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ABSTRACT 

 

Glass of the system: (20-x) Bi2O3:15Li2O:15ZnO: 10Y2O3:40 B2O3: xDy2O3. 

(where x=1, 1.5,2 mol %) have been prepared by melt-quenching method. The 

amorphous nature of the glasses was confirmed by X-ray diffraction studies. The 

physical parameters like density, dielectric constant, electronic polarizability, optical 

basicity, oxide ions polarizability have been evaluated. Dielectric constant, refractive 

index, electronic polarizability varies with increasing mole% of Dy2O3 respectively. 

The metallization criterion has been calculated on the basis of refractive index and 

energy gap. It was found to be decreased with increasing refractive index and 

decreasing energy gap.  The large value of metallization criterion indicates that the 

glass materials are insulators. 
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1.  INTRODUCTION 

 

Glasses have distinct advantages over the crystal, viz. flexibility in the size and shape 

and excellent optical quality being isotropic. They can be made in long of few centimeters in 

diameters, special glass cladding can be used to control the off axis mode, improve surface 

durability and provide optical immersion. They can also be made even in micron diameter fibre 

size which has only one or a few dielectric wave guide modes. Isotropic specimens having 

large and uniform doping concentration can be prepared1-5. These bismuth –borate glasses have 

high refractive index, good physical and chemical stability and large transmission windows in 

the near infrared regions6-8. 

         Glasses based on heavy metal oxides (such as Bi2O3) have received increased attention 

due to their manifold possible applications in the field of glass ceramics, optoelectronics 

devices, thermal and mechanical sensors, reflecting windows etc.9-12.      

http://www.physics-journal.org/
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      Recently, bismuth borate glasses have attained great attention in synthesis, structure 

and physical properties due to their high refractive index, high density and high dielectric 

constant. The aim of the present study is to prepare the Dy3+doped yttrium zinc lithium bismuth 

borate glass with different Dy2O3concentrations and to study the effect of Dy2O3 content on 

the various physical parameters such as density, refractive index, molar refractivity.  
 

2. EXPERIMENTAL TECHNIQUES  
      

Preparation of glasses      
      

          The following Dy3+ doped yttrium zinc lithium bismuth borate glass samples (20-x) 

Bi2O3:15Li2O:15ZnO: 10Y2O3:40 B2O3: xDy2O3.  (where x=1, 1.5.2) have been prepared by 

melt-quenching method. Analytical reagent grade chemical used in the present study consist 

of Bi2O3, Li2O, ZnO, Y2O3, B2O3and Dy2O3. All weighed chemicals were powdered by using 

an Agate pestle mortar and mixed thoroughly before each batch (10g) was melted in alumina 

crucibles in silicon carbide based an electrical furnace.  

Silicon Carbide Muffle furnace was heated to working temperature of 10700C, for 

preparation of yttrium zinc lithium bismuth borate glasses, for two hours to ensure the melt to 

be free from gases. The melt was stirred several times to ensure homogeneity. For quenching, 

the melt was quickly poured on the steel plate & was immediately inserted in the muffle 

furnace for annealing. The steel plate was preheated to1000C.While pouring; the temperature 

of crucible was also maintained to prevent crystallization. And annealed at temperature of 

3800C for 2h to remove thermal strains and stresses. Every time fine powder of cerium oxide 

was used for polishing the samples. The glass samples so prepared were of good optical quality 

and were transparent. The chemical compositions of the glasses with the name of samples are 

summarized in Table 1 
 

Table 1 Chemical composition of the glasses 

Sample        Glass composition (mol %) 

YZnLiBiB (UD)     20Bi2O3:15Li2O:15ZnO: 10Y2O3:40 B2O3  

YZnLiBiB (DY 1)          19Bi2O3:15Li2O:15ZnO: 10Y2O3:40 B2O3:1Dy2O3  

YZnLiBiB (DY 1.5)       18.5Bi2O3:15Li2O:15ZnO: 10Y2O3:40 B2O3:1.5Dy2O3  

YZnLiBiB (DY 2)          18Bi2O3:15Li2O:15ZnO: 10Y2O3:40 B2O3:2Dy2O3  
 

YZnLiBiB (UD) -Represents undoped Yttrium Zinc Lithium Bismuth Borate glass 

specimens YZnLiBiB (DY) -Represents Dy 3+ doped Yttrium Zinc Lithium Bismuth Borate 

glass specimens 
 

3. RESULT AND DISCUSSION 
 

3.1. XRD Measurement 
 

Figure 1 presents the XRD pattern of the samples containing show no sharp Bragg’s 

peak, but only a broad diffuse hump around low angle region. This is the clear indication of 

amorphous nature with in the resolution limit of XRD instrument. 
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Fig. 1.X-ray diffraction pattern of Bi2O3: Li2O: ZnO: B2O3 Y2O3:Dy2O3 glasses. 

