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Abstract 

In this study three glass systems of chemical composition are used to obtain the band pass filter, Phosphate glass 40P2O5 

40ZnO(19-x)Na2O(x)Cu2O 1CaO at(x=0.5,1, 2,4,6&8mol%), Borate glass 40B2O3 40ZnO(19-

x)Na2O(x)Fe2O31CaOat(x=0.5,1, 1.5 &2mol%)and Lithium borate glass 75 Li2B4O7–xCu2O-(25-x) PbO2at(x= 2.5, 5, 

7.5&10mol%). The amorphous nature of the samples was investigated using x-ray diffraction. Physical properties (density, 

molar volume, and Hardness) and infrared (IR) measurement of the composition of the glass was studied. The spectroscopic 

properties of the glass are investigated in UV-Visible range-near infrared range (from300-800nm) using high accuracy 

spectrophotometer. We got a suitable glass composition that is close to the sensitivity of the human eye to visible light, which 

can be used as an optical filter such as a bandpass filter with a high sensitivity trap detector to measure photometric units. 

Keywords:-Phosphate glasses, Borate glasses, Infrared, Hardness, photometric detectors.  
 

1. Introduction 

Phosphate glasses have very interesting physical 

properties compared to other glasses such as the low 

melting temperature, low glass transition temperature, 

high thermal expansion coefficients, high electrical 

conductivity, and optical characteristics [1-2]. 

Phosphate glasses also have the ability to 

accommodate high concentrations of modifiers or 

transition metal ions (TMI) and remain amorphous. [3-

4]. They also have  many important applications such 

as solid- state batteries, optical transmission, sensing 

laser technologies, optical amplifiers, nonlinear optics 

optical glass filter and sealing glass [5-6]. 

      On the other side, phosphate glass has many 

disadvantages, the poor chemical durability is the main 

one, which limits its use in many applications [7-8].  

The addition of transition metal oxide to phosphate 

glass has improved its chemical durability [9]. 

Previous studies [10-11], shows that, ZnO acts as a 

good glass modifier, because Zn ion acts as an anionic 

cross- linker between different phosphate anions, 

inhibiting hydration reaction [12]. The addition of 

transition metal ions to glasses has attracted much 

attentions because of the ability of its ions to exist in 

more than one valence state, enabling electrical 

conduction to occur due to the movement of carriers 

from lower to higher valence state [13].The electronic 

configuration in the ground state of  copper, which is 

(3d)9, is a good addition in an alkali–halide host 

crystal where Cu+ is one such impurity that exhibits 

optical transmissions from 10 nm to200nm.When the 

host cation with a larger ionic radius is substituted by 

Cu+ ions, they occupy off-centered sites the ground 

state. The 3d–4s transition energy of Cu+ is almost 

independent on the host crystal [14]. The observed 

color in the ternary glasses is the result of the 

absorption of copper ions in the glass due to d–d 

electronic transitions.  

Boron oxide is one of the most important glasses 

forming optical material because of its low cost, high 

transparency, high sensitivity, low melting point, high 

thermal stability, different coordination numbers, easy 

fabrication, shaping and mass production. The boroxol 

ring B3O6 is the dominant glass structure of the boron 

atoms in pure B2O3. The addition of modifier to pure 

B2O3 breaks the boroxol ring and thereby produces 
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BO3 and BO4 units [15-17].   Borate glasses doped 

with TMI have many applications in microelectronics, 

optical glasses, and solid-state laser [18-20]. Recently 

many studies have indicated, that the glasses 

containing Fe2O3 are widely used in electrochemical, 

electronic, and electro-optic devices due to its unique 

electrical properties. However, the lack of information 

to explain the comprehensiveness on optical properties 

of Fe3+ doped glasses though many researchers have 

been carried out. The Fe2O3 also has strong 

absorptivity in the visible range [21]. A. Samir et al. 

had studied the effect of increasing CuO at the expense 

B2O3, Y. H. El Bashar and H. A. Abd El-Ghany had 

studied the effect of increasing Fe2O3 at the expense 

P2O5[22-23]. 

