
48

P. Naresh, N. Narasimha Rao, G. Sreedevi

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 5, pp. 48-55

© P. Naresh, N. Narasimha Rao, G. Sreedevi, 2025

                          This article is an open access article distributed under the terms and conditions of the Creative
                           Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

UDC 666.1.019.2:53.082

P. Naresh a, N. Narasimha Rao b, G. Sreedevi c

PHYSICAL PROPERTIES OF THE CaF
2
–P

2
O

5
:MoO

3
 GLASS SYSTEM

a Department of Physics, Velagapudi Ramakrishna Siddhartha School of Engineering, Siddhartha Academy
of Higher Education (Deemed to be University), Vijayawada, Andhra Pradesh, India

b Department of Physics, Dr. MRAR College of Postgraduate Studies, Krishna University, Nuzvid,
Andhra Pradesh, India

c Department of Physics, PVP Siddhartha Institute of Technology, Kanuru, Vijayawada,
Andhra Pradesh, India

In this study, ternary glass samples with the composition CaF2–P2O5:MoO3 were prepared

by the conventional melt-quenching method, and their physical properties were

investigated. The structural characteristics were examined using X-ray diffraction, which

confirmed the amorphous nature of the prepared samples. The densities were determined

experimentally using Archimedes’ principle. The obtained density and molar volume

values were further employed to calculate various physical parameters such as dopant

ion concentration, interionic distances, polaron radius, and field strength. Molar and

electronic polarizabilities, oxygen packing density, optical band gap, and the metallization

criterion were evaluated from the measured refractive indices using the Dimitrov-Komatsu

polarizability approach. The results indicate that the incorporation of molybdenum oxide

increases chemical durability and density while reducing molar volume. The prepared

glasses exhibit metallization parameter values below unity, suggesting reduced insulating

behavior.
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Introduction

Studying the physical properties of glasses makes
it possible to understand, control, and optimize their
characteristics for various industrial and scientific
applications [1]. Investigating the physical properties
of glasses with suitable compositions is essential for
meeting specific requirements and tailoring their
performance. However, unlike crystalline solids,
structural characterization of amorphous solids such as
glasses is challenging due to their short-range periodicity.
The structural parameters of glasses, such as molar
volume and metallization factor, provide valuable insights
into their behavior and functionality [2].

Compared to borate and silicate glasses, phosphate
glasses offer several advantages due to their low melting
temperatures, good biocompatibility, thermal expansion
coefficients, and UV transparency, despite being water-
sensitive, having lower mechanical strength, limited
availability, and high cost [3]. Extensive research in
recent years has focused on improving the chemical
durability and physical properties of phosphate glasses
by adding various glass formers and modifiers to the
P2O5 glass network [4].

One of these oxide semiconductors, MoO3, shows
great potential for use in memory devices, gas sensors,
micro-batteries, passive alphanumeric displays, and
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optical smart windows [5]. In the glass network, the
molybdenum ion exists in at least two stable valence
states: Mo(V) and Mo(VI). Depending on the type
and composition of the glass, the addition of
molybdenum ions alters its electrical and optical
properties. Considerable research has been carried out
to enhance the chemical and structural properties of
phosphate glasses by incorporating various glass formers
and modifiers, such as MoO3, into the P2O5 glass
network [6].

In recent years, molybdenum phosphate glasses
have been extensively studied due to their structural
features, which have been shown to be particularly
advantageous. The addition of CaF2 to these glass
matrices is expected to significantly reduce the melting
temperature and viscosity. It also acts as an efficient
mineralizer, enhancing the thermal stability of the
glasses. Glasses containing fluoride exhibit several
characteristics, including a tendency toward
devitrification, chemical reactivity of fluoride melts,
and sensitivity to water. In this regard,
oxyfluorophosphate glasses appear highly intriguing
and promising [7].

The objectives of the present study are to prepare
CaF2–P2O5–MoO3 ternary glasses with varying
concentrations of MoO3 and to investigate how the
MoO3 content affects physical properties, including
density, molar volume, and refractive index.
Furthermore, the polarizability and metallization
criterion were determined using the Dimitrov-Komatsu
polarizability approach [8].

Materials and methods

Glass preparation
The glass samples in the present study

were prepared using analytical grade (AR) reagents

through melting and quenching techniques. The
samples were synthesized according to the formula
30 CaF2–(70–x)P2O5–xMoO3, where x=0, 0.5, 1.0,
1.5, and 2.0 mol.%, and were labeled as A0, A1, A2,
A3, and A4, respectively. Table 1 presents the detailed
chemical composition of the samples along with their
corresponding codes.

