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Abstract: A new phosphate glass with the composition (50-x)K2O-xMoO3-50P2O5 was developed 

using the standard melt-quenching technique. X-ray powder diffraction was used to confirm the 

amorphous character of the glass samples. Differential scanning calorimetry was used to determine the 

glass transition temperature. The Tg values drop from 451°C for x = 0 mol% to 363°C for x = 40 mol%. 

Indeed, density, molar volume, and chemical dissolution are also studied. The results suggest that 

adding molybdenum oxide increases chemical dissolution and density while decreasing molar volume. 

Structural variations in the function of MoO3 content were carried out by FT-IR and Raman 

spectroscopic data. Molybdenum oxide is assumed to break the structural glass network into 

pyrophosphate groups, making it more depolymerized and open. The microstructure of glass materials 

is examined by Scanning Electron Microscopy (SEM) coupled with an EDX. The elements that 

composed the samples were all identified. 

Keywords: phosphate glasses; molybdenum; molar volume; chemical durability; glass transition 

temperature; FT-IR/Raman/SEM/EDX/XRD. 

© 2022 by the authors. 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/). 

1. Introduction 

Phosphate glasses have a low melting point, high UV transmission, and a high thermal 

expansion coefficient compared to ordinary silicate glasses [1-8]. The applications of 

phosphate glasses are growing in many technologies: radioactive waste vitrification [9], 

electrical conduction [10,11], glass-metal joints [12], as a solid-state laser source [13-18], and 

in Biocompatible Materials [19,20]. Unfortunately, the chemical durability of these glasses is 

relatively low, limiting their application [21,22]. On the other hand, they are useful for 

developing high energy density devices due to their high dielectric properties [23-28]. 

Recently, a lot of research has been conducted to improve the structural and chemical properties 

of phosphate glasses by inserting several glass formers and modifiers such as TiO2, V2O5, 

Al2O3, MoO3, Cr2O3, Ta2O3, Sb2O3, As2O3, etc., into the P2O5 glass network [29-34]. 
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Molybdenum phosphate glasses were widely studied during the last years as they 

proved particularly beneficial for their ionic and electronic transport properties [35]. 

Molybdenum oxide-based glass materials were synthesized within diverse binary or ternary 

systems [35-41]. Xia Wu et al. [42] studied the lithium storage performance of MoO3-P2O5 

glasses as a cathode material for Li-ion batteries. The structure of PbO-MoO3-P2O5 glasses was 

studied by Koudelka et al. [43] using Raman and NMR spectroscopy. The results showed a 

transformation of octahedral MoO6 into tetrahedral MoO4 units in the glasses with high MoO3 

content. Later, they studied BaO-MoO3-P2O5 glasses [44]. Analysis of these glasses showed 

that the phosphate network had been depolymerized by incorporating molybdate units. In the 

last decade, Šubčík et al. [45] have determined the structure of ZnO-MoO3-P2O5 glasses. For 

glasses rich in molybdenum oxide, the structure is characterized by forming several MoO6 

octahedra interconnected by corners and edges. L. Bih et al. [46] have investigated the redox 

stability of molybdenum in Li2O-MoO3-P2O5 phosphate glasses. The results have demonstrated 

that the structure does not influence the local environment of the Mo species.  

As one of the best modifiers, potassium plays an important role not only in the melting 

process [47] but also used to modifying cations with low magnetic fields to improve their 

mechanical properties [48]. Characteristic studies of molybdophosphate glasses have been 

carried out by Selvaraj et al. [49]; they consider that molybdophosphate glasses consist of a 

network of [MoO6/2] octahedra and [POO3/2] tetrahedra shared in corners. In these glasses, the 

addition of K2O leads to a degradation of the network and creates a variety of defects. Thermal 

and chemical durability studies of binary MoO3-P2O5 and ternary K2O-MoO3-P2O5 systems are 

reported by L. Abbas et al. [50], and the results obtained show that the reinforcement of the 

network increases at the same time the chemical durability and the thermal stability of the 

glasses studied. The study of the ternary system was carried out by varying the proportion of 

the oxide-forming P2O5. 

