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ARTICLE INFO ABSTRACT

Keywords: Neodymium (III) ions doped sodium fluoro-borate (BCNF) glass materials have been prepared by
Fluofoborate glasses the melt quenching method and Fourier transform infrared (FTIR) method was intended for the
Luminescence identification of the functional groups present in the BCNF host glass. X-ray diffraction (XRD)

Quantum efficiency

Stimulated emission cross-section

Melt quenching technique and Neodymium
ions

analysis is used for the study of structural details of the prepared glass composite materials. In
order to study the spectroscopic properties of fabricated glasses, absorption, emission and decay
measurements has been performed. Additionally, the spectroscopic properties of Nd** ions were
analyzed using Judd-Ofelt theory. UV-Vis and Near-IR absorption spectra of glass composite
samples reveal eleven significant peaks. Under the excitation of 808 nm laser diode, three near-IR
emission bands are at around 876 nm, 1058 nm and 1331 nm from 4F3 2 — 419 /2 4111 s2 and 4113/2
radiative transitions, respectively, were observed in the Nd3* ions doped glass composite mate-
rial. The lifetimes of this transition has been experimentally determined through decay profile
studies. For all Nd>" ion concentrations, the decay time curves of the *F3/, level were essentially
single exponential.

1. Introduction

Solid metal ions (SM*2) doped glass composite materials are scientifically and technically significant materials due to their unique
properties and prospects of use for incorporated optical lasers, amplifiers, Infrared-sensor and other flat panel technologies like plasma
display panels [1]. Incorporation of the SM* into the various types of glass materials possess high luminescence efficiencies due to the
excitations of the electrons present in the compositions [2-4]. The 4 " electronic level structures of these particles give some seemingly
perpetual transitional intensities, which might be inhabited employing IR radiation. This type of transitional intensities, alongside with
some meta-stable higher-lying levels, bring about strong visible emissions [3].

Glass materials have a long-range disordered and short-range ordered structure that can dissolve solid metal ions (Sm>*, Nd*",
Er®", etc.) quickly, allowing the properties of metal ions to be altered over a large range. As a result, the laser glass doped with solid
metal ions such as rare earth (RE) ions is simple to make and has a number of desirable features, including a higher emission cross-
section and greater quantum efficiencies [4]. As a result, RE elements have become one of the essential components for increasing
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optical glass characteristics and developing prospective optical functions [3,4].

Among various host glass materials, the borate glass structure has some of the unique properties that includes high optical
transparency, low melting point, high chemical stability, reasonableness and better RE ions solubility [5-7]. Based on the multiple
properties of the borate glass materials, the host glass materials with boric acid can form the network and act as best host matrices for
doping RE ions into the network structure for better applications. These doped glass materials are versatile materials to accept different
types of cations and/or anions and also acts as an ion exchanger [8]. The previously mentioned properties of the doped glass materials
supportive opportunities for speedy particle directing material and other huge applications like hosts for the laser, glass to metal seals
and bio-similarity materials.

Presently, the solid-state lasers, where working at 1.06 ym wavelength has drawn in various consideration because of their po-
tential applications, for example, photonic gadgets for high density optical storage, opto-electronics and medical diagnostics as well as
optical communication system [6-8]. Concerning the luminescent properties, RE>* ions like Nd** ions have become one of the popular
active ions is due to its abundant lasing emissions in visible and IR regions [9]. The lasing action of Nd**-doped glass, for example,
produces three major emission bands at roughly 876, 1058, and 1331 nm, which are attributed to the radiative transitions of *F3,5 —
419/2, 4F3 /o — I /2, and 4F3 /2 — 4113 /2 respectively, in the near-infrared range [9,10]. Widely explored high power laser applications
are obtained at 1.06 pm bands for the above mentioned three transitions [11], furthermore, the wide outflow at around 1.33 um band is
promising for O-band optical signal amplification [12] while laser emission in the 0.9 pm band allows for the fabrication of a device
that emits blue radiation due to monolithic integration of laser emission [13]. Over the past decades, different examinations have been
going with on the spectroscopic properties of neodymium (III) ions in various types of glass matrices including phosphate, borate,
tellurite, and fluoride glass materials [14-26].

In the present study, we report on the optical properties of the Nd>* doped fluoroborate (BCNFNd) glass materials to understand the
improved near-IR band lasing emission yield. Although, studied about the optical properties, theoretical model Judd-Ofelt [27,28]
estimations are completed from the oscillator strengths of the retention bands of 1.0 mol% Nd>*doped BCNFNd10 glass materials to
compute the laser distinctive properties of the “Fs/5 excited level. Fluorescence measurements have been executed to recognize the
radiative and non-radiative behavior of the BCNFNd glass materials.

