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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 Ln3+ ion in lead sodium
fluoroborate glass, which has the composition 10 PbO–19 NaF–70 B2O3–1.0 Ln2O3

(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–B2O3 glasses with Eu3+ ions exhibit
distinct absorption bands that were assigned to the transitions 7F0→5L6, 5D3, 5D2, and
7F1→5D1. Judd-Ofelt (JO) factors (Ω2, Ω4, Ω6) 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 (Ω2, Ω4 and Ω6), Ω2, that is related to structural
adjustments in the area of the Ln3+ 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].

B2O3 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 [BO4] or [BO3] 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 Pb2+

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]. Tb2O3

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.

Experåmental
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 B2O3 – 1.0 Ln2O3

(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.

recorded in the vicinity of 150≤2θ≤750 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–B2O3

glasses with Eu3+ ions reveals the following pronounced
absorption bands (Fig. 3):

 7F0→5L6, 5D3, 5D2, and 7F1→5D1.

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

Content, mol.% Sample code 
PbO NaF B2O3 Ln2O3 

Eu2O3 glass 10 19 70 1.0 Eu2O3 
Tb2O3 glass 10 19 70 1.0 Tb2O3 

Table 1
Composition of glass samples (mol.%)

Fig. 1. Schematic representation of preparation of glasses

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–B2O3:Ln2O3 (Ln=Eu, Tb) glasses was

Table 2
The absorption energies as well as oscillator strength (f)

for PbO–NaF–B2O3:Eu2O3 glasses

The following absorption bands were visible in
the absorption spectrum of
PbO–NaF–B2O3:Tb2O3 glasses (Fig. 4):
 7F6→5D4, 5G6, 5L10, 5G5, and 5L9.  Absorption energies
as well as oscillator strength (f) of the studied glasses
are shown in Table 3.

The bonding parameter (δ) [12] has also been
calculated for each pair of glasses and is depicted in
Table 4. A higher value of δ indicates a more covalent
environment for the Ln3+ ions. The highest values of
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Fig. 2. X-ray diffraction pattern of

PbO–NaF–B2O3:Ln2O3 (Ln=Eu, Tb) glasses

Fig. 3. Optical absorption spectrum of

PbO–NaF–B2O3 glasses doped with Eu3+ ions

Fig. 4. Optical absorption spectrum of

PbO–NaF–B2O3 glasses doped with Tb3+ ions

δ obtained for the Eu2O3 glass among the two alkaline
earth oxide modifier glasses denote the most covalent
environment of Eu3+ in this glass. The sequence of
J-O parameters observed for all the glasses is:
Ω2>Ω4>Ω6. Table 4 displays the data on the Ln3+ ion
Ωλ parameters in the glass matrices.

Discussion
B2O3 is a prominent glass-forming component

that participates in glass networks with tetrahedral
structures. Typically, modifiers like PbO disrupt the
B–O–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 Ln3+ ions.

Positive transition energies and spectral patterns
of Ln3+ ions shed some light on their coordination
[13]. The environment of Ln3+ ions in glasses systems
is described by the value of Ωλ for Ln3+ 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 Tb3+ ions and consequently a
lower value of Ω2. Conversely, the ability of Eu3+

ions to occupy distinct coordination states leads to
higher values of Ω2 in the current glass systems.

The value of the bonding parameter (δ) provides
additional evidence to support this claim; the bonding
parameter (δ) follows the order of Eu2O3 glass>Tb2O3

glass, indicating a highly covalent environment for
Ln3+ ions in Eu2O3 glasses and highly ionic conditions
in Tb2O3 glasses. [15]. The optical absorption spectrum
profiles of Ln3+ ion-doped PbO–NaF–B2O3 glasses
were measured, revealing the following transitions:

Transition Energy, cm–1 fexp⋅10–6 ftheor⋅10–6 
7F6→5D 20530 3.10 2.86 
7F6→5G6

 26035 21.2 18.42 
7F6→

5L10
 27202 22.91 20.08 

7F6→5G5
 27194 23.45 24.10 

7F6→5L9
 28256 25.92 23.61 

Table 3
The absorption energies and oscillator strength (f) for

PbO–NaF–B2O3:Tb2O3 glasses

Table 4
J-O parameters of PbO–NaF–B2O3 glasses with Ln2O3

7F0→5L6, 5D3, 5D2, 7F1→5D1 for Eu2O3-doped glass,

and

7F6→5D4, 5G6, 5L10, 5G5, 5L9 for Tb2O3-doped glass.
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The bonding parameter provides information
regarding the covalent surroundings of Ln3+ ions within
the glass matrix. The highest values of the bonding
parameter δ found for the glasses indicate the highest
covalent environment of Eu3+ ions among the glasses
doped with Ln3+ ions.

