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ABSTRACT : To study various properties of cobalt cations on glasses, a new 

borate 62B2O3-(20-x)ZnO-18Na2O-x CoO glass system, with x = 1.5,1,0.5 and 0 

mol.% was prepared by using the melt quenching technique. Traditional methods 
and usual formulas were used to calculate the molar volume (Vm) and 

measurement of density (ρ).Optical bascity (Λth) was determined using the 

formula suggested by Duff and Ingram. The dependence of density (⍴), molar 
volume (Vm), ion concentration (N), polaron radius (rp), field strength (F), 

inter atomic distance (ri) ,optical bascity(Λth), electronic polarizability 

(α0−2) and electronegativity (Χav) on Co2+cations content were analyzed. The 

trend of density, field strength, ion concentration, electronegativity with 

composition shows an increasing behavior  with CoO content, while molar 

volume, inter atomic distance, polaron radius, optical basicity and 

electronic polarizability exhibit a decrement behavior. 
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I. INTRODUCTION  
Boric oxide (B2O3) is one of the most main glass formers [1, 2]. The boron 

atom in borate crystals and glasses ordinarily organizes with either four or 

three oxygen atoms forming [BO4] or [BO3] structural units [3, 4]. The 

concentration of these structural units is contingent on both the nature and 

the total concentration of the other modifiers [5]. Additionally, boron atom 

has a small cation size, and high bond strength. It has the aptitude to 

variation its oxidation state simply. The borate groups-include of (B-O-B) 

linkages- help in increasing the optical properties of glasses by affecting 

metal oxygen bonds and the bonds of the non-bridging oxygen atoms (NBOs) 

[6,7]. Alkali and/or alkaline oxides such as Na2O, Li2O, CaO, etc. are 

regularly used to decrease the fusion point as well as to increase the 

dielectric or optical properties of the glass [8]. 
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Glasses doped with 3d transition metal ions have gained attention due to the 

relevance of their spectroscopic and electrical characteristics, as well as 

their appropriateness for a variety of glass filters, plasma display panels, 

solar energy converters, and a variety of electronic devices [9,10].The 

electronic and optical properties of this TM-doped glasses might be enhanced 

by the slight addition of various oxide modifiers, such as ZnO [11]. ZnO 

enters the glass structure in the form of both network former and network 

modifier [12]. Zinc borate glasses take several technological applications 

in optoelectronic devices such as laser diodes, light-emitting and laser 

emission covering a wide visible area because of its great band gap [13]. 

Cobalt cations in different valence Co3+ and/or Co2+ exist in octahedral and/ 

or tetrahedral positions. Despite of Cobalt cations require great stabilities 

in the normal environment; they develop the system performance while added. 

Cobalt cations enclosing glasses are employed in several applications such 

as lasers, lithium batteries, super capacitors, gas sensors and Q-switching 

devices [14–16]. Cobalt ion Co2+ (3d7 configuration) existed as a strong 

colorant, which creates a strong blue color in glasses and its color shade 

variations with the coordination state variation [17].  The goal of the 

present work is to assess the eligibility of gradual doping of CoO on physical 

properties, optical basicity, electronegativity and electronic 

polarizability of a new Zn borate glassy system. 

 

II. MATERIALS AND METHODS 

 

The borate glass system of the formula; (20-x)ZnO+62B2O3+ xCoO 18Na2O where 

x= 1.5, 1.0 ,0.5and mol.% was prepared by using the melt quenching technique. 
The raw materials that used to prepare the glass system were pure Boric acid 

(H3BO3), sodium carbonate (Na2CO3) zinc oxide,(ZnO) and cobalt oxide (CoO). 

All weighted chemicals were powdered finely and thoroughly mixed in an agate 

mortar then melted in porcelain crucibles by an electrical oven at 1050 ◦C 

for 45 minutes. The homogeneous melt was guardedly stirred and molding on 
copper sheet -at RT (27 ◦C). The undoped glasses stay colorless, while CoO 

doped specimens show a clear blue color. As the CoO concentration augmented 

from 0.5 to 1.5 mol%, a gradual variation of the color from the light into 

dark blue occurs. The average density (⍴) was calculated by applying 

Archimedes’ principle. Density values were explained by calculating the 

average of 3 attempts executed on different specimens with different shapes 

with error about 0.01 g/cm3. The molar volume (Vm) was calculated by using 

the data of density(⍴) and molar mass(M) with error about 0.01 cm3/mole. 

III. RESULTS AND DISCUSSION 

3.1-Optical basicity 

The optical basicity of an oxide glass reflects ability of the glass 

to give a negative charge to the probe ion. It is also used as a quantity of 

acid–base properties of oxide glasses [18,19]. The theoretical bulk optical 

basicity of the multi-component glass was calculated by the method suggested 

by Duff and Ingram [20] according to the following equation: 

 

Λth = ΣXiΛi                                                (1) 
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where Λi and Xi are the respective optical basicity and molar concentration 

of the oxide component i as obtained from [21,22].The average 

electronegativity was calculated using the following relationship: 

 

χav = 
0.75

𝛬𝑡ℎ
+ 1.35                                                                                                                                 (2) 

 

The mean electronic polarizability (α0−2) of the oxide ions is a standout 

between the most important properties of the materials, which is most likely 

related to their application in the sphere of electronics besides optics 

[23]. The values of (α0−2) of the oxide ions were calculated using the 

empirical equation. [24]: 

 

α0−2=
1.67

1.67−𝛬𝑡ℎ
                                                    (3) 

 

The calculated values of the theoretical optical basicity, electronic 

polarizability and electronegativity for the investigated glass samples are 

listed in Table.1. This table clearly shows a decrement of the theoretical 

optical basicity and electronic polarizability beside an increment in the 

electronegativity with increasing CoO content. The decrease in optical 

basicity is caused by an decrease in the polarizability and increase in 

single bond strength of CoO where single bond strength of CoO oxide is greater 

than that of ZnO oxide. Thus, the field strength of Zn2+ ion is smaller than 

that of the CO2+ ion, which means that Zn2+ion is much more polarizable than 

Co2+ ions.  Lower polarizability of CoO means increased ability of an ion to 

attract electrons from the atoms bonded to it [25]. 

