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Abstract: A new lead phosphate glasses containing different concentrations of SeO2 in 

the system 40PbO-(60-x) P2O5-xSeO2 (x = 0, 2, 4, 6, 7, 8, 9, 10, and 15 mol%) were 

synthesized via traditional melt quenching technique. X-ray diffraction spectra of all 

prepared glass samples have revealed the formation of an ordinary amorphous phase. 

The replacement of P2O5 by SeO2 causes a change of the oxygen bonding in the glasses 

network leading to enhancements of the polymerization process. The formation of 

pyrophosphate (Q1) species with increasing SeO2 content are the main reason for such a 

polymerization process. The structural groups in the resultant glass structure were 

determined using Fourier transform infrared (FT-IR) spectroscopy. The density, molar 

volume, packing density as well as free volume were determined and discussed. The 

dual role of selenium ions is prominently reflected on the local structure, which is 

dominated in this case by pyrophosphate units, for SeO2 content greater than 5 mol%.. 
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1. Introduction

Phosphate-based oxide glasses are a type of 

vitreous system with distinct physical and 

chemical characteristics [1,2]. These character-

istics including high transparency [3], low 

melting point [4], high thermal expansion 

coefficients [5], low refractive index, and 

dispersion [6], mark these glasses as a potential 

candidate for several and extended applications. 

These applications included nuclear waste [6], 

medical field [7], solid electrolyte [8], sealing 

candidates [9], security optics, sensing and 

laser technologies [10], and dielectric field [11] 

based upon glass compositions and diversity of 

their properties. The structure of P2O5 differs 

from the other important glass formers, B2O3 

and SiO2 [12]. Phosphate glasses are inorganic 

vitreous materials, where the network of 

phosphate glass is of polymeric nature, built by 

the linkage between PO4 tetrahedra that form 

the backbone of the structure and is influenced 

by the glass composition [13]. The addition of 

modifier oxide to the glass composition creates 

a modifier region in the network structure 

depending on the concentration and the type of 

the modifiers [13].  In the modified network, 

the non-bridging oxygen link covalent to ionic 

regions. This region can provide a useful 

picture which describes the occurs change in 

composition due to ionic conductivity [12, 13]. 

Glasses have been modified with several trace 

elements in recent years, including Co, Zn, Cr, 

Cu, Ca, and Sr [14]. The crystal structure, 

solubility, thermal stability, specific surface, 

morphology, biological and physicochemical 

characteristics of glasses can all be affected by 

these ions [14]. Lead phosphate glass has 

technological importance due to its unique 

properties including excellent radiation 

shielding, low melting temperature, .etc. [15, 

16]. The structure of lead borate glasses was 

extensively studied [15-17]. The existence of 

PbO may lead to an enhancement of the 

chemical durability resulting from the 

formation of P-O-Pb bonds [17].  Depending on 

the concentration of PbO, the structural role of 

PbO has an intermediate character between 

modifier (<15 mol% PbO), the mixed role of 

network modifier and network former (40-70 

mol% PbO), and acts as former (70-80 mol %) 

[17]. The existence of PbO causes a variation in 

the short-range ordering structure of the 

phosphate glass network and converting 
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phosphate groups from meta-phosphate to 

pyrophosphate groups with increasing PbO 

content [18]. Selenite glasses can also be used 

for a variety of purposes like supersonic 

semiconductors, nonlinear optical devices, 

sensors, solar cells, and photocells reflecting 

windows [19-20]. Besides, adding of SeO2 

causes a change on the optical properties and 

decreases of melting point of the glass [21]. 

Introduce SeO2 into phosphate glasses causes 

the depolarization process of the glass network, 

it is more evidence on the sample surface than 

deeper layers of the samples [22]. Due to the 

addition of SeO2  in Ag2O-SeO2-B2O3 glasses, 

the S-O- bonds and isolated SeO3 units forms 

during the formation glass network, and create 

non bridging oxygen bonds [23]. This study 

aims to investigate the role of SeO2 on the 

structural, physical and optical properties of 

lead phosphate glass.  

2. Experimental Work 

2.1. Sample preparation 

Binary lead phosphate glass samples 

containing different amounts of selenium oxide 

were synthesized using the traditional melt 

quenching route. The series of the 40PbO-(60-

x) P2O5-xSeO2  (x = 0, 2, 4, 6, 7, 8, 9, 10, and 

15 mol%) phosphate glasses were successfully 

synthesized by mixing the basic raw chemicals 

which include SeO2, PbO, and NH4H2PO4 as a 

source of P2O5, see Table 1. The used 

chemicals were all of the analytical grades with 

a purity of 99.9 % (Aldrich Company). All 

components were weighted using a micro-

analytical balance and mixed according to 

molar composition proportions; then they 

melted in a 50 ml porcelain crucible at 300 
0
C 

for 30 min to remove NH3 and H2O. The 

applied melting temperature is 1000 
0
C for 

approximately 1 h depending on the compo-

sition of the glasses. The mixed of all 

components together causes decreases in the 

melting temperature and avoids volatility of 

SeO2.  To get homogeneous synthetic samples, 

the melt is swirled many times. To acquire the 

appropriate samples, the melted samples were 

put into a heated stainless steel mold. 