Conclusions
The optical absorption of the PbO–NaF–B2O3

glass system was studied with varying concentrations
of Ln2O3 (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 Ωλ, particularly Ω2, which
is related to the structural changes around the Ln3+

ions, indicated a gradual shift in the covalent
environment with varying Ln2O3 concentrations. The
highest bonding parameter values were observed in
the glasses doped with Ln3+ ions, and the Eu2O3 doped
glasses showed the highest covalent environment.
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ÂÏËÈÂ ²ÎÍ²Â Eu3+/Tb3+ ÍÀ ÎÏÒÈ×Í² ÑÏÅÊÒÐÈ
ÏÎÃËÈÍÀÍÍß ÑÊËÀ PbO–NaF–B2O3

Á.Äæ.Ð.Ñ.Í. Ñâàì³, Í. Íàðàñ³ìõà Ðàî, Ï. Íàðåø,
Ï. Ðà´ãõàâà Ðàî, À. ×³òò³ Áàáó, Í.×. Ðàìåø Áàáó

Ó ñòàòò³ íàâåäåí³ îïòè÷í³ õàðàêòåðèñòèêè ³îí³â Ln3+ ó
ñêë³ ç³ ñâèíöåâî-íàòð³ºâèì ôòîðáîðàòîì ñêëàäó
10 PbO–19 NaF–70 B2O3–1.0 Ln2O3 (äå Ln=Eu òà Tb, âñå â
ìîë.%). Çðàçêè ñêëà áóëè îáðîáëåí³ çà äîïîìîãîþ çâè÷àé-
íîãî ìåòîäó ðîçïëàâëåííÿ ³ øâèäêîãî îõîëîäæåííÿ, à ñêëÿ-
íà ïðèðîäà áóëà ï³äòâåðäæåíà çà äîïîìîãîþ ðåíòãåí³âñü-
êî¿ äèôðàêö³¿. Îïòè÷í³ ñïåêòðè ïîãëèíàííÿ ñêëà
PbO–NaF–B2O3 ç ³îíàìè Eu3+ âèÿâëÿþòü âèðàæåí³ ñìóãè
ïîãëèíàííÿ, ÿê³ áóëè â³äíåñåí³ äî ïåðåõîä³â 7F0→5L6,
5D3, 5D2 òà 7F1→5D1. Ôàêòîðè Äæàääà-Îôåëüòà (Ω2, Ω4, Ω6)
áóëè âèçíà÷åí³ ç îïòè÷íèõ ñïåêòð³â ïîãëèíàííÿ. Çà äîïî-
ìîãîþ àíàë³çó ìåòîäîì íàéìåíøèõ êâàäðàò³â, áóëè îö³-
íåí³ òà íàâåäåí³ ñèëè îñöèëÿòîð³â (f). Ñòîñîâíî òðüîõ ïà-
ðàìåòð³â Äæàääà-Îôåëüòà (Ω2, Ω4 òà Ω6), Ω2, ÿêèé ïîâ’ÿçà-
íèé ç ñòðóêòóðíèìè êîðèãóâàííÿìè íà ä³ëÿíö³ ³îí³â Ln3+,
âêàçóº íà ïîâ³ëüí³ êîðèãóâàííÿ êîâàëåíòíèõ îòî÷åíü.

Êëþ÷îâ³ ñëîâà : B2O3 ñêëî; îïòè÷í³ ñïåêòðè
ïîãëèíàííÿ; Eu2O3; Tb2O3; ³îíè Ln3+; ïàðàìåòð Äæàääà-
Îôåëüòà.
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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 Ln3+ ion in lead sodium
fluoroborate glass, which has the composition
10 PbO–19 NaF–70 B2O3–1.0 Ln2O3 (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–B2O3 glasses with Eu3+ ions exhibit distinct
absorption bands that were assigned to the transitions 7F0→5L6,
5D3, 5D2, and 7F1→5D1. Judd-Ofelt (JO) factors (Ω2, Ω4, Ω6)
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 (Ω2, Ω4 and Ω6),
Ω2, that is related to structural adjustments in the area of the
Ln3+ ion, indicates slow adjustments of the covalent surroundings.

Keywords: B2O3 glass; optical absorption spectra; Eu2O3;
Tb2O3; Ln3+ ions; J-O parameter.
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