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Abstract: New multicomponent glasses in the system WO3-La2O3-B2O3-Nb2O5 doped with Eu3+, as a transparent active media for optical 

application were obtained. Physical parameters as density, molar volume, oxygen molar volume and oxygen packing density were 

determined. The thermal behavior of the obtained glasses was examined by differential thermal analysis (DTA). It was established that glass 

crystallization temperature is about 750oC. Microstructural characterization was made by Raman and UV-VIS spectroscopies. Based on the 

obtained spectral data short-range order and connectivity in glass network were determined. High photoluminescence emissions due to the 

4f transitions 5D0→
7Fj (j=0-4) of Eu3+ ions were observed. Colorless bulk tungstate glass, containing Nb2O5 with high transparency and 

high refractive index were prepared.  
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1. Introduction 
 

Glasses belong to advanced functional materials. Their 

properties (electrical, optical) depend significantly on the local 

structure of the glass. Thus, the luminescence properties of rare 

earth elements depend largely from the matrix in which they are 

doped.  

The tungsten and niobium oxide based glasses are suitable for 

optical applications, as well suitable matrices for doping with active 

ions possessing characteristic emission in the visible area [1-3]. 

Eu3+ ion is the most popular and important active ion for 

obtaining intensive red emission. The emission intensity of 

europium (III) ion embedded in tungstate phases is prominently 

enhanced (compared with that of Eu3+ in the most hosts) because of 

the non - radiative energy transfer from the WO4 group in the host 

matrix to the rare earth ion. Moreover, in Eu3+ doped tungstates, 

pure red color can be obtained due to the distortion of the local 

symmetry of Eu3+ ion in the host. As a result, tungstate glasses can 

serve as competitive host materials in the optical field. On the other 

hand Nb2O5-based glasses exhibit excellent optical properties 

exceeding those of commercial optical glasses. These glasses show 

a wide optical transparency in the visible to IR range and have a 

high refractive index (over 2.1) in the visible region with low 

wavelength dispersion. 

Our experience in synthesis and structural investigations of 

tungstate glasses motivates us to examine the possibility of 

synthesis of tungstate glass with participation of Nb2O5 and to 

establish its influence on physical, structural and luminescent 

properties of Eu3+ added in the glass matrices. 

For the initial tungstate glass, 50WO3·25La2O3·25B2O3 

composition was chosen whose structure and physical properties 

were established in our previous studies [4-6]. 

 

2. Experimental 

 
Samples with the compositions: 50WO3:25La2O3:25B2O3 

(WLB); 40WO3:25La2O3:25B2O3:10Nb2O5 (WLBN); 

50WO3:22La2O3:25B2O3:3Eu2O3 (WLBE); and 

40WO3:10Nb2O5:22La2O3:25B2O3:3Eu2O3 (WLBNE) (mol%) were 

prepared using reagent grade Nb2O5, H3BO3, La2O3 WO3 and 

Eu2O3. The batches (each batch weight: 20 g) were melted at 1250–

1280 °C for 30 min in a platinum crucible in air. The glasses were 

obtained by pouring the melts onto an iron plate and by pressing 

with another iron plate (cooling rate: ~102 K/s). Density of the 

glasses at room temperature was determined with the Archimedes 

method using distilled water as an immersion liquid. The glass 

transition (Tg) and crystallization (Tp) temperatures were 

established by differential thermal analyses (DTA) (RigakuThermo 

Plus TG 8120) at a heating rate of 10 K/min (±1 K). Optical 

transmission spectra were measured in the wavelength (λ) range of 

300–1000 nm at room temperature using a spectrometer (Shimadzu 

U-3120). The uncertainty in the observed wavelength is about ± 1 

nm. The optical energy gap (Eopt) of glasses was calculated from the 

transmittance spectrum using Tauc plot road and following 

equation: 

 

𝛼ℎ𝜈 = 𝐴(ℎ𝜈 − 𝐸𝑜𝑝𝑡 )2…………………(1) 

 

where α is the absorption coefficient, h is the constant of Planck, ν 

is the frequency of light and A is the energy constant. 

Refractive indices at a wavelength (λ) of 632.8 nm (He–Ne laser) 

were measured at room temperature with a prism coupler (Metricon 

Model 2010). Raman scattering spectra at room temperature were 

measured with a laser microscope (Tokyo Instruments Co., 

Nanofinder) operated at Ar+ (λ = 488 nm) laser with resolution of 

±1 cm−1. The photoluminescence (PL) spectra of 

50WO3:22La2O3:25B2O3:3Eu2O3 and 

40WO3:10Nb2O5:22La2O3:25B2O3:3Eu2O3 glasses in the visible 

region of Eu3+ ions for the glass samples were measured with a PL 

spectrometer (Hamamatsu Photonics: C9920-20) at room 

temperature, in which the excitation light with a wavelength of ʎ = 

397 nm was used. 
 