Based on our investigation, there are no available data for potassium molybdenum 

phosphate glasses, where potassium oxide is substituted with molybdenum oxide by keeping 

the proportion of P2O5 fixed at 50 moles %. In this work, we aim to report the effect of MoO3 

in the structural, thermal, and chemical dissolution of the series (K2O)50-x-(MoO3)x-(P2O5)50, x 

varies from 0 to 40% mol of molydbdenum oxide. X-ray powder diffraction was used to 

authenticate the amorphous character of the synthesized materials. Density (ρ), molar 

volume(VM) weight loss percentage and glass transition temperature (Tg) have been measured. 

The structural role of MoO3 in these glasses has been discussed. The chemical dissolution of 

these glasses was tested in two solutions with different pH values. To evaluate the structure of 

these glasses as a function of the composition, we propose a structural study using FT-IR and 

Raman spectroscopy techniques. The microstructure of glassy materials is examined by 

Scanning Electron Microscopy (SEM) coupled with an EDX micro-analyzer. 

2. Materials and Methods 

2.1. Glass preparation. 

In this paper, the glasses studied have a composition given by the formula (50-x)K2O-

xMoO3-50P2O5, where x is the molar percentage of molybdenum oxide ranging from 10 to 40 

molar %; they were synthesized by the conventional melt-quenching method from reactive 

grade NH4H2PO4, (NH4)6Mo7O24, 4H2O, and K2CO3. All batches were placed in an alumina 

crucible and treated for 2 hours at temperatures ranging from 200 to 500 degrees Celsius to 
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evaporate ammonia, water, and carbon dioxide, following which the temperature was gradually 

increased to 1100 degrees Celsius and held constant for half an hour. Melts have been rapidly 

cooled under air ambient to generate vitreous samples. The compositions synthesized and 

studied in the present work are regrouped in Table 1. 

2.2. X-ray diffraction. 

This technique was done according to the procedure of another work already published 

by Abdouni et al. [21] with λ=0.5418 nm in the 2 θ range between 10° and 70° at a scanning 

frequency of 2° per minute to verify the amorphous character of the materials generated in this 

investigation. 

2.3. Density and molar volume measurements. 

The Archimedes method was used to determine the density of the glass at room 

temperature using diethyl phthalate as an immersion solution. The density of a sample is 

determined by weighing it in air and then in diethyl phthalate. The density is calculated using 

the following formula: 

ρ =
wair x ρph

wair−wph
 (1) 

where wair, wph, and ρph are respectively e weight of the sample in air, the weight of the sample 

in diethyl phthalate, and the density of diethyl phthalate are the three components of equation 

1. 

According to the relationship stated as, the molar volume VMwas computed from the 

molar mass M and ρ density: VM=M×ρ-1.The error = ± 0.3 cm3mol-1. 

2.4. Thermal analysis. 

The glass transition temperatures were measured with a DSC- SETRAM apparatus at a 

heating rate of 10 °C.min-1 in an argon atmosphere with an uncertainty of ± 5°C. 

2.5. Durability testing.  

With the aim of determining the chemical dissolution, we calculate the weight loss 

percentage (%) at each time point using the equation:  

weight loss (%) =
m0−mt

m0
 (2) 

Where, m0 is the initial mass of the glass block measured on day 0 and mt the mass at time 

point t. The experiments were carried out in two aqueous media for different pH (5.18 and 

10.65) with an error = ± 0.01. The glasses were kept in the solutions at room temperature for 

13 days. The weight loss of the samples at each time interval was measured with an uncertainty 

of 0.1 mg. 

