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Abstract 
Among new low-melting-point glasses, bismuth ate glass is deemed to have the most potential as 
an environmentally friendly replacement for polluting Pb-containing glasses. Current studies of 
boro-bismuthate glasses focus on the structural influence of the additional oxide in the context of 
low-melting-point electronic sealing applications. In this study, the structure of quaternary Bi2O3- 
ZnO-B2O3-BaO glasses was investigated spectroscopic ally, with Fourier-transform-infrared (FT-IR) 
and Raman spectra recorded for glasses with different main oxide contents. Signals in the FT-IR 
are mainly observed around 500 cm−1, 720 cm−1, 840 cm−1, 980 - 1080 cm−1, and 1200 - 1500 cm−1, 
while the Raman scattering peaks are located at 130 cm−1, 390 cm−1, 575 cm−1, 920 cm−1, and 1250 
cm−1. The glasses are mainly structured around [BO3] units and the numbers of [BiO6] and [BiO3] 
units increase with the Bi2O3 content increasing. Concurrently, the FT-IR absorption peaks asso-
ciated with [BO4] units shift to lower wave numbers, indicating a loosening of the glass structure. 
However, as the B2O3 content is increased, the numbers of [BO3] and [BO4] units increase, while 
those of [BiO3] and [BiO6] units decrease, highlighting a densification of the glass structure. ZnO 
acts as a network modifier in these glasses. 
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1. Introduction 
The special properties of bismuth glass have been investigated mainly in the Bi2O3-B2O3 [1] [2] and Bi2O3- 
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ZnO-B2O3 systems [3]. Greater information is becoming available on its structure and properties [4]-[6]. Bi 
glass benefits from a low melting point, below 1100˚C, and could therefore be developed as a new type of 
lead-free low-melting-point sealing glass.  

Bismuth borate glass has gradually been drawing interest among researchers as a new kind of lead-free ma-
terial, leading to greater information becoming available on its structure and performance. Raman and infrared 
(IR) spectroscopy provide important information on the local structure of vitreous and ceramic materials [7] [8]. 
Shashidhar Bale et al. [2] studied the role of Bi2O3 in the formation of the glass network by Raman and IR tech-
niques. Chahine et al. [9] reported IR and Raman spectra of sodium-bismuth-copper phosphate glasses, reflect-
ing the structural role of bismuth. Yin et al. [1] studied the structure and crystallization kinetics of Bi2O3-B2O3 
glasses and Radu et al. [10] employed IR and Raman spectroscopy to investigate the structural units in bismuth 
based glasses. Elsewhere, Katerina Knoblochova et al. [11] investigated the Bi2O3-PbO-B2O3-GeO2 system and 
analyzed the structure of the glasses. 

In this study, the spectroscopic properties of the quaternary Bi2O3-ZnO-B2O3-BaO glass system were studied 
by Fourier transform (FT)-IR and Raman spectroscopy. Variations in the glass structure were investigated on the 
basis of the spectra to understand the relationship between the atomic-level structure and the bulk properties of 
the glasses.  

2. Experimental Procedure 
Glass samples of compositions (65 − x)Bi2O3-xZnO-5BaO-30B2O3 (3 ≤ x ≤ 15 mol%) and (80 − y)Bi2O3- 
yB2O3-15ZnO-5BaO (20 ≤ y ≤ 40 mol%) were prepared by melt quenching using reagent grade Bi2O3, ZnO, and 
H3BO3. The precursor chemicals were mixed in porcelain crucibles, calcined at 450˚C for 1 h and then melted at 
1100˚C - 1200˚C depending on the glass composition. The melts were stirred for 1 h to homogenize the mixtures. 
The clear melts (free of bubbles) were quickly cast in stainless steel molds kept at 250˚C and pressed with 
another steel disc maintained at same temperature. The resulting samples were transparent and their color varied 
from yellow to light brown with increasing bismuth content. The glasses were then annealed at 300˚C for about 
8 h to remove thermal stress and strain. In the following, the glass samples with x = 3, 6, 9, 12, and 15, are 
named A1, A2, A3, A4 and A5, respectively. Similarly, the glass samples with y = 20, 25, 30, 35, and 40, are 
named B1, B2, B3, B4, and B5, respectively. 

Infrared spectra of the powdered glass samples were recorded at room temperature in the wavelength range 
400 - 2000 cm−1 using a Nicolet-60-SXB FT-IR spectrometer. These measurements were performed on glass 
powder dispersed in KBr pellets. 

