
 

 

 

Abstract— Boric oxide based quaternary glasses in the system 20 

PbF2– 20 TeO2 – (60-x) B2O3 – x Eu2O3 [where x = 0 to 2.5 mol%] 

have been prepared by melt quenching technique. The paper reports 

on different physical and optical properties of Eu3+ doped lead 

fluoroborate glass. In order to understand the role of Eu2O3 in these 

glasses, the parameters like density, molar volume, refractive index 

were investigated. The values of molar volume (Vm) increased with 

increase in density (ρ) of the glass samples. The calculated values of 

theoretical crystalline volume (Vc) were smaller than the 

experimental molar volume (Vm) which proves the amorphous nature 

of the samples; it was again experimentally ascertained by X-Ray 

Diffractogram. FT-IR spectra of the present glass system indicate that 

B2O3 acts as network former and exists in mainly [BO3] structural 

groups. 
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I. INTRODUCTION 
 

HE rare earth (RE) doped borate glasses are among those 

materials which have number of optics and photonics 

applications [1]. Borate based glasses are the best choice, 

which more clearly shows the relationship between glass 

structure and optical properties of RE ions [2]. An interesting 

characteristic of the borate glass is the appearance of 

variations in its structural properties when RE cations are 

introduced. The structure of the borate glasses is not a random 

distribution of BO3 triangles and BO4 tetrahedral, but a 

gathering of these units to form well-defined and stable borate 

groups such as diborate, triborate, tetraborate, etc, that 

constitute the random three-dimensional network [1]. Borate 

glass is a suitable optical material for RE ions with high 

transparency, low melting point, high thermal stability, good 

RE ion solubility [2,3] and show more clear relationship 

between glass structure and physical properties. Among the 

possible Res, europium (Eu
3+

) is one of the most investigated 

and is also one of the best optically active elements [2].  
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The optical properties of trivalent Eu
3+

 ion are well known to 

be highly sensitive to environment in which it is surrounded. 

The selection of Eu
3+

 ions has proved to deserve for the study 

of disordered materials, because of its relatively simple energy 

level structure [3]. Due to technological importance of 

Europium (Eu
3+

) ion and the advantages of above research, 

Eu2O3 doped lead fluoroborate glasses have been synthesized 

and investigated.   

 

II.  EXPERIMENTAL 
 

2.1. Sample Preparation 

Series of Eu
3+

doped lead fluoroborate glasses (in mol %) 20 

PbF2– 20 TeO2 – (60-x) B2O3 – x Eu2O3 (where x = 0 – 2.5 

mol %) were prepared by the melt–quenching technique. The 

chemical powders were procured through Sigma Aldrich with 

purity < 99%. These powders were thoroughly mixed in an 

agate mortar and pestle with respect to their glass 

compositions. The thoroughly mixed chemical powder in the 

porcelain crucible were then kept for melting in an Indfurr 

electric furnace at 980 
o
C for 1.30 Hrs. After the retirement of 

melting period the molten mass is quenched rapidly on a 

stainless steel mould maintained at 200 
o
C. The glasses thus 

obtained were found to be clear, bubble free, transparent and 

yellowish in color. These samples were annealed for 3 Hrs at 

200 
o
C to remove induced residual thermal or mechanical 

stresses caused due to rapid quenching. Samples were then 

polished with different grain size emery polishing sheets. 

Powder X-Ray Diffraction (XRD) spectra for all the glass 

samples were recorded at lab temperature using a Rigaku 

Miniflex 600 X-Ray Diffractometer with Cu Kα radiation (40 

KV & 15 mA) and a graphite monochromator with 2Ѳ (Ѳ 

being Bragg angle) from 10
o
 to 90

o
. Density (ρ) was 

determined using Archimedes principle, using xylene (ρ = 

0.865 g/cm
3
) as an immersion liquid. The refractive index of 

these glasses was measured at lab temperature using 

Brewster’s angle method. The Fourier Transform Infrared 

Spectra [FTIR] spectra of the glass samples were recorded at 

room temperature using Shimadzu FTIR 8400S FTIR 

spectrophotometer in the wavelength range 4000 – 400 cm
-

1
with a resolution of 0.85 cm

-1
.  
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III. RESULTS AND DISCUSSION 
 

2.2.  Physical Properties 

The pattern of XRD shows no discrete or continuous sharp 

peaks. The absence of Bragg peaks confirms the amorphous 

nature of the glass samples. A large broad peak around 2Ѳ = 

15-30
o
 was observed, which is a typical feature of borate glass 

[4]. This type of scattering shown in Figure 1 is the 

characteristic of long range structural disorder and the 

amorphous nature of the glass samples in the studied 

composition range [5]. 

