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ABSTRACT

Glass of the system: (60-x) Bi2O3:10PbO: 10Li2O:20SiO2:xPm2O3. (where
x=1, 1.5,2 mol %) have been prepared by melt-quenching method. The amorphous
nature of the glasses was confirmed by X-ray diffraction studies. The physical
parameters like density, dielectric constant and electrical susceptibility have been
evaluated. Dielectric constant, refractive index, electronic polarizability varies with
increasing mole% of Pm2O3 respectively. The metallization criterion has been
calculated on the basis of refractive index and energy gap. It was found to be
decreased with increasing refractive index and decreasing energy gap.  The large
value of metallization criterion indicates that the glass materials are insulators.
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1. INTRODUCTION

Rare earth aluminosilicate-based glasses have also been found useful to promote
liquid-phase sintering of silicon carbide-based ceramics. In these systems, an oxide powder
mixture based on PbO, Li2O and SiO2 system forms a liquid at high temperatures. On cooling,
some compositions in these rare earth systems can be solidified without crystallization1-4.
Heavy metal lead (Pb) has been chosen as it has large glass forming region, high refractive
index, good physical and chemical stability and large window transmission5-7. Oxide glasses
are the best-known class of non-crystalline materials, which include a large number of glass
families. The network of oxide glasses is composed of network formers and network modifiers.
Most often, research efforts have concentrated on bismuth, silicate and phosphate glass
systems because of their lower phonon energies compared to oxide glasses. Nevertheless,
oxide glasses have proven more suitable for practical applications due to their high chemical
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durability and thermal stability. Among oxide glasses, silicate glasses are the most popular
glass hosts for making optical fiber lasers and amplifiers8-10.

Recently, silicate glasses have attained great attention in synthesis, structure and
physical properties due to their high refractive index, high density and high dielectric constant.
The aim of the present study is to prepare the Pm3+doped lead lithium bismuth silicate  glass
with different Pm2O3concentrations and to study the effect of Pm2O3content on the various
physical parameters such as density, refractive index, molar refractivity.

2. EXPERIMENTAL TECHNIQUES

Preparation of glasses

The following Pm3+ doped lead lithium bismuth silicate glass samples (60-x)
Bi2O3:10PbO: 10Li2O:20SiO2:xPm2O3. (where x=1, 1.5.2) have been prepared by melt-
quenching method. Analytical reagent grade chemical used in the present study consist of
Bi2O3, PbO, Li2O, SiO2and Pm2O3. All weighed chemicals were powdered by using an Agate
pestle mortar and mixed thoroughly before each batch (10g) was melted in alumina crucibles
in silicon carbide based an electrical furnace.

Silicon Carbide Muffle furnace was heated to working temperature of 14600C, for
preparation of lead lithium bismuth silicate glasses, for two hours to ensure the melt to be free
from gases. The melt was stirred several times to ensure homogeneity. For quenching, the melt
was quickly poured on the steel plate & was immediately inserted in the muffle furnace for
annealing. The steel plate was preheated to1000C.While pouring; the temperature of crucible
was also maintained to prevent crystallization. And annealed at temperature of 3900C for 2h
to remove thermal strains and stresses. Every time fine powder of cerium oxide was used for
polishing the samples. The glass samples so prepared were of good optical quality and were
transparent. The chemical compositions of the glasses with the name of samples are
summarized in Table 1.

Table 1 Chemical composition of the glasses
Sample Glass composition (mol %)
LLBS (UD) 60Bi2O3:10PbO: 10Li2O:20SiO2

LLBS (PM 1) 59 Bi2O3:10PbO: 10Li2O:20SiO2:1Pm2O3.

LLBS (PM 1.5) 58.5Bi2O3:10PbO: 10Li2O:20SiO2:1.5Pm2O3.

LLBS (PM 2) 58 Bi2O3:10PbO: 10Li2O:20SiO2:2Pm2O3.

LLBS (UD) -Represents undoped Lead Lithium Bismuth Silicate glass specimens
LLBS (PM) -Represents Pm 3+ doped Lead Lithium Bismuth Silicate glass specimens

3. RESULT AND DISCUSSION

3.1. XRD Measurement
Figure 1 presents the XRD pattern of the samples containing show no sharp Bragg’s

peak, but only a broad diffuse hump around low angle region. This is the clear indication of
amorphous nature with in the resolution limit of XRD instrument.



S. L. Meena, J. Pure Appl. & Ind. Phys. Vol.9 (11), 72-81 (2019)

74

20 30 40 50 60 70 80

In
te

ns
ity

 (a
rb

. u
ni

ts
)

2 (degree)

 Reference
 PM   1.0%
 PM  1.5%
 PM  2.0%

Fig. 1.X-ray diffraction pattern of Bi2O3: PbO: Li2O: SiO2:Pm2O3 glasses.

3.2. Thermal Studies

Fig. 2 depicts the DTA thermogram of powdered LLBS sample show an endothermic
peak corresponding to glass transition event followed by an exothermic peak related to
crystallization event. The glass transition temperature (Tg), onset crystallization temperature
(Tx), crystallization temperature (Tc) were estimated to be 515 0C, 5800C and 6010C
respectively. From the measured value of Tg, Tx and Tc , the  glass stability factor (∆T = Tx-
Tg) has been determined to be 650C indicating the good stability of the glass . Therefore, the
present glass composition could also be used to draw fiber and used to determine the required
heat temperatures applied to induce crystallization.