Room-temperature Raman spectroscopy was performed in the 100 - 1700 cm−1 wavelength range using a Re-
nishaw inVia micro-Raman spectrometer. The incident laser was focused to a diameter of 1 - 2 μm and a notch 
filter was used to suppress Rayleigh light. Raman shifts were measured to a precision of ~0.3 cm−1 and the spec-
tral resolution was of the order 1 cm−1. 

3. Results and Discussion 
3.1. Structure of the Bi2O3-ZnO-B2O3-BaO Glasses 
Figure 1 shows the FT-IR spectrum of the x = 9 glass sample, for which absorption bands are clearly observed 
around 500, 720, 840, 980 - 1080 and 1200 - 1500 cm−1. The corresponding assignments are listed in Table 1.  

FT-IR spectra of glasses are generally interpreted using the method proposed by Tarte [12] and Condrate [13], 
by comparing the experimental data with those of related crystalline compounds. In this study, the characteristic 
absorption bands for vitreous Bi2O3 [14] [15] and B2O3 [16] [17] were used. The absorption band centered at 
~500 cm−1 is characteristic of the stretching vibrations of Bi-O bonds in strongly distorted BiO6 octahedral units 
[14] [15]. These can overlap with B-O-B bond-bending vibrations [16]-[18]. The absorption band at ~715 cm−1 
has been assigned to the symmetric stretching vibrations of Bi-O bonds in pyramidal BiO3 units [20], and this 
can overlap with O3B-O-BO3-bending vibrations [17] [19]. The absorption band at ~880 cm−1 arises from sym-
metric stretching vibrations of Bi-O bonds in pyramidal BiO3 units [14], possibly superposed with stretching vi-
brations of B-O bonds in the BO4 units of diborate groups [17]. The band at ~990 cm−1 can be attributed to B-Q 
stretching vibrations in BQ4 units from tri- (B3O5

−), tetra- (B8O13
2−), and penta-borate (B5O8

−) groups [18]. In the 
Qn nomenclature, n indicates the number of bridging oxygen for a given network-forming unit, in this case bo-
ron. The strong band at ~1200 cm−1 is assigned to stretching vibrations of B-O bonds in BO3 units from 
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                       Figure 1. FT-IR spectrum of a 56Bi2O3-9ZnO-30B2O3-5BaO glass. 
 
Table 1. Assignments for the FT-IR absorption bands of Bi2O3-ZnO-B2O3-BaO glass.                                      

Wavenumber (cm−1) FT-IR assignment 

500 cm−1 Stretching vibrations of Bi-O bonds in strongly distorted BiO6 octahedral units, B-O-B bond bending vibrations. 

720 cm−1 Symmetric stretching vibrations of Bi-O bonds in pyramidal BiO3 units, O3B-O-BO3 bending vibrations. 

840 cm−1 Symmetric stretching vibrations of Bi-O bonds in pyramidal BiO3 units, stretching vibrations of B-O bonds in  
BO4 units from diborate groups. 

990 - 1080 cm−1 Stretching vibrations of B-Q bonds in BQ4 units from tri-, tetra-, and penta-borate groups. 

1200 cm−1 Stretching vibrations of B-O bonds in BO3 units from meta- and ortho-borate groups. 

1300 - 1500 cm−1 Asymmetric stretching vibrations of B-O bonds in BO3 and BQ2O− units. 

 
meta- and ortho-borate groups [19] [21]. The broad shoulder present in the spectrum at ~1295 cm−1 is assigned 
to the asymmetrical stretching vibrations of B-O bonds in BO3 and BQ2O– units [19] [22].  

For all samples, FT-IR absorption bands for vitreous B2O3 were identified at ~720, ~1260, and ~1420 cm−1, 
which are attributed to B-O bond vibrations in trigonal BO3 units [16]-[18]. The vibrational modes of the borate 
glass network appear in three infrared spectral regions [19]. The first group of bands, between 1200 and 1600 
cm−1, arises from the asymmetric stretching relaxation of B-O bonds in BO3 units. The second group, between 
800 and 1200 cm−1, is due to B-O bond stretching in tetrahedral BO4 units, and the third group, around 700 cm−1, 
is due to the bending of B-O-B connections in the borate network [20]. Characteristic absorption bands for crys-
talline ZnO were identified at ~430 and ~520 cm−1 and are attributed to Zn-O bond vibrations in tetrahedral 
ZnO4 units [23]. 