2.6. Spectroscopic studies. 

The infrared analysis (IR) of the various samples studied was carried out using a Fourier 

transform infrared spectrometer (FT-IR) of the Bruker Platinum-ATR apparatus type operating 

in transmittance mode with a spectral measurement range extending from 400 to 1400 cm-1. 
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Raman spectra were carried out for wavenumbers in the range 100-1400 cm-1 on a 

Renishaw micro-Raman spectrometer RM1000 coupled to a He-Ne laser 19 mW, using the 

632.8 nm line at room temperature. 

2.7. Scanning electron microscopy (SEM). 

To verify our glasses' microstructure, we used a Scanning Electron Microscopy (JEOL-

JSM-IT-100) equipped with an EDX micro-analyzer. 

3. Results and Discussion 

3.1. X-ray analysis. 

X-ray diffraction diffractogram at different concentrations of all potassium 

molybdenum phosphate glasses (Figure 1) demonstrates a large hump confirming their vitreous 

character.  

 

Table 1. Nominal composition (mol %), density ρ (g.cm-3), molar volume VM (cm3. mol-1) and glass transition 

temperature Tg (°C) of (50-x) K2O-xMoO3-50P2O5 glasses. 
x P2O5 MoO3 K2O Density Molar volume Tg 

10 50 10 40 2.98 41.29 451 

15 50 15 35 3.05 41.16 442 

20 50 20 30 3.28 39.07 409 

25 50 25 25 3.38 38.65 380 

30 50 30 20 3.39 39.18 379 

35 50 35 15 3.48 38.93 364 

40 50 40 10 3.71 37.19 363 

 
Figure 1. X-ray diffraction pattern for the seven compositions studied of (50-x) K2O-xMoO3-50P2O5 

glasses. 

3.2. Density and molar volume. 

The glass transition is accompanied by a quick change in some properties, such as 

density [51]. In addition, the glassy network density (ρ) and molar volume (VM) are affected 

by several parameters, namely the coordination number of the structure, the cross-linking 

density, and the interstitial space dimensionality [52]. 

The characteristic data of ρ, Vm, and Tg have been regrouped in Table 1. The variations 

of density and molar volume with the composition of molybdenum oxide are shown in Figure 
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2. It appears in Table 1 and Figure 2 that the density of glasses increases progressively with 

MoO3 content. Density increases from 2.98 g.cm-3 for 10 mol % MoO3 to 3.71 g.cm-3 for 40 

mol % MoO3.  This result can be explained by the larger molecular weights in the order 

MoO3>K2O. Similarly, this behavior may also be due to the difference in density between 

molybdenum (4.69 g.cm-3) and oxide potassium oxide (2.35 g.cm-3). Furthermore, the molar 

volume decreases when K2O is replaced by MoO3. This trend could be assigned to the fact that 

the atomic radius of potassium is larger than those of molybdenum. Thus, this result could also 

be explained by replacing K2O, which has a high molar volume, with MoO3, which has a low 

molar volume. However, the molar volume shows an unusual variation for glasses containing 

30 and 35 mol % of molybdenum oxide. This change could be due to a rearrangement of the 

structural units forming the vitreous network [43,45,49]. 

 
Figure 2. Density and molar volume of (50-x)K2O-xMoO3-50P2O5 glasses function of %MoO3 concentration. 

 

3.3. DSC study. 

Figure 3 shows characteristic traces of differential scanning calorimetry analysis of the 

glasses under investigation. The values of the glass transition temperature (Tg) of the 

elaborated glasses according to the MoO3 content are summarized in Table 1 and presented in 

Figure 4.  

