 3 for indirect forbidden transitions [29].

The (ohw)* vs hv plots are known as the Tauc’s
curves. When the linear region of Tauc’s curve is

extrapolated to (a.hw)® = 0, then the corresponding
energy is known as direct allowed E,. The values of
E, are obtained as 2.820, 2.444 and 2.183 (+ 0.01) eV
for BiBCEu-G, BiBCEu-GC1 and BiBCEu-GC2,
respectively from the Tauc’s plots for r = 1/2 illus-
trated in Fig. 6. Similar kind of results have been
reported for Eu*"-doped BaBi,Ta,0O, based glass—ce-
ramics in which the value of direct band gap energy
decreases from 2.82 eV for as prepared glass to
1.62 eV for GC heat treated at 550 °C for 12 h [30]. For
Eu’" -doped zinc silicate derived from waste rice
husks, the direct band gap energy value varies from
4.14 eV for a glass to 3.71 eV for GC heat treated at
1000 °C for 3 h [31]. For Er’* -doped GBANZ glass—
ceramics, the direct band gap energy value changes
from 3.7750 eV for glass to 3.5220 eV for GC heat
treated at 595 °C for 1 h [32]. The gradual reduction
in E; value with increase of crystallization time could
be due to the presence of unoccupied energy states
below the conduction band edge which causes a
structural modification around the Eu®* ions.

3.3 Luminescence analysis

The photoluminescence excitation (PLE) spectra of
BiBCEu-G and GCs monitoring the emission corre-
sponding to Eu>": °Dy — “F, (616 nm) transition are
shown in Fig. 7. These spectra reveal a total of nine
PLE bands due to ’Fy - °D; (about 363 nm),

@ Springer
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Fig. 6 Tauc’s plots for direct allowed transitions for BIBCEu-G
and GCs. Inset shows the variation of band gap energy as a
function of crystallization

"Fo — °G, (about 383 nm), ’Fy — °L¢ (about 396 nm),
"Fy — °Dj; (about 416 nm), ’Fy — °D, (about 466 nm),
"Fo — °D; (about 527 nm), ’F; — °D; (about 534 nm),
"Fo — °Dy (about 579 nm) and “F; — °D, (about
589 nm) transitions [27]. The imperfections caused by
the crystallization process with heat treatment have
no considerable influence on peak maxima of
observed PLE bands due to the availability of number
of vibrational levels. However, the strength and/or
intensity of PLE bands improve with the enhance-
ment of crystallization without causing any shift in
their peak maxima. The inset of Fig. 7 describes the
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Fig. 7 Photoluminescence excitation spectra (Aoy, = 616 nm) of
BiBCEu-G and GCs. Inset shows the variation of intensity of
"Fy — L (396 nm) transition as a function of crystallization
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variation of strength of "Fy — °Lg (396 nm) transition
as a function of crystallization. From the PLE spectra
one can notice that the BiIBCEu-GC2 exhibits promi-
nent and high intensity emission bands than the other
glass and GC samples. It could be due to the more
crystalline atmosphere around the Eu" ions. The
prominent excitation band noticed at 396 nm (Eu’*:
"Fo — °Le) indicates that the studied BiBCEu-G and
GCs can show an efficient luminescence when excited
at 396 nm radiation.

