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Abstract: Problem statement: Recently Optical electro negativity of many binaide glasses has
been evaluated on the basis of two different pararsethe linear refractive index and the energy, ga
which have demonstrated remarkable correlatiypproach: In the present study, an improvement
method to estimate the oxide ion polarizabilityotgh the average optical electro negativity for the
lithium borate metal (Mo) glass system has beepgsed. The electronic oxide polarizability of our
prepared ternary oxide glasses have been estintatethe basis of the average optical electro
negativity. Results: On the other side the value of the oxide ion poddnility has been determined
using the equation of Dimitrov based on the meakbuirear refractive indexConclusion: The
estimated values are in good agreement with théaéla experimental data. The present research is
another trend of the oxide ion polarizability det@ration for ternary glasses.
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INTRODUCTION being reported for the first time. We chose toilith
borate glass system for our study, as the lithionates
One of the most important properties of materialsglasses are promising materials have many apitsti
which are closely related to their applicability ine  In the electronics components.
field of optics and electronics, is the electronic

polarizability. An estimate of the state of polatipn of MATERIALSAND METHODS
ions is obtained using the so-called polarizability
approach based on the Lorentz-Lorenz equation. The glass samples were prepared using appropriate

Recently oxide glasses take a considerablamounts of grade reagents boron oxide, lithium @xid
attention in view of their potential for use asdlabosts, and copper oxide, ferrite oxide zinc, Aluminum and
in fiber and as nonlinear optical materials (Vassjmy ~ Cadmium oxide. The weighted quantities of the stgrt
1994; Chimalawonget al., 2010). The studies on materials for glass batch corresponding to thesglas
glasses of metal oxides are relatively meager due tcomposition were mixed homogeneously. The mixture
difficulties in identifying and preparing such gi@s was placed in a ceramic crucible and heated slamvly
although they show interesting electronic and maair  an electric furnace to 1100°C. The temperature was
optical properties (Vithalet al., 1997). The present raised gradually depending upon the glass compasiti
study pertains to some new optical parameters én thThe crucible containing the melt was constantly
case of some ternary glass systems. (Dimitrov andgitated to ensure homogeneous mixing. Sufficiems t
Sakka, 1996) have shown that for simple oxides, thevas allowed for the melt to become visibly
average electronic oxide polarizability calculatedthe  homogeneous and bubble free. The melt was rapidly
basis of two different properties linear refractimdex quenched to room temperature between two stainless-
and optical band-gap energy shows remarkablsteel plates. There was no noticeable reactiorhef t
correlation. In the present study we examine whethemelt with crucible walls. The typical weight loss o
their observations can be extended to glasses tbrmamelting under the experimental conditions can be
from ternary oxides glasses. This is of a particulaneglected with respect to the values quoted for the
interest especially when the relevant quantities lsa components. The composition of the glass system was
experimentally obtained for glass systems andorepared in a series of 6 samples as illustrat@clote 1.
polarizability values related to glasses are ofigdior The density of the samples was measured using
developing glass systems with nonlinear opticalArchimede’s method using toylene as immersion
properties. To our knowledge an attempt of thiglken  liquids with accuracy around +1%.
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Table 1: The prepared samples in mole percent obtained data by Dimitrov. But it should be mentidn
Ratio in mole% 80 15 5 that polarizability of BO;(2.426/4) and SiQ (2.4194)

No B20s Li20 (20%) - calculated by Eq. 2 seems to be too large.

mg-lz %82 t‘zg g;& Reddyet al. (2001) and Zhaet al. (2007) have
No. 3 BO: Li,O ALO: applied the electronegativity approach to the same
No. 4 BOs Li,O Zno glasses already studied by (Dimitrov and Komatsu,
No. 5 BOs Li:O Cdo 1999) According to Reddgt al. (2001) the following

empirical relations between oxide ion polarizapikind
The samples were annealed at a temperature beloyerage electronegativity is as follows Eq. 3:
glass transition temperature and subsequently pealis

with commercial media and water free lubricant. Theq,, = 4.519 - 0.342%,, (3)
glass samples were obtained with a uniform thicknes
of 4.0- 5.0 mm. The polished glass samples weversil Another formula for all binary oxide glass

painted on both sides and kept in a cell for goodcompositions except TeOGeQ and TiGQ as a second
contacts. The value of applied voltage = 3.0 V #rl  oxide also was proposed as follows Eq. 4:

voltage drop across the sample and across a sthndar

resistor were measured. Space-charge effects wef®-2= (Xiav 1.35)/(Xjav-1.8) (4)
minimized by using a very low field, which was agl

only briefly. The temperature of the glass sampésw where, X1av iS the average electronegativity of binary
measured by a chromel-alumel (the measurements hagide glass. On the other hand (Zrei@l., 2007) have
been carried out at room temperature), thermocoupl@troduced the optical electronegativity calculafesin

with an accuracy of #1%. the refractive index to predict oxide ion polariiiap of
Also an LCR bridge (Hioki model 3031, Japan) pinary oxide glasses Eq. 5:

was used to carry out the dielectric measurem@iis.