3. Results and Discussion  
 

3. 1. Glass formation 
 

Homogeneous transparent glasses were obtained from the all 

compositions studied. Figure 1 presents pictures of 

50WO3:25B2O3:25La2O3 and 40WO3:25La2O3:25B2O3:10Nb2O5 

(WLBN) glasses. In order to polish the glass samples, they were 

heat treated at temperature, which is 10 °C below the glass 

transition temperature for the relaxation from the internal stresses. 

Despite this, the Nb2O5 - free glass, cracked and broke into small 

pieces. This result shoes that desirable sized bulk sample can be 

obtained from the Nb2O5 - containing composition only. 

 

 

 

 
 

 

 

 

Fig. 1. Pictures of a) 50WO3:25B2O3:25La2O3 (WLB) glass; 
 b) 40WO3:25La2O3:25B2O3:10Nb2O5 (WLBN) glass 

b) a) 
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Obviously, the presence of Nb2O5, increases the glass forming 

ability and stability of the samples which is important from the 

technological point of view.  

 

3. 2. Physical properties 

 

The simplest way of detecting structural changes in glass 

network, with compositional variation is by probing its 

rigidness/flexibility by measuring the glass density and calculating 

of molar volume, oxygen molar volume and oxygen packing density 

of the glass system [7, 8]. Having in mind this, we measured the 

density of the obtained multicomponent glass containing 10 mol% 

Nb2O5 (WBLN) and compared with the density of the 

50WO3.25B2O3.25La2O3 (WBL) glass previously reported by us in 

ref [6] in order to check the effect of the Nb2O5 on the physical 

properties and structure of the ternary tungstate glass. 

The density of glasses was estimated according to the 

Archimedes principle by using the equation:  

 

𝜌𝑔 =
𝑊𝑎

𝑊𝑎− 𝑊𝑏
×  

𝑜……………………….(2) 

 

where, Wa is the sample weight in air, Wb is the sample weight in 

the water, 0 is the density of the water. Theoretical density of 

glasses was calculated by the following equation 

 

𝑡ℎ =
𝑥𝑖  𝑖

𝑛 𝑖
………………………………(3) 

 

where, i is the density of ith oxide component and xi is its mole 

fraction in the composition. From the experimentally evaluated 

density values the molar volume (Vm), the molar volume of oxygen 

(Vo) (volume of glass in which 1 mol of oxygen is contained) and 

the oxygen packing density (OPD) of 50WO3.25B2O3.25La2O3 and 

40WO3:25La2O3:25B2O3:10Nb2O5 glasses were estimated, using 

the following relations respectively: 

 

𝑉𝑚 =  
𝑥𝑖𝑀𝑖

𝜌𝑔
……………………………..(4) 

 

𝑉𝑜  =  𝑉𝑚    
1

𝑥𝑖𝑛 𝑖
 ……………………..(5) 

 

𝑂𝑃𝐷 =  1000  𝐶   
𝑔

𝑀
 …………….(6) 

 

where xi is the molar fraction of each component i, Mi the molecular 

weight, ρg the glass density and ni is the number of oxygen atoms in 

each oxide, C is the number of oxygen per formula units, and M is 

the total molecular weight of the glass compositions. The values 

obtained are listed in the Table 1. 

 
Table 1. Molecular weight Mw, theoretical density ρth, measured density ρexp, 

molar volume Vm, oxygen molar volume Vo, oxygen packing density OPD 

Sample 
ID 

Mw 

g/mol 
ρth 

g/cm3 
ρexp 

g/cm3 
Vm 

cm3/mol 
Vo 

cm3/mol 
OPD 
mol/L 

WLB 214.78 5.85 5.614 38.26 12.75 78.42 

WLBN 218.17 5.59 5.503 39.65 12.39 80.72 

 

As it is seen from the table, the experimentally evaluated 

density and the density estimated through formula compositions are 

comparable. It was found that the density decreases, while the molar 

volume increases with the introduction of Nb2O5 into a 

50WO3:25La2O3:25B2O3 glass. These changes could be related to 

the incorporation of voluminous NbO6 octahedra in the glass 

network resulting in its expanding. Compared to the ternary 

tungstate glass, a slight decrease in oxygen molar volume of Nb2O5 

- containing glass, is detected due to the substitutions of higher field 

intensity W6+ ions (1.58) with lower field intensity Nb6+ions (1.26) 

[9]. OPD value of 40WO3:25La2O3:25B2O3:10Nb2O5 glass is higher 

as compared with that of 50WO3:25La2O3:25B2O3 glass that can be 

attributed to an increasing network connectivity due to the 

formation of new linkages between NbO6 and the other structural 

units, existing in the amorphous network. 