The aim of this work is to study the effect of the 

transition metal ions on the physical properties of the 

three studied glass systems which can use as a 

bandpasss filters. That enable us to obtain a glass filter 

which resembles the V (λ) filter which is close to the 

sensitivity of the human eye in the visible light. These 

filters can be used with a trap detector for measuring 

photometric units in photometry lab in (National 

institute for standard). Also, these bandpass filters 

prevent ultra- violet and can use it as UV-laser 

protection [23]. 

 

2. Experimental procedures 

2.1. Glass preparation 

Sodium zinc phosphate glasses having the general 

formula 40P2O540ZnO (19-x) Na2O(x) 

Cu2O1CaOwith(x=0.5, 1, 2, 4, 6 & 8) were prepared 

by the conventional melt–quench technique. 

Analytical grade ingredients of Na2CO3, ZnO, NH4 

H2PO4 and Cu2O were used for glass preparation. 

Glass in formula 40B2O3 40ZnO (19-x) Na2O(x) 

Fe2O31CaO with(x=0.5, 1, 1.5 & 2) and Glass in 

formula 75Li2B4O7–xCu2O-(25-x) PbO2 

with(x=2.5, 5, 7.5&10) a series of samples of 

Li2B4O7, PbO2, Cu2O were prepared with different 

compositions. It was started with composition 

75mol% Li2B4O7, 25mol%PbO2 the concentration of 

copper oxide increased x= 2.5,5,7.5,10 mol% at the 

expense of PbO2. All three systems were prepared by 

the conventional melt–quench technique. The 

chemical reagents were thoroughly mixed and ground 

for (30–40) min in mortar pestle. Then the batch was 

melted in a porcelain crucible using a muffle furnace 

for (3–4) hours at a temperature ranging from 700 to 

1100 ºC depending on the composition. When the melt 

was thoroughly homogenized and attained desirable 

viscosity, it was poured onto the preheated brass plate. 

The prepared glass samples were annealed at 

appropriate temperatures (between 300& 400 ºC) for 

2hour to remove the internal stresses.  Then the 

samples were left inside the annealing furnace to cool 

slowly at room temperature. 

2.2 X-ray diffraction analysis 

XRD was carried out on glass powders to confirm 

the amorphous nature of the glasses. Measurements 

were carried out by X-ray diffraction model 

EMPYREAN equipped with Cu Kα as radiation 

detector at 2θ values from (5º to 90º), Power setting 

(40 mA, 40 kV). 

2.3. Density and molar volume measurements 

The densities of the prepared glass samples were 

determined at room temperature by the simple 

Archimedes method using toluene as immersing liquid 

(ρo=0.863 g/cm3). The glass densities ρ and molar 

volume Vm were calculated according to the 

following relation [24]: 

ρ=[Wair/(Wair-Wt)] ρ_o; Vm=[Mw(glass)/ρglass] (1) 

Where ρ_ois the density of the toluene and Wair 

&Wt are the sample weights in air and in the toluene, 

respectively. The measurement was repeated three 

times, and the average was taken 

 

2.4 Hardness measurements  

The hardness for glass samples was measured by 

(Shimadzu, HMV-2000).   High polishing was 

essential to obtain smooth and flat parallel surfaces 

prior to indentation testing. Ten indentations were 

made and measured for each sample. The 

measurements were carried out under normal 

loading 200 gm for a duration of 15 sec for all the 

studied glass samples. The micro hardness value was 

calculated using the formula [25]. 

H_v=A(P/D^2)kg/mm^2               (2) 

Where,  

A: is a constant takes into account the geometry of 

the square -based diamond indenter.  

P: is the load in gm 

D: is the average diagonal length in μm.  

 

2.5 IR Measurements 
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The IR absorption spectra were registered at room 

temperature using a JASCO (FT/IR-6100) Fourier 

transform infrared spectrometer. The IR absorption 

measurements were carried out 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. The samples were mixed 

with KBr powder to make homogenous disks. The IR 

absorption spectra were measured immediately after 

preparing the disks. The IR spectra were recorded in 

the wavenumber range of 400-2400 cm-1 and 

normalized to eliminate the concentration effect of the 

power sample in KBr disk. 

2.6 Optical measurements  

Visible optical transmission spectra were measured 

for polished glass samples by a recording 

spectrophotometer in the range (300–800) nm, 

computer-controlled (SHIMADZU, UV-3101PC–

UV–VIS–NIR Scanning Spectrophotometer). 