2. Experimental

Table 1 represents the different chemical compositions used for the preparation of the Nd>* ions doped BCNF glass compositions for
the present study (Fig. 1 show the sample pictures of present studied glasses). The conventional melt-quenching technique is employed
to formulate transparent glass materials using the analytical reagent grade of H3BO3, CaCO3, NaF and Nd;O3 which were obtained
from the sd-fine chemicals Mumbai India, as raw materials. According to the Table 1, the stoichiometric arrangements of these un-
refined substances were mixed totally in an agate mortar and melted in an electric furnace at 1100 °C for 60 min using a porcelain
crucible. Then the above compositions were poured onto the brass plate to obtain the various Nd** ions doped glass materials. The
obtained glass materials were sufficiently strengthened at 350 °C temperature for 8 h in furnace and allowed to cool gradually to
deliver the thermal stress allied by compositions of the doped glass materials during the extinguishing course. The refractive index “n”
of the compositions (n = 1.650 for BCNFNd10 glass) was determined with an Abbe refractometer by mono bromo naphthalene as the
interaction medium. The density “d” of Nd>*ions doped glass material compositions (d = 2.365 gm/cc for BCNFNd10 glass) were
measured by employing Archimedes principle. The XRD spectral data of the BCNF host glass was recorded utilizing JEOL 8530 X-beam
diffractometer utilizing Cuka radiation. FTIR spectrum were recorded in the range 600-4000 cm ! using Perkin-Elmer Paragon 500
FTIR spectrometer. Optical absorption study of the composed Nd>* ions doped glass materials were recorded by utilizing Perkin-Elmer
Lambda 350 UV-Vis spectrometer in the range of 400-1200 nm with a spectral resolution of + 0.1 nm. The photo-luminescence and
lifetime of *F3,, level were estimated with the assistance of the third symphonious age (355 nm) of the Nd:YAG laser (Spectron Laser
Sys. SL802G) as an excitation source.

3. Results and discussion
3.1. XRD pattern

The X-ray diffraction configuration were recorded in the range of 10° < 6 < 80° for the BCNF host glass shown in Fig. 2. It shows a
wide dissipating at lower angles, demonstrating the long range structural disorder which affirm the amorphous nature of the glass

Table 1

Different chemical composition of neodymium (III) ions doped BCNF glass composite materials.
Glass label Nd»03 (mol%) Glass composition
BCNFNd0OO 0.0 60 B,O3 + 20 CaO + 20 NaF,
BCNFNdO1 0.1 59.9 B;03 + 20 CaO + 20 NaF, + 0.1Nd,03
BCNFNdO3 0.3 59.7 B203 + 20 CaO3 + 20NaF; + 0.3Nd,03
BCNFNdO5 0.5 59.5 B303 + 20 CaO+ 20NaF; + 0.5Nd203
BCNFNd10 1.0 59.0 By03 + 20 CaO3 + 20 NaF; + 1.0 Nd;03
BCNFNd15 1.5 58.5 B03 + 20 CaO + 20 NaF, + 1.5Nd,03
BCNFNd20 2.0 58.0 By03 + 20 CaO + 20 NaF; + 2.0 Nd;O3




Sk. Nayab Rasool et al. Optik 255 (2022) 168700

Fig. 1. Sample pictures of different concentration of neodymium (III) ions -doped BCNFNd glasses.
materials.
3.2. FTIR measurements

The FTIR spectrum of the BCNF host glass material was acquired in the range of 600-4000 cm ™! and used for the identification of
functional groups in the host BCNF glass material. The results of the spectral data was shown in the Fig. 3 and the description of the
spectral data was presented in Table 2, the band locations are assigned to multiple vibrational modes for all the compositions [29-34].

3.3. Optical band gap energy

Mott and Davids developed the following relationship for amorphous materials based on the absorption region [35,36],

ah = A —E)' = — — — — — — — — = (€D)]

Where Eg is the optical band gap and ‘s’ takes different values of 2, 3, 1/2, and 1/3 corresponding to indirect allowed, indirect
prohibited, direct allowed, and direct forbidden transitions, respectively. The band tailing parameter “A” is constant, and the energy of
incident photons is ho. The absorption coefficients o (v) for BCNFNd10 glass sample were found near the absorption edge of photon
energy. As a result, for indirect permitted transitions, the typical plot of (ahv) 2 versus photon energy (hv) ( Tauc’s plot) to find the
value of optical band gap Eg is shown in Fig. 4, and the optical band gap value is given by 3.329 eV. It can be seen that (ahv) /2 has a
linear relationship with photon energy. This indicates that the transitions occurring in the current glass samples are of the indirect type
at higher photon energy.