Similar results were obtained by Ibrahim and Sadeq [26] found that the values 

of optical basicity and electronic polarizability were decreased with CoO 

addition. 

 

Table.1Theoretical electronegativity, optical basicity , electronic 

polarizability of xCoO-18%Na2O-(20-x)ZnO-62%B2O3, where x=1.5,1,0.5and 0 

mol%. 

x (mol%) Optical 

basicity 

Λth 

Electronegativity 

Χav 

Electronic polarizability 

α0−2 

0 0.6906 2.4360 1.7051 

0.5 0.6899 2.4372 1.7038 

1 0.6891 2.4384 1.7025 

1.5 0.6884 2.4396 1.7012 
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3.2- Physical properties 

The calculated densities (ρ) for all glass samples under investigation 

are tabulated in Table2. It was found that the density augmentation from 

2.47456 to 2.67857(g/cm3) with the addition of CoO content at the expense of 

ZnO content (Fig. 1). This could be due to the higher density of CoO (ρ = 

6.44 g/cm3) in compared with that of ZnO (ρ = 5.61 g/cm3).The molar volume 

(Vm) depends on the density (ρ)  of glasses and as predicted in the current 

example, it follows a trend reverse to density [15]. The molar volumes (Vm)  

of  glasses were decreased from 28.52859to 26.31965(cm3/mol) with 

augmentation of CoO concentration. This behavior is due to the decrease in 

the bond length or inters atomic spacing. The  ionic radius of CO2+ ion (0.58 

nm) is smaller than that of Zn2+ ion (0.083nm) [28]. Furthermore, the decrease 
in molar volume can be related to decrease in the non-bridging oxygen (NBO) 

in the glass matrix. This decrement in NBO is supported by the augmentation 

in Eg(28). The observed decrease of  ionic radius (ri) and polaron radius (rp) 
with augmentation CoO content is most likely related to the augmented value 

of ion concentration (N) for Co2+ ions. The Co2+ ions are located among the 

layers and, accordingly, the distance between Co2+ ions and oxygen atoms are 

reduced. This leads to a strong augmentation in the Co-O bond strength, 

resulting in a stronger field around the Co2+ ions [24,27]. Other important 

parameters such as concentration of Co2+( N), polaron radius(rp) and 

interatomic distance of cobalt(ri) are related to the density given by: 

 

N=(mol% of TM)
𝜌𝑁𝐴

𝑀
=

𝑋𝜌𝑁𝐴

𝑀
                                   (4) 

 

ri = (
1

𝑁
)

1

3
 (5) 

 

 

rp=
𝑟𝑖

2
(

𝜋

6
)

1

3
                                                               (6) 

 

The observed decrease of  ionic radius (ri) and polaron radius (rp)with 

augmenting CoO content is most likely associated to the augmented value of 

ion concentration (N) for Co2+ions.The Co2+ions are located among the layers 

and, accordingly, the distance between Co2+ ions and oxygen atoms are reduced. 

This results in a strong augment in the Co-O bond strength, which resulting 

in a stronger field around the Co2+ ions[24,27]. 

Similar results were obtained  by Abd-Allah and Nabhan , [30] found that 

the density of studied samples increased as CoO increased while the molar 

volume decreased. Siriprom et al., [31] found that the density was 

increased with increasing of CoO concentration. Mostafa et al., [32] found 

that as the CoO content increased from 1% to 12% (mol) in the glass 

samples, the bulk densities of glasses increased from 2.611 to 2.785 g/cm3. 

Ibrahim and  Sadeq , [26] found that the measured density of the sample is 

increased with Co doping, while molar volume follows the opposite behavior 

typical for glasses. These results confirm our conclusion. 
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Table.2 The physical and structural parameters of glasses system (xCoO-18%Na2O-(20-x)ZnO-62%B2O3, 

where x=1.5,1,0.5 and 0mol%). 

X 0 0.5 1 1.5 

Density 

(g/cm3) 
2.47456 
 

2.58671 
 

2.64399 
 

2.67857 
 

Molar volume 

(cm3/mol) 
28.52859 
 

27.27924 
 

26.67606 
 

26.31965 
 

Co concentration 
(x1020)(cm- 3) 

0 1.105174 2.257506241 3.432117034 

Inter atomic 

distance 

ri(nm) 

0 2.0838 
 

1.6423 
 

1.4283 
 

Polaron radius 

rp(nm) 

0 0.8398 
 

0.66092 
 

0.57629 
 

Field strength 

F(cm2) 

- 2.38152 3.02608 3.4705 

 

 

Fig.1: Molar volume and Density with different concentrations of Co+2 

ions. 

 

IV. Conclusion 

 

 

The quaternary (x) CoO- 18Na2O -(20-x) ZnO -62B2O3 glasses, with x = 1.5, 1.0 
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,0.5and 0 mol%, have been successfully synthesized. The average 

electronegativity showed opposite trend with both of (ʌth) and (α0−2).The 

measured density appeared augmenting behavior and molar volume appeared a reverse behavior with 

augmenting Co cations. Moreover, the most significant structural parameters were employed to study the 

augmentation toward the strong crystal field with the augmentation in the content of Co cations. These 

obtained results nominate these cobalt-borate glasses for promising 

applications such as optical devices. 
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