Upon 396 nm excitation, the emission spectra of
BiBCEu-G and GCs in the spectral range from 550 to
750 nm are presented in Fig. 8. The emission spectra
displayed a total of five emission bands at 580, 594,
616, 653 and 700 nm and they are assigned to Eu>*:
Dy » ’F,, Eu®*: °D, — “F;, Eu®t: °Dy —» “F,, Eu®t:
°Dy — “F3 and Eu®": °Dy — “F, transitions, respec-
tively. From these spectra it is known that the BiB-
CEu-GC2 sample exhibits intense luminescence when
excited at 396 nm radiation. From the emission
spectral profiles one can notice a negligible red shift
in emission band positions towards longer wave-
length regions. This red shift is mainly due to the
presence of crystal imperfections caused by the dif-
ferent heat treatment processes. The observed E,
values of 2.820, 2.444 and 2.183 (& 0.01) eV for BiB-
CEu-G, BiBCEu-GC1 and BiBCEu-GC2, respectively
support these results. The inset of Fig. 8 illustrates
the emission mechanism of Eu®" in BiBCEu-G and
GCs. The process of emission of Eu®" ions in BIBCEu-
G and GCs takes place as follows.
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Fig. 8 Emission spectra (Aex = 396 nm) of BiBCEu-G and GCs.
Inset shows the partial energy level diagram of Eu*" ions
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Up on pumping at 396 nm wavelength, the Eu>*
ions have been excited to higher energy level that lies
above the 5DO, then a quick non-radiative (NR) multi-
phonon transition occurs to D, emission level
ensuing °Dy — ’F; radiative relaxations by quenching
the other emission transitions through (°D;,°D,,”>
D) — 7FJ transitions (not shown in Fig. 8). Thus, the
emitted luminescence can be assumed as the cumu-
lative emission of 2Dy — “F; transitions. The multi-
phonon relaxation from °Dj level to its lower lying
’F¢ level is disparate due to the huge energy gap
of — 12,282 cm™'. Since the maximum phonon
energy of BiBCEu-G and GCs is of the
order — 1334.67 cm™ ', nearly nine phonons are nec-
essary to bridge the energy gap between D, emission
level and “F, lower lying level.

The studied samples display intense orange-red
emission with CIE (Commission-International de
I'Eclairagein) colour coordinates nearly (x = 0.64,
y = 0.35), and they are appropriately situated in the
orange-red region of CIE diagram described in Fig. 9.
These CIE colour coordinates are close to Y,05: Eu®*
(x=0.64, y=0.34) (KX-YOX, Kasei-Optonix Ltd.
Japan), (Y,Gd)BOs: Eu®t (x = 0.65, y = 0.34) (KX-504,
Kasei-Optonix Ltd. Japan) and ideal red emitting
source (x = 0.67, y = 0.33) (National Television Stan-
dard Committee). They are also close to GC610
(x = 0.625, y = 0.374) [12], Na3Gd(PO,),: Eu’* GCs
(x = 0.6233, y = 0.3701) [33] and ALOs: Eu®*t ceramic
(x = 0.645, y = 0.355) [34].

It is familiar that the intensity of electric dipole (E-
D) transition is more responsive and affected by the
site symmetry of host where as the intensity of
magnetic dipole (M-D) transition is not responsive
and do not varies with the site symmetry of host. In
case of Eu®", the °Dy — “F, transition is an electric
dipole (A] = 2) and °D, — “F; is a magnetic dipole
(AJ=1) in nature. The intensity ratio, Ig-

= I p/lm-p = Isp,—7r,)/Isp,—7F,) Tepresents the
site symmetry around the Eu®" ions in the given host
matrix. Thus, the Eu®" ion can acts as a spectroscopic
probe to investigate the local site symmetry of host
matrix. Lower the value of Iz higher will be the
symmetry around the Eu®* ion in a given host matrix
[35]. The value of Iy is found to be 1.80, 1.75 and 1.68
for BiBCEu-G, BiBCEu-GC1 and BiBCEu-GC2,
respectively. These results indicate that the site
symmetry of the host around the Eu®* ions increases
with the increase of crystallization due to the
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Fig. 9 CIE diagram of BiBCEu-G and GCs

controlled heat treatment. Symmetric environment
around the Eu®* ions has been reported for different
host matrices in the literature [28, 36-39].

3.4 Judd-Ofelt and radiative parameters

The three phenomenological J-O parameters are the
characteristics of RE ions in a specified host and they
correspond to the radial wave functions of the 4fN
energy levels, the admixing 4fN~15d energy levels
and the ligand field parameters that describe the host
matrix. In case of Eu®" ion, the J-O parameters have
been determined using the relation among Dy — "F;
emission transitions and they are used to evaluate the
radiative parameters such as radiative emission
probability (Ag), radiative luminescence branching
ratio () and radiative decay time (tg). The radiative
emission rate from the °Dy upper level to the.”F;
lower lying levels is given as [8, 9]

- HE 1T > |(pollu 1)
(1)