Intensity (CPS)

20 40 60 80
2Theta (Degree)

Fig. 2. XRD profile of BCNF host glass.
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Fig. 3. FTIR spectrum of BCNF host glass material.

Table 2

FTIR analysis for the functional groups identification and their assignments for BCNF host glass material.
Wavenumber (cm ™) FT-IR spectral assignment Reference
690 B-O-B bending vibration modes [29,30]
869,960 B-O-stretching vibrations of tetrahedral BO4 [31-33]
1199 stretching B-O™ in BO,O" units [31-33]
1296 B-O stretching in BO,O" triangle linked with BO4 units [31-33]
1600-2900 Hydrogen bonding in the glass matrix [31-33]
3443 stretching vibrations of hydroxyl groups( O-H or H-O-H) [34]
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Fig. 4. Tauc’s plot for indirect band gap of BCNFNd10 glass.
3.4. Results on refractive index, electronic polarizability and optical basicity

3.4.1. Refractive index
The refractive index (n) of an optical material is well known to play a significant role in the design of a new laser device. The value
of 'n’ can be determined using a variety of experimental methods. The value of 'n’ was calculated experimentally using an Abbes
refractometer and a sodium vapor lamp as a light source in this study, and it was found to be n = 1.650. The following formula [37] can
be used to calculate the value of 'n’ from the value of optical band gap energy (Eg).
n* —1 E,

PR 20 @



Sk. Nayab Rasool et al. Optik 255 (2022) 168700

The refractive index of an optical substance can be calculated using the formula below, according to Duffy et, al. [38],

n=  —Inif0i(0.102Ay) 3)

Where Ay* is called the optical electronegativity of the medium and it is given by
Ay* = 0.2688E, 4

The values of refractive index n (Eg) = 2.333 and n (Ay*) = 2.393 obtained from Eq. (2) and from Eq. (3), respectively are very
close and deviate slightly from those obtained from Abbes refractometer (n = 1.650). The deviation in the measurement of ‘n’ might be
due to the experimental limits.

3.4.2. Oxide ion polarizability
The electronic polarizability is one of the important properties of materials and it is closely related to their applicability in the field

of optics and electronics. The following empirical relation proposed by R.R. Reddy et al. [39] has been used to determine the oxide ion
polarizability (0(02') as

a’ = 4.624-0.7569,,, (5)

Where y.vg represents the average electronegativity and it can be obtained using the following relation [40].

Sy Ni

i=1

X{Jl’ﬂ = n
S Ni
i=1

(6)

Where y; is called the Pauling electronegativity and N; is the number of atoms of a particular species having electronegativity yi. The
value of yayg = 2.761 obtained for BCNFNdA10 glass while the value of ag 2= = 2534 x 1072 cm®.

3.4.3. Optical basicity
The theoretical basicity, Ath, in multi-component oxide glasses was computed using the equation presented by Duffy and Ingram
[38] as given by

Ath = X1A1 +X2A2 +X3A3 + ... )

Where Al, A2 and A3 are basicities of the oxide components, and X1, X2 and X3 are their equivalent fractions (fraction of the total

oxygen provided by the component oxide glass). The optical basicity for the glass systems in present study was calculated using
relation,

Ath = X3203A(BZO3) +XCaC03 A(CaCO3) +XNd203A(Nd203) + ... (8)
Where A (B203), A (CaO), A (NaF), A (Nd203) are the optical basicity values assigned to the constituent oxides and X (8203), X (caco3), X

NaF), X (Nd203) are the equivalent fractions of different oxides i.e. the contribution of oxide atom to the glass system. The optical basicity
values of B,O3, CaO, NaF, Nd,Os3 are 0.42, 1.00, 0.50 and 1.33, respectively, were taken from the literature [36,41,42]. The calculated

12
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Fig. 5. Optical absorption spectrum of the selected neodymium (III) ions doped BCNFNd10 glass composite material.