From the data shown in Table 1 and Figure 4, it can be seen that increasing the 

molybdenum oxide concentration in these glasses decreased the glass transition temperature, 

where we observed an increase in Tg. We supposed that the structure of the glass network is 

the main cause for the lowering of the glass transition temperature. We can admit that the 

substitution of K2O by MoO3 causes a relaxation of the vitreous network, which leads to 

generating a more open structure, besides a possible change in the molybdenum’s environment 

[43,45,49]. Thus, the decrease of Tg by adding MoO3 has been observed by Abbas et al. [50] 

in the binary xMoO3-(1-x)P2O5 glasses for a P/Mo ratio of more than 2. Furthermore, as shown 

in Figure 3, the endothermic peaks corresponding to Tg do not appear in the temperature range 

investigated, particularly for glasses with MoO3 compositions ranging from 10% to 30%. This 

result clearly illustrates that above 700°C, the exothermic peak concerning crystallization will 
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be observed. As a result, the Tc-Tg difference (stability factor) will become more important, 

preventing crystallization and making the glasses thermally stable. 

 
Figure 3. Thermograms DSC of (50-x)K2O-xMoO3-50P2O5 glasses. 

 
Figure 4. Evolution of glass transition temperature in function of MoO3 mol% concentration in (50-x) K2O-

xMoO3-50 P2O5 glasses. 

3.4. Chemical dissolution. 

We assessed the impact of the addition of molybdenum oxide on the chemical durability 

of our phosphate glasses. The chemical dissolution results of ternary (50-x) K2O-xMoO3-

50P2O5 glasses expressed in weight loss with immersion time in two distinct pH media (5.18 

and 10.65) are presented in Figure 5. 

Adding molybdenum oxide in both aqueous solutions with pH values of 5.18 and 10.65 

continually stimulates the chemical dissolution, especially when the amount of MoO3 is higher 

than 15 mol %. On the other hand, for MoO3 contents below 15 mol%, the glass dissolution is 

moderate, and the evolution tends to be linear. It can be noted that the evolution mass losses 

percentage is similar in the two aqueous media. However, more accentuated losses are observed 

in a basic medium (pH=10.65) than in an acid medium (pH=5.18). This behavior could be due 

to the pH of the solution. Replacing the stronger P-O-P bonds with the weakest P-O-Mo bonds 

[15] reduces the bond strength of the glass network and significantly accelerates the hydrolysis 

of P-O-Mo in both solutions. Thus, the chemical dissolution increases progressively. They 
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suggested that the gradual dissolution was due to replacing P–O–P bonds with the easily 

hydrolyzable P-O-Mo bonds and the decreased cross-linking between the phosphate chains. 

This result suggests that molybdenum oxide could act as a glass network modifying oxide in 

the presently studied glasses. This conclusion confirms those obtained by DSC analysis. 

 
Figure 5. Weight loss (%) as a function of the immersion time in two solutions (a) pH =5.18 and (b) pH =10.65 

of (50-x)K2O-xMoO3-50P2O5 glasses. 

3.5. FT-IR and Raman study. 

The IR spectra of the studied glasses with different proportions of MoO3 in the 

frequency interval ranging from 400 cm-1 to 1400 cm-1 are presented in Figure 6, we attribute 

the different absorption bands found based on the literature research. 

 
Figure 6. Infrared absorption spectra for a series of (50-x)K2O-xMoO3-50P2O5glasses. 

The asymmetric and symmetric νas (PO2) and νs (PO2) stretching modes are centered at 

1200 cm-1 and 1130 cm-1, respectively [53,31], whereas the asymmetric and symmetric νas 

(PO3) and νs (PO3) stretching vibrations are centered at 1050 cm-1 and 980 cm-1, respectively 

[1,54,55]. The absorption bands observed at 950-850 cm-1are due to the νas of P-O-P groups, 
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and the bands remarked at 750-680 cm-1 are associated with the νs of P-O-P groups in PO4 

structural units [56]. The vibration at 545 cm-1 is attributed to the deformation vibration (δ) of 

P-O- in PO4
3- groups [51]. From figure 6, it can be seen that the intensity of νas(POP) and 

νs(POP) decreases with the increase in the percentage of MoO3; this suggests that the P-O-P 

bonds are disturbed by MoO3 [39,44]. Indeed, the band's intensity, located around 1200 cm-1, 

decreases continually with the addition of molybdenum.   

