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Abstract 

Sm3+ doped PbO–Sb2O3 glasses containing varying concentrations of Sm2O3 (0–1.0 mol%) were synthesized using the 

conventional melt-quenching technique to investigate their structural, optical, and luminescent properties. The prepared glass 

samples were characterized through density measurements, optical absorption spectroscopy, photoluminescence, and infrared 

spectral studies. Density analysis revealed a gradual increase with increasing Sm3+ concentration, accompanied by a decrease in 

interionic distance and an increase in field strength, indicating significant modifications in the local glass structure. Optical 

absorption spectra exhibited several well-defined bands in the visible and near-infrared regions corresponding to the 

characteristic f–f transitions of Sm3+ ions, with absorption intensity increasing systematically with dopant concentration. 

Photoluminescence studies under 401 nm excitation showed intense emission bands originating from the 4G5/2 excited state of 

Sm3+ ions, and the luminescence intensity was found to enhance with increasing Sm2O3 content. Infrared spectral analysis 

confirmed the presence of SbO3 pyramidal structural units along with PbO4 groups, suggesting that PbO plays a dual role as both 

a network former and a network modifier within the glass matrix. The combined structural and spectroscopic results demonstrate 

that Sm3+ doped lead antimonate glasses possess favorable optical and luminescent characteristics, making them promising 

materials for photonic and luminescent device applications. 
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1. Introduction 

Antimony oxide (Sb2O3) glasses are considered promising 

materials for various advanced optical applications due to 

their remarkable physical and optical properties. These glasses 

are particularly suitable for non-linear optical devices such as 
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ultrafast optical switches, power limiters, and broadband opti-

cal amplifiers operating near 1.5 μm. Their usefulness in sev-

eral solid-state ionic devices is mainly attributed to the large 

third-order non-linear optical susceptibility (χ3) coefficient 

they possess [1-4]. Antimony trioxide is a highly stable oxide 

that remains insoluble in water as well as in nitric and sul-

phuric acids [5]. Within the glass network, Sb2O3 participates 

through SbO3 structural units, which can be visualized as dis-

torted tetrahedral arrangements where oxygen atoms occupy 

three corners, while a lone pair of electrons associated with 

the Sb3+ ion occupies the fourth position in the equatorial di-

rection of the antimony atom. The high deformability of this 

lone electron pair is believed to play a significant role in en-

hancing the non-linear optical susceptibility of these glasses 

[6]. In addition, PbO-containing glasses have attracted consid-

erable technological interest because of their potential appli-

cations in ultra-low-loss waveguides, glass-to-metal seals, in-

frared transmitting devices, and optical gratings [7, 8]. 

2. Methods of Preparation of Glasses 

The glass samples investigated in the present study were 

prepared with the following compositions (in mol%): 

S0: 40PbO–60 Sb2O3 

S2: 40PbO–59.8Sb2O3–0.2Sm2O3 

S5: 40PbO–59.5Sb2O3–0.5Sm2O3 

S10: 40PbO–59Sb2O3–1.0 Sm2O3 

The glass samples investigated in the present study were 

prepared using the conventional melt-quenching technique. 

Analytical reagent grade chemicals (99.9% purity) of PbO, 

Sb2O3, and Sm2O3 were employed as the starting materials. 

The required proportions of the constituent compounds were 

accurately weighed, thoroughly mixed in an agate mortar, and 

melted in a platinum crucible using a PID temperature-con-

trolled furnace. The melting process was carried out at approx-

imately 1400°C for about 1 h until a homogeneous and bub-

ble-free melt was obtained. The molten liquid was then poured 

into a rectangular brass mould with a smooth polished inner 

surface maintained at room temperature. The prepared glass 

samples were subsequently annealed at 450°C in a separate 

furnace to remove internal stresses. Finally, the samples were 

ground and optically polished. The approximate dimensions 

of the polished glass specimens used for optical and electrical 

measurements were 1 cm × 1 cm × 0.2 cm. 

The density (d) of the prepared glasses was measured by the 

standard Archimedes principle using high-purity o-xylene 

(99.99%) as the immersion liquid. A high-precision direct-

reading balance with a capacity of 100 g and a readability 

of 0.1 mg was employed for the weight measurements. Op-

tical absorption spectra of the glass samples were recorded 

in the wavelength range of 250–800 nm using a JASCO V-

670 UV–Vis spectrophotometer. Infrared transmission 

spectra were obtained in the spectral range 400–2000 cm-1 

with a resolution of 0.1 cm-1 using the KBr (potassium bro-

mide) pellet technique. For this purpose, finely powdered 

glass samples (1.5 mg) were mixed with 300 mg of potas-

sium bromide and pressed into pellets under a vacuum die 

at a pressure of approximately 680 MPa. The infrared spec-

tra were recorded using a Jasco FT/IR-5300 spectropho-

tometer.The photoluminescence spectra of the samples 

were recorded at room temperature on a Thermo Scientific 

Lumina spectrofluorometer. It is a computer controlled spec-

trofluorimeter for measuring steady state luminescence spec-

tra in the 200-900 nm spectral range with single photon count-

ing sensitivity. 