;’aschJrrgcC)yogllthe measurements of dielectric constant (o2 = 3.5-0.Kgiaso 5)
Theoretical considerations; It is well known that the It should be noted that the estimated values of

relative ability of an atom to draw electrons imaend ~ (Reddyet al., 2001; Zhaoet al., 2007) are in good
toward itself is called the electronegativity oétatom. ~agreement with the refractive index based oxide ion
Atoms with large electronegativities (such as F @énd  Polarizability of the same glasses obtained by (Dow
attract the electrons in a bond better than thbse t and Komatsu, 2010).

have small electronegativities (such as Na and Mg). Assuming that molar refractivity ¢} and
The electronegativities of the main group elememes  polarizability a,, are additive quantities (Dimitrov and
given by (Asokamani and Manjula, 1989) introducedSakka, 1996) obtained the relationship Eq. 6:

the concept of average electronegativity and ddfee

average electronegativity parametex;,, in the R,=pR + R, = 2_5;@ g+ qoz,J (6)
following manne Eg. 1:

N Where:
X = > K (1) R, =lonic refraction of cation

= N Ro® = The refraction of oxide ion, respectively
Where: _ o P and g denote the number of cation and oxide ion
X1 = The pauling electronegativity of element in the chemical formula #O,. This relationship leads to
n; = The number of atoms of the ith element the following Eq. 7:
N = The number of elements present in the compound

v, (n*-1 y
In this connection (Reddst al., 2001) have derived 9 (M=) (( 7 2))—290&](1 ' (1)

the following empirical relationship for the aveeag

electronic oxide ion polarizability as follows ERj. where, \j, is the molar volume of the glass sample.

0(0_2 = 4.624 = 0.756%\/ (2) RESULTS
where,X1aviS the average electronegativity of the simple ]
oxide. Reddyet al. (2001) have calculatet? for many The estimated values of the parametprs/t,, Xiav

oxides and in general there is agreement with pusly ~ Xo-2(X1av), 0o-2 (Nm) and i) are reported as in Table 2.
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Table 2: illustrates the calculated values ofdbasity , the molar volume, the average electramgta oxide ion polarizabilityo,.»(X1av ) @and
the oxide ion polarizability as a function of tredractive index of the prepared glasses

p \

Type of glass g/ctn cm/mol Xiav Oo-o(X1ay) N Olo-o(Nm)

B,0;-Li,0 2.12 29.0 3.14 1.304 1.53 1.373
B,03-Li,0-CuO 2.20 30.0 3.00 1.451 1.54 1.365
B,0;-Li,0 -FeO; 2.10 30.0 2.90 1.480 1.51 1.350
B,0;-Li,0-Al,03 2.15 29.5 2.80 1.535 1.52 1.355
B,03-Li20-Zn0O 2.10 30.0 2.76 1.550 1.50 1.351
B,03-Li,0-CdO 2.14 30.0 2.70 1.600 1.54 1.352

where,a,., (n,) is the calculated value as a function ofinertia of the molecules and ions. The electronic
the measured refractive index using Eq. J/,isnthe  polarizability a. is the only process which follows the
experimental value according to the dielectric ¢amis  alternative fields at the visible spectrum. Theigon
The refractive index has been determined accortting polarizabilitya;, contributes to the polarizability at high
the electromagnetic relationship (re®) in the optical frequency. The space chargeanda, contribute to the
range neglecting the absorption coefficient. Thiees  polarizability of the suggested glass system at low
of the dielectric constant of the samples was atounfrequency. Finally using the refractive indexand the
2.25 t0 2.3,.2 (X1a) IS the obtained value of oxide ion molar volume YV, the estimated value of oxide ion
polarizability —according to the average glasspolarizability a,.,, has been evaluated according Eq. 7

electronegativityy;,, Which estimated by Eq. 1. with accurate method.
Comparing the two values of,, in Table 2, it is
DISCUSSION obvious that there is a good agreement between,them

this means that there are some correlation betwsen
Considering the data in Table 2, the concept obxide ion polarizability and the electronegativitythe
average electronegativitysa, can be used to determine case of ternary glasses as our samples.
and predict the electronic polarizability of theidxion
for some ternary glasses. The new addition in tuays CONCLUSION
is the suggestion of an accurate formula for the
calculations of the oxide ion polarizability. Eqjaait 5 . o i
is more suitable to obtail,., throughygassWith minor . The oxide ion pole(l)rlzabmty has been estimated
change in Eq. 5 for our samples under test. Acogti with more accuracy (£5%) for the prepared sampfes o

Eq. 5 can rewritten as the following: ternary.glasses. It was found that there are a good
correlation between the average electronegativity a
oz = 3.5 - 0. Kiav (8) the oxide ion polarizability as in the binary systeof

glasses at this limit of oxide metal (5 mol. %).

This formula is more convenience for our system 1S is @ new trial to make a correlation between
under study, sa,, can be evaluated by Eq. 8. electronic pollanzabmty of the oxide ion and the
The range of the glass formation igB-Li,O -Mo electronegativity for some ternary glasses asamptes.

system extends up to 5 mol % of Mo and all theglas
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