The assignments in Table 1 suggest that [BiO6], [BiO3], [BO3], and [BO4] units may be present in the 
Bi2O3-ZnO-B2O3-BaO quaternary glasses.  

Further information on the structure of the glass can be gathered from the absorption peaks around 990 - 1080 
cm−1, 1200 cm−1, and 1300 - 1350 cm−1, that are characteristic of [BO3] and [BO4] units. The FT-IR absorption 
peaks around 500 cm−1, 720 cm−1, and 840 cm−1 can be attributed to the Bi-O bond in [BiO6] units and to the 
B-O bond in [BO3] units, or to the Bi-O bond in [BiO3] units and the B-O bond in [BO4] units. These attribu-
tions are however uncertain and can only be confirmed using Raman spectroscopy.   

Figure 2 shows a typical Raman spectrum for these glasses, consisting of broad peaks in the 100 - 1600 cm−1 
range. For the x = 9 glass sample, peaks are observed around 130 cm−1, 390 cm−1, 575 cm−1, 920 cm−1, and 1250 
cm−1.  

The vibrational Raman and infrared spectra of the investigated glasses with 45 - 65 mol% bismuth oxide con-
centrations are dominated by bands associated with structural units built around the heaviest cation, Bi3+. The 
Raman bands arising from heavy metal oxides, such as Bi2O3, can be classified into four groups: 1) low wave-
number Raman modes (<100 cm−1), 2) heavy metal ion vibrations in the range 70 - 160 cm−1, 3) bridged anion 
modes in the intermediate 300 - 600 cm−1 region, and 4) non-bridging anion modes at higher wavenumbers [24]. 

The presence of a band around 135 cm−1 in Raman spectra is evidence for the presence of [BiO3] and [BiO6] 
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                       Figure 2. Raman spectrum of a 56Bi2O3-9ZnO-30B2O3-5BaO glass. 
 
polyhedra [25]. In the spectrum shown in Figure 2, this band is observed at 130 cm−1, showing that the Bi3+ ca-
tions are incorporated into [BiO3] and [BiO6] groups. Considering that the vibrations from bismuth groups ap-
pear at significantly lower wavenumbers than those from boron units, the peaks in the 120 - 650 cm−1 range are 
assigned to bismuth units with a bridging anion [24] [26]. Thus, the broad and strong band at ~370 cm−1 in the 
present Raman spectrum can be attributed to Bi-O-Bi vibrations, while the shoulder at 591 cm−1 is assigned to 
Bi-O– stretching vibrations in [BiO6] octahedral units. Similar observations have been made in lithium bismu-
thate [27] and other heavy metal oxide glasses [26]. The band around 921 cm−1 can be ascribed to isolated or-
thoborate groups [29] while the weak band from 1285 to 1309 cm−1, observed over the entire composition range, 
is due to Bi-O– non-bridging oxygens (NBOs) in BiO3 and pyroborate groups. Indeed, in the infrared spectra 
from these glasses, the band observed at 708 cm−1 is assigned to B-O-B bending vibrations in trigonal [BO3] 
groups [21], the band around 1218 cm−1 arises from Bi-O– NBO stretching vibrations of [BiO3] units, and the 
band at 1256 cm−1 is due to B-O– vibrations. To facilitate the interpretation of the spectra, the different Raman 
peaks and their related functional groups are summarized in Table 2.  

Figure 2 and Table 2 show that [BO3], [BiO6] and [BiO3] units may be present in these boro-bismuthate 
glasses, but the characteristic peak for [ZnO4] units around 254 cm−1 is not clearly visible in Figure 2, suggest-
ing that ZnO acts as a network modifier in this glass system.  

Based on the FT-IR and Raman spectra obtained for this glass, the main network forming units are trigonal 
[BiO3] and [BO3] groups with a smaller number of [BO4] tetrahedrons. However, [BiO6] units are not incorpo-
rated in the glass network. Bi-O− NBOs may be present as well as some Bi-O-Bi and bonds between [BiO3] and 
[BiO3] or between [BiO3] and [BiO6] groups. The connections between [BO3] groups, and between [BO3] and 
[BO4] groups, may occur via B-O-B bonds or B-O− links. ZnO acts as a network modifier and is not integrated 
in the glass network. 

3.2. Effect of Bi2O3 Contents on the Structure of Bi2O3-ZnO-B2O3-BaO Glasses 
Bi2O3 plays a unique role in the structure of these glasses. The presence in large proportions of the two network 
formers, Bi2O3 and B2O3, leads to the formation of a vitreous structure with exceptional properties. Figure 3 
shows the FT-IR spectra obtained for glasses in this system with different Bi2O3 contents, with the correspond-
ing Raman spectra shown in Figure 4. Both the FT-IR and Raman curves shift slightly with increasing Bi2O3 
contents.  