Sk. Nayab Rasool et al. Optik 255 (2022) 168700

Optical basicity of BCNFNd10 glass was 0.561. On the basis of refraction data, Duffy [38] proposed the following correlation

Ath =1.67 {p( 127” 9
[20)

Where ag? is the polarizability of oxide ions. According to Eq. (9), the basicity value is 0.786, it shows that the increase in polarizability
results in an increase in optical basicity and consequently the refractive index.

3.5. Absorption spectrum and Judd-Ofelt Analysis

Fig. 5 displays the optical absorption spectra of BCNFNA10 glass materials in the range of 400-950 nm. The 4 f3-4 % electronic
transitions are takes place in *Ig/; ground level of the neodymium (III) ions to various exciting levels and are responsible for the
significant absorption bands. The values of the Nephelauxetic ratio () and bonding parameter (8) can be used to determine the nature
of the bonding between the neodymium (III) ions and their surroundings, It states that the ratio of the wavenumber of a certain
neodymium (III) ions transition in the host matrix (v.) to the same aqua- ion transition (v,) [43]. Band position of the aqua- ion and
transition assignments of the neodymium (III) ions were through based on the studies reported by Carnall et, al [43]. The Neph-
elauxetic ratio (B) and bonding parameter (8) can be calculated using the relation [43].

gl (10)

sl __ _ _______ an

Here p referred as the average value of f.

Depending upon the sign of the &, the neodymium (III) ions ligand may be covalent or ionic, the value of the & of the BCNFNd10
glass were found to be — 0.3786, the ionic nature of the bonding between the neodymium (III) ions is shown by this number.

Table 3 shows the absorption bands’ allocations, peak wavelength (1), energy, and experimental (fexp) and calculated (fcal)
oscillator strengths. Between the exploratory (fexp) and determined (fcal) oscillator strengths, three Judd-Ofelt intensity parameters, i.
e., Q) =2, 4 and 6 are determined through utilizing the least square fit methodology which are described somewhere else [19,23].
From the absorption spectrum, it is noticed that one particular transition namely “Io/5 — *Gs5 transition observed at 583 nm band is
more intense than other transitions and having large oscillator strengths. This transition is known as the hypersensitive transition,
since it adheres to the norms of selection rules of AL < 2; AS =0 and AJ < 2, |AS| = 0; |AL| < 2 and |AJ| < 2 [21]. The oscillator
strength of hypersensitive transitions is generally very large and it is extraordinarily impacted by the ion-ligand bonding environment.

As per recent literature survey [19,44], Qy (8.99 %1020 cm?) is associated to the covalence among neodymium (III) ions and
ligand anions as well as the asymmetry of the local environment around the site of Nd>* ions. In this regard, the lower the Q; is more
centro-symmetric the ion site and the more ionic the ligand compound connections. As such, the prepared Nd>* ions doped glass
composites have low covalence and highly ionic specificity between the doped neodymium (III) ions and ligand anions along together
with low asymmetry of the surrounding atmosphere of neodymium (III) ions. Thus, Q3 won’t influence the stimulated emission pa-
rameters at near-IR region [45]. Though, the Q4 (12.01x 102°cm?) and Qg (12.68 x 1072 cm?) straightforwardly affect the assurance
of spectroscopic properties. The spectroscopic quality factor y (24/Q¢ = 0.96) is a distinguished ratio that may be used to estimate
relative weight factors for 4F3 /2 — 419 /2 and 4F3/2 - %1, ,2 fundamental intensities [19].

The trend in the Q, parameters of Q3 < Q4 < Qg, which is similar to that observed for BZBNd [17], LHG-80 [18] and TZNLN [19]
glasses. It is found that the spectroscopic quality factor (y) of the prepared composite glass materials can reach 0.96, and is better
results than the zinc phosphate (0.75), BZBNd (0.83), LHG-80 (0.91), TZNLN (0.86), borate (0.65), fluorohosphate (0.37) and SBiLNd
(0.88) of previous reports [16-22]. Furthermore, it tends to be anticipated that the intensity of 4F3/2 -1 /,2 transition in the glass

Table 3
Assignment of absorption transitions, peak location (%, nm), energy (cm '), experimental (fexp X 107°) and calculated (f., x10~®) oscillator strengths
for BCNFNdA10 glass.