 

3-Results and discussion 

3.1 X-Ray Diffraction Analysis 

XRD of the studied glass samples showed in Figure 

1, was carried out to investigate the amorphous nature 

of the formulations produced. According to the XRD 

trace shown in Figure1, there was a single broad hump 

centered on a low angle region of each composition, 

with no sharp peaks of the crystalline phase, detected 

in the XRD pattern, this confirmed that all the glasses 

produced were amorphous [26]. 
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Figure 1: XRD pattern of the prepared:  (a) 40P2O5–

40ZnO–(19-x) Na2O–1CaO–xCu2O 

(b) 40B2O3 40ZnO 1CaO (19-x) Na2O(x) Fe2O3     (c) 

75 Li2B4O7 –xCu2O-(25-x) PbO2 

3.2Density and molar volume measurements 

As the density is a basic property, but it is 

considered to be a very important and efficient tool 

capable of exploring the changes occurring in the 

structure of glasses. The density is affected by many 

factors such as the structural softening or compactness, 

the changes in geometrical configuration, co-

ordination number of ions, and the dimensions of 

interstitial spaces of the glass [27].   The 

experimentally determined density is represented in 

figures 2(a, b & c) for the three studied groups. Both 

the experimentally density and the empirically 

calculated molar volume values are plotted in the same 

figure for comparison. 

    Figure (2-a) Shows that the density of the studied 

glass system increases as Cu2O increases at the 

expense of Na2O. This may be due to two reasons, the 

first the molecular weight of Cu2O (143.091gm) 

greater than that of Na2O (61.977gm), the second the 

cross-link increase due to that the Cu ion is divalent 

ion while Na is a monovalent ion, on the other hand, 

the molar volume decrease by substitution Na2O by 

Cu2O where ionic radii of Cu is less than of Na 

(RCu=87pm) (RNa=116pm) [28]. The increase of 

cross-link density due to Cu2O will cause compaction 

of the system which will reflect on the molar volume 

of the system to decrease. 

 In the same manner fig (2-b) shows that the density 

of the studied glass system increases as Fe2O3 

increases at the expense of Na2O.  This may be due to 

two reasons: the first the molecular weight of Fe2O3 

(159.692gm) is greater than that of Na2O 

(61.977gm).The second, the cross-link increases due 

to Fe ions are divalent while Na ions are monovalent 

ion. On the other hand, the molar volume decreases by 

the substitution of Na2O by Fe2O3 where ionic radii 

of Fe is less than of Na (RFe=78.5pm) (RNa= 116pm) 

[26].  The increase of cross-link density due to Fe2O3 

will cause compaction of the system which will reflect 

on the molar volume of the system to decrease.   

       Figure (2-c) shows that the change in the 

density of such system is most likely related to the 

difference in the molecular weights of Cu2O 

(143.091gm) and PbO (223.2gm)., the density 

decreases as the Cu2O content increases. On the other 

hand, the molar volume VM shows the opposite trend. 

This may be due to the transformation of BO3 to BO4 

as PbO is replaced by Cu2O as will discussed in IR. 

The volume of BO4 tetrahedral has much volume than  
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BO3 which will increase the volume as Cu2O increase 

content. 

 
 

Figure (2-a): represent the relation between both 

Density and molar volume of (40P2O5–40ZnO–(19-x) 

Na2O–1CaO–xCu2O) glass samples. 
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Figure (2-b): represent the relation between both 

Density and molar volume of (40B2O3 40ZnO 1CaO 

(19-x) Na2O(x) Fe2O3) glass samples.   

 
 

Figure (2-c): represent the relation between both 

Density and molar volume of (75 Li2B4O7 –xCu2O-

(25-x) PbO2) glass samples. 

 

3.3 Hardness measurements  

Figure 3 (a, b, & c) represents the hardness of the 

three studied glass systems. These measurements are 

determined from Vickers Micro hardness. 

