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Abstract: The transition metal doped glasses are not only used in electrochemical, electronic and opto-electronic devices 

but these also give rise to the refractive index of the glasses and ligand field absorption energies. The small quantity of 

transition metal oxide when added to glasses like borate, phosphate and boro-phosphate glasses influences their physical 

properties very strongly. Copper doping in different glass formers, borate, phosphate and boro-phosphate, gives 

interesting optical properties. Copper oxide is one of the transition metal oxides which is used in industry for coloured 

glasses. Copper exist in two stable forms Cu
+ 

and Cu
2+

. The cuprous ion (Cu
+
) does not produce colour and Cu

2+
 ion 

doped glasses are optically stable and also produce greenish colour. In the present study, copper oxide is doped in 

different glass formers borate, phosphate and boro-phosphate. The glass samples are prepared by conventional melt-

quench technique. The prepared samples are analyzed by using FTIR Spectroscopy, UV-Visible spectroscopy and 

Density measurements. FTIR analysis revealed the structural co-ordination of BO3, BO4 and PO, PO3 bonding in all 

glass samples. Structure wise analysis of all samples shows that the borate glass is more compact and strong and the 

phosphate glass is the least as compared to the other samples. There is small change in the band gap of all prepared 

glass samples. The borate glasses have high conductivity than phosphate and boro-phosphate glasses. Phosphate glass is 

less dense but more transparent than other two glasses. Also the molar volume of phosphate glass is more than the other 

two glasses. Due to the copper doping in all glass samples, the transmission windows are observed in wavelengths 

ranging from 400 to 500 nm which suggests their possible applications in optical filters or selective 

absorption/transmission of radiations.  
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1. INTRODUCTION 

Glasses always have been of great attention because of their wide range applications. The transition metal 

doped glasses are mainly used for applications in electrochemical, electronic and opto-electronic devices. 

These also increase the refractive index of the glasses. Optical absorption of some transition metal ions also 

gives rise to ligand field absorption energies [1]. The small quantity of transition metal oxide when added to 

glasses like borate, phosphate and boro-phosphate glasses will influence the physical properties very strongly. 

Copper oxide is one of the transition metal oxides which is used in industries for coloured glasses. Copper 

exist in two stable forms Cu
+
 and Cu

2+
 [2]. The cuprous ion (Cu

+
) does not produce colour and Cu

2+
 ion doped 

glasses are important due to their optical stability and also produce greenish colour [3]. Copper doping in 

different glass formers like borate, phosphate and boro-phosphate gives interesting optical properties. Excess 

amount of copper may facilitate crystallization [4]. Borate glasses have variety of applications. Pure borate 

glasses are not used because of their high hygroscopic nature and weak glow peak at low temperatures so it 

can be improved with addition of alkali metals to get good physical properties. They are also studied as 

dosimetric materials which are ideal materials for the environment [5]. The importance of borate glasses is 

that it comes from the ability of boron atom whose making bond with oxygen atom to change its co-ordination 

between three and four providing a range of anionic environment. Borate glasses are used as good shield 

against IR radiation. 

Like borate glasses, phosphate glasses also having attention because of their valuable physical properties. 

These glasses have high transmission in ultraviolet region compared to silicate glasses [6]. But pure phosphate 

glasses are hygroscopic in nature which can be improved by using lead oxide. Lead containing glasses also 
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play important role and used in electronic applications and protection from gamma radiation. Lead oxide is 

well known to show interesting results work as modifiers in many glass formers like borate, phosphate and 

boro-phosphate. So phosphate is basic glass former of having semiconducting properties and having high 

refractive index. These glasses also having high thermal expansion coefficients, low melting temperature. 

Chemical durability will be improved with addition of copper [7]. Copper is expected to improve the physic-

chemical behaviour of phosphate glasses [2]. In the similar way, boro-phosphate glasses also exhibit optical 

properties. Phosphate glasses are having poor chemical durability so with addition of boron atoms chemical 

durability is increased [8]. With addition of lead chemical durability and thermal expansion coefficient is also 

increased. It was also suggested that P2O5 containing lead causes a change in the short range order structure of 

phosphate glasses. A glass network affects various physical properties such as density, molar volume etc. 