The IR absorption spectra obtained from glasses in the Bi2O3-ZnO-B2O3-BaO system with different Bi2O3 
contents are shown in Figure 3. The peak around 500 cm−1 clearly increases in intensity with increasing Bi2O3 
content, indicating an increase in the number of [BiO6] units. The peak around 720 cm−1 also tends to increase in 
intensity, possibly due to increasing numbers of [BO3] and [BiO3] units. Similarly, the strengthening of the peak 
around may be attributed to increasing numbers of [BiO3] and [BO4] groups. Moreover, while the peak around 
990 - 1080 cm−1 does not change significantly in intensity, it shifts towards lower wave numbers, highlighting 
the tendency of [BO4] units to become looser in the glass structure. Finally, the increase in intensity of the peaks 
around 1200 cm−1 and 1300 - 1350 cm−1 is ascribed to increasing numbers of [BO3] units in the glasses. 
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Table 2. Assignments for the Raman scattering bands measured in Bi2O3-ZnO-B2O3-BaO glasses [3] [4] [29] [30].           

Wave number (cm−1) Raman assignment 

130 cm−1 Symmetric stretching vibrations of Bi-O-Bi bonds in pyramidal BiO3 units and BiO6 octahedrons. 

254 cm−1 Bending vibrations of Zn-O bonds in ZnO4 tetrahedrons. 

390 cm−1 Symmetric stretching vibrations of Bi-O-Bi bonds in pyramidal BiO3 units and BiO6 octahedrons. 

575 cm−1 Stretching vibrations of Bi-O− bonds in BiO6 octahedrons. 

920 cm−1 Stretching vibrations of B-O bonds in orthoborate formed by pyramidal BO3 units, stretching vibrations of  
Bi-O− bonds in BiO6 octahedrons. 

1250 - 1320 cm−1 Stretching vibrations of Bi-O− bonds in pyramidal BiO3 units. 

1250 - 1500 cm−1 Stretching vibrations of B-O− bonds and stretching vibrations of O3B-O-BO4 bonds in BO3 pyramidal units,  
Stretching vibrations of B-O-B bonds in pyramidal BO3 units. 
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Figure 3. FT-IR spectra of (65 − x)Bi2O3-xZnO-5BaO-30B2O3 
(3 ≤ x ≤ 15 mol%) glasses.                                     
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Figure 4. Raman spectra of (65 − x)Bi2O3-xZnO-5BaO-30B2O3 
(3 ≤ x ≤ 15 mol%) glasses.                                   

 
Figure 4 shows the Raman spectra obtained for glasses with different Bi2O3 contents. A clear increase in in-

tensity is observed around 130 cm−1, which indicates increasing numbers of [BiO3] and [BiO6] units in the glass. 
Furthermore, from sample A1 to A5, the peaks shift to higher wavenumbers, from 124 cm−1 to 136 cm−1, hig-
hlighting an increasing proportion of [BiO3] units. In these glasses, the network is formed around [BO4] tetrahe-
drons and trigonal [BO3] and [BiO3] units but does not involve [BiO6] units. Bi-O-Bi bonds might be formed 
between [BiO3] units, or between [BiO3] and [BiO6] units; however, the vibration frequency of Bi-O-Bi bonds 
varies little between different structural units, since the vibration is stronger inside the network than outside.  
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The scattering peak around 390 cm−1 in the Raman spectra increases in intensity with increasing Bi2O3 con-
tents, indicating that the numbers of [BiO3] and [BiO6] units increase in the glass. The peak around 575 cm−1 al-
so becomes stronger, highlighting an increase in the number of [BiO6] units. Finally, the increased intensity of 
the peak around 1250 cm−1 may be ascribed to greater numbers of [BiO3] and [BO3] units. 

To summarize, the FT-IR and Raman spectra of these glasses suggest that bismuth is present in the form of 
[BiO6] and [BiO3] units, and boron as [BO3] and [BO4] units. ZnO is not incorporated in the network and pro-
vides free oxygen atoms. In the glasses with higher Bi2O3 contents, a clear increase in the numbers of [BiO6] and 
[BiO3] units is evidenced. The FT-IR absorption peaks at 990 - 1080 cm−1 shift to lower wavenumbers from 
samples A1 to A5, indicating that the [BO4] units tend to become loose in the glass network, the latter being built 
mainly around trigonal [BO3] groups.  