 

3. 3. Thermal analysis 

 

In order to check the influence of Nb2O5 on the thermal 

behavior and structural features of 50WO3:25La2O3:25B2O3 glass, 

we have studied 40WO3:25La2O3:25B2O3:10Nb2O5 by DTA. DTA 

analysis is a useful method in suggesting structural change that take 

place due to the compositional changes [10]. The glass-transition 

temperature Tg gives information on both the strenght of inter 

atomic bonds and the glass network connectivity. The higher Tg 

corresponds to more rigid structure, whereas the glasses having a 

loose-packed structure have lower Tg [8, 11]. The difference ΔT = 

Tp-Tx, between crystallization temperatures of the glasses (Tp) and 

glass transition temperature (Tg) has been frequently used as a 

rough measure of the glass thermal stability [12]. The higher ΔT 

value, the more favored is the glass forming process [13]. Fig. 2 

compares DTA curves of 40WO3:25La2O3:25B2O3:10Nb2O5 glass 

investigated in this work and of 50WO3:25La2O3:25B2O3 glass 

previously studied by us [6]. The hump, corresponding to the glass 

transition temperature (Tg) followed by exothermic effects 

connected with the crystallization temperatures of the glasses (Tp) 

are clearly observed. Their values and the calculated thermal 

stability ΔT=Tp-Tx are listed in Table 2.  
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Fig. 2. DTA curves of 50WO3:25B2O3:25La2O3  (WLB)and 
40WO3:25La2O3:25B2O3:10Nb2O5 (WLBN) glasses 

Table 2. Values of glass transition temperature Tg, crystallization 

temperatures (Tp), thermal stability ΔT and average single-bond enthalpy EB 

of investigated glasses. 

Sample ID Tg/(ºC) Tp/(ºC) ΔT/(ºC) EB/kJ mol-1 

WLB 598 745 147 727.75 

WLBN 594 762 168 737.75 

 

As one can see, both glasses are characterized with high values 

of the glass transition temperature (Tg), which is an indication of the 

formation of well packed glass structure. The addition of Nb2O5 

does not affect significantly the amorphous network of the ternary 

50WO3:25La2O3:25B2O3 glass as both glasses possess the same 

Tg values. 

The values of Tg were correlated with average single bond 

enthalpy of glasses using the following relationship proposed in the 

ref [14, 15]: 
 

𝐸𝐵 =
50𝐸𝑤−𝑂+ 25𝐸𝐿𝑎 −𝑂+ 25𝐸𝐵−𝑂  

100
……………(7) 

 

𝐸𝐵 =
 10𝐸𝑁𝑏 −𝑂+ 40𝐸𝑤−𝑂+ 25𝐸𝐿𝑎 −𝑂+ 25𝐸𝐵−𝑂  

100
….(8) 

 

where EW-O; EB-O ELa-O and ENb-O are the bond dissociation energies 

for the single bonds: W-O; B-O, La-O and Nb-O respectively [16].  

Having in mind that glass transition temperature is very 

sensitive to any change in the coordinating number of network 

forming atoms and to the formation of non-bridging oxygens [17-

19] we can explained the equal Tg of both glasses as a result of the 
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replacement of WO6 octahedral units by NbO6 octahedra. The 

higher EB value of the Nb2O5-containing glass can be connected 

with the difference in bond dissociation energies of metal oxide. 

Since Nb-O bond enthalpy is 753 kJ mol-1, which is higher than W-

O bond enthalpy (653 kJ mol-1), the average single bond energy 

increases with the addition of niobium, because of the formation of 

stronger Nb-O at the expense of weaker W-O bonds.  

The thermal stability criterion ΔT of Nb2O5-containing glass is 

larger indicating that Nb2O5 contribute to increase the thermal 

stability and glass forming ability of the composition.  
 

3. 4. Raman analysis 
 

Raman spectroscopy was used to deduce structural features of 

the obtained multicomponent glass containing 10 mol% Nb2O5. A 

comparison was made with the Raman spectrum of 

50WO3:25B2O3:25La2O3 glass previously studied by us [4]. The 

deconvoluted Raman spectra of both glasses are shown on Figure 3. 

It is known that the Nb–O and W–O characteristic vibrations 

overlap and appear in the same frequency range of the spectra. The 

strong Raman bands at 850 and 950 cm-1 in the spectrum of 

50WO3.25B2O3.25La2O3 (WLB) glass have been assigned to 

isolated (WO4)2 units. The formation of WO6 units have been 

suggested due to the presence of the band at 980 cm-1 [4]. In the 

spectrum of 40WO3:25 La2O3:25 B2O3:10Nb2O5 (WLBN) glass a 

new band at 913 cm-1 appears, bands at 980 and 760 cm-1 disappear 

and intensity of band at 688 cm-1 increases with addition of Nb2O5. 

