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The optical characteristics of glasses have become an increasingly established and developing
aspect. This article presents the optical characteristics of the Ln?*' ion in lead sodium
fluoroborate glass, which has the composition 10 PbO—19 NaF—70 B,0;—1.0 Ln,O,
(where Ln=Eu and Tb, all in mol.%). Glass samples were processed using the conventional
melt-quenched approach, and the glassy nature was confirmed by the X-ray diffraction
patterns. The optical absorption spectra of PbO—NaF—B,0; glasses with Eu** ions exhibit
distinct absorption bands that were assigned to the transitions "F,—°L,, °D;, 3D,, and
"F,—=3D,. Judd-Ofelt (JO) factors (Q,, Q,, Q) were determined from the absorption
spectra. By using least square fit analysis, oscillator strength (f) was evaluated and presented.
Regarding the three J-O parameters (Q,, Q, and Q;), ©Q,, that is related to structural
adjustments in the area of the Ln*" ion, indicates slow adjustments of the covalent
surroundings.
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Introduction

Due to their amorphous nature, glasses show
signs of optical isotropy. In the realms of science and
technology, these translucent materials have attracted
a lot of attention [1].

B,0, is one of the most powerful and fundamental
glass formers among several types of glass formers. It
has received top-notch attention due to its interesting
technology-related properties. Borate atoms form
structural units of [BO,] or [BO;] through coordination
with tetra- and tri-oxygen atoms. These units form
B—O—B linkages that enhance the optical properties
of glasses through metal-oxygen bonds and non-
bridging oxygen atoms [2,3].

The optical and structural properties of oxide
glasses are significantly enhanced by adding Pb**
divalent ions [4,5]. Due to their optical transparency

across a wide wavelength range, alkali fluoroborate
glasses, in particular, make excellent laser hosts.
Phenomenological parameters associated with the
radiative properties of a glass composition can be
chosen according to the Judd-Ofelt concept, which
was developed to compute the intensities of electric
dipole transitions between 4f states [6,7].

Glasses with europium doping are commonly
used as effective red phosphors because of their narrow
emission band and long radiative lifetime [8]. Tb,0,
glasses should find extensive use in the disciplines of
optics, electricity, magnetism, information,
communications, systems, and in other related fields
due to their exceptional magneto-optical properties
[9].

Considering the inherent drawbacks of the up
conversion phenomenon, a significant amount of
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energy is expended during the non-radiative processes,
requiring high pump power to produce laser output.
According to ref. [10], the energy level system of
Tb3* ions makes it feasible to produce the green pulsed
laser.

Experemental

The melting and quenching processes were
employed to prepare the glasses for the current study
[11]. Within the glass-forming region of the system,
the composition chosen for the present study is
10PbO—19 NaF — 70 B,0; — 1.0 Ln,O;
(with Ln = Eu and Tb), all in mol.%. The detailed
chemical compositions and their codes are displayed
in Table 1. Schematic representation of the preparation
of glass samples is shown in Fig. 1.

Table 1
Composition of glass samples (mol.%)
Sample code Content, mol.%
PbO NaF | B,0; | Ln,O,
Eu,0; glass 10 19 70 1.0 Eu,0;
Tb,0; glass 10 19 70 (1.0 Tb,O4

The Philips PW 1830 X-ray diffraction
spectrometer was used to record the XRD patterns.
The optical absorption spectra of the samples were
recorded at ambient temperature in the spectral
wavelength range of 300—2200 nm, with a spectral
resolution of 0.1 nm using a JASCO Model V-670
UV—vis—NIR spectrophotometer.

Results

The pattern of X-ray diffraction for
PbO—NaF—B,0;:Ln,0, (Ln=Eu, Tb) glasses was

recorded in the vicinity of 15°<26<75° for the glass
series as depicted in Figure 2. The lack of clear peaks
in the pattern reveals that the samples are amorphous.

The spectral absorption of PbO—NaF—B,0,
glasses with Eu®* ions reveals the following pronounced
absorption bands (Fig. 3):

"F,—°L, °D;, °D,, and ’F,—°D,.

Through the use of least square fit analysis,
oscillator strength (f) was evaluated. Table 2 displays
these variables.