3.3. Effect of B2O3 Contents on the Structure of Bi2O3-ZnO-B2O3-BaO Glasses 
Figure 5 shows the infrared spectra obtained for the glasses in group B. For all compositions, bands around 500 
cm−1, 720 cm−1, 840 cm−1, 980 - 1080 cm−1, and 1200 - 1500 cm−1 are observed. The assignments are similar to 
those described for group A, showing that the same four structural units—[BiO3], [BiO6], [BO3], and [BO4]— 
are present in these glasses.  

The absorption band at 980 - 1080 cm−1, attributed to stretching vibration in [BO4] groups, increases in inten-
sity from sample B1 to B5. Higher B2O3 contents result in stronger B-O-B bond vibrations from trigonal [BO3] 
units, which appear around 1100 - 1400 cm−1 in the FT-IR spectra. A similar increase is observed for the absorp-
tion peak at 720 cm−1, arising from B-O-B bond stretching vibrations in trigonal [BO3] groups and from symme-
tric Bi-O stretching vibrations in trigonal [BiO3] units, indicating and increase in the number of these two groups. 
In contrast, the absorption peak at 470 cm−1, arising from Bi-O bond bending in [BiO6] octahedrons, weakens.  

Figure 6 shows the Raman spectra obtained for different glasses in group B, covering the spectral range of 
100 - 1600 cm−1. For the B1 sample, scattering bands are clearly observed at 130 cm−1, 390 cm−1, 575 cm−1, 920 
cm−1, and 1250 - 1500 cm−1.  

As they belong to the same glass system, the samples from groups A and B produce similar Raman peaks, as 
evidenced by comparing Figure 4 and Figure 6. However, as the B2O3 content increases, the scattering intensity 
at 130 cm−1 in the Raman spectra, arising from symmetric Bi-O-Bi stretching vibrations in trigonal [BiO3] 
groups and [BiO6] octahedron, decreases, highlighting a corresponding decrease in the relative numbers of [BiO3] 
and [BiO6] units.  

As the B2O3 content increases from sample B1 to B5, the band around 390 cm−1, due to symmetric Bi-O-Bi 
stretching vibrations in trigonal [BiO3] units and [BiO6] octahedrons, becomes stronger, reflecting enhanced 
crosslinking of the [BiO3] and [BiO6] groups in the glass network. The peak around 575 cm−1, associated with 
Bi-O bond stretching vibrations in [BiO6] octahedrons, decreases in intensity with increasing B2O3 contents, in-
dicating a decrease in the relative number of [BiO6] units. However, no clear variation is observed for the Ra-
man scattering peak at 920 cm−1, attributed to B-O bond stretching vibrations in the orthoborate formed by BO3 
pyramidal units. For all compositions, the Raman scattering peak at 1250 - 1500 cm−1 arises mainly from the  
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Figure 5. FT-IR spectra of (80 − y)Bi2O3-yB2O3-15ZnO-5BaO 
(20 ≤ y ≤ 40 mol%) glasses.                                  
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Figure 6. Raman spectra of (80 − y)Bi2O3-yB2O3-15ZnO-5BaO 
(20 ≤ y ≤ 40 mol%) glasses.                                 

 
Bi-O− NBO of [BiO3] units and the B-O-B stretching vibration of [BO3] units. As the B2O3 content is increased 
in going from sample B1 to B5, this peak weakens, indicating a relative decrease and increase in the number of 
[BiO3] and [BO3] units, respectively. Indeed, the decrease in the Raman peak around 1250 - 1500 cm−1 suggests 
that the decrease in the number of [BiO3] units is more substantial than the increase in the number of [BO3] 
groups. 

The above analysis of the B samples suggests that [BiO6], [BiO3], [BO3], and [BO4] units are present in the 
glasses. With increasing B2O3 content, the relative numbers of [BO3] and [BO4] units increase with a corres-
ponding decrease in the number of [BiO3] and [BiO6] units. It is notable however that no Raman peak assignable 
to [ZnO4] tetrahedrons appears in the group B glasses.  

4. Conclusions 
In summary, glasses in the Bi2O3-ZnO-B2O3-BaO system were prepared and investigated by FT-IR and Raman 
spectroscopy in terms of the structure of the glass matrix. The FT-IR data suggest that the glass network is built 
around trigonal [BO3] units, cross-linked or connected to [BO4] groups, while the Raman data highlight the 
presence of [BiO3] and [BiO6] units. The main network forming species are trigonal [BiO3] and [BO3] units, but 
[BO4] tetrahedrons form part of the network. The [BiO6] units do not enter the glass network.  