Glass samples were formed using analytical 

grade chemicals of Silicon dioxide SiO2 

supplied by LANXESS, Germany. Boron oxide 

used in the form of boric acid H3BO3 supplied 

by El-Gomhouria Co. P2O5 was introduced in 

the form of Ammonium dihydrogen 

orthophosphate supplied by LANXESS Co. 

CaO and Na2O were introduced in their 

carbonate form and supplied by EL-Nasr 

pharmaceutical chemicals Co. All previously 

mentioned chemicals were used to synthesize 

glassy samples with a composition shown in 

Table (1). The batches were melted in porcelain 

crucibles within a programmable electrical 

furnace regulated at 1100–1200 
o
C. Molten 

glass was occasionally stirred many times to 

ensure the formation of homogenized bubble-

free glasses. To eliminate thermal and internal 

stresses, the molten glass was cast onto warmed 

stainless steel plates of the appropriate size, 

annealed for 1 hour, and then cooled gently to 

room temperature. 

Table 1: Sample appointment and composition 

Sample PbO P2O5 SeO2 

mol% 

G0 40 60 0  

G2 40 58  2  

G4 40 56  4 

G6 40 54  6 

G7 40 53  7 

G8 40 52  8 

G9 40 51  9 

G10 40 50 10 

G15 40 45 15 

2.2.Characterization and parameter 

calculations 

X-ray spectroscopy technique is utilized to 

determine whether the material is amorphous or 

crystalline in nature. Diffraction patterns of 

XRD were recorded via Brucker Axs-D8 

Advance, employing CuKα radiation of 

wavelength 0.15406 nm within Bragg angles 

extended between 3-70 with a step 0.02̊.  

The FTIR spectral data were obtained using 

KBr pellets method within the spectral range-

extended between 4000-400 cm
-1

 via Nicolet 

is10 FTIR single beam spectrometer adopting 2 

cm
-1

 spectral resolution. The spectrum of every 

sample is collected through a collection of 32 

scans. The acquired spectrum was normalized 

and corrected for background and dark current 

noises.  

The density (D) of the investigated samples 

was measured at ordinary room temperature 

adopting Archimedes principle using xylene as 

an immersion liquid using 4-digits electronic 
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balance using the formula previously published 

[24]: 

𝐷 =
𝑊𝑆𝐴

𝑊𝑆𝐴−𝑊𝑆𝐿
× 𝐷𝐿   (1) 

where D is the density of the sample, WSA, 

WSL, and DL are weights of sample in the air, 

sample in liquid, and density of immersion 

fluid respectively. The measurements were 

performed and averaged for triplicate samples 

from each composition with a random error of 

about ±0.02 g/cm
3
. 

The volume occupied by a mol glass named 

molar volume (Vm) can be calculated as [25]: 

𝑉𝑚 =  ∑
𝑀𝑖𝑛𝑖

𝐷
      (2) 

where Mi is the molecular weight for the 

component i.  ni is the molar ratio. D is the 

glass density. 

Packing density (Pd) and free volume (Vf) 

were evaluated using the following equation 

respectively [25]: 

𝑉f  =   𝑉𝑚 −  ∑  𝑥𝑖𝑉𝑖    (3) 

  𝑃𝑑 = ∑
 𝑥𝑖𝑉𝑖

𝑉𝑚
      (4) 

3. Results and Discussion 

3.1. X-ray analysis 

Fig. 1 shows the X-ray diffraction spectra of 

all prepared glass samples.  
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Fig.1. X-ray spectra of all prepared glass 

samples 

These patterns show the absence of any 

sharp diffraction peaks with a halo centered at 

about 28° that confirmed the amorphous nature 

of the studied glasses containing different 

content of selenium oxide. 

3.1. FTIR optical absorption spectra 

Fig. 2 displays the FTIR experimental data 

of the lead phosphate base glass beside other 

samples that containing CeO2 contents. The 

addition of selenium oxide (x = 2, 4, 6, 7, 8, 9, 

10, and 15 mol%) to the glass matrix 

composition causes minor changes in the FTIR 

spectra. FTIR data is correlated with previous 

studies [29] and confirm significant 

depolymerization in the phosphate network 

with the addition of 40 mol% of PbO as well as 

different contents of SeO2. 
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Fig.2. displays FTIR spectra of all prepared 

glass samples. 