Transition*l/,— Wavelength A (nm) Energy (cm™') Oscillator strengths

fexp feal
“F39 875 11415 5.57 6.48
*Fs/o +2Ho 802 12468 17.20 15.97
“Fr/n +1S3/2 747 13386 18.76 19.40
“Fo o 681 14662 1.35 1.50
2Hy1 /9 626 15948 0.26 0.42
‘Gs/2 583 17152 47.67 47.68
‘G2 525 19011 9.74 9.31
4Goya +%K1s/2 513 19531 0.42 1.4
*Gy1/2 +2D3/z +2P3/5 +2Go 461 21786 0.54 2.7
2Py 430 23256 0.98 1.66

Sems = + 0.96
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composites will be larger than that 4R, /2 — 1 /2 transition in the formulated glass materials. It is normal that the samples have better
spectroscopic quality around 1.06 um. In this study, new approaches are described by the JO theory with a few radiative properties like
transition probabilities (Ag), experimental lifetime (tg) of “Fs/5 energy level, branching ratios (fg), and peak stimulated emission
cross-section (¢ (Ap)) [19,23].

3.6. Luminescence properties

Near-IR luminescence spectra of the different concentrations of neodymium (III) ions doped BCNFNd glass composites are shown in
Fig. 6. In the present figure, the major emission peaks are at 876, 1058, and 1331 nm corresponding to the *F3/5 — *I; (J = 9/2,11/2,
and 13/2) transitions. The excitation of electron transitions and emission transitions of the neodymium (III) ions doped BCNFNd10
glass composites are represented in the energy level diagram in Fig. 7. The radiative characteristics of the composed composite glass
materials were assessed and including emission peak wavelengths (Ap), effective line bandwidths (A)efr), stimulated emission cross-
section (6 (Ap)), experimental (fexp), and computed branching ratios (Br) were clearly recorded in Table 4. Due to its more promi-
nent emission cross-section, the 4F3/2 - I ,2 transition has more potential for lasing action as shown in Table 4. The saturation
intensity, Is = hc / A 6(Ap)Texp, Which depends on the central glass material and the result of the emission cross-section of the lasing
transition and the test lifetime of the excited level [46], is directly proportional to the pump input power required to reach the
threshold for continuous wave (cw) laser operation. The I values for the 4F3 /2 — 4111 ,2 laser transition in different Nd3+-doped glasses
are compared in Table 5. The current glass’s I value is greater than that of LHG-80, BZBNd10, bismuth-borate, PKACaFNd10 and
silicate [17,19,22-25] glasses.

3.7. Decay measurements

Fig. 8 shows the investigational decay profiles of the “Fg /5 excited level of the Nd>* ions in BCNFNd glass composite material,
monitored at *F3/5 — *I11 o transition (emission at 1.06 um). The initial e-folding times to the decay intensity were utilized to derive
the experimental life times for the *F3/5 level. Because of the low action of ligands on doped Nd>" ions, the decay time curves are
essentially solitary exponential even an greater Nd>* ions concentrations (up to 2.0 mol percent). For 0.1, 0.3, 0.5, 1.0, 1.5 and 2.0 mol
% of Nd** ions, the lifetimes of the 4F3 /2 level in the prepared doped glass material are 89, 74, 68, 45, 33, and 20 ps, respectively. The
reduction in lifetime might be owing to the Nd>* ions concentration quenching action. The non-radiative decay (Wyg) cycles may
clarify the disparity among the experimental (texp, = 45 ps) and radiative life times (tr = 110 ps) for the 4F3/2 level of Nd®* ions in
BCNFNdA10 glass materials.

The non-radiative decay rate (Wyg) for the 4F3/2 level can be determined utilizing the following condition.

Wxr :llrcxp - l/Trad‘

Where Tey, and T5q are the experimental and radiative lifetimes, respectively.
In general, there are four non-radiative decay mechanisms that contribute to the decline of the emission level’s exp,

Wxr = Wwmp + Weot Wer+ Won

The non-radiative decay rates compared to multiphononrelaxation, concentration quenching, energy move to another doping
contamination, and hydroxyl (OH’) functional groups, are Wyp, W¢g, Wer, and Wop, accordingly.

A fluoro-borate glass’s typical phonon energy is roughly 1300 cm ™! [47]. There is a 5400 cm ™! energy gap between the metastable
*F3, level and its lower *I;55 level. Hence four phonons are needed to bridge the gap. Therefore, multi phonons relaxation plays a
significant role in the non-radiative decay process in the present Nd>* doped systems. Non-radiative decay by concentration quenching
(Wc¢q) arises with increase in active ion concentration. This term also important in the present glass system as is evident from the
decrease lifetimes of “Fs /5 level in BCNFNd (from 89 to 20 ps) glasses when the concentration of Nd>* ions is increased from 0.1 to
2.0 mol%. The exponential nature of the decay curves indicates the absence of energy transfer process in the current BCNFNd glass
systems.