Figure (3-a) shows that the hardness of the studied 

glass samples as a function of Cu2O content. From the 

figure, the value of the hardness is found to be 

increased as Cu2O content increases. It is known that 

the flow mobility of the constituent ions affects the 

hardness. The hardness increases as the flow mobility 

decreases. This was supported by the conclusion 

obtained from the hardness studies of E. Nabhan et al 

[29]. They suggested that the increase in the hardness 

number of different oxides are attributed to the 

decrease in the flow mechanism in a glass containing 

oxides. A decrease in the flow mobility is expected to 

occur in replacing Na2O by Cu2O due to the decrease 

in the non-bridging oxygen atoms resulting from the 

increase of the cross-link density as well as the 

remarkable difference of Na atomic mass, and the 

atomic mass of Cu and consequently the hardness 

increase. 

Both Fe and Cu are divalent and have the same role. 

Figure (3-b) shows that, the hardness of the studied 

glass samples as a function of Fe2O3 content. 

Similarly, the value of the hardness is found to 

increase as Fe2O3 content increases. Similar to Cu2O, 

the hardness increases due to the decrease in the flow 

mobility in replacing Na2O by Fe2O3 due to the 

decrease in the non-bridging oxygen atoms resulting 

from the increasing of the cross-link density as well as 

the remarkable difference of Na atomic mass, and the 

atomic mass of Fe and consequently the hardness 

increase. 

Figure (3-c) shows that the hardness of the studied 

glass samples as a function of Cu2O content.  From the 

figure, the value of the hardness is found to be 

increased as Cu2O content increases. It is known that 

the flow mobility of the constituent ions will affect the 

hardness. The hardness increases as the flow mobility 

decreases. This may be also due to the transformation 

of BO3 to BO4 as PbO is replaced by Cu2O as will 

discuss in IR. 
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Figure (3-a): shows hardness of 40P2O5–40ZnO–(19-

x) Na2O–1CaO containing different amounts of 

Cu2O.The hardness is increase by increasing 

concentration of copper. 
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Figure (3-b): shows hardness of containing 40B2O3–

40ZnO–(19-x) Na2O–1CaO different amounts of 

Fe2O3.The hardness is increase by increasing 

concentration of Fe2O3. 

 

2 3 4 5 6 7 8 9 10 11

460

480

500

520

540

560

 

 

M
ic

ro
h

ar
d

n
es

s 
k

g/
m

m
2

Cu
2

O mol %

 
Figure (3-c): shows hardness of 75 Li2B4O7–xCu2O–

(25-x) PbO2 containing different amounts of 

Cu2O.The hardness is increase by increasing 

concentration of copper. 

 

3.4 IR Measurements 

The IR spectra of the studied glass samples in the 

range (400-2400) cm-1 have been measured and are 

shown in Figures (4, 5, & 6). 

Figure(4) shows that IR absorbance spectra of 

40P2O5 40ZnO (19-x) Na2O(x) Cu2O 1CaO glass 

system where (x=0.5, 1, 2, 4, 6 and8) there is a 

similarity between theses spectra without any 

significant differences except a slight shift of bands 

position and sometimes changes in the relative 

intensities of the main bands are listed as follows. 

-The band ranging from 460-600 cm-1which can be 

assigned as bending vibrations of bridging phosphorus 

δ (O-P-O). This band intensity increases as Cu2O 

increases this may be due to that the Cu+ has 

absorption peaks at 590 and 520 cm-1 .This band is 

also found to be  slightly shifted to lower wavenumber 

as Na2O is replaced by Cu2O[28-29]. 

-The broadband centered at 750cm-1which is 

assigned to a symmetric stretch of (P-O-P) bridges and 

slightly shifted to a higher wavenumber as Na2O is 

replaced by Cu2O [30-31]. 

-The band ranging from 880-900 cm-1 which 

assigned to asymmetric stretching of P-O-P is slightly 

shifted to higher wavenumber as Na2O is replaced by 

Cu2O. The higher shifted of both P-O-P symmetric 

and asymmetric may be due to the Cu ion increase the 

covalent character of the system as it increases [30-

31]. 

-The band at 1000 cm-1which is assigned to 

symmetric stretching of (P-O-) in PO4tetrahedra 

decrease until 4% mole Cu2O and disappear as Cu2O 

increase. This may be due to the decrease in non-

bridging oxygen atoms due to the replacement of 

Na2O by Cu2O which increases the cross-link density 

in agreement with the density obtained from the 

density [30]. 

