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ABSTRACT 
 

The phosphate glass system of chemical composition(80-x) [(Na2O)(P2O5)]–[20ZnO]–  x [CuO] ( where 
x = 0, 1,2,3,4 and 5 mol%)has been prepared by the conventional glass melt technique. The X-ray diffraction  
technique has been used to investigate The structure of the prepared glass samples. Optical properties of the 
glasses were measured in the wavelength range. 190 - 2700 nm. Absorption coefficient, energy band gap were 
calculated. The results reveal the importance of such glass composition in optical filter applications. 
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INTRODUCTION 
 

Glasses containing alkaline earth oxides along with glass modifiers as ZnO, PbO, TeO2 and Bi2O3 are 
promising materials for their applications in the fields of optical communications optical fibers,) laser hosts, 
optical filter,γ-ray absorbers, photonic devices etc. [1–5].various alkaline earth oxide glasses have a variations 
in structural, physical, optical and electrical properties which were reported by many researchers[6-8].Heavy 
metal oxides doped glasses have a good chemical durability and larger refractive indices than conventional 
borosilicate glasses [9–12]. The glasses containing glass modifiers like ZnO, PbO and Bi2O3 give rise to good 
non-linear optical properties. The metal oxides like PbO and ZnO behave as glass network formers and also as 
glass network modifiers (GNM).The glasses with good optical properties are needed in many important 
technological applications. 
 

EXPERIMENTAL TECHNIQUES 
 

The preset copper doped Phosphate glass system with a chemical composition (80-x)[(Na2O)(P2O5)]–
20[ZnO]–  x [CuO]  where x = 0,1,2,3,4 and 5mol%was prepared by conventional melting method. The oxide 
components were carefully weighted and well mixed and Grinded in an agate mortar. The mixed powders 
were heated in 1000

o 
C for 1 hour with clockwise shaking to ensure high homogeneity. The melts were casted 

in steel molding. The casted glasses were quenched at room temperature out of the furnace. The glass systems 
were examined by X-ray diffraction (XRD) Bruker AXS D8 Advance XRD diffractometer. The glass samples were 
used in the form of fine powder. The density of the prepared glassy samples were determined at room 
temperature by simple Archimedes method using toluene as the immersing liquid (ρ0=0.8869 g/cm3) and a 
single pan balance of 10

-4 
g sensitivity. The density of each composition was obtained by using the relation: 

 

     (1) 

 
Where ρ0 is the density of the liquid toluene,  and  are the weight of the glass in air and 

toluene respectively. The molar volume was calculated according to the relation: 
 

(2) 

 
Where, M  is the glass molecular weight according to the mol % and ρglass is the density of the 

investigated glasses. The optical absorption was recorded at room temperature; UV/Vis/NIR absorption and 
transmission spectra were obtained for the bulk glass sample sand were measured by using jasco (V – 670) 
spectrophotometer in the wavelength range 190 - 2700 nm. 
 

RESULTS AND DISCUSSION 
 

Figure 1 shows XRD pattern of the prepared glasses with different CuO concentration. It is obvious 
that there are no sharp peaks indicating the non-crystalline nature of the prepared glasses. 
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Fig 1: XRD analysis for glass samples 
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Fig. 2 shows the variation of density and molar volume with respect to composition. The density of 
these glasses first increases and then decreases with the content of CuO while corresponding molar volume 
first decreases and then increases. The density of these glasses should decrease due to replacement of high 
molecular weight P2O5 by low molecular weight CuO. But it is found that the density of these glasses increases 
with addition of CuO and correspondingly molar volume decreases, indicating that the copper polyhedra form 
some new interconnections within the structural network and thus stabilize the glass structure. 
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Fig 2: The density (ρ) and molar volume (Vm) as a function of CuO content for the investigated samples 
 

In accordance with the measured Absorbance, the following values were calculated: absorption 
coefficient (α) as shown in figure 3, Energy band gap 
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Fig 3: The absorption coefficient verses wavelength of the glass samples 
 

The relation between (αhʋ)
1/2

 and the photon energy hʋ was obtained, The extrapolation of the 
straight line to the zero absorption (the cut of the energy x-axis) in the (αhʋ)

1/2 
versus hʋ plot gives the optical 

energy gap (Eg) as shown in Figure. 4.  
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Fig 4: The optical energy gap 
 

The obtained Eg values are 1.14, 3.79, 3.66, 3.75, 3.78, and 3.79 respectively for all samples. 
 

It is clear that Eg values of the glass samples decreased with the increase in CuO content. In the 
present investigation, the change of Eg towards lower energies with increases in CuO content is probably 
related to the progressive increase in the concentration of non-bridging oxygen. 
 

CONCLUSION 
 

The glasses compositions were prepared by the conventional melting technique, the XRD patterns 
shows amorphous nature of all prepared samples. The trend of the density and molar volume curve due the 
sodium phosphate glass change its structure. The material is good to be semiconductor applications and band 
pass absorption glass filters. 
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