 
Fig. 1 XRD patterns of the powdered samples of  PbF2-TeO2 –B2O3 – 

Eu2O3   glass systems 

 

Perusal of the data presented in Table 1 shows that the 

density (ρ) of our samples appears to increase gradually from 

3.85611 to 4.0410 gm/cc with the increase of Eu2O3 content.  

This increase in the density can be due to replacement of low 

density B2O3 element (2.55 gm/cc) by high density Eu2O3 

element (7.40 gm/cc) [5]. Molar volume Vm indicates the 

spatial distribution of the oxygen in the glass network which 

measures compaction or expansion of the glass structure. It is a 

parameter which provides better structural information than 

density.  

Hence, we calculated molar volume, Vm for all glass 

samples by using the relation:  

 =  

Where   is the molar fraction and  molecular weight of 

the i
th

 component and  is the density of the sample. We also 

calculated the crystalline volume (Vc) of the glass samples 

using the relation, 

 =  

In the present study, we observed the gradual increase of 

both molar volumes (Vm & Vc) with increase in Eu2O3 content. 

Figure 2 shows the increase of molar volumes (Vm & Vc) and 

density (ρ) with Eu2O3 content.  Although Eu2O3 

(mol.wt=351.93 amu & density = 7.4 g/cm
3
) significantly 

heavier than B2O3 (mol.wt= 69.62 amu & density=2.55 g/cm
3
), 

it has comparatively higher molar volume (47.56 cm
3
/mol) 

than B2O3 (27.3 cm
3
/mol). Therefore increase in density of 

Eu2O3 doped borate glasses with Eu2O3 concentration is 

mostly due to increase in molecular mass. Also, the increase in 

Eu2O3 concentration at the expense of B2O3 causes the opened 

glass network structure [3] thereby increasing the molar 

volume, which is attributed to the increase in the number of 

non- bridging oxygen (NBOs). Hence, increase in modifier 

oxides (Eu2O3) decreases the concentration of tetrahedral units 

[BO4] of B2O3 & the resulting network gets loose and the 

connectivity of B2O3 network decreases. The gradual increase 

in the molar volume can be attributed to opening up of glass 

structure. The volume deviation, Vo (=Vm ˜ Vc) is positive for 

all glasses since we calculated Vc by assuming triangularly 

coordinated borons in crystalline density trigonal phase of 

boron trioxide which is confirmed by FT–IR measurements 

that are discussed in detail in section 3.2. Although triangular 

borons units, [BO3] are smaller in volume than the tetrahedral 

borons units, [BO4], their formation decreases three 

dimensional connectivity in the borate network and increases 

the glass volume. We conclude from the data of molar 

volumes (Vm & Vc) and density (ρ) presented in the Table 1 

that europium doped borate glass containing 2.0 mol% of 

Eu2O3 (Eu5) has the most compact structure since it has 

minimum volume deviation Vo= 3.183 cm
3
/mol. Further 

increase in Eu2O3 concentration increases the magnitude of V0 

indicating that effects of other structural modifications like 

decrease in concentration of non-bridging oxygens (NBO) 

and/or changes in Eu-O correlations dominates the effects of 

increase in tetrahedral borons [BO4 units]. 

 

 
Fig. 2 Variation in the Molar volume (Vm) with Crystalline 

volume (Vc) and Density (ρ) as a function of Eu2O3 concentration 

(mol %). Inset: The difference between Vm and Vc (V0) 

 

Where  is the crystalline molar volume of the i
th

 

component phase [6-8]. The calculated values of molar volume 

(Vm) and crystalline volume (Vc) are included in Table 1.  