3. Results 

3.1. Physical Parameters 

Various physical parameters such as total Sm3+ ion concen-

tration Ni, mean Sm3+ ion separation Ri, have been evaluated 

with the measured values of density d and the calculated av-

erage molecular weight 𝑀̅ for the present these glasses and 

are presented in Table 1. 

Table 1. Various physical parameters of Sm3+ doped PbO−Sb2O3 glasses. 

Glass 
Avg. Mol. 

Wt. M 

Density d 

(g/cm3) 

Sm3+ ion Conc. 

Ni (1019/cm3) 

Inter ionic distance 

of Sm3+ ions ri (nm) 

Polaron radius rp 

(nm) 

Field strength Fi 

(1013 cm-2) 

Refractive 

index n 

S0 264.19 3.12 – – – – 1.642 

S2 264.31 3.54 1.62 3.95 1.018 2.891 1.644 

S5 264.47 3.71 4.23 2.86 1.403 1.522 1.648 

S10 264.76 4.64 10.57 2.12 1.905 8.262 1.651 

 

 

 

 

 

http://www.sciencepg.com/journal/ajmp


American Journal of Modern Physics http://www.sciencepg.com/journal/ajmp 

 

111 

3.2. Optical Absorption Studies 

Figures 1 and 2 represents the optical absorption spectra of 

PbO−Sb2O3: Sm2O3 glasses recorded at room temperature in 

the visible region and NIR region respectively. The spectrum 

of Sm2O3 free glass has not exhibited any absorption bands. 

The spectra of Sm3+ doped glasses exhibited the bands due 

to the following transitions of Sm3+ ions: 
6H5/2→4H9/2, 4D5/2 + 4H7/2, 4P7/2, 4L15/2, 4F7/2 + 6P3/2, 6P5/2 + 4K11/2, 

4I13/2 +4I11/2 + 4M17/2 and 4I9/2 (in the visible region) and 6F11/2, 6F9/2, 
6F7/2, 6F5/2, 6F3/2, 6F1/2, 6H15/2 and 6H13/2 (in NIR region) 

With increase in the concentration of Sm2O3 an increase in 

the intensity of all absorption bands of all the glasses is ob-

served. 

 
Figure 1. Optical absorption spectra of lead antimony glasses doped with different concentrations of Sm2O3 in the visible region. 

 
Figure 2. Optical absorption spectra of lead antimony glasses doped with different concentrations of Sm2O3 in the NIR region. 
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3.3. Photoluminescence (PL) Spectra 

The excitation and emission spectra of Sm3+ doped PbO–

Sb2O3 glasses were recorded at room temperature under 401 

nm excitation. The emission spectra (Figure 3) exhibited sev-

eral characteristic bands corresponding to the transitions from 

the 4G5/2 excited state to the 6H5/2, 6H7/2, 6H9/2, and 6H11/2 en-

ergy levels. Among these transitions, the emission bands cor-

responding to 4G5/2 → 6H7/2 and 4G5/2 → 6H9/2 were found to 

be more intense, whereas the bands associated with the 4G5/2 

→ 6H5/2 and 4G5/2 → 6H11/2 transitions appeared relatively 

weak. Furthermore, the intensity of all the observed emission 

bands increased progressively with increasing Sm2O3 concen-

tration in the glass matrix. 

 
Figure 3. Photoluminescence spectra of lead antimony glasses 

doped with different concentrations of Sm2O3. 

3.4. Infrared Transmission Spectra 

 
Figure 4. IR spectra of PbO−Sb2O3: Sm2O3 glass system. 

Figure 4 shows the IR spectra of PbO–Sb2O3: Sm2O3 

glasses recorded at room temperature in the spectral region 

400–2000 cm-1. All the glass samples exhibit a characteristic 

band around 930 cm-1, which is attributed to the ν1 symmetric 

stretching vibrations of SbO3 structural units. Another promi-

nent band observed near 610 cm-1 corresponds to the ν2 bend-

ing vibrations of Sb–O bonds associated with SbO3 pyramidal 

groups. In addition, weak double-degenerate stretching (ν3) 

and bending (ν4) vibrational bands of SbO3 units are identified 

around 770 and 450 cm-1, respectively [9]. In the ν4 vibrational 

region of SbO3 groups, the presence of a band related to the 

vibrations of PbO4 structural units is also expected [10]. The 

overall band profiles and spectral features remain nearly un-

changed for all the investigated glass compositions. 