Table 2
The absorption energies as well as oscillator strength (f)
for PhO—NaF—B,0;:Eu,0; glasses

Transition | Energy, cm il 0° feor 107°
He>'Ls 25369 61.4 61.4
"Fg—°D; 24038 32.45 32.43
"Eg—°D, 21490 8.4 6.90
'Fi—°D, 18668 19.24 18.57

The following absorption bands were visible in
the absorption spectrum of
PbO—NaF—B,0,:Tb,0; glasses (Fig. 4):

"F¢—3D,, 3Gy, 3Ly, °Gs, and SLy. Absorption energies
as well as oscillator strength (f) of the studied glasses
are shown in Table 3.

The bonding parameter (5) [12] has also been
calculated for each pair of glasses and is depicted in
Table 4. A higher value of § indicates a more covalent
environment for the Ln3* ions. The highest values of

Composition based weighted
chemicals ( all in mol %) (AR

grade)

Grinding of chemicals to obtain
homogeneous mixture with agate
mortar

Samples were grounded and
optically polished

|

Quenched glasses are annealed at
250°C for 3Hr and then cooled to
room temperature

!

Melting the chemical mixture in
platinum crucible in temparaure
range 1000 to 1100°C for a 1 Hr

1

Melt poured on brass mould to
obtain glass in rectangle shapes

2

Fig. 1. Schematic representation of preparation of glasses
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8 obtained for the Eu,0, glass among the two alkaline
earth oxide modifier glasses denote the most covalent
environment of Eu’* in this glass. The sequence of
J-O parameters observed for all the glasses is:
0,>0,>Q,. Table 4 displays the data on the Ln** ion
Q, parameters in the glass matrices.

Discussion

B,0; is a prominent glass-forming component
that participates in glass networks with tetrahedral
structures. Typically, modifiers like PbO disrupt the
B—0O—B linkage to form B—O terminations, thereby
depolymerizing or modifying the structure. Upon
comparing the theoretically calculated oscillator
strengths with the experimental values, it was found
that the calculated and experimental oscillator strengths
generally agree well, except for the Ln’" ions.

Positive transition energies and spectral patterns
of Ln3" ions shed some light on their coordination
[13]. The environment of Ln** ions in glasses systems
is described by the value of Q, for Ln** ions. In glass
systems, rare earth ions are randomly dispersed over
non-equivalent sites, as demonstrated by simulation
and optical studies [14]. The presence of large modifier
ions in glasses leads to an increased average distance
between the B—O—B chains, resulting in a weaker
surrounding field for Tb** ions and consequently a
lower value of Q,. Conversely, the ability of Eu’*
ions to occupy distinct coordination states leads to
higher values of Q, in the current glass systems.

The value of the bonding parameter (8) provides
additional evidence to support this claim; the bonding
parameter (8) follows the order of Eu,0, glass>Tb,0,
glass, indicating a highly covalent environment for
Ln** ions in Eu,0O; glasses and highly ionic conditions
in Tb,0O; glasses. [15]. The optical absorption spectrum
profiles of Ln*" ion-doped PbO—NaF—B,0, glasses
were measured, revealing the following transitions:

Table 3
The absorption energies and oscillator strength (f) for
PbO—NaF—-B,0;:Th,0; glasses

Transition | Energy, cm ! fexp’ 10° fineor 10°°

"Fy—3L, °Ds, °D,, "F,—°D, for Eu,0,-doped glass,
and

"F¢—°Dy, 3Gy, °Lyy, °Gs, 3Ly for Tb,0;-doped glass.

Eu,04
Glass

Tb,0;4
Glass

Intensity (arb. units)

15 25 35 45 55 65 75
20 (Degrees)

Fig. 2. X-ray diffraction pattern of
PbO—NaF—B,0;:Ln,0; (Ln=Eu, Tb) glasses
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Fig. 3. Optical absorption spectrum of
PbO—NaF—B,0, glasses doped with Eu** ions
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"Fe—>°D 20530 3.10 2.86
'F 6_>5G6 26035 21.2 18.42 Fig. 4. Optical absorption spectrum of
7F6—>5Llo 27202 22.91 20.08 PbO—NaF—B,0; glasses doped with Tb** ions
"F¢—°Gs 27194 23.45 24.10
"Fg—Log 28256 25.92 23.61
Table 4
J-O parameters of PhPO—NaF—B,0; glasses with Ln,0,
Glass Q,-10%, cm? Q4107 cm? Q107 cm? Q,/Q4 | Bonding parameter &
Eu,0; glasses 260 183 102.1 1.79 0.16
Tb,05 glasses 88.40 83 14.24 5.82 0.11
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The bonding parameter provides information
regarding the covalent surroundings of Ln** ions within
the glass matrix. The highest values of the bonding
parameter 8 found for the glasses indicate the highest
covalent environment of Eu’* ions among the glasses
doped with Ln?* ions.