 

2.3. Optical properties 

 

2.3.1. FT-IR analysis 

Infrared spectroscopy has proved to be an important tool for 

the investigation of structure and dynamics of disorder 

materials [9]. IR spectra of materials may help to get the idea 

of the nature of vibration in a disorder system. The room 

temperature vibration spectra of the glasses were obtained 

using KBr pellet technique in the range 400 - 4000 cm
–1

. The 

FTIR spectra of studied glass samples are characterized by 8 

absorption regions as shown in Figure 3.  
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TABLE I 

 VARIOUS PHYSICAL AND OPTICAL PROPERTIES OF PBF2–TEO2 –B2O3 –EU2O3 GLASSES. 

 

 
A very weak band labelled A, centred at 460 cm

-1
 

correspond to Pb-O bond, has been observed in all samples 

with no significant change in intensity. Band B, between 661 -

678 cm
-1

, is assigned to the stretching vibration of equatorial 

and axial Te-O bonds in the TeO4 trigonal bipyramids unit [9-

14]. A very weak band C, located in 682-694 cm
-1

, is most 

likely due to bending of B-O-B linkage in BO3 units of the 

borate network or can be attributed to vibrations of 

pentaborate groups [10-14]. The shoulder peak D, around 946-

953 cm
-1

, for each of the reported compositions, correspond to 

the B-O bond stretching in BO4 units of di-borate groups. This 

band shifted to the lower wavenumber and its intensity is 

slightly decreased with increase of Eu2O3 content, which 

indicates that the addition of Eu2O3 causes decrease of BO4 

units. An absorption band around 1016-1026 cm
-1

, which is 

almost present in all compositions, is a signature of the 

absorption made by penta-borate and di-borate groups. A 

shoulder peak in the range 1257-1273 cm
-1

, is due to the B-O 

bond stretching vibration in BO3 units. This band is centred at 

1265 cm
-1

 correspond sto symmetric strecthing vibrations of 

B-O bonds in BO3 units from meta- and ortho-borate groups. 

The band in the range 1354-1365 cm
-1

,corresponds to the 

symmetric B-O stretching vibrations in BO3 units in 

metaborate, pyroborate abd orhtoborate groups [12-14]. All 

samples contain an absorption band peaked in the range 3417-

3500 cm
-1

, is ascribed to the vibrations of the hydroxyl group  

 

 

in hydrogen bonding (H-O-H) [11]. In addition to these bands, 

IR peaks in the range 2343-2367 cm
-1

 are attributrd to the 

presence of –OH group in the glasses. These peaks are 

antisymmetric stretching of absorbed water molecules. The 

absence of peak around 806 cm
-1

, indicates that borate network 

does not contain any boroxol ring [10]. Generally, in pure 

B2O3 glass, most of the boron is involved in B3O6 boroxol 

rings. In the present study, the addition of Eu2O3 breaks these 

rings and increasingly BO3 units are formed which is reflected 

in our samples also. Slight variation in peaks positions and 

band shape are observed with the change of Eu2O3 

composition. 

 

IV. CONCLUSION 

Quaternary Europium (Eu2O3) doped lead fluoroborate 

glasses were successfully synthesized by melt quenching 

technique and their composition dependent structural and 

optical properties were investigated. The XRD patterns 

confirmed the amorphous glassy nature of the glasses. The 

increase in density, refractive index and molar volume with the 

increase in concentration of Eu2O3 indicates that the glass 

network becomes less tightly packed and degree of disorder 

increases with increase in Eu2O3 content.  It may be due to 

increse in non-bridging oxygens (NBOs) with rise in the 

concentration of Eu2O3. FT-IR spectra showed that the glass 

network is mainly constituted by the Te-O bonds in the [TeO4] 

trigonal bipyramids unit, [BO3] triangle, [BO4] tetrahedron 

structural units. The increase in the band intensity of the IR 

band centred at 1354 cm
-1

 showed that borate oxide exists 

mainly in [BO3] units in the glasses and [BO4] units are 

converted into [BO3] with increasing Eu2O3 content.  
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