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Abstract 
The borophosphate glass samples having composition22.5𝐵2𝑂3 − 22.5𝑃2𝑂5 − 35𝑃𝑏𝑂 −
9.6𝑍𝑛𝑂 − (10 − 𝑥)𝑁𝑎2𝑂 − 𝑥𝐴𝑙2𝑂3 − 0.2𝑆𝑚2𝑂3 − 0.2𝐺𝑑2𝑂3 where x = 0, 1, 2, 3, 4, 5have been 
fabricated by using melt quenching technique. XRD technique has been used to to confirm the 
amorphous nature of the prepared glasses. Densitieswere measured using Archimedes’ 
principle.It has been observed that the density gradually increase from 4.596 g/cm3 to 4.774 
g/cm3 with increase in 𝐴𝑙2𝑂3 and corresponding decrease in 𝑁𝑎2𝑂 content.The UV-Visible 
absorption spectra in wavelength range of 200–800 nm of the fabricated glass sampleshas been 
recorded with the help of a UV-Visible spectrometer. The aim of this study is to provide some 
information regarding some optical parameters of present glass system. The fabricated glasses 
may find applications for optical storage, undersea communication, color displays, energy 
converters, radiation sensors etc. 
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Introduction 
The glasses are distinguishable materials 
group commonly known for absence of long-
range periodic order and for the subsistence 
of a glass-transition temperature (Tg) (1). The 
glasses possess composition flexibility and 
surpassingly interesting properties which 
make them highly attractive material in 
research. Oxide glasses possess unique 
properties such as transparency, thermal 
shock resistance, durability, enhanced 
toughness, chemical resistance, etc., (2).In 
borophosphate glasses, two glass formers 
B2O3 and P2O5, form a mixed and interesting 

network. The presence of B2O3 modifies the 
individual properties of phosphate glasses 
forming cross-linking phosphate chains which 
improves chemical durability (3).B2O3 and 
P2O5combination strengthen both the 
physical as well as electrical properties 
alongwith the ultraviolet/visible as well as the 
infrared transmission capabilities (4).In 
borophosphate Glasses the improved cross 
link density due to the formation of (B-O-P) 
bridges, is further enhanced with the help of 
some oxides such as 𝐴𝑙2𝑂3, PbO, 𝑁𝑎2𝑂, ZnO 
etc. which also help to improving chemical 
durability. Heavy metal oxide(HMO) doped 
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glasses are useful in optoelectronic 
applications (5-7). Sm3+ion doped 
borophospate glasses turn magnificent in 
terms of fluorescence properties and 
Gd3+doping is also good in achieving the 
photoluminescence as well as down 
conversion.Sm3+& Gd3+also possess rich 
energy levels and large absorption cross-
section and together with borophosphate 
glasses these produce low dispersion and 
refractive indices and better transparency 
from the near-infrared regions to the 
ultraviolet regions(8). The synthesized glasses 
are supposed to possess vast range of 
applications in the form of integrated optical 
devices, optical fiber communication devices, 
optoelectronic devices, optical storage, 
luminescent solar energy converters, color 
displays, integrated optical devices, tunable 
solid state lasers, radiation sensors etc. 
Sample preparation 
 Glass samples having composition 
22.5 𝐵2𝑂3 − 22.5 𝑃2𝑂5 − 35 𝑃𝑏𝑂 −
9.6 𝑍𝑛𝑂 − (10 − 𝑥) 𝑁𝑎2𝑂 − 𝑥 𝐴𝑙2𝑂3 −
0.2 𝑆𝑚2𝑂3 − 0.2 𝐺𝑑2𝑂3 where x = 0, 1, 2, 3, 
4, 5 have been synthesized by using 

traditional Melt Quenching Technique. The 
oxides in the form of fine powders such 
as𝐴𝑙2𝑂3, 𝐵2𝑂3, 𝑁𝑎2𝑂, 𝑁𝐻4𝐻2𝑃𝑂4, 𝑃2𝑂5, ZnO, 
PbO, 𝐺𝑑2𝑂3and𝑆𝑚2𝑂3of analytical grade 
were used for preparing the sample. The 
appropriate amount of chemicals of a batch 
were mixed completely altogether in an agate 
pestle mortar before heating in a muffle 
furnace at 400𝑜𝐶 for two hours to get rid of 
ammonia gas. The temperature was 
thengradually increased to 950𝑜𝐶with 
occasional stirring to remove any bubbles and 
seeds formed during melting and toobtain 
ahomogeneous melt. To achieve the good 
homogeneity melt is kept at this temperature 
for one hour. A graphite preheated mould at 
temperature 350𝑜𝐶 was used to pour the 
melt and was kept in another furnace for 12 
hours to get astrain free glass sample. Each 
prepared sample was then grinded using 400, 
600, 800 and 1000 grade emery papers. 
Finally, for fine polishing Ceric Oxide (CeO2) 
powder was used. The prepared samples are 
shown in Figure1. 