U represents

Ay n (n? 9+ 2)2

where 7 is the index of refraction,
the reduced matrix elements and ] is the sum of spin
and orbital angular momenta of ground energy level.
Though the index of refraction is wavelength
dependent parameter, a constant value has been
taken to evaluate the various spectroscopic
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parameters which cause a negligible deviation in the
obtained Q, values. This deviation is mainly due to
the small variation in the value of index of refraction
in the studied wavelength region, i.e., 580-720 nm.
The Q, values have been estimated using the inten-
sities of Dy — “F; emission transitions of Eu’* ion
using the relation.

fI;_ dv e (v, *n (712 + 2)2
EELA A ) A
V1 97”13

fI] dv B Smd

(2)

where, [I;dv and [I;dv illustrate the intensity of
emission leap at 396 nm excitation (i.e., "Dy —» F,
(A=246) and °Dy — ’F; emission transitions,
respectively). The parameter S,; represents the
magnetic dipole line strength of >Dy — F; emission
transition. v; and v; are the energies corresponding to
the SDO - 7F1 and 5Do - 7Fx transitions, respec-
tively. The Q; values have been evaluated consider-
ing ||U(6)||2’fu 0.0003 for °Dy, — “F, transition and
zero for other transitions such as °Dy — ‘F, and
5Dy — “F4. The °Dy — “F, emission band has peak
maximum in near infrared (— 800 nm) and it is not
obtained owing to the limitations of measuring
instruments. Thus, the Q, and Q, values related to
Dy » ’F, and °Dy — ’F, transitions, respectively
have been determined using the matrix elements of
| "Dy [[U® | 7E>)[" = 0.0082 and. (Do |[U| 7Fs) [ =
0.0023 [40, 41]. The luminescence branching ratio
(fr = tr X AR) and the radiative decay time (g =1/
YAgr) have also been obtained using the J-O theory.
The values of J-O parameters and some significant
radiative parameters of BiBCEu-G and GCs are also
summarized in Table 1.

The obtained €, intensity parameter of BiBCEu-
GC2 is comparable to GCLSCAS [42], Eu®>": NAT
ceramic [43] and oxyfluoroborate GC [44]. It is found
higher than GC400 [45] and lower than Eu®*: Tellu-
rite Ceramic [46], GC24h [11] and TBBS: 2Eu (GC)
[47]. A comparison of J-O intensity parameters in
various glass—ceramics is given in Table 2. The mea-
sured values of branching ratios (B, have been
obtained using the relative areas covered by emission
bands are found close to the Pr (see Table 1). The
branching ratio values have been utilized to study the
strength of a stimulated emission transition. An
emission transition with B, > 0.50 possess strong
stimulated emission. The measured and predicted
values of branching ratios of the order — 0.60 advise
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that the BiBCEu-GC2 is suitable for intense orange-
red laser sources.

The stimulated emission cross-section (¢,) which is
used to identify a laser active media have been
evaluated using the following equation.

Jp X AR

N 87‘EC712A/1P

G (3)
where /p represents the peak emission wavelength, ¢
represents the light speed and 4/p represents the
effective line-width (or) full width at half maximum
(FWHM) of an emission transition. The gain param-
eters such as band width gain (5. x A/p) and optical
gain (c. X T have been used to study the amplifi-
cation of gain medium where RE ions are situated. In
current research work, the optical gain is found
almost constant, while the band width gain decreases
with increase of crystalline environment around the
Eu’" ions. The evaluated values of Alp, g, (G x Alp)
and (o, X T,,) are also summarized in Table 1. The
decrease in ¢, with increase of heat treatment results
an intense luminescence in a narrow region. The
value of ¢, obtained for BiBCEu-GC2 is comparable
to PTBEu glass [48] and higher than RLTB [49] glass.