The luminescence quantum efficiency (1)) of an emission level *F3/5 can be calculated by using the equation.

N % = Texp/ Tr

Table 5 presents comparison of laser quality factors of 1.06 um level of neodymium (III) ions in BCNFNd10 with other various
reported neodymium (III) ions doped systems [17,19,22-25]. From Table 5 the present BCNFNd10 glass’s optical gain parameter is
83.60 x 10~2° cm? which is greater than that of BZBNd10 (64.23 x10~2% cm?), TZNLN (65.76 x10~2° cm?), SBIiLNd (67.05 x10~2°
cm2) and lower than that of PKACaFNd10 (111.32 x10~2% crnz) and BNf5Nd10 (185.24 x10725 cm2) [17,19,22,23,25] glasses.

4. Conclusions

In summary, the optical properties of different Nd>* -doped BCNF glasses have been investigated. The optical spectral data were
used to evaluate the value of indirect bandgap. The laser quality factors such as effective emission bandwidths, figure of merit, gain
bandwidths, optical gain parameters and saturation intensity for *“Fg/3— *I11 /5 transition have been calculated and compared with
other reported glasses. The stimulated emission cross section for BCNFNd10 glass is found to be higher than those of LHG-80,
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Fig. 6. Near-IR photoluminescence spectra of neodymium (III) ions present in the BCNFNd glass materials for different concentration of Nd,Os.
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Fig. 7. Energy level diagram of 1 mol% of neodymium (III) ions in doped BCNF glass.

Emission peak positions (A, nm), Electric dipole line strength (Seq, X 10722) experimental (Bexp) and calculated (B.a) branching ratios, transition
probabilities (AR,s’l), effective band widths (AAcs, nm) and stimulated emission cross-section (c(Ap) x 1072° em?) for neodymium (III) ions in

BCNFNd10 glass.

Transition4F3 /2 Ap (nm)
*lo/a 876
Iz 1058
*hs/z 1331

Electric dipole line strength (Seq) Branching ratios Ar Adefr o (Ap)
Pexp Beat

346.32 0.42 0.32 3800 23.48 4.64

685.59 0.48 0.59 4410 35.43 7.60

268.06 0.1 0.09 858 63.04 2.08

T, =110 ps

BZBNd10, bismuth-borate, PKACaFNd10 and silicate glasses. Hence, the presented BCNFNd glass materials can also be considered as
suitable and very promising candidate for developing high energy high power 1.06 pum solid state laser.
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Table 5
Comparison of laser quality factors of 1.06 um level of neodymium (III) ions in BCNFNd10 with other various reported neodymium (III) ions doped
systems.

Glass Ap Ahegp 6 (Ap) (x 6 (Ap) x Ty Texp 6 (Ap) xTp 6 (Ap) X Texp n I (x Whir References
(nm)  (nm) 10%° Adefr (x (us)  (us) x107% (x107% (100%) 108w/ (s7H
cm?), 10726 cm®) cm?) cm?) m?)
BCNFNd10 1058 35.43 7.60 26.9 110 45 83.60 34.2 41 5.48 13100 [P.W]
BZBNd10 1063 29.00 4.43 1.25 145 62 64.23 27.4 43 2.78 9100 [17]
TZNLN 1061 28.35 4.27 121 154 136 65.76 58.07 88 3.22 900 [19]
SBiLNd 1058 34.00 2.33 7.9 290 263 67.05 61.27 91 3.06 300 [22]
PKACaFNd10 1057 30.00 5.06 15.2 220 154 111.32 77.92 70 2.41 1900 [23]
BiZNd - - - - 169 83 - - 49 6.66 6100 [24]
BNaNf - - - - 347 151 - - 43 2.96 3700 [25]
BNf5Nd10 1062 19.00 4.40 8.3 421 153 185.24 67.3 36 2.78 4200 [25]
Bismath- - - - - 175 71 - - 41 2.82 8400 [26]
borate
1

—=—BCNFNdO01, == 89.3
— = BCNFNdO03, t=73.9

= — BCNFNdO05, = 67.8
—=—BCNFNd10, t= 44.9
— = BCNFNd15, == 33.0
—=—BCNFNd20, == 23.8

log ( I(t)/1,)

o
o
T

s ¢

| S
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Time (us)

Fig. 8. The life time-decay profiles of the *Fs,, level of different concentrations of neodymium (III) ions in BCNFNd glasses.

influence the work reported in this paper.
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