4. Discussion 

Sb2O3 is a weak glass former because the Sb3+ ion has a lone 

pair of electrons that occupies more space, which makes the 

local structure around the Sb3+ ions less symmetric. Hence, 

strain energy in the Sb2O3 glass network is much higher when 

compared when compared with that in the traditional borate, 

silicate and phosphate glass networks. However, in the pres-

ence of modifiers such as PbO, Sb2O3 becomes an active part 

of the glass network through the formation of SbO3 structural 

units, where oxygen atoms occupy three corners and the lone 

pair of electrons resides at the fourth corner. In several glass 

systems, the Sb–O bond length in these SbO3 units has been 

reported to lie between 2.0 and 2.6 Å. Within the glass matrix, 

the SbO3 polyhedra are interconnected through corner sharing, 

resulting in the formation of double infinite chains with the 

lone pair electrons directed outward. The secondary weak Sb–

O bonds that link these chains are generally longer than 2.6 Å 

[11-13]. 

PbO generally behaves as a network modifier and enters the 

glass structure by disrupting the Sb–O–Sb linkages. Accord-

ing to the conventional understanding of modifying oxides in 

glass networks, oxygen ions reduce the local symmetry, 

whereas Pb²+ ions occupy interstitial sites and generate coor-

dination defects such as dangling bonds and non-bridging ox-

ygen ions. Such behavior requires Pb to adopt sp3d² hybridi-

zation involving the 6s, 6p, and 6d orbitals. Nevertheless, PbO 

can also participate directly in the glass network through the 

formation of [PbO4/2] pyramidal units arranged in puckered 

layers, in which Pb ions are covalently bonded to four oxygen 

atoms [14, 15]. Evidence supporting the existence of PbO4 

units in the present glass system has been obtained from the 

IR spectral studies (Figure 4). 

The luminescence spectra of Sm3+ ions observed in the pre-

sent work are comparable to those reported for several other 

glass systems [16-18]. The intensity, or quantum yield, of the 

luminescence bands increases with increasing Sm3+ concen-

tration in the glasses. This behavior suggests that cross-relax-

ation processes are relatively weak in these glasses. In other 

words, the transfer of energy from an excited Sm3+ ion to a 

320 340 360 380 400 420 440 460 480 500

In
te

n
si

ty
 (

ar
b

. 
u

n
it

s)

Wavelength l (nm)

4
D3/2

4
D1/2

4
F7/2

(
6
P, 

4
P)5/2

4
G9/2

4
I13/2

4
I11/2

S05

S2

S10

40060080010001200

Wavenumber n (cm
-1

)

S
b
O

3
 / 

P
b
O

4

n
2
−

S
b
O

3

n
3
−

S
b
O

3

n
1
−

S
b
O

3

In
te

n
si

ty
 (

ar
b
. 

u
n
it

s)

S0

S5

S2

S10

http://www.sciencepg.com/journal/ajmp


American Journal of Modern Physics http://www.sciencepg.com/journal/ajmp 

 

113 

neighboring Sm3+ ion in the ground state through electric mul-

tipole interactions, particularly dipole–dipole or dipole–quad-

rupole interactions, is comparatively less significant, even at 

higher Sm2O3 concentrations. 

The energy level diagram representing various absorption 

and emission transitions of Pr3+ ions is shown in Figure 5. 

 
Figure 5. The detailed energy level diagram involving all absorption 

and emission transitions of Sm3+ ions in lead antimony glass system. 

5. Conclusions 

The analysis of the results of various studies viz. optical ab-

sorption, luminescence and infrared spectra of PbO−Sb2O3: 

Sm2O3 glasses were systematically investigated. The increase 

in Sm3+ concentration leads to enhanced density, reduced in-

terionic separation, and increased field strength, indicating a 

more compact glass network. Optical absorption and photolu-

minescence studies confirm the presence of characteristic 

Sm3+ transitions, with intensities increasing as a function of 

dopant concentration. The enhanced luminescence suggests 

reduced non-radiative losses and relatively low cross-relaxa-

tion effects at higher concentrations. Infrared spectral analysis 

verifies that the glass structure is primarily composed of SbO3 

units, while PbO contributes both as a modifier and as a net-

work former through PbO4 units. Overall, the improved opti-

cal and luminescent properties demonstrate that Sm3+ doped 

lead antimonate glasses are suitable for applications in optical 

amplifiers, solid-state lighting, and photonic devices. 
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