-The band at 1180 cm-1which is assigned to 

symmetric stretch of (O-P-O) bridges in 

pyrophosphate groups is slightly shifted to higher 

wavenumber as the concentration of Cu2O is 

increasing. This is may be due to the increase of the 

covalent character of the Cu ions (Cu-O= 0.39) [28, 

38] and due to the decrease of the non –bridging 

oxygen atoms. 

-The band at 1260 cm-1 which is assigned to an 

asymmetric stretch of (O-P-O) bond decrease in 

intensity and shifted to lower wavenumber by 

increasing the concentration of Cu2O it was noticed 

that this peak is disappeared [31-33]. 
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-The band at 1340 cm-1 which assigned to 

symmetrical vibration of (P-O) bonds, is shifted to 

lower wavenumber moreover, this band vanishes or 

merges with the band appeared at 1260 cm-1[31-33]. 

Borate glasses have main three regions: The first 

region from 400-800 cm-1which represents the 

bending group from 400-500 cm-1 and the linkage 

bending B-O-B at 700 cm-1. 

The second region from 800-1200 cm-1which 

represents the stretching vibration of BO4 groups.   

The third region from 1200-1500cm-1 which is due to 

the stretching vibration of BO3 groups. 

Figure (5) shows that FTIR absorbance spectra 

of40B2O3 40ZnO (19-x) Na2O(x) Fe2O3 1CaO glass 

system where (x=0.5, 1, 1.5 &2) there is a similarity 

between the IR spectra without any significant 

differences except a slight shift of bands position and 

sometimes changes in the relative intensities of the 

main bands. 

-The band from (400-500) cm-1which can be 

assigned as bending vibrations of various borate 

arrangements, is shifted to lower wavenumber as 

Na2O is replaced by Fe2O3 and its intensity changes 

as Fe2O3 increase [34-37]. 

-The band appeared at (700) cm-1which can be 

assigned as linkages bending in borate network B-O-

B is shifted to higher wavenumber as Na2O is replaced 

by Fe2O3, this may be due to the increase of the 

covalent character of  Fe ion  than Na ion [34-37]. 

-The band from (800-1200) cm-1which can be 

assigned as (B-O) stretching vibrations of tetrahedral 

BO4 units, is shifted to higher wavenumber as Na2Ois 

replaced by Fe2O3[34-37]. 

-The band appeared from (1200-1500) cm-1 

(Asymmetric stretching vibrations of B-O in trigonal 

BO3 units) is shifted to higher wavenumber as Na2O 

is replaced by Fe2O3 [34-37]. 

From fig (6) shows that IR absorbance spectra of 75 

Li2B4O7 –xCu2O-(25-x) PbO2   glass system where 

(x= 2.5, 5, 7.5and 10) there is a similarity between the 

IR spectra without any significant differences except a 

slight shift the bands and sometimes changes in the 

relative intensities of the main bands. 

-The band at 470cm-1 which can be assigned as 

bending vibrations of B-O-B bond shifts to higher 

wavenumber as PbO2 is replaced by Cu2O[34-37]. 

- The band at 710cm-1 which can be assigned as 

(B-O-B) Linkages bending in borate network shifts to 

higher wavenumber with increasing concentration of 

Cu2O the higher shift of both the band at 470 and 710 

cm-1 may be due to the increase of the covalent 

character of Cu than Pb [34-37]. 

-The band appeared from 800-1200 cm-1which can 

be assigned as (B-O-B) stretching vibrations of 

tetrahedral BO4 units, its intensity increases as Cu2O 

increase on the expense of PbO, this may allow to the 

transformation from BO3 to BO4 as Cu2O increase 

this is an agreement with the density results .it is 

noticed that the broad shape of peak shifts to higher 

wavenumber with increasing concentration of Cu2O. 

-The band ranging from (1200-1500) cm-1   

assigned to asymmetric stretching vibrations of 

trigonal BO3 units shifts to higher wavenumber with 

increasing concentration of Cu2O and its intensity 

decrease due to transformation from BO3 to BO4 as 

Cu2O increase [34-37]. 