 

2. EXPERIMENTAL 

2.1 Sample Preparation 

All the samples are prepared by conventional Melt Quench Technique. Batches of copper doped borate, 

phosphate and boro-phosphate glasses were prepared. The required quantities of B2O3, PbO, Al2O3, P2O5, and 

CuO were weighed by using electrical balance. The chemicals used were of AR grade. The weighed amounts 

of all the required chemicals were mixed by using pestle mortal. The batch was transferred in Silica Crucible 

capable to bear high temperature. The batch was initially heated at 350
o
C for one hour and then further heated 

up to the melting temperature. All the samples were melted at 750
o
C approximately. The samples were kept at 

750
o
C for an hour and stirred several times to ensure the homogeneity of glasses. Then the melt is poured in 

preheated graphite mould. Fine powder of prepared glass samples was made for further characterisations. 

Table 1: Chemical composition, melting point, density and molar volume of prepared glass samples. 

Glas

s no. 

B2O3 P2O5 PbO Al2O3 CuO Melting 

point 

(⁰C) 

Densit

y 

(g/cm
3

) 

Molar 

volume 

(cm
3
/mol) 

Band Gap 

Energy 

(eV) 

G1 48.5 - 48.5 2 1 600 6.4531 21.8614 2.14 

G2 - 48.5 48.5 2 1 650 5.3185 37.5170 2.25 

G3 24.2 24.2 48.5 2 1 750 6.4547 26.3837 2.15 

2.2 FTIR Spectroscopy 

Fourier Transform-Infrared Spectroscopy (FTIR) is an analytical technique used to identify organic/inorganic 

materials. This technique measures the absorption of infrared radiation by the sample material versus 

wavelength. The infrared absorption bands identify molecular components and structures. 

2.3 UV-Visible Spectroscopy 

UV spectroscopy follows the Beer-Lambert law, which says that: when a ray of monochromatic light is 

proceed through an absorbing substance solution, the thickness of solution with rate of decrease of intensity of 

radiation is proportional to the concentration of solution and incident radiation. The formula of Beer-Lambert 

law is:  

 A=log 
Io

I
   where  A is absorbance,  

I is intensity of light leaving the sample cell,  

Io is intensity of light incident upon sample cell.  

From Beer-Lambert law it shows that larger the number of molecules of absorbing light of a particular 

wavelength, the larger is the extent of light absorption. 

The optical band gap was calculated from UV absorption spectra of all prepared glass samples. However, for 

non-crystalline systems it is customary to plot (αhν)
1/2

 as a function of photon energy (hν) in order to find the 

optical band gap. Using the relation: 
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αhν = 
A

 hν−Eg 
2 where  Eg is the band gap and  

α is the absorption coefficient given by: 

α = 2.303 
A

d
   whered is the thickness of the sample, 

A is the absorption, 

hν is the  photon energy. 

2.4 Density and molar volume measurements 

The density and molar volume of the prepared samples at room temperature were determined by using simple 

Archimedes method using benzene as immersing liquid (ρₒ = 0.876 g/cm
3
). The density (ρ) of glass samples 

and molar volume(VM) were calculated by using relation given below: 

ρ =  
Wair

 Wair −W l 
 ρ0     

VM = M 
MW(glass )

ρglass
  where ρₒis the density of the buoyant,  

 Wair is the sample weight in air, 

 Wlis the sample weight in the buoyant. 

 

3. RESULTS AND DISCUSSION 

3.1 FTIR Spectroscopic Analysis 

(a) G1 Sample:  The FTIR spectra of glass sample G1 is shown in figure 3.1. 

 

Fig3.1: FTIR spectra of glass sample G1 

 First absorption peak at around 697.44 shows the bending vibrations in B-O-B from Penta borate 

groups and also the presence of PbO group [9]. 

 Second absorption peak at 931.96 shows symmetric stretching vibration of BO4 groups [10]. 

 Third peak is at 1201.14 which shows O-Pb-O bonding and asymmetric relaxation of B-O band of 

trigonal BO3 unit [2]. 

 Fourth absorption peak at around 1519.27 shows asymmetric stretching relaxation of B-O bond [3]. 

 All the absorption peaks above 1696.69 indicates the presence of molecular water in the sample [2, 

11, 12]. 