Appropriate amounts of CaF2, P2O5, and MoO3

were weighed and ground in an agate mortar. The
mixture was melted in a platinum crucible using a
proportional-integral-derivative temperature-controlled
furnace. The glasses were melted at 900–9500C until
a homogeneous, bubble-free liquid was obtained. The
resulting melt was then poured onto a rectangular
brass mold maintained at room temperature, and the
samples were subsequently annealed at 2500C.
Figure 1 shows a schematic of the glass sample
preparation process.

X-ray diffraction characterization
X-ray diffraction (XRD) analysis was

performed on the obtained glass samples using a
SEIFERT SO-DEBYE FLUX 202 diffractometer,
equipped with a nickel filter and a copper target
operating at 40 kV and 30 mA.

Table 1

Detailed composition (in mol.%) of the glass samples and

their codes

Sample code CaF2 P2O5 MoO3 

A0 30 70 0 

A1 30 69.5 0.5 

A2 30 69 1.0 

A3 30 68.5 1.5 

A4 30 68 2.0 

Fig. 1. Schematic representation of the glass preparation process
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Physical and structural parameters
The densities of all the glass samples were

determined using Archimedes’ principle, with measured

weights in air and in o-xylene as the buoyant liquid,

on an Essae Laboratory electronic digital balance.

Various physical parameters of the CaF2–P2O5:MoO3

glasses were calculated using standard relations and

presented in Table 2. The refractive indices of the

glass samples were measured using an Abbe

refractometer with a light source of wavelength

589.3 nm.

Table 2

Standard relations used to determine physical parameters and detailed explanations of the terms

Parameter Standard relation used Explanation of terms 

Density, ρ (g/m3) b
ba

a ρ
WW

W
ρ

−
=  

Wa is the weight of the 
sample in air; Wb is the 
weight of the sample in 
buoyant liquid; ρb is the 
density of the buoyant 

liquid 

Molar volume, VM 
(cm3/mol) ρ

M
VM =  M is the total molecular 

weight; ρ is the density 

Dopant ion concentration, N 
(ions/cm3) M

MρN
N A=  

NA is Avogadro's number; 
M is the dopant 

concentration; ρ is the 
density of the sample; M  is 

the average molecular 
weight 

Polaron radius, Rp (Å) 
31

p 6N

π

2

1
R 




=  
N is the dopant ion 

concentration 

Interionic distance, Ri (Å) 
31

i
N

1
R 




=  
N is the dopant ion 

concentration 

Reflection loss, RL 
2

L
1n

1n
R 


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
+
−

=  n is the refractive index 

Molar refraction, Rm 
( )
( ) M2

2

m V
2n

1n
R

+
−

=  n is the refractive index; VM 
is the molar volume 

Molar electronic 
polarizability, αm 52.2

Rm
m =α  Rm is the molar refraction 

Electronic polarizability, αe 
( )
( )2nN4

1n3V
α

2
A

2
m

e +
−

=
π

 
n is the refractive index; VM 
is the molar volume; NA is 

Avogadro's number  

Oxygen packing density, 
OPD 

1000
M

ρ
nOPD 




=  

n is the number of oxygen 
atom; ρ is the density of the 

sample; M is the total 
molecular weight 

Energy gap, Eg 
0.98

V

R
11.23E

m

m
g +









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Rm is the molar refraction; 
Vm is the molar volume 

Metallization criterion, M 

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1M  Rm is the molar refraction; 

Vm is the molar volume 
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Results and discussion

The XRD patterns of the investigated glasses are
shown in Fig. 2. It is well known that an amorphous
glass is indicated by a broad curve without sharp peaks.
All of the glass samples under study are amorphous,
as no sharp peaks are observed in their X-ray
diffraction spectra. Furthermore, the XRD patterns
of all examined glass samples exhibit a broad hump
at 2θ≈250–280, which confirms the presence of short-
range atomic order in the glass structure.

Density is a useful parameter for examining
changes in the structural compactness of the glass.
Table 3 presents the measured values of density, molar
volume, and refractive index for the CaF2–P2O5:MoO3

glass samples [9]. Various physical parameters, such
as electronic polarizability, dopant ion concentration,
polaron radius, molar refraction, interionic distance,
and field strength, were calculated from the measured
density, molar volume, and refractive index, and are
also presented in Table 3.