When altering the content of the main oxide, only slight changes are observed in the FT-IR and Raman spec-
tra. As the Bi2O3 content is increased, the absorption and scattering peaks associated with Bi3+ and B3+ increase 
and decrease, respectively. Contrarily, for increasing B2O3 contents, the peaks arising from [BiO3] and [BiO6] 
units decrease in intensity, while those from [BO3] and [BO4] units strengthen. 

All the results point to the fact that introducing Bi2O3 leads to a somewhat looser structure, and this is there-
fore propitious for lowering the melting point of the glass. On the contrary, increasing the B2O3 content leads to 
a more compact structure and thus to a more stable glass system.  

Acknowledgements 
This work was financially supported by the National “Twelfth Five-Year” Plan for Science & Technology Sup-
port of China (2012BAA08B04). This work was also supported by a Research and Test of Material grant from 
Wuhan University of Technology. 

References 
[1] Cheng, Y., Xiao, H.N., Guo, W.M. and Guo, W.M. (2006) Structure and Crystallization Kinetics of Bi2O3-B2O3 

Glasses. Thermochimica Acta, 444, 173-178. http://dx.doi.org/10.1016/j.tca.2006.03.016 
[2] Zhao, X.Y., Wang, X.L., Lin, H. and Wang, Z.Q. (2007) Correlation among Electronic Polarizability, Optical Basicity 

and Interaction Parameter of Bi2O3-B2O3 Glasses. Physica B, 390, 293-300.  
http://dx.doi.org/10.1016/j.physb.2006.08.047 

[3] Bale, S., Rahman, S., Awasthi, A.M. and Sathe, V. (2008) Role of Bi2O3 Content on Physical, Optical and Vibrational 

http://dx.doi.org/10.1016/j.tca.2006.03.016
http://dx.doi.org/10.1016/j.physb.2006.08.047


F. He et al. 
 

 
1149 

Studies in Bi2O3-ZnO-B2O3 Glasses. Journal of Alloys and Compounds, 460, 699-703. 
http://dx.doi.org/10.1016/j.jallcom.2007.06.090 

[4] Ardelean, I., Cora, S. and Rusu, D. (2008) EPR and FT-IR Spectroscopic Studies of Bi2O3-B2O3-CuO Glasses. Physica 
B, 403, 3682-3685. http://dx.doi.org/10.1016/j.physb.2008.06.016 

[5] Saritha, D., Markandeya, Y., Salagram, M., Vithal, M., Singh, A.K. and Bhikshamaia, G. (2008) Effect of Bi2O3 on 
Physical, Optical and Structural Studies of ZnO-Bi2O3-B2O3 Glasses. Journal of Non-Crystalline Solids, 354, 5573- 
5579. http://dx.doi.org/10.1016/j.jnoncrysol.2008.09.017 

[6] Rada, S., Pascuta, P., Bosca, M., Culea, M., Pop, L. and Culea, E. (2008) Structural Properties of the Boro-Bismuthate 
Glasses Containing Gadolinium Ions. Vibrational Spectroscopy, 48, 255-258.  
http://dx.doi.org/10.1016/j.vibspec.2007.12.005 

[7] Culea, E., Pop, L., Simon, V., Neumann, M. and Bratu, I. (2004) Spectroscopic and Magnetic Behavior of xNd2O3   
(1 − x)(3Bi2O3·PbO) Glasses. Journal of Non-Crystalline Solids, 337, 62-67.  
http://dx.doi.org/10.1016/j.jnoncrysol.2004.03.104 

[8] Maniu, D., Iliescu, T., Ardelean, I., Ciceo-Lucacel, R., Bolboaca, M. and Kiefer, W. (2002) Raman Study of 
B2O3-SrO-CuO Glasses. Vibrational Spectroscopy, 29, 241-244. http://dx.doi.org/10.1016/S0924-2031(01)00184-9 

[9] Chahine, A., Et-Tabirou, M. and Pascal, J.L. (2004) FTIR and Raman Spectra of the Na2O-CuO-Bi2O3-P2O5 Glasses. 
Materials Letters, 58, 2776-2780. http://dx.doi.org/10.1016/j.matlet.2004.04.010 

