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ABSTRACT 

 
Spectroscopic studies have been carried out on glassy system of different compositions. The pseudo ternary 

glass system  Li2B4O7 – pb3O4 – CuO was investigated. The study aims to understand the role of CuO on 
structural features of the glass. The IR study indicates that, the replacement of pb+3 by Cu+2 ions increases BO4 
units by converting BO3 containing groups into ring type metaborate groups. Results also showed that CuO goes 
into the network former and play a role as a glass modifiers. As the addition of CuO increases the formation of 
tetrahedral , it enhances  the formation  of  bridging  oxygen(BOs). The analysis of IR spectra reveals that, the 
Pb3O4 causes a change in the short range order of the borate matrix. Between 0≤Pb3O4 ≤15 mol% ,Pb acts as a 
network modifier. With the increase of CuO content at the expense of Pb3O4 , a progressive conversion of (BO3) 
to (BO4) units occurs and this promotes the formation of boron-oxygen rings, composed of the connection of 
bridge oxygen between (BO3) and (BO4) units. Density "" , molar volume "Mv" and molar fraction (N4) were 
calculated. Both density "" and molar volume "Mv" revealed non-linear decrease with increasing CuO content, 
while molar fraction "N4" revealed linear increase. All prepared samples were checked by x-ray diffraction to 
confirm the glassy nature of the samples.  Results reveal that, dc conductivity "" increases with increasing CuO 
content up to 15 mol% , and then decreases. 
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Introduction 

 
In borate glasses, B2O3 is a basic glass former which is characterized by  high bond strength, low cation 

size, low heat of fusion, and trivalency  boron. In these glasses, boron (B+3) ions are triangularly coordinated by 
oxygen to form glasse easily. The main structural units of vitreous B2O3 glasses are BO3 triangles forming three 
members (boroxol) rings connected by B-O-B linkage (Ito,Y.et al ., 1983). 

Lead borate glasses are of technological interest owing to their unique properties such as their low melting 
temperatures,  wide glass formation regions and good radiation shielding properties, which make them of 
scientific importance. (Pan, Z. et al., 1995; Wu, J.M. and huang H.L., et al. 1999;  Srivastava P. et al., 2004;  
Singh N. et al. , 2004).    

Lead acts as a glass former rather than a glass modifier in high lead glass. It inters as a glass network 
causing changes in the coordination of (BO3) and (BO4) (Ezz Eldin F.M., 1994). 

 The ratio of the BO4 /Bo3 would depend on the amount and type of the added alkali oxide and on its 
influence on the glass structure. In these glasses oxygen ions are polarized under the effect of their neighboring 
cations.  

Alkali cations , when present , may provide additional oxygen for lead oxide to form PbO4 groups,provided 
that, the alkali ion remains in the vicinity of each pbO4 groups to keep the electro-neutrality (El Hadi Z.A. et al.,  
1993). 

Copper is extensively used in several commercial glasses, such as red glass hematite, aventurine and rubies. 
High CuO containing glasses are important because of their semiconducting properties, (TsuchiyaT and 
Yamakawa H. 1990; Duran A. et al.,1986; ZnasikP. and Jammicky M., 1995) and different  potential 
applications. (Drke C  et al., 1969; Moridi G.R.  and Hogarth C.A., 1978 ; Jacob A. et al., 1997). 

The introduction of CuO into an oxide glass change the oxide network. CuO has been used as constituents 
in several borate and vanadate glasses in order to achieve useful physical properties. Despite CuO is not a glass-
forming oxide by itself, but it can be incorporated in substantial quantities into these glass-forming oxide 
systems. Many investigators have reported that copper (Cu) may exist in glass network former and as a network 
modifier (Smeds kjaer M.M. et al., 2009; Salem M.A. et al., 1995; Everman R. and Cooper R., 2003; 
Thulasiramudu A. and Buddhudu S., 2006; Khattak G.D. et al.,  2010; Khattak G.D. et al., 2000; Soliman, A.A., 
1998). 

The effect of CuO addition on the electrical properties of Na2B4O7 - pb3O4 glasses has been reported, 
(Kutub, A.A. et al., 1986)  it has been stated that, conduction of the ternary system Na2B4O7 - pb3O4 is 
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electronic rather than ionic.Similar studies have been made for Na2B4O7 containing both Fe2O3  (Kutub,A.A. 
1989) and CuO. (Idem., 1994). 

 The aim of the present work is to study structural and some related Properties of pseudo-ternary system 
Li2B4O7 – pb3O4 – CuO.  
 