In the frequency range 100-1400 cm-1, Figure 7 displays the Raman spectra of the 

examined (50-x)K2O-xMoO3-50P2O5 phosphate glasses with the addition of MoO3. Band 

assignments for glasses are in good agreement with the data reported in the literature. The 

Raman spectrum recorded for glass containing 10 mol % of MoO3 are the PO3 asymmetric 

stretching vibration band νas (PO3) at 1100 cm-1[57], the νs(PO3) groups at 950 cm-1 [54], the 

νas of POP groups at 900-850 cm-1 [58], the νs of POP groups at 750 cm-1 [59] and the 

deformation vibration (δ) of P-O- in PO4
3- groups [55,57,60] at 400 cm-1. The phosphate chain 

framework deformation vibrations and the deformation vibrations of PO3 are linked to 

frequencies below 280 cm-1. 

The addition of MoO3 causes many spectral modifications. The band located at 1100 

cm-1 disappeared when the concentration of MoO3 was higher than 15 mol %. This change is 

probably due to the disruption of P-O-P bridges and phosphate chain depolymerization, which 

create phosphate dimers [44,61]. Indeed, the Raman spectra revealed that as the amount of 

MoO3 increases, the asymmetric and symmetric bands of the P-O-P stretching mode move to 

lower frequencies. These results can be attributed to the decrease in the covalent character of 

P-O-P bonds, showing that the P-O-P bonds weaken when potassium is replaced by 

molybdenum [44]. 

On the other hand, the intensity of the PO3 symmetric stretching vibration band 

decreases sharply by adding MoO3. This behavior is due to the modifying effect of this oxide, 

thus causing a rupture and a weakening of the P=O bond strength. This result follows those 

obtained in the FT-IR spectroscopy, DSC investigation, and chemical dissolution. On the other 

hand, we can conclude that molybdenum oxide can play as a glassy network modifying oxide 

in the composition of these glasses [43-45]. 

Two specific bands at 900 and 750 cm-1 associated with symmetric and asymmetric 

vibrations of the P-O-P bond, respectively [60], follow the existence of pyrophosphate units in 

these glassy materials. 

 
Figure 7. Raman spectra of (50-x)K2O-xMoO3-50P2O5 glasses. 
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3.6. SEM study. 

Figure 8 shows the SEM images of two glass compositions 40K2O-10MoO3-50P2O5 

and 10K2O-40MoO3-50P2O5, with different magnifications (x2500, x5000, and x10000). We 

can observe that the morphology is massive and compact, and there is no exact shape (A, B, C, 

E, F, and G). The EDX data collected at an average surface location are illustrated in Figure 8 

(D and H). The composition of the synthesized samples was confirmed by identifying all of the 

elements that constituted the samples. According to SEM data, molybdenum oxide 

significantly impacts the texture and probably the physicochemical properties of the glasses 

investigated. 

 

 
Figure 8. SEM image and EDS (A, B, C, and D) of 40K2O-10MoO3-50P2O5 glassy and (E, F, G, and H) of 

10K2O-40MoO3-50P2O5 glassy. 

4. Conclusions 

The (50-x)K2O-xMoO3-50P2O5 glasses series was prepared using the traditional melt 

quenching method with 0 ≤ x ≤ 40 mol %. When potassium oxide is replaced with molybdenum 

oxide, the vitreous network changes, this explains why the glass transition temperature reduces, 

and the density rises when MoO3 is added. The results obtained are supported by measurements 
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of the chemical dissolution of the glasses investigated in two media of different pH (5.18 and 

10.65). When MoO3 is introduced, the glass network structure is broken into pyrophosphate 

units, as shown by IR and Raman spectroscopy. The presence of symmetric and asymmetric 

vibrations of the P-O-P Bridge could explain the existence of these groups. These studies, these 

studies show that molybdenum oxide may act as a glass network modifier. 
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