  

      

Al0 Al1 Al2 Al3 Al4 Al5 

. 
Figure 1:Fabricated RE doped HMO borophosphate glass samples 

Density 
 The density was measured by using a single 
pan mechanical balance and Archimedes 
principle. The weight of prepared sample was 

first measured in air and then by immersing it 
in benzene fluid. The density was calculated 
as: 

 

   𝜌 = 𝜌𝑙𝑖𝑞𝑢𝑖𝑑
𝑤𝑎𝑖𝑟

𝑤𝑎𝑖𝑟−𝑤𝑙𝑖𝑞𝑢𝑖𝑑
    [1] 
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where 𝜌𝑙𝑖𝑞𝑢𝑖𝑑is density of benzene at room 

temperature, Wair is sample weight in air and 
Wliquid is sample weight in benzene liquid. The 
densities of synthesized glasses are shown in 
Figure 2. The composition and densities of all 
the prepared samples are given in TABLE 1. 
Molar Volume 

 It is the volume possessed by every one 
mole of prepared glass sample and it varies 
depending upon the various constituents of 
glass forming networks. The molar volume is 
calculated as following and is given in TABLE 1: 
 

    Vm =  
M

𝜌
      [2] 

Where M is the glass sample molar mass and 𝜌 is glass sample density. 
 

TABLE 1.Composition, density (ρ), molar volume (Vm) and optical band gap (Eg) 
 

Name of 
Sample 

 Sample Composition in mol % 
Density 
‘ρ’ 

(in gm/𝒄𝒎𝟑) 

Molar Volume 
‘Vm’ 

(in 𝒄𝒎𝟑/mol-1) 

Band Gap 
Energy 
‘Eg’ 

(in eV) B
2
O

3
 

P
2O

5
 

P
b

O
 

A
l 2

O
3
 

N
a 2

O
 

Zn
O

 

Sm
2O

3
 

G
d

2
O

3
 

Al0 22.5 22.5 35 0 10 9.6 0.2 0.2 4.596±.002 30.714±.024 3.210±0.022 

Al1 22.5 22.5 35 1 9 9.6 0.2 0.2 4.641±.005 30.507±.018 3.422±0.036 

Al2 22.5 22.5 35 2 8 9.6 0.2 0.2 4.659±.009 30.468±.016 3.389±0.048 

Al3 22.5 22.5 35 3 7 9.6 0.2 0.2 4.673±.003 30.463±.029 3.485±0.035 

Al4 22.5 22.5 35 4 6 9.6 0.2 0.2 4.737±.001 30.136±.018 3.637±0.042 

Al5 22.5 22.5 35 5 5 9.6 0.2 0.2 4.774±.008 29.986±.027 3.720±0.028 
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Figure 2: Density Values of Synthesized Glass Samples 

 

UV-Visible Spectroscopy 
 A UV/Vis spectrometer was used in 
wavelength range of 200–800 nm to record 
the optical absorption spectra of prepared 
glass samples. SimpleLambert–Bear relation is 
used to calculate the optical absorption 
coefficient for every glass sample at different 
photon energies and for a constant path 

length it gives the concentration of absorbent 
constituents of the glass sample. UV/Vis 
spectra of all the prepared glass samples is 
shown in Figure 3. Optical absorption spectra 
are used to measure optical bandgap 
energy.For most of the amorphous materials 
the absorption coefficient is found by Davis 
and Mott [9] as: 

 

    αhν = 𝛽 ( ℎ𝜈 −  𝐸𝑔)
2
    [3] 

 
 
where βis a constant, Eg is optical band gap 

energy and ℎ𝜈is the energy of incident 
radiation. Band gap energy Egis measured by 

the plots of 𝛼ℎ𝜈1/2 versus ℎ𝜈 and then 

extrapolating the curves to 𝛼ℎ𝜈1/2 = 0 (10). 
The band gap energies for prepared glasses 
are given in TABLE 1 and shown in Figure 4. 
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Figure 3. UV spectra of synthesised glass samples 
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Figure 4: αhν1/2versus photon energy 
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XRay diffraction pattern of fabricated glass 
samples is shown in Figure 5. The results of X 
ray diffraction confirm the non-crystalline 
nature of the glass samples no any diffraction 

peaks are observed, which represents a 
typical long range structural disorder and thus 
confirms that these samples are all glasses 
and there is no any crystallization.
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Figure 5. XRay Diffraction Pattern of Synthesised Samples 

Result and Discussion 
Density and Molar Volume 
 The measured density values of prepared 
glass samples and their chemical composition 
are given in TABLE 1. An increase in density 
from 4.596 g/cm3 to 4.774 g/cm3 is observed 
with increase in concentration of 
𝐴𝑙2𝑂3content and corresponding decrease in 
the concentration of𝑁𝑎2𝑂 content. In the 
present glass system only two contents varied 
are𝐴𝑙2𝑂3 and 𝑁𝑎2𝑂. Atomic mass of 
aluminium (Al) is higher as compared to the 
atomic mass of sodium (Na) due to which the 
average molecular weight and density of the 
glass samples is increased. Molar volume is 
directly related to the bond length. A fall in 
molar volume tends to fall in bond length 
which results in rise in density of the glass 
structure. The molar volume for prepared 
glass samples Al0 to Al5 gradually decrease 

from  30.714 𝑐𝑚3/𝑚𝑜𝑙−1to 29.986 
𝑐𝑚3/𝑚𝑜𝑙−1 which may be attributed to the 
production of non-bridging oxygen (NBO) 
atoms and covalent bond breakage between 
sodium and oxygen.G.I. Patronov et el (11) 
observed similar change in borophosphate 
glass network on replacement of 𝑃2𝑂5 by ZnO. 
 