Experimental work: 

 
A series of glass composition 70 mol% Li2B4O7-(30-x) mol% pb3O4-x mol% CuO, where x =0, 5, 10, 

15,20, 25,30., were prepared. The samples were labeled as F1-F7 respectively.  
The homogeneous mixture was melted in platinum crucibles in an electrically programmable heated furnace 

,type VAF15/20 equipped with automatic temperature controller. 
The samples were melted at 1200 c for two hours, the molten stirred several times to ensure complete 

homogeneity of the samples, then they were quenched in air and poured at room temperature between two 
copper plates.  

The samples were investigated by (XRD) technique to examine the amorphous nature of the samples using 
Philips analytical system type PW 3710. 

The IR spectra were recorded at room temperature using the KBr disc technique, using FT-IR Perkin Elmer 
spectrum Rx IFT- IR.  

The Density "" was measured at room temperature by Archimedes method using carbon tetrachloride CCl4 
as the immersion fluid of stable density 1.953 gm.cm-3 .The molar volume "Mv" was calculated from the 
molecular weight and density according to equation: 

∑
   

where "Mi" is the molecular weight of the component "i', "Ni" its mol fraction and "" is glass density. 
Also, the ratio "N4" was estimated from deconvoluted IR spectra  as a function of CuO content at room 

temperature. 
The composition dependence of dc electrical conductivity"" were measured at room temperature as a 

function of CuO content using a programmable Keithly Electrometer (type 617). 
 
Results and Discussions 

 
The IR spectra of the glass system 70 mol% Li2B4O7–(30-x) mol% Pb3O4 –x mol% CuO, where x = 0, 5, 

10, 15, 20, 25, 30 are shown in Fig "1" . It is well known that, borate glasses in general exhibit three broad 
absorption bands. The first is located in the range (1800-1300 cm-1) which is most likely due to stretching modes 
of (BO3) triagonal , the second lies at (1100-900cm-1) which is attributed to stretching modes of (BO4) 
tetrahedrons. The third band (800-600cm-1) is due to various B-O-B bending modes in the (BO3) and (BO4) units 
(Kamitsos E.I. 2003; Devauton  S. et al 2001;  Kamitsos E.I. et al 1993 and Selvaraj V., Rao,K.J., 1984). 

Infrared spectra collected from Cu free sample shows peaks around 708, 830, 1200 and 1540cm-1. beside 
lead oxide bands at 458,530cm-1 with shoulder at 620cm-1 characteristics the vibration frequency of lead (Gahlot 
P.S. et al., 2005). 

The band at 708 cm-1 is usually assignment  due to the boroxol ring in the borate glass network (Ramesh 
Kumar V.et al ., 2005; Sreekanth Chakradhar R.P.et al ., 2006; Dwivedi B.P.et al., 1993). The band at 830cm-1  
probably due to the vibration of Bo4 tetrahedra, which can present  as a tetraborate and diborate groups (Cheng 
Y. et al., 2008 and Cheng Y.et al., 2007). The band at 1200 cm-1 assigned to the formation of pyroborate groups, 
(Ramakrishna B.N.M. 1993;  Sreekanth Chakradhar R.P.et al.,2006) and the band at 1540cm-1 is  attributed to 
triangle boron oxygen groups Bo3

. (Husung R.D. and  Doremus R.H. 1996). 
For  samples containing 5 mol% CuO ,brought about a band at  458 cm-1  shifted  into 466cm-1 , and the two 

news  bands were observed at 1500 cm-1  and 1646 cm-1  may be attributed to B-O stretching of BO4  vibrations 
with one or two non-bridging oxygen atoms (Kashif L.et al 1989) 

For sample containing 10 mol% CuO content , besides the bands characteristic vibration of lead and copper 
oxide, were  shifted to lower wave number due to the addition of CuO with strong covalent bond between 
copper and oxygen Cu-O. The band at 950 cm-1  reveals that four coordinated boron atoms are mainly grouped 
into diborate units (Tulien C.et al., 1989) besides a shoulder appeared at 1620 cm-1  is attributed to presence of 
chain –type metaborate groups (Sreekanth Chakradhar R.P.et al .,2006; lliescuT. Et al.,1992) with noticeable 
increase in intensity. 