Fig. 2. DTA thermogram of powdered LLBS sample
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3.3. Physical properties

Density measurement

The density of all glasses was measured by using Archimedes principle with xylene
as immersing liquid. The relation used is

b
ba

a

WW

W
cmgm  


)( 3 (1)

Where aW is the weight of glass sample in air, bW is the weight of glass sample when

immersed in xylene and b is the density of xylene(0.86gm/cm3).

The molar volume of the glass samples can be calculated from following expression:

Vm= (2)

Where ρ is the density of the sample and MT is the total molecular weight of the multi-
component glass system given by
MT=X Bi2O3 Z Bi2O3 + X PbO Z PbO +X Li2O Z Li2O +X SiO2 Z SiO2 +X Pm2O3 Z Pm2O3 (3)

Where X Bi2O3, X PbO, X Li2O, X SiO2, X Pm2O3, are the molar fraction of the constituent
oxides and Z Bi2O3, Z PbO, Z Li2O, Z SiO2, Z Pm2O3 are the molar weights of the constituent oxides.

Refractive index measurement

The refractive index were measured by using an Abbe refractometer with sodium
vapor lamp as the light source emitting the light at a wavelength λ of 589.3nm and having
mono-bromonaphthalene as the contact layer between the sample and prism of the
refractometer.

Reflection loss

The reflection loss from the glass surface was computed from the refractive index
using Fresnel’s formula13

LR
 
 

2

1
1











n

n
(4)

Where n is the refractive index.

Molar refraction

The molar refractivity of the glass samples were calculated using the formula which
is well known as Volf and Lorentz-Lorentz formula14
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Rm= ( ) × (5)

Where n is the refractive index of the glass sample, Vm is the molar volume.

Energy gap
According to Duffy the energy gap is given by15

Eg= 20 1 − (6)

Molar electronic polarizability
The molar electronic polarizability of the material can be calculated from following

expression 16αm=
52.2
mR

(7)

Dielectric constant
The dielectric constant was calculated using refractive index of the glass17ε = n2 (8)

Where n is the refractive index.

Optical dielectric constant
The optical Dielectric Constant refractive index of the glass18

dp

dt
p = (ε -1) = n2-1 (9)

Where є is the dielectric constant.

Electronic polarizability
The electronic polarizability was cal calculated using the formula19αe =

 
 24
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(10)

Where AV is the Avogadro number.

Ionic concentrations
The ionic concentrations of the glass samples are determined using the following

relation21

N (ions /cm3) =
( , ) ( )( ) × ( % ℎ) (11)
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Polaron radius
The polaron radius was calculated using the formula22

Rp=
3

1

62
1







 

N
(12)

Where N is the ionic concentrations.

Inter-ionic distance
Inter-ionic distance of the glass samples is given as22

3

1

1








N
Ri (13)

Where   Ri is the ionic concentrations.

Field strength
The field strength was calculated using the formula23

F (cm3) =










2

pR

Z (14)

Where Z is the thickness of the samples.

Oxygen packing density
The oxygen packing density of the glass samples were calculated using the following

relation24

O.P.D. = 1000







M
n

 (15)

Where ρ the density of desired glass samples, M is the molecular weight of the sample and n
is the number of oxygen atoms in the composition.
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Fig.3. Varation of Electronic polarizability with Refractive Index.
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Table 2: The physical and optical properties of Bi2O3: PbO: Li2O: SiO: Pm2O3 glasses

Physical properties LLBS
(UD)

LLBS
(PM 01)

LLBS
(PM1.5)

LLBS
(PM02)

Refractive Index (n) 1.722 1.725
1.726

1.727

Density (ρ)  3cmgm 3.155 3.365
3.478

3.586

Thickness(Z) 0.225 0.225 0.225 0.225

AveragemolecularweightM  g 325.742 324.46 323.819 323.178

Rare earth ions concentratio(N) -- 0.6245 0.9704 1.337
Dielectric Constant (є) 2.965 2.976 2.979 2.983

OpticalDielectricConstant
dp

dt
p 1.965 1.976 1.979 1.983

MolarVolume (Vm)  3cmgm 100.074 96.422 93.105 90.122

Reflection losses(RL ) 7.036 7.079 7.093 7.107
Molar refractivity (Rm) 39.610 38.285 37.008 35.859

Polaron radius Rp  0 -- 4.717 4.071 3.659

Interionic distance(Ri)  0 -- 1.1697 1.0101 0.908

Electronic polarizability (αe) 0.1570 0.1575 0.1576 0.1578

Field strength (F) -- 0.1011 0.1358 0.1681

Molarpolarizability(αm)
32410 cm

15.718 15.192 14.686 14.230

Oxygen packing density(OPD) 23.982 24.891 25.777 26.631
Metallization criterion (M) 0.6042 0.6029 0.6025 0.6021
Energy gap(Eg)
Electrical susceptibility (χ)

7.301
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Fig.4. Variation of oxygen packing density with electrical susceptibility.
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Insulating nature
According   to the Herzfeld theory of metallization, If Rm/Vm >1 and Rm/Vm <1

predicting metallic or insulating26. Subtracting by 1 gives the metallization (M)

M= 1 − (16)
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Fig.5. Variation of metallization criterion with energy gap.

Electrical susceptibility (χ)
The Electrical susceptibility was calculated using the formula23χ= (17)

4. CONCLUSIONS

The Pm3+ doped lead lithium bismuth silicate gasses were prepared at various doping
concentration of Pm2O3 and characterized for their physical properties. The molar refractivity
shows a consistent increase with the increasing rare earth ion content and is found to depend
on the refractive index; density and average molecular weight of the glass system are consistent
with all the physical parameters determined. The density and refractive index increases with
an increase in concentration of Pm2O3. The decrease value of metallization criterion indicates
that the glass material is metalizing.
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