The density and molar volume of the samples
were only slightly affected by variations in the MoO3

concentration. As the MoO3 content in the glasses
increases, the density ranges from 2.627 to
2.673 g/cm3 and shows a slight increase (Fig. 3).
This unexpected result can be explained by the
replacement of the higher molecular mass P2O5 with
the lower molecular mass MoO3 [10]. The
incorporation of molybdenum ions into the glass
network changes the total molecular weight of the
glass. In addition, the small ionic radius of the
molybdenum ion (0.65 Å ) allows it to occupy
interstitial spaces in the glass structure, thereby
generating a more compact network. The observed

decrease in molar volume is attributed to the short
bond lengths and low coordination number in the
prepared A4 glass sample compared with the other
glasses, leading to a reduction of free volume within
the glass network (Fig. 3). The more open glass
network structure can be attributed to the increase in
MoO3 concentration at the expense of P2O5.

The refractive index is a significant optical
property, and the refractive index values of various
glass materials can be used to evaluate their suitability
for optical applications [11]. The refractive index values
listed in Table 3 increase with increasing MoO3

concentration. In the present glass samples, the
refractive index rises in tandem with an increase in
the electronic polarizability of oxide ions (Fig. 4),
which results from an increase in the ratio of non-
bridging oxygen to bridging oxygen. In materials
research, the polarizability approach is well established
in glass science and is widely used for the assessment
of the electronic polarizability of ions [12].

Analysis of the oxygen packing density (OPD)
values of the glass samples provides insight into the
stiffness of the oxygen network in the glass. As listed
in Table 3 and shown in Fig. 4, the OPD increases
with increasing MoO3 content. The increase in oxygen
packing density may lead to a reduction in molar
volume and, consequently, an increase in the mass
density of the studied glass samples. This suggests
that as more linkages form in the matrix, the glass
structure becomes more compact [13]. To evaluate
the potential for metallization and to study the
insulating behavior of the glass system, the metallization
criterion of the glass samples was calculated [14]. The
metallization parameter values, M, for the examined

Fig. 2. X-ray diffraction pattern of CaF2–P2O5:MoO3 glasses



52

P. Naresh, N. Narasimha Rao, G. Sreedevi

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 5, pp. 48-55

Table 3

Physical parameters of CaF2–P2O5:MoO3 glasses

Value 
Parameter 

A0 A1 A2 A3 A4 

Density, ρ (g/m3) 2.627 2.639 2.650 2.662 2.673 

Average molecular weight, M 222.14 221.44 220.74 220.04 219.34 
Refractive index, nd 1.654 1.655 1.656 1.658 1.660 

Molar volume (cm3/mol) 84.56 83.93 83.30 82.67 82.06 
Dopant ion concentration, N⋅10–21 

(ions/cm3) 
– 3.588 7.231 10.928 14.680 

Polaron radius, Rp (Å) – 2.632 2.804 1.816 1.646 

Interionic distance, Ri (Å) – 6.532 5.171 4.506 4.084 

Reflection loss, RL⋅10–2 6.072 6.086 6.100 6.128 6.156 
Molar refraction, Rm 30.99 30.80 30.60 30.45 30.29 

Molar electronic polarizability, αm 12.29 12.22 12.14 12.08 12.01 

Electronic polarizability, αe 1.453 1.455 1.457 1.460 1.464 
Oxygen packing density, OPD 94.60 95.30 96.04 96.77 97.49 

Energy gap, Eg (eV) 3.095 3.093 3.091 3.087 3.083 
Metallization criterion, M 0.6335 0.6330 0.6326 0.6317 0.6308 

Fig. 3. Variation of density and molar volume with MoO3 concentration

glasses are less than 1 and show an increasing trend
with MoO3 content, indicating that the glasses are
less insulating in nature [15]. The M values for the
present glasses range from 0.366 to 0.369. Figure 5
shows the variation of M with different MoO3

concentrations.

Conclusions

CaF2–P2O5 glasses with different concentrations
of MoO3 were synthesized and characterized in terms
of their physical properties. XRD analysis shows no
sharp peaks, indicating that the prepared samples are
amorphous. As the MoO3 concentration increases,
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the density also increases. The refractive index and
electronic polarizability rise due to the high
polarizability and increasing amount of non-bridging
oxygen in the glass network. Both the oxygen packing
density (OPD) and polarizability increase with MoO3

content.
The glasses exhibit metallization parameter values

below one (around 0.6), indicating insulating behavior.

However, with increasing MoO3 concentration, the
insulating nature slightly decreases, possibly due to a
small fraction of bonds changing from ionic to
covalent; in other words, the glasses tend toward a
slightly less insulating behavior as the dopant
concentration increases.