For sample containing  15mol% CuO the band at 830 cm-1 shifted into 840 cm-1 is attributed to the 
stretching mode of non-bridging oxygens , while a band at 1200 cm-1  shifted into 1230 cm-1 due to B-O 
stretching vibration of metaborate chain and orthoporate (Chakradhar R.P.S.et al.,1998), with noticeable 
decrease in the intensity. 
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Table 1: Summary of different data of Li2B4O7-Pb3O4-CuO glasses  

Molar fraction 
N4 Molar volume cm

-3

 .Mol  
Density ρ 

gm.cm
-3 

 
 σ x 10–10 (.m)–1 CuO content  

0.42  78.028  4.151  1.3  0  
0.43  72.567  4.048  1.975  5  
0.46  70.827  3.717  2.225  10  
0.49  61.165  3.811  2.575  15  
0.48  58.697  3.455  2.425  20  
0.49  55.091  3.132  2.046  25  
0.5  53.347  2.666  1.35  30  

 
 It is observed that , the density decreases non- linearly as CuO content increases. this due to replacement of 

more massive, and large size Pb+2 ions by light ones Cu (Kashif I. et al., 2010). 
Then, the copper oxide is introduced as network modifier and consequently Cu occupies interstitial    

positions in the network which led to the decrease in the volume forming non-bridging oxygens (NBOs) and so-
called open structure under (BO3) units as a dominant. By increasing CuO content up to 30 mol% , CuO may be 
introduced as a former in the network, forming bridging oxygen(BOs) and so – called closed structure under Bo4 
units as a dominant, while their molar volumes gradually decreases and vary non-linearly with CuO content as 
shown in Fig (4)  this indicates that , the topology of the network is significantly changed with composition.  

 
CuO content 

Fig. 3:  Variation of the density as a function of CuO content mo% 
 

 
 

CuO content 
Fig. 4: Variation of the molar volume "Mv" as a function of CuO content mol%  
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For the glass samples 70 mol% Li2B4O7 – (30-x) mol% Pb3O4 – x mol% CuO, the concentration of 

 was obtained as a function of CuO content , It is seen that, the molar fraction"N4" increases  linearly 

with increasing CuO content, as in Fig.(5), due to forming (BO4) at the expense of (BO3). In such case, PbO acts 
as a modifier up to ~ 25  mol%  i.e. as a network former, above 25 mol%. For concentrations higher than 25% it 
acts, as glass former. 

 

 
 

Fig. 5: Variation of the Molar Fraction (N4) as functions of CuO content mol% 
 
Fig (6) shows, the composition dependence of dc electrical conductivity as a function of CuO content at 

room temperature. It was found that, the dc conductivity "" increases by increasing CuO content  up to 15 
mol% and then it decreases CuO leads to an increase in the electronic conduction up to 15%, which may be 
relates to  presence of multivalent transition metal ions. It has been stated that , if there are two elements in a 
glass system, which form ions of variable valence, then interaction between these ions usually takes place 
(Konstants Z. and Vaivadal M., 1981). 

The copper ions occupy the interstices as network modifier to form CuO6 groups and the Pb ions occupy the 
network former up to 15 mol% CuO to the samples.  

Then the mechanism of conduction became ionic, which causes a decrease in conductivity and the network 
former to form CuO4 groups, which form closed structure (Farouk H.et al., 1996). 

On the other wards, the conductivity of the glass as a function of CuO content, exhibits an increase reaching 
maximum value at 15 mol% and then decreased for a higher CuO content. 

  

 
CuO content   

Fig. 6: Dc conductivity of the glass system as a function of CuO content mol% 
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Firstly, the increase in the conductivity up to 15 mol% can be attributed to the nature of the microstructure 
where the bridging oxygen are  formed. 

 Secondly ,the decrease in the conductivity for higher concentration x > 15 mol% CuO content may be due 
to the change of some (Bo3) to ( Bo4) units and the transition element enters as a glass former (Soliman A. A. et 
al .,1999). 
 
Conclusion: 

 
The effect of CuO content, containing Pb3O4 on some physical properties and structural changes in lithium 

diborate glasses have been investigated.  
The infra-red spectra were recorded over a wide range (400- 1800 cm-1 ) to study the structural features of 

Li2B4O7 glass system. The IR spectra reveal that Pb3O4 causes a change in short range order structure of the 
borate matrix. Between 0 ≤ CuO ≤ 15mol% CuO. acts as a network for more and the network modifier. With the 
increase of CuO a progressive conversion of (BO3) to (BO4) units occurs ,and this promotes the formation of 
boron  - oxygen rings . Both density and molar volume show non –linear decreases by CuO content increases. 
While, the molar fraction "N4" increases linearly by increasing CuO content as a result of increases of (BOs) 
numbers .Dc conductivity were measured at room temperature to study role of CuO in the glass matrix. 
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