 Generally, the density in the glasses having 
𝐵2𝑂3 is dependent upon the fractional part of 
four coordinated borons. As the boron can 
have two coordination numbers, three as well 
as four, it can have triangular and/or 
tetrahedral structure. Tetrahedral structures 
are more rigid in comparison to trigonal 
structure (12). Besides 𝑃2𝑂5 and 𝐵2𝑂3 there 
are ZnO, 𝑁𝑎2𝑂, 𝐴𝑙2𝑂3, Sm2O3, 
𝐺𝑑2𝑂3elements present in the glass 
composition thus the density/structure of this 
multicomponent composition is dependent 

4432



NeuroQuantology | July 2022 | Volume 20 | Issue 7 | Page 4427-4434| doi: 10.48047/NQ.2022.20.7.NQ33533 
Randev Singh et al/ UV-Vis Spectroscopic Analysis of some Rare Earthdoped Heavy Metal Oxide Brophosphate Glasses 

 

eISSN1303-5150                                                                                                                                    www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
 

upon cross-linking ratios Al-O-B, Pb-O-B, Pb-O-
P, B-O-P, B-O-B, Zn-O-B, Zn-O-P, Al-O-P etc. 
with each other. However, in this 
composition, the change in density is 
predominantly decided by increase in 
𝐴𝑙2𝑂3and with the decrease in  𝑁𝑎2𝑂. 
Aluminium oxide takes part in structural 
network with tetrahedral coordination 
preference and its contribution somewhat 
leads to higher density values.PbO having 
same concentration, it is evident that 
𝐴𝑙2𝑂3and 𝑁𝑎2𝑂 concentration effects density 
and molar volume of prepared glass samples 
due to increase in oxygen packing density and 
squeezed structure when 𝐴𝑙2𝑂3 is added in 
the glass samples.  
UV-Visible Spectroscopy and Band Gap 
Energy 
 The UV/Visible spectra of synthesized glass 
samples is shown in Figure 3. Each glass 
sample show high absorption intensity in UV 
range and a peak is obtained at 213 nm which 
closely corresponds to the electric dipole 
transition from ground state 6𝐻5/2

to excited 

state 6𝐹7/2
of 𝑆𝑚3+ion(13). Optical band gap 

energy 𝐸𝑔 is measured by Tau's plot with the 

help of Equation [1]. 𝛼ℎ𝜈1/2is plotted against 
photon energy ℎ𝜈 and the band gap energy is 
obtained from extrapolated linear part of 
curve as shown in Figure 4. The values of band 
gap energy lie in energy band 3.21–3.72 eV for 
different compositions of the prepared glasses 
as given in TABLE 1. There is a slight but 
gradual increase in band gap energy values 
with an increase in 𝐴𝑙2𝑂3 content in 
successive glass compositions. 𝐴𝑙2𝑂3addition 
induce depolymerisation of borophosphate 
glasses and leads to shortening the average 
chain length. Addition of 𝐴𝑙2𝑂3 also break 
open the chains of 𝑃𝑂4 tetrahedron chains of 
oxygen and these non-bridging oxygens 
(NBOs) cause in the change of glasses 

absorption characteristics (9). 𝐴𝑙2𝑂3behaves 
as a modifier and a former at low 
concentrations and at higher concentrations 
respectively (14). 
Conclusion 
 𝑆𝑚3+ and 𝐺𝑑3+ doped synthesized 
borophosphateglasses by melt quenching 
technique have high densitiesin the range 
from 4.596 g/cm3 to 4.774 g/cm3 due to PbO 
and the molar volume range from 30.714 
𝑐𝑚3/𝑚𝑜𝑙−1 to 29.986 𝑐𝑚3/𝑚𝑜𝑙−1. The 
recorded UV/Visible absorption spectra in the 
wavelength range of 200-800 nm shows high 
absorption in UV range with an absorption 
peak at 213 nm. The energy band gap ranging 
3.21–3.72 eV is obtained from absorption 
spectra for indirect transitions. Theobserved 
slight change is due to an increase in 𝐴𝑙2𝑂3 
content. The synthesized glasses may be used 
in frequency down conversion due to energy 
transfer from lead ion (𝑃𝑏2+) to samarium 
ion(𝑆𝑚3+) making these promising candidate 
for high energy sensing/shielding 
electromagnetic radiations.  
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