 

3.2. Physical properties 
 

Density measurement  
 

The density of all glasses was measured by using Archimedes principle with xylene 

as immersing liquid. The relation used is 

b

ba

a

WW

W
cmgm  


)( 3

                                                                                               (1) 

Where aW  is the weight of glass sample in air, bW  is the weight of glass sample when 

immersed in xylene and b is the density of xylene(0.86gm/cm3).       

  The molar volume of the glass samples can be calculated from following expression:   

Vm=
  𝑀𝑇

𝜌
                                      (2) 

Where ρ is the density of the sample and MT is the total molecular weight of the multi-

component glass system given by 
 

MT=X Bi2O3 Z Bi2O3 + X Li2O Z Li2O +X ZnO Z ZnO +X B2O3 Z B2O3+ X Y2O3 Z Y2O3+X Dy2O3 Z Dy2O3 (3) 
 

Where X Bi2O3,  X Li2O,  X ZnO,  X B2O3, X Y2O3,  X Dy2O3 are the molar fraction of the 

constituent oxides and Z Bi2O3, Z Li2O, Z ZnO, Z B2O3, Z Y2O3,  Z Dy2O3  are the molar weights of the 

constituent oxides.  
 

Refractive index measurement 
 

          The refractive index were measured by using an Abbe refractometer with sodium vapor 

lamp as the light source emitting the light at a wavelength λ of 589.3nm and having mono-

bromonaphthalene as the contact layer between the sample and prism of the refractometer. 
 

Reflection loss  
 

The reflection loss from the glass surface was computed from the refractive index 

using Fresnel’s formula13. 
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Where n is the refractive index.  
 

Molar refraction  
 

The molar refractivity of the glass samples were calculated using the formula which 

is well known as Volf and Lorentz-Lorentz formula14 

Rm=[
(𝑛2−1)

(𝑛2+2)
] × 𝑉𝑚                                                                                 (5) 

Where n is the refractive index of the glass sample, Vm is the molar volume. 
 

Energy gap 
 

According to Duffy the energy gap is given by15 

Eg= 20 (1 −
𝑅𝑚

𝑉𝑚
)

2
                                                                                                             (6) 

 

Molar electronic polarizability      
    

The molar electronic polarizability of the material can be calculated from following 

expression16  

αm= 
52.2

mR
                                                                                                         (7) 

 

Dielectric constant  
 

The dielectric constant was calculated using refractive index of the glass17 

є = n2                                                                                                                                                                              (8) 
 

Where n is the refractive index. 
 

Optical dielectric constant 
 

The optical Dielectric Constant refractive index of the glass18 
 

dp

dt
p = (є-1) = n2-1                                                                                                            (9) 

Where є is the dielectric constant. 
 

Electronic polarizability  
 

The electronic polarizability was cal calculated using the formula19 

 

αe = 
 
 24

13
2

2





nA

n

V

                                                                                                          (10) 

Where AV is the Avogadro number.  
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Oxide ions polarizability 
 

The Electronic polarizability of oxide ions has been calculated using the equation 

proposed by Dimitrov and Sakka20 

αO
2-(n) =









 i

mR


52.2
  12 

oN                                                                                                                                 (11) 

  Where ∑ αi In the above equation is molar cation polarizability and N O
2- is the number 

of oxide ions in the chemical formula. The molar cation Polarizability (α) values of 

Li+,B3+,Zn2+,Bi3+,Y3+ and Dy3+,ions are respectively αLi=0.042Ǻ3, αB=0.002 Ǻ3 ,αZn =0.283 Ǻ3, 
αBi=1.508 Ǻ3, αY =0.544 Ǻ3 and αDy=1Ǻ3 . 

     Electronic polarizability of an ion is related to properties of the material such as 

refraction, conductivity and optical nonlinearity and is of significant interest in the study on 

polarization state of ions in crystalline and amorphous materialsDimitrov, Komatsu9. 
 

Ionic concentrations  
 

The ionic concentrations of the glass samples are determined using the following 

relation21 

N (ions /cm3) = 
(𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜𝑠

,  𝑛𝑢𝑚𝑏𝑒𝑟) (𝑔𝑙𝑎𝑠𝑠 𝑑𝑒𝑛𝑠𝑖𝑡𝑦)

(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 )
× (𝑚𝑜𝑙% 𝑜𝑓 𝑟𝑎𝑟𝑒 𝑒𝑎𝑟𝑡ℎ)                     (12) 

 

Polaron radius    
 

The polaron radius was calculated using the formula22 

Rp= 3

1

62

1







 


N

                                                                                                           (13) 

Where N is the ionic concentrations. 
 