Table 2: Peaks position and bands assignment 

of FTIR and Raman spectra for investigated 

samples 

Center(cm
−1

) Assignment Ref. 

500-525 

Bending vibrations of O-P-O 

units overlapped with S-O- 

vibration 

[30] 

650-800 

Symmetric and asymmetric 

stretching vibrations respectively 

of P-O-P bonding 

[31] 

800-1050 
NBO of  PO4  & vibration of 

SeO3 units 
[33] 

1250 
Vibration mode of the O-P-O 

bonding, denoted by νas(PO2)- 
[33] 

1650 & 3440 OH, PO vibrations [32] 

The lengthy chain is shortened as a result, 

and the phosphate glass structure is made up of 

a shorter Q2 chain and Q1 tetrahedral structural 

unit. The infrared spectrum shows distinct 

vibrational bands, most of which appear to be 

in the fingerprint region as characteristic of 

vibrational units. A strong far IR broadband is 

observed at 512 cm
−1 

is assigned to the bending 

vibrations of O-P-O units overlapped with S-O- 

vibration [30].  

A medium band is identified at about 714 

cm
−1

, and a strong band with two peaks 

appearing around 900 and 980 cm
−1

 are 

attributed to the symmetric and asymmetric 

stretching vibrations respectively of P-O-P 

bonding [31]. Also, a strong band is shown 

about 1265 cm
−1

 is assigned to asymmetric 

stretching vibration mode of the O-P-O 

bonding, denoted by νas(PO2)-. A small band is 
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identified at about 1650 cm
−1

, and a band is 

observed at about 3447 cm
−1

 are due to the 

water, OH, POH vibrations [32]. At high 

content of SeO2 ( x= 15 mol%), broadband at 

about 714 tends to separate which indicates that 

SeO3 units formed as well as appeared in the 

small band at about 1050 cm
-1 

[30]. The 

position and assignment of these bands are 

recorded in Table 2. 

3.3. Calculated physical parameters 

The density of all prepared samples was 

measured at room temperature using 

Archimedes' method. Three samples were taken 

from each glass and the measurements values 

were listed in Table 3. Fig. 3 shows a mostly no 

change in both density and molar volume with 

incorporation SeO2 contents, despite the 

formation of SeO3 and PbO4 units.  In which 

PbO4 units have the greatest density among the 

structural units [29].  
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Fig.3. Density and molar volume of studied 

glass 

These trends can be explained simply by the 

practically constant molecular mass of glasses. 

The correlation between these quantities, on the 

other hand, is inextricably linked to the 

structural units of glass, namely their 

concentration, mass, and volume [35]. It is also 

concluded that the changes in the volume of the 

formation structural units nearly compensate 

for each other. 

Free volume and packing density were 

evaluated and recorded in Table 3. It is 

observed from fig. 4 that packing density 

decreases with the replacement of P2O5 with 

SeO2 due to its modifier role that causes a 

depolarization process of the glass network. 

Conversely, the free volume is increased  
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Fig.4. The packing density and free volume of 

all prepared glass samples as a function of SeO2 

concentrations 

 

4. Conclusions 

Lead phosphate glass containing different 

contents of SeO2 was successfully prepared via 

the traditional melt quenching method and has 

been studied using different structural 

techniques. XRD spectra revealed the 

polycrystalline nature of all prepared samples. 

The addition of SeO2 contents affects the 

crystalline process. The crystalline degree 

increases with increasing SeO2 concentration 

and the crystalline phase is formed. The glass 

density slightly changes due to the dual role of 

SeO2  and the replacement of the low density of 

P2O3 (2.2g/mol)  by higher density  SeO2 (3.2 

g/mol). The decrease of oxygen atoms number 

in the glass network with the addition SeO2 

leads to decreases in the packing density.  The 

Vickers hardness values are increased which 

are in good agreement with the XRD result. 

Table 3: Physical parameters of all prepared glass samples  

Physical Parameters 
Glass code    

G0 G2 G4 G6 G7 G8 G9 G10 G15 

Density   4.73 4.80 5.03 4.84 5.01 5.05 4.92 5.06 4.73 

Molar Volume   36.55 35.82 33.91 35.09 33.75 33.40 34.16 34.16 36.55 

Packing Density 0.47 0.45 0.44 0.44 0.42 0.42 0.42 0.42 0.41 

Free Volume  19.09 20.33 21.36 21.00 22.13 21.93 21.53 21.27 21.22 
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