[10] Radu, A., Baia, L., Kiefer, W. and Simon, S. (2005) The Influence of Manganese Cations on the Structure of Lead 
High Bismuthate Glasses and Glass Ceramics. Vibrational Spectroscopy, 39, 127-130. 
http://dx.doi.org/10.1016/j.vibspec.2005.01.004 

[11] Knoblochova, K., Ticha, H., Schwarz, J. and Tichy, L. (2008) Raman Spectra and Optical Properties of Selected 
Bi2O3-PbO-B2O3-GeO2 Glasses. Optical Materials, 31, 895-898.  
http://dx.doi.org/10.1016/j.optmat.2008.10.024 

[12] Tarte, P. (1962) Etude infra-rouge des orthosilicates et des orthogermanates—III: Structures du type spinelle. Spectro-
chimica Acta, 19, 49-71.  

[13] Condrate, R.A. and Chakraborty, I.N. (1986) The Vibrational Spectra of B2O3-GeO2 Glasses. Journal of Non-Crystalline 
Solids, 81, 271-284. http://dx.doi.org/10.1016/0022-3093(86)90496-5 

[14] Iordanova, R., Dimitrov, V., Dimitriev, Y. and Klissurski, D. (1994) Glass Formation and Structure of Glasses in the 
V2O5-MoO3-Bi2O3 System. Journal of Non-Crystalline Solids, 180, 58-65.  
http://dx.doi.org/10.1016/0022-3093(94)90397-2 

[15] Iordanova, R., Dimitriev, Y., Dimitrov, V., Kassabov, S. and Klissurski, D. (1996) Glass Formation and Structure in 
the V2O5-Bi2O3-Fe2O3 Glasses. Journal of Non-Crystalline Solids, 204, 141-150.  
http://dx.doi.org/10.1016/S0022-3093(96)00416-4 

[16] Kamitsos, E.I., Karakassides, M.A. and Patsis, A.P. (1989) Spectroscopic Study of Carbonate Retention in High-Basicity 
Borate Glasses. Journal of Non-Crystalline Solids, 111, 252-262.  
http://dx.doi.org/10.1016/0022-3093(89)90288-3 

[17] Kamitsos, E.I., Karakassides, M.A. and Cryssikos, G.D. (1987) Far-Infrared Spectra of Binary Alkali Borate Glasses. 
Solid State Ionics, 28-30, 687-692. http://dx.doi.org/10.1016/S0167-2738(88)80126-7 

[18] Fuxi, G. (1991) Optical and Spectroscopic Properties of Glass. Springer, Beijing.  
[19] He, F., Ping, C.M. and Zheng, Y.Y. (2013) Viscosity and Structure of Lithium Sodium Borosilicate Glasses. Physics 

Procedia, 48, 73-80. http://dx.doi.org/10.1016/j.phpro.2013.07.012 
[20] Bishay, A. and El Loz, H. (1969) Electron Spin Resonance Studies of Some Irradiated Alkali Borate Glasses Contain-

ing Trivalent Cerium. Journal of Non-Crystalline Solids, 1, 437-440. http://dx.doi.org/10.1016/0022-3093(69)90024-6 
[21] Kammitos, E.I., Patsis, A.P., Karakassides, M.A. and Chryssikos, G.D. (1990) Infrared Reflectance Spectra of Lithium 

Borate Glasses. Journal of Non-Crystalline Solids, 126, 52-67. http://dx.doi.org/10.1016/0022-3093(90)91023-K 
[22] Chryssikos, G.D., Kamitsos, E.I., Patsis, A.P. and Karakassides, M.A. (1990) On the Structure of Alkali Borate Glasses 

Approaching the Orthoborate Composition. Materials Science and Engineering: B, 7, 1-4.  
http://dx.doi.org/10.1016/0921-5107(90)90002-S 

[23] Mass, J., Avella, M., Jiménez, J., Callahan, M., Grant, E., Rakes, K., Bliss, D. and Wang, B. (2007) Cathodolumines-
cence Study of Extended Defects in Hydrothermal ZnO Crystals. Superlattices and Microstructures, 42, 306-313.  
http://dx.doi.org/10.1016/j.spmi.2007.04.019 