 
Figure 4: IR absorbance spectra of 40 P2O540ZnO 

(19-x) Na2O(x) Cu2O 1CaO glass system where 

(x=0.5, 1, 2, 4, 6 & 8) 

 

 

 
Figure 5: IR absorbance spectra of 40B2O3 40ZnO 

(19-x) Na2O(x) Fe2O31CaO glass system where 

(x=0.5, 1, 1.5 & 2) 
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Figure 6: IR absorbance spectra of 75 Li2B4O7 –

xCu2O-(25-x) PbO2   glass system where (x= 2.5, 5, 

7.5 & 10) 

 

 

3.5 Optical measurements  

The transmission spectra of the studied glass 

samples are shown in figure (7).    This figure 

illustrates that, the glass system 40P2O5–40ZnO–(19-

x) Na2O–1CaO with different concentrations of Cu2O 

shifted to lower transmission with higher wavelengths 

by increasing in concentration of cupper. At 

concentration 0.5 Cu2O and 1Cu2O broad band pass 

filter appear. While at 2Cu2O and 4Cu2O there is a 

good band pass filter, the maximum at about 530nm 

but the tail of the curve does not cover all the visible 

range while at 6Cu2O and 8Cu2O there is a weak band 

pass with the small transmission. It was observed that 

the intensity decreases with the increase of cupper 

concentration, this may be due to the decrease in 

transmission as Cu2O concentration increases. 

From figure (8) glass samples of optical 

transmission systematically shifted to lower 

transmission by increasing the concentration of 

Fe2O3.  

From the figure (9) the glass samples of optical 

absorption systematically shifted to lower 

transmission by increasing the concentration of 

cupper. It was noticed from the figure that the curves 

are sharp and small bandwidth but not cover all the 

visible range but the concentration of 2.5Cu2OPb 

cover all the visible range and the maximum at 570nm. 

In order to obtain an optical pass filter, collect 

samples (1Cu2O) in the phosphate system and sample 

(1.5 Fe2O3) in the borate system together then put 

inside the spectrophotometer holder to measure the 

transmission.  Figure (10) illustrate the relation 

between the wavelength and the normalization (which 

we have got by divide the transmission value by the 

transmission value at 555 nm) of the collected 

samples. It is  observed that this figure is a band pass 

filter at a maximum 560nm and observed that the 

transmission curve cover all the visible range and this 

is the best result for our study. 
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Figure7: shows the optical transmission spectra of 

40P2O5–40ZnO–(19-x) Na2O–1CaO containing 

different amounts of Cu2O. 

 
Figure 8: shows the optical transmission spectra of 

40B2O3–40ZnO–(19-x) Fe2O3–1CaO containing 

different amounts of Fe2O3.  
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Figure 9: shows the optical transmission spectra of 75 

Li2B4O7–xCu2O–(25-x) PbO2 containing different 

amounts of Cu2O.  
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Figure 10: shows optical transmission spectra of 

collected sample (1Cu2O + 1.5 Fe2O3) 

 

 

4-Conclusion 

We prepared three composition of glass systems the 

first composition 40P2O5–40ZnO–(19-x) Na2O–

(x)Cu2O1CaO[x=0.5, 1, 2, 4, 6, 8], the second 

composition 40B2O3 40ZnO (19-x) Na2O(x) Fe2O3 

1CaO [x=0.5,1,1.5,2]and the third composition 75 

Li2B4O7–xCu2O–(25-x) PbO2[x=2.5,5,7.5,10]all of 

them were prepared by the conventional melt –quench 

method. 

- XRD pattern confirmed that all the glasses 

produced have an amorphous nature. 

- The physical properties of all compositions we 

were observed that both the first and the second 

composition has an increase in the density value 

accompanied by an increase in the hardness value with 

an increase in the concentration of Cu2O in the first 

and an increase in Fe2O3 in the second, in the third 

composition which has to decrease in the density value 

and despite that the hardness increased.  

- The IR spectra show the presence of absorption 

bands of the studied glasses due to characteristic 

phosphate groups and borate groups. Through the 

optical study of the three compositions, we reached 

that (1Fe2O3+1Cu2O) the best concentration achieves 

the desired goal of this study, which is to obtain an 

optical filter that is close to the sensitivity of the 

human eye to visible light. In this research, using 

limited possibilities, cheap materials, we obtained an 

optical filter. With increased laboratory potential, we 

can improve optical properties and this is what we aim 

for in the future. 
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