All bands observed in the spectrum of Nb2O5 containing glass can 

be also related to vibration of Nb-O bonds except those at 954 and 

1040 cm-1, which are related with the symmetric stretching 

vibration (1) of (WO4)2 and vibrations of BO3 and BO4 structural 

units respectively. 
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Fig. 3. Raman spectra of a) 50WO3:25B2O3:25La2O3  (WLB) 
and b) 40WO3:25La2O3:25B2O3:10Nb2O5 (WLBN) glasses. 

 

The band at 913 cm-1 was attributed to short Nb–O bond in isolated 

NbO6 units. The bands at 688 and 832 cm-1 can be associated with 

corner shared octahedra. [20-23]. Disappearance of the band at 980 

cm-1 is probably a result of destruction of W-O-W linkages between 

WO6 units and their transformation to WO4. Obviously Nb2O5 

incorporates into amorphous network trough W6+ forming new Nb-

O-W bonds. NbO6 polyhedra are mainly connected to each other by 

corner-sharing with vibrations in 800-600 cm-1 range. Further 

investigations are needed to establish formation of Nb-O-La and 

Nb-O-B linkages because stretching vibration of these mixed bonds 

are in the same spectral range.  
 

3. 5. Optical studies 

 

The optical transmittance spectra of synthesized glasses are 

shown in Figure 4. The glasses are characterized with good 

transmittance reached to the 65-75 %. As one can see form the Fig. 

4 the absorption edge of both glasses is around 350 nm. As the 

position of the absorption edge is related with the structural 

rearrangement and oxygen bonds strenght in the glass network [24], 

the absence of a noticeable shift in the position of the absorption 

edge with the introduction of Nb2O5 into tungstate glass evidenced 

that its presence does not change significantly the glass structure. 

This suggestion is also confirmed by the invariable value of the 

optical band gap energy Eg of both glasses determined from the 

optical transmittance spectra which is 3.5 eV. Having in mind these 

results, we can suggest that Nb2O5 could have a role as a network 

former, replacing the tungstate structural units in the glass network 

as its presence does not reduce the Eg values of glass [25]. 
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Fig. 4. Optical transmission spectra at room temperature of 
50WO3:25B2O3:25La2O3 (WLB) and 40WO3:25La2O3:25B2O3:10Nb2O5 

(WLBN) glasses 

The refractive index (n) for the presented glasses is also established 

from the optical transmittance spectra. It is found that the refractive 

index of Nb2O5- containing glass is higher (1.97844) as compared 

with that of Nb2O5-free tungstate glass (1.97066) indicating the 

more densely packed structure in the presence of niobium [26].   

 

3. 6. Photoluminescence spectra of Eu3+ ions  

 

The PL spectra at room temperature for both glasses were 

measured and compared (Fig. 5). 
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Fig. 5. Photoluminescence spectra at room temperature of Eu3+ ions in the 

range of 550–750 nm in 50WO3:22La2O3:25B2O3:3Eu2O3 (WLBE) and 

40WO3:10Nb2O5:22La2O3:25B2O3:3Eu2O3 (WLBNE) glasses.  

 

The excitation light with wavelength of 397 nm was used. Five 

different emission peaks assigned to the 4f transition of Eu3+ ions, 

i.e., 5D0-
7Fj (j=0, 1, 2, 3 and 4) are observed. The peak intensity of 

the 5D0-
7F2 emission at 613 nm is much larger compared with the 

other ones. It is known that the 5D0-
7F2 emission band due to the 

electric-dipole transition largely depends on the local symmetry of 

coordination environments around Eu3+ [27]. High intensive peak of 

the 5D0-
7F2 emission indicates the Eu3+ occupies low symmetry site 

in the glass matrix. Nevertheless, that the addition of Nb2O5 slightly 

reduces the emission intensity of Eu 3+ions (Fig. 5), the improved 

glass forming ability and obtaining in a bulk form make Nb2O5 

containing glass more appropriate material for different optical 

applications than Nb2O5-free tungstate glass. It will be of interest to 

study the influence of the amount of Eu3+ ions on the luminescence 

properties of the compositions studied here.  

 

4. Conclusions 

 
It has been found that the addition of niobium to tungstate 

glass modify the structure of the amorphous network. New linkages 

between NbO6 and the other structural units are formed increasing 

the degree of the network connectivity. In this way the addition of 

niobium even at low concentrations (10 mol%) to tungstate glass 

has a positive effect on glass forming ability as stabilizes the 
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amorphous network and increases thermal stability. The Nb2O5-

contaning glass is characterized with a high refractive index, which 

benefits for the potential optical applications. 
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