The increasing refractive index-based
metallization criterion suggests a considerable potential

Fig. 4. (a) Variation of refractive index with MoO3 content; (b) variation of refractive index with electronic polarizability

Fig. 5. Variation of the metallization criterion with MoO3 content
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for metallization of the fabricated glasses. The
investigated glasses may serve as potential materials
for applications such as computing and sealing frits
due to their low glass transition temperature and low
viscosity, radiation shielding due to high density
(≈3 g/cm3) and the presence of high atomic number
metal ions like Mo, and photonic applications due to
their increasing electronic polarization and refractive
index.
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Ô²ÇÈ×Í² ÂËÀÑÒÈÂÎÑÒ² ÑÊËßÍÎ¯ ÑÈÑÒÅÌÈ

CaF
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5
:MoO

3

Ï. Íàðåø, Í. Íàðàñ³ìõà Ðàî, ¥. Ñð³ä³â³

Ó öüîìó äîñë³äæåíí³ áóëè îäåðæàí³ çðàçêè ïîòð³éíîãî
ñêëà ñêëàäó CaF2–P2O5:MoO3 ìåòîäîì òðàäèö³éíîãî
øâèäêîãî ãàðòóâàííÿ ç ðîçïëàâó, ³ âèâ÷åíî ¿õ  ô³çè÷í³
âëàñòèâîñò³. Ñòðóêòóðí³ õàðàêòåðèñòèêè äîñë³äæóâàëè çà
äîïîìîãîþ ðåíòãåí³âñüêî¿ äèôðàêö³¿, ÿêà ï³äòâåðäèëà
àìîðôíó ïðèðîäó îäåðæàíèõ çðàçê³â. Ãóñòèíè âèçíà÷àëè
åêñïåðèìåíòàëüíî, âèêîðèñòîâóþ÷è ïðèíöèï Àðõ³ìåäà.
Îòðèìàí³ çíà÷åííÿ ãóñòèíè òà ìîëÿðíîãî îá’ºìó áóëè âè-
êîðèñòàí³ äëÿ ðîçðàõóíêó ð³çíèõ ô³çè÷íèõ ïàðàìåòð³â, òà-
êèõ ÿê êîíöåíòðàö³ÿ ³îí³â-äîïàíò³â, ì³æ³îíí³ â³äñòàí³, ðà-
ä³óñ ïîëÿðîíó òà ñèëà ïîëÿ. Ìîëÿðíà é åëåêòðîííà ïîëÿ-
ðèçîâàíîñò³, ù³ëüí³ñòü óïàêîâêè êèñíþ, îïòè÷íà øèðèíà
çàáîðîíåíî¿ çîíè òà êðèòåð³é ìåòàë³çàö³¿ áóëè îö³íåí³ íà
îñíîâ³ âèì³ðÿíèõ ïîêàçíèê³â çàëîìëåííÿ ³ç çàñòîñóâàííÿì
ï³äõîäó Äèìèòðîâà-Êîìàöó ùîäî ïîëÿðèçîâàíîñò³. Ðåçóëü-
òàòè ñâ³ä÷àòü, ùî ââåäåííÿ îêñèäó ìîë³áäåíó ï³äâèùóº
õ³ì³÷íó ñò³éê³ñòü ³ ãóñòèíó, âîäíî÷àñ çìåíøóþ÷è ìî-
ëÿðíèé îá’ºì. Âèãîòîâëåí³ ñêëà õàðàêòåðèçóþòüñÿ çíà÷åí-
íÿìè ïàðàìåòðà ìåòàë³çàö³¿ ìåíøèìè çà îäèíèöþ, ùî âêà-
çóº íà çíèæåííÿ ³çîëþþ÷î¿ ïîâåä³íêè.

Êëþ÷îâ³ ñëîâà: ñêëî P2O5; ô³çè÷í³ âëàñòèâîñò³;
ãóñòèíà; ïîêàçíèê çàëîìëåííÿ; ïîòð³éíå ñêëî.
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In this study, ternary glass samples with the composition
CaF2–P2O5:MoO3 were prepared by the conventional melt-
quenching method, and their physical properties were investigated.
The structural characteristics were examined using X-ray
diffraction, which confirmed the amorphous nature of the prepared
samples. The densities were determined experimentally using
Archimedes’ principle. The obtained density and molar volume
values were further employed to calculate various physical
parameters such as dopant ion concentration, interionic distances,
polaron radius, and field strength. Molar and electronic
polarizabilities, oxygen packing density, optical band gap, and
the metallization criterion were evaluated from the measured
refractive indices using the Dimitrov-Komatsu polarizability
approach. The results indicate that the incorporation of
molybdenum oxide increases chemical durability and density while
reducing molar volume. The prepared glasses exhibit metallization
parameter values below unity, suggesting reduced insulating
behavior.

Keywords: P2O5 glass; physical properties; density; refractive
index; ternary glass.
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