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Structural study of the Fe2O3-B2O3-BaO glass system by 
FTIR spectroscopy 
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Glasses belonging to the xFe2O3⋅(100-x)[3B2O3·BaO] system, with 0 ≤ x ≤ 50 mol% were prepared and characterized by IR 
spectroscopy. It was establised the mode in wich Fe2O3 influence  the local structure of the 3B2O3·BaO glass matrix. The IR 
absorption data indicate that the BO4 / BO3 ratio in the studied glasses is dependent on the iron ions content. 
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1. Introduction 
 
IR spectroscopy is a very sensitive and one of the 

most used spectroscopy metods applied in the 
investigation of the local structure characterizing vitreous 
materials like oxide glasses [1]. 

The borate glasses are very often investigated because 
they are relatively easy to obtain and, moreover, in their 
structure appears a large variety of structural units over a 
wide range of modifier concentration [1,2]. Borate glasses 
are scientifically interesting because of the occurrence of 
the boron anomaly [3] and for their application as a 
dielectric material. The presence of some transitional 
metal ions in the glass structure makes the glass 
electrically semiconducting and superparamagnetic [4]. 

The structure of B2O3 glass has been studied by a lot 
of structural methods [5 – 14]. All studies suggest that in 
the pure B2O3 glass the boron atoms are three fold 
coordinated, the basic structural unit consisting in a 
boroxol ring B2O6. The addition of glass modifier oxide 
changes the coordination of boron from 3 to 4 as a result 
of BO4 units formation [15 – 17].  

The aim of this paper is to present the structural 
information obtained on the 3B2O3·BaO glass matrix 
containing Fe2O3 by means of FTIR spectroscopy 
measurements. 

  
 
2. Experimental 
 
Samples of  xFe2O3⋅(100-x)[3B2O3·BaO] glass system 

were prepared. For the preparation chemical pure raw 
materials were used: Fe2O3, H3BO3, and BaCO3 in suitable 
proportions. The mechanically homogenized mixtures 
were melted in sintered corundum crucibles at 1250 °C, in 
an electrical furnace. The samples were put into the 
electric furnace direct at this temperature. After                     
30 minutes, the molten material was quenched at room 
temperature by pouring onto a stainless–steel plate. The 

samples were analyzed by means of X-ray diffraction and 
did not show any crystalline phase up to 50 mol% Fe2O3. 

The FT-IR absorption spectra of the glasses in the    
400 – 2000 cm-1 spectral range were obtained with an 
Equinox 55 Bruker spectrometer. The IR absorption 
measurements were done using the KBr pellet technique. 
In order to obtain good quality spectra the samples were 
crushed in an agate mortar to obtain particles of 
micrometer size. This procedure was applied every time to 
fragments of bulk glass to avoid structural modifications 
due to ambient moisture. 

 
3. Results and discussion 
 
The experimental IR spectra of the xFe2O3⋅(100-x)[3B2O3⋅BaO] 

glass system (Fig. 1)  were compared with those 
coresponding to vitreous B2O3 [18 - 24] and crystalline 
BaO, Fe2O3 [25] oxides. Obtained absorbtion bands and 
their assignments are summarized in Table 1. 
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Fig. 1. Infrared absorption spectra of 
 xFe2O3·(100-x)[3B2O3·BaO] glasses. 
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Table 1. Frequencies and their assignments for IR 
spectra of xFe2O3·(100-x)[3B2O3·BaO] glasses. 
 

Wavenumber 
(cm-1) 

Assignment 

∼ 460 Specific vibrations of Fe-O and Ba-O bonds
∼ 570 Specific vibrations of Fe-O and Ba-O bonds
∼ 700 B-O-B bending vibrations 
∼ 770 O3B-O-BO4 bending vibrations 
∼ 930 
∼ 1060 

B–O stretching vibration of BO4 units in 
tri-, tetra- and pentaborate groups 

∼ 1230 B–O stretching vibration of  B-O bond of 
BO4 units from boroxol rings 

∼ 1370 B-O stretching vibrations of BO3 units in 
metaborate, pyroborate and ortoborate 

groups. 
 
 

The IR spectrum of the vitreous B2O3 [18-19] contains 
a intense absorption bands at ∼ 1400 cm-1 and at                      
∼ 1265 cm-1, a lowest absorption band at ∼ 720 cm-1. 
Barium crystalline oxide BaO presents an intense band at 
∼ 483 cm-1 and a low one at ∼ 503 cm-1 [19 - 25]. Iron 
crystalline oxide αFe2O3 presents an intense band at                    
∼ 468 cm-1 and a large intense band at ∼ 560 cm-1 [19 - 
25]. For γFe2O3 were identified two lowest absorption 
bands at ∼ 468 cm-1 and ∼ 555 cm-1 [19 -25].  

The bands at ∼ 460 cm-1 and ∼ 570 cm-1  are assigned 
to specific vibrations of Fe-O bonds [19 -25], over wich 
can be superposed the contribution of the Ba-O bonds 
[25]. The intensity of these bands are very weak in all 
concentration range studied. 

In all the IR spectra a strong band appears at                
∼ 700 cm-1 relative to the band at ∼ 720 cm-1 from the 
spectrum of vitreous B2O3, which is due to the bending 
vibration of B-O-B linkages in borate network [20]. The 
intensity of this band increases with the increase of Fe2O3 
content up to 3 mol%. For higher concentrations, the 
amplitude of this band decreases  very small. The band at 
∼ 770 cm-1 is assigned to the B-O-B bending vibration of 
bridges containing one trigonal and one tetrahedral boron 
[21]. This band are evidenced  only in the glass matrix 
3B2O3⋅BaO (x=0). The bands at ∼ 930 cm-1 and at                         
∼ 1060 cm-1 was assigned to B-O stretching vibration BO4 
units in tri-, tetra- and penta- borate groups [21-24]. The 
intensity of these bands is very large in the glass matrix 
(x=0). For x=0.5 mol% the amplitude of these band  
decreases and for higher concentrations of Fe2O3 they 
increase.  The absorption band at ∼ 1230 cm-1 was 
assigned to B–O stretching vibration of trigonal BO3 units 
in boroxol rings [20]. The intensity of this band increases 
with the increase of Fe2O3 content up to 3 mol% and after  
very small. The band at ∼ 1370 cm-1 was assigned to B-O 
stretching vibrations of  BO3 units in meta-, pyro- and 
orto- borate groups [21-24]. The intensity of this band 
increases up to x=0.5 mol% and thereafter, remains almost 
the same in all the compositional range. For all 
compositional range the bands at ∼1230 cm-1 and                 
∼1370 cm-1 are more intense than the bands at ∼ 930 cm-1 
and ∼1060 cm-1.  This result suggests that in the studied 

glasses the threefold boron atoms are dominant if 
compared with the fourfold ones. 

From this study it was concluded that the presence of 
the iron ions in the glass matrix determines the 
modification of the BO4 / BO3 ratio, but has not large 
influence on structural disorder of glass matrix. 

 
4. Conclusions  
 
Homogeneous glasses of the                    

xFe2O3⋅(100-x)[3B2O3⋅BaO] system were obtained within   
0 ≤ x ≤ 50 mol% composition range. 

IR spectra of these glasses have been analyzed in 
order to identify the spectral contribution of each 
component on the structure and to point out the role of the 
iron ions as a modifier of the glass network. 

The bands at  ∼ 460 cm-1 and at ∼ 570 cm-1 confirm 
the presence of the iron and barium  ions in our glasses. 
The threefold boron atoms are favored in the investigated 
glass system compared to the fourfold ones. 
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