Conclusions

The optical absorption of the PbO—NaF—B,0,
glass system was studied with varying concentrations
of Ln,O; (Ln=Eu, Tb). The optical absorption spectra
of these ions in both glass systems were adequately
described using the Judd-Ofelt hypothesis. The values
of the Judd-Ofelt parameters Q,, particularly Q,, which
is related to the structural changes around the Ln’*
ions, indicated a gradual shift in the covalent
environment with varying Ln,O; concentrations. The
highest bonding parameter values were observed in
the glasses doped with Ln3* ions, and the Eu,O, doped
glasses showed the highest covalent environment.
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BILIMB IOHIB Eu*/Tb** HA OIITUYHI CIIEKTPU
IOIIMHAHHA CKJIA PbO—NaF-B,0,

b.JInc.P.C.H. Ceami, H. Hapacimxa Pao, II. Hapeu,
I1. Parexasa Pao, A. Yimmi baéy, H.4. Pamew baby

VY cratTi HaBeleHi ONTUYHI XapaKTepUCTUKY ioHIB Ln*" y
CKJIi 3i CBUHIIEBO-HATpieBUM dTOpOOpaTOM CKIamy
10 PbO—19 NaF—-70 B,0,—1.0 Ln,O; (ne Ln=Eu Ta Tb, Bce B
Moi1.%). 3pa3ku ckiia Oy 0OpoOJIeHi 3a JOMOMOTOI0 3BUYAaii-
HOT'O METOJIy PO3IUIABJICHHSI i LUIBUAKOTO OXOJIOIKEHHS, a CKJISI-
Ha TIpupoza Oysa MiATBepIKeHA 3a JOTIOMOTOI0 PEHTICHiBCh-
koi audpaxuii. ONTUYHI CNEKTPU MOTJIUMHAHHS CKJa
PbO—NaF—B,0, 3 ionamu Eu’* BUSBISIOTH BUpaXeHi cMyru
MOTJAMHAHHS, sIKi Oynau BinHeceHi no mepexoniB ’Fy—°L,
D, °D, ta "F,—°D,. ®akropu Ixamna-Odenbra (Q,, Q,, Q)
Oy/iv BU3HAYCHI 3 ONTUYHUX CIIEKTPiB MOTJMHAHHS. 3a IOTO0-
MOTOIO aHaJli3y MeTOAOM HalMeHILIMX KBaapaTiB, Oyau oOlli-
HeHi Ta HaBeneHi cwim ociwisiTopiB (f). CTocoBHO TphOX Ma-
pamerpiB [Ixanna-Odenbra (Q,, Q, Ta Q), Q,, AKUii MOB’s13a-
HUIi 3 CTPYKTYPHMMHU KOPUTYBaHHSIMU Ha HUISHII ioHiB Ln®*,
BKa3y€e Ha MOBUIbHI KOPUTYBaHHSI KOBAJEHTHUX OTOYEHb.

ONMTUYHI CHEKTPHU
napametp Jxammra-

KawuoBi caoa: B,0, ckio;
nornmuHaHHs; Eu,0;; Tb,05; ionm Ln’t;
Odenbra.
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The optical characteristics of glasses have become an
increasingly established and developing aspect. This article presents
the optical characteristics of the Ln*" ion in lead sodium
fluoroborate glass, which has the composition
10 PbO—19 NaF—-70 B,0;—1.0 Ln,O; (where Ln=Eu and Tb,
all in mol.%). Glass samples were processed using the conventional
melt-quenched approach, and the glassy nature was confirmed
by the X-ray diffraction patterns. The optical absorption spectra
of PbO—NaF—B,0; glasses with Eu®" ions exhibit distinct
absorption bands that were assigned to the transitions "F—°L,
’D,, SD,, and "F,—°D,. Judd-Ofelt (JO) factors (Q,, Q,, Q)
were determined from the absorption spectra. By using least
square fit analysis, oscillator strength (f) was evaluated and
presented. Regarding the three J-O parameters (Q,, Q, and ),
Q,, that is related to structural adjustments in the area of the
Ln** ion, indicates slow adjustments of the covalent surroundings.
Keywords: B,O, glass; optical absorption spectra; Eu,O;;
Tb,0,; Ln** ions; J-O parameter.
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