(b) G2 Sample: The FTIR spectra of glass sample G2 is shown in figure 3.2. 
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Fig 3.2: FTIR spectra of glass sample G2 

 The first absorption band is observed at around 885.05 which showsP-O-P asymmetrical stretch [10]. 

 Small second absorption peak at around 1064.51 shows symmetrical stretching vibrations of (PO2) [3]. 

 Absorption peaks at 1694.65and at 3742.11show small amount of -OH group [11, 13]. 

 Absorption peak at 3846.12 shows the presence of BOH group [3]. 

(c) G3 Sample:  The FTIR spectra of glass sample G3 is shown in figure 3.3. 

 

Fig 3.3: FTIR spectra of glass sample G3 

 First broad absorption peak is obtained at 993.13 which shows (PO3) stretching due to presence of 

phosphate group [10]. 

 Second absorption peak at about 1529.47 shows the Asymmetric stretching relaxation of B-O bond [3]. 

 Third peak is obtained at 1696.69 which represent B-O band vibrations [2]. 

 Absorption peaks at 3742.11 and 3850.19 shows Molecular water group BOH [2, 3]. 

The FTIR spectra of all glass samples show similar behaviour but there is variation in lower wave number in 

the structural bonding. Mostly, asymmetric stretching relaxation of B-O bond is observed in all glass samples. 

But there is variation of dominance of each group in each sample. As in the borate glass the BO3 groups are 

formed to be more dominant the BO4 groups.  
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In phosphate glass, there are low energy bands which show P-O-P stretching which give dominance of borate 

group. In the last glass sample which is boro-phosphate show a broad peak at low energy which represents 

both groups PO3 and B-O. 

Hence, structure wise analysis of all samples shows that the structure of borate glass is more compact and 

strong compared to other samples. Moreover, boro-phosphate also shows good results than phosphate glass. 

3.2 UV-Visible spectroscopy analysis 

The optical measurements were made using a UV-Vis spectrometer (SHIMADZU).  

(d) G1 Sample:  The UV-Vis spectra of G1 glass sample is shown in figure 3.4. 

 

Fig 3.4: UV-Visible spectra of borate glass sample G1 

(e) G2 Sample:  The UV-Vis spectra of G2 glass sample is shown in figure 3.5. 

 

Fig 3.5: UV-Visible spectra of phosphate glasssample G2 
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(f) G3 Sample:  The UV-Vis spectra of G3 glass sample is shown in figure 3.6. 

 

Fig 3.6: UV-Visible spectra of boro-phosphate glass sample G3 

Oxide glasses are generally non conductors of electricity that they act as insulators. Like pure borate and silica 

glasses are act as insulators. However, when the addition of copper content or doping is to be done then they 

can be made conductivity by addition of proper quantity. So composition is very important in case of 

conductivity of glasses.There is small change in the band gap of all prepared glass samples. The borate glasses 

have high conductivity than phosphate and boro-phosphate glasses. 

In the UV spectra of all glass samples shows that in the copper doped glasses there is transmission window 

range from 400-500 nm wavelengths. This is very interesting that borate glass having window at high 

wavelength then the other two glasses.This property indicates the application for selective absorption of 

radiations. 

3.3 Density and Molar volume 

Density and molar volume values of all glass samples are shown in Table 1.Density is important physical 

parameter which capable of casting light on the short range structure. Due to change in the composition or 

change the former of the glass the density also changes. So the results of all prepared glass samples show that 

G2 glass i.e. phosphate glass is less dense than other two glasses. There is more transparency than other two 

glasses. On the other hand, Molar volume of G2 glass is more than the other two glasses.  

 

4.CONCLUSIONS 
 Coped doped glasses of Borate, Phosphate and Boro-phosphate glasses have been successfully made in 

lab using melt quenching technique. 

 All glass samples have been analysed by using FTIR, UV-Visible spectroscopy and Density/Molar 

volume. 

 FTIR analysis revealed the structural co-ordination of BO3, BO4 and PO, PO3 bonding in all glass samples. 

 Band Gap Energy values for all glass samples are: G2>G3>G1. 

 Density results for all glass samples are: G3>G1>G2. 

 The transmission window is observed in the range from 400-500 nm due to copper doping in all glass 

samples. 
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