[24] Lines, M.E., Miller, A.E., Nassau, K. and Lyons, K.B. (1987) Absolute Raman Intensities in Glasses: II. Germania- 
Based Heavy Metal Oxides and Global Criteria. Journal of Non-Crystalline Solids, 89, 163-180.  
http://dx.doi.org/10.1016/S0022-3093(87)80330-7 

http://dx.doi.org/10.1016/j.jallcom.2007.06.090
http://dx.doi.org/10.1016/j.physb.2008.06.016
http://dx.doi.org/10.1016/j.jnoncrysol.2008.09.017
http://dx.doi.org/10.1016/j.vibspec.2007.12.005
http://dx.doi.org/10.1016/j.jnoncrysol.2004.03.104
http://dx.doi.org/10.1016/S0924-2031(01)00184-9
http://dx.doi.org/10.1016/j.matlet.2004.04.010
http://dx.doi.org/10.1016/j.vibspec.2005.01.004
http://dx.doi.org/10.1016/j.optmat.2008.10.024
http://dx.doi.org/10.1016/0022-3093(86)90496-5
http://dx.doi.org/10.1016/0022-3093(94)90397-2
http://dx.doi.org/10.1016/S0022-3093(96)00416-4
http://dx.doi.org/10.1016/0022-3093(89)90288-3
http://dx.doi.org/10.1016/S0167-2738(88)80126-7
http://dx.doi.org/10.1016/j.phpro.2013.07.012
http://dx.doi.org/10.1016/0022-3093(69)90024-6
http://dx.doi.org/10.1016/0022-3093(90)91023-K
http://dx.doi.org/10.1016/0921-5107(90)90002-S
http://dx.doi.org/10.1016/j.spmi.2007.04.019
http://dx.doi.org/10.1016/S0022-3093(87)80330-7


F. He et al. 
 

 
1150 

[25] Baia, L., Stefan, R., Kiefer, W., Popp, J. and Simon, S. (2002) Structural Investigations of Copper Doped B2O3-Bi2O3 
Glasses with High Bismuth Oxide Content. Journal of Non-Crystalline Solids, 303, 379-386.  
http://dx.doi.org/10.1016/S0022-3093(02)01042-6 

[26] Kharlamov, A.A., Almeida, R.M. and Heo, J. (1996) Vibrational Spectra and Structure of Heavy Metal Oxide Glasses. 
Journal of Non-Crystalline Solids, 202, 233-240. http://dx.doi.org/10.1016/0022-3093(96)00192-5 

[27] Agarwal, A., Seth, V.P., Sanghi, S., Gahlot, P. and Khasa, S. (2004) Mixed Alkali Effect in Optical Properties of Li-
thium-Potassium Bismuth Borate Glass System. Materials Letters, 58, 694-698.  
http://dx.doi.org/10.1016/j.matlet.2003.06.007 

[28] Meera, B.N., Sood, A.K., Chandrabhas, N. and Ramakrishna, J. (1990) Raman Study of Lead Borate Glasses. Journal 
of Non-Crystalline Solids, 126, 224-230. http://dx.doi.org/10.1016/0022-3093(90)90823-5 

[29] Baia, L., Stefan, R., Popp, J., Simon, S. and Kiefer, W. (2003) Vibrational Spectroscopy of Highly Iron Doped B2O3-Bi2O3 
Glass Systems. Journal of Non-Crystalline Solids, 324, 109-117.  
http://dx.doi.org/10.1016/S0022-3093(03)00227-8 

[30] He, F., Wang, J. and Deng, D.W. (2011) Effect of Bi2O3 on Structure and Wetting Studies of Bi2O3-ZnO-B2O3 Glasses. 
Journal of Alloys and Compounds, 509, 6332-6336. http://dx.doi.org/10.1016/j.jallcom.2011.03.087 

 

http://dx.doi.org/10.1016/S0022-3093(02)01042-6
http://dx.doi.org/10.1016/0022-3093(96)00192-5
http://dx.doi.org/10.1016/j.matlet.2003.06.007
http://dx.doi.org/10.1016/0022-3093(90)90823-5
http://dx.doi.org/10.1016/S0022-3093(03)00227-8
http://dx.doi.org/10.1016/j.jallcom.2011.03.087


http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	IR and Raman Spectra Properties of Bi2O3-ZnO-B2O3-BaO Quaternary Glass System
	Abstract
	Keywords
	1. Introduction
	2. Experimental Procedure
	3. Results and Discussion
	3.1. Structure of the Bi2O3-ZnO-B2O3-BaO Glasses
	3.2. Effect of Bi2O3 Contents on the Structure of Bi2O3-ZnO-B2O3-BaO Glasses
	3.3. Effect of B2O3 Contents on the Structure of Bi2O3-ZnO-B2O3-BaO Glasses

	4. Conclusions
	Acknowledgements
	References