Inter-ionic distance      
 

Inter-ionic distance of the glass samples is given as22 

3

1

1










N
Ri

                                                                                                                 (14) 

Where   Ri   is the ionic concentrations.  
 

Field strength  
 

The field strength was calculated using the formula23 

F (cm3) =














2

pR

Z                                                                                                         (15) 

Where Z is the thickness of the samples. 
 

Oxygen packing density  
 

The oxygen packing density of the glass samples were calculated using the following 

relation24  
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O.P.D. = 1000








M
n

                                                                                                       (16) 

Where ρ the density of desired glass samples, M is the molecular weight of the sample and n 

is the number of oxygen atoms in the composition. 
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Fig.2. Varation of Electronic polarizability with Refractive Index. 

 

Table 2: The physical and optical properties of Bi2O3: Li2O: ZnO: B2O3: Y2O3: Dy2O3 glasses 
 

Physical properties  YZnLiBiB 

 (UD)  

YZnLiBiB  

(DY 01) 

 YZnLiBiB 

   (DY1.5)  

Y ZnLiBiB 

(DY 02) 

Refractive Index (n)   1.860 1.873 1.875             1.876 

Density (ρ) 






 3cmgm      3.2 4.750 4.860 4.950 

Thickness(Z)  0 .235 0.245 0.244              0 .246 

Average molecular weight M  g    163.121 159.39 158.92 158.46 

Rare earth ions concentratio(N)    -- 1.795 2.763              3.763 

Dielectric Constant (є)    3.46 3.508 3.516                3.519 

Optical Dielectric Constant
dp

dt
p   

                2.46 

 

2.508 

 

2.516 

                 

2.519 

MolarVolume (Vm)  3cmgm  50.975 33.556 32.702              32.012 

Reflection losses(RL  )   9.042 9.233 9.263                9.277 

Molar refractivity (Rm) 22.965 15.280 14.915               14.612 

Polaron radius Rp  0  -- 3.316 2.872                  2.591 

Interionic distance(Ri)  0  -- 8.230 7.129                   6.432 

Electronic polarizability (αe) 0.1788 0.1806 0.1809            0.1810 

Field strength (F)  
-- 0.2228 0.2958 0.3664 

Optical basicity (Λ) 0.7834 0.7501 0.7485 0.7470 

Molarpolarizability(αm) 32410 cm  9.113 6.064 5.919 5.798 

Oxide ions polarizability (αO
2-(n) )

0  3.769 2.2127 2.1544 2.1058 

Oxygen packing density(OPD) 43.12 71.522 73.390 74.972 

Metallization criterion (M) 0.5495 0.5446 0.5439 0.5435 

Energy gap(Eg) 6.0387 5.933 5.917 5.909 
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Optical basicity     
          

     The optical basicity addresses the ability of oxide glass in contributing the negative 

charges in the glass matrix. In other words it defines the electron donating power of the oxygen 

in the oxides glass. The theoretical optical basicity can be calculated by the equation proposed 

by Duffy and Ingram25 

 

Λth =X1 Λ1 + X2 Λ2+ X3 Λ3+ X4 Λ4                                                                                                                    (17) 
  

Where X1, X2, X3 ,X4, ……Xn are equivalent fraction based on the amount of oxygen each 

oxide contributes to the overall glass stoichometry and Λ1,  Λ2 ,  Λ3 ,Λ4………. Λn   are basicities 

assigned to the individual oxides. The values of optical basicity of each oxide are: Λ (B2O3) 

=0.42, Λ (Bi2O3) =1.19, Λ (Li2O) =1.00, Λ (ZnO) =0.82, Λ (Dy2O3) =0.945. 
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Fig.3. Variation of optical basicity with molar polarizability. 

 

Insulating nature   
 

According   to the Herzfeld theory of metallization, If Rm/Vm >1 and Rm/Vm <1 

predicting metallic or insulating26. Subtracting by 1 gives the metallization (M) 

M=(1 −
𝑅𝑚

𝑉𝑚
)                                                                                                       (18) 
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Fig.4. Variation of metallization criterion with energy gap. 
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4. CONCLUSIONS     
         

The Dy3+ doped yttrium zinc lithium bismuth borate gasses were prepared at various 

doping concentration of Dy2O3 and characterized for their physical properties. The density and 

refractive index increases with an increase in concentration of Dy2O3. The optical basicity of 

an oxide medium is the average electron donor power of all the oxide atoms comprising the 

medium. Decreasing basicity results in decreasing negative charge on the oxygen atom and 

thus, decreasing covalency in the cation-oxygen bonding. The decrease value of metallization 

criterion indicates that the glass material is metalizing. 
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