3.5 Decay time analysis

The luminescence decay profiles of Eu’™: °D,
metastable energy state in BiBCEu-G and GCs
obtained by exciting at 396 nm monitoring the
emission at 616 nm (°D, — “F,) are displayed in
Fig. 10. From the decay profiles one can notice that all
the decay curves are well suited for single exponen-
tial nature which reveals insignificant non-radiative
(NR) losses. The magnitudes of decay time have been
determined to be 1.527, 1.534 and 1.594 ms for BiB-
CEu-G, BiBCEu-GC1 and BiBCEu-GC2, respectively
by suitably fitting to single exponential function.
The luminescence quantum efficiency (n) which is
the ratio of measured decay time (t,,) to the radiative
decay time (tg) is one of the most significant laser
characteristic parameter and it is the measure of
number of photons emitted per excited ion. The
quantum efficiency for Eu*": °Dy — “F, (616 nm)
emission transition is found to be 39.97, 40.05 and
41.51% for BiBCEu-G, BiBCEu-GC1 and BiBCEu-
GC2, respectively. The value of n obtained for BiB-
CEu-GC2 (n =41.51%) is comparable to BaMoOg:-
Eu®" GC (46.3%) [10], GC24h (48%) [11] and PTBEu
glass (40%) [48]. Based on the experimental results it
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Table 1 J-O intensity
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parameters and radiative Parameter BiBCEu-G BiBCEu-GCl1 BiBCEu-GC2
: 5 7
p;?gemes for "Dy N F?t. Q, (+ 0.02 x 102 cm? 2.66 2.59 2.46
f) : Eu‘;?i;g:g’&g“;g’“ Q, (£ 0.02 x 10*2) cmz 0.35 0.36 0.38
GCs Qg (£ 0.02 x 1072°) cm -0 -0 -0
FWHM (& 0.05 nm) 10.93 10.60 10.80
Ag (£ 0.08 s7") 163.80 159.86 157.47
Br (& 0.01) 0.62 0.62 0.61
B (£ 0.03) 0.61 0.62 0.60
r (£ 0.01 ms) 3.82 3.83 3.84
T (£ 0.006 ms) 1.527 1.534 1.594
N (& 0.01%) 39.97 40.05 41.51
Oe (£ 0.01 x 1072% cm?) 8.37 8.34 7.94
(e X Aldp) (£ 0.01 x 107%% cm?) 9.15 8.84 8.57
(0o X Tm) (£ 0.01 x 1072* cm?s) 1.27 1.27 1.26
Table 2 Comparison of J-O
intensity parameters (Q,) in Host matrix Q, x 1072° cm? Trend
various GCs Q, Q
BiBCEu-GC2 [This work] 2.46 0.38 Q>0
GCLSCAS [42] 1.85 4.67 Q< Qy
Eu’": NAT ceramics [43] 2.95 0.39 Q, > Q4
Oxyfluoroborate GC [44] 2.10 4.05 Q, < Q4
GC400 [45] 1.38 0.84 Q>0
Eu’*: Tellurite Ceramic [46] 4.30 3.23 Q, > Q4
GC24h [11] 4.17 237 Q>0
TBBS: 2Eu (GC) [47] 3.21 1.37 Q>0

W,
"-..‘M A, =396 nm
A =616 nm
: ‘9"‘%.%
01 - BiBCEw-G w‘g.:\
~ —«— BiBCEu-GCl M.
= . vy
S —— BiBCEu-GC2 %
<3 el
& k'%‘mm
= VR RS A
0.01 o : 2y L
Lifetime for Vﬁ(‘
BiBCEw-G = 1.527 ms \ _\%
BiBCEu-GCI = 1.534 ms \ %
BiBCEu-GC2 = 1.594 ms v
1E'3-"'|"'|"'|"'|"‘|"‘|*'4|"'|"'|'II
0 1 2 3 4 5 6 7 8 9 10
Time (ms)

Fig. 10 Luminescence decay profiles of BIBCEu-G and GCs

can be suggestible that the BiBCEu-GC2 has high
potentiality to produce intense orange-red lumines-
cence (— 616 nm) when excited at 396 nm radiation.

4 Conclusions

The BiBCEu-G and GCs have been prepared to
investigate the crystallization effect on orange-red
emission of Eu’" ions. After appropriate heat treat-
ment at 575 °C for 10 h, the BizBsO;, and the CaF,
nanocrystallites distributed homogeneously among
the glassy matrix. Observed intensity ratios of
Dy — ’F, to °Dy — “F, transitions indicate that the
symmetry of the host environment around the Eu®*
ions improve with the enhancement of duration of
heat treatment and hence the crystallization of Bij;.
Bs012 and CaF, nanocrystallites. Upon 396 nm exci-
tation, the 616 nm emission (Eu®": °D, — “F,)
significantly enhanced by the improved crystalliza-
tion. Obtained results showed that the BiBCEu-GC2
containing 1.0 mol% of Eu®" ions is advisable to
design orange-red laser sources.

@ Springer
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