Physics International 2 (1): 21-24, 2011
ISSN 1948-9803
© 2011 Science Publications

Electronegativity, Interaction Parameter and
Electronicpolarizability for Bisumth Borate Metal Glasses

El-Sayed Moustafa and Farid Elkhateb
Department of Physics, Faculty of Science,
Azaher University, Assuit Branch, Egypt

Abstract: Problem statement: In the present work, we applied the concept of tpmical
electronegativity to predict basic properties ofmso ternary oxide glasses. Recently Optical
electronegativity of many binary oxide glasses bhaen evaluated on the basis of two different
parameters, the linear refractive index and therggngap, which have demonstrated remarkable
correlation. Approach: In this study, the refractive indexhas beendeteechithrough the optical
electronegativity and obtain a perfect linear clatien between the calculated refractive index ted
estimated values using the dielectric constantevalfithe prepared sampleResults. The average
electronic oxide polarizability and the interactiparameter of our ternary oxide glasses have been
estimated on the basis of the average opticalreleegativity.Conclusion: The estimated values are

in good agreement with the available experimenrdit dThe present research is an improvement of the
optical electronegativity determination.
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INTRODUCTION Theoretical considerations. The relative ability of an

atom to draw electrons in a bond toward itselfalec
Recently oxide glasses take a considerablehe electronegativity of the atom. Atoms with large
attention in view of their potential for use asdlaBosts, electronegativities (such as F and O) attract the
in fiber and as nonlinear optical materials (Vaesfa  electrons in a bond better than those that havdl sma
1994; Chimalawongt al., 2010).The studies on glasses electronegativities (such as Na and Mg). The

of metal oxides are relatively meager due to dilfies  electronegativities of the main group elementsgiven
in identifying and preparing such glasses althotn®y by (Marquez and Rinocon, 2006) introduced the
show interesting electronic and nonlinear opticalconcept of average electronegativity and defined an

properties (Vithalet al., 1997). The present work average electronegativity paramete{,, in the
pertains to some new optical parameters in theoise fo|lowing Eq. 1 manner:

some ternaryglass systems. (Dimitrov and Sakka6)199

have shown that for simple oxides, the average Ny
electronic oxide polarizability calculated on thesis of X = ZlTI 1)
two different properties linear refractive indexdan =

optical band-gap energy shows remarkable correlatio
In the present work we examine whether their
observations can be extended to glasses formed fromt
ternary oxides glasses. This is of a particulaerizgt
especially when the relevant quantities can b
experimentally obtained for glass systems and
polarizability values related to glasses are ofigdior In this connection (Reddyet al., 2001) have
deve'oping g|aSS Systems with nonlinear Optica|derived the f0||0Wing empirical relationship for eth
properties_ To our know'edge an attempt of thigikm average electronic oxide ion polarlzablllty as dolk
being reported for the first time. We chose tg0B-  EQ. 2

Bi,O; glass system for our study, as the oxide ion

polarizability for BpOs is relatively high. Oo2 = 4.624 - 0.7568,, (2)

Where:

The Pauling electronegativity of element

The number of atoms of tH& élement

The number of elements present in the compound
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where, Xiay iS the average electronegativity of the Another optical parameter used to describe the
simple oxide. Reddygt al. (2001) have calculated,,. ~ Polarizability state of the oxide ion in the simglasses
for many oxides and in general there is agreemétht w called the interaction parameter of the glassvergby
previously obtained data by Dimitrov. But it sholdd  (Zhaoet al., 2007) as follows Eq. 8:
mentioned that polarizability of BO; (2.426A) and
SiO, (2.419A4) calculated by Eq. 2 seems to be tooA: (a7 —a,_,)
large. 2007 +00g,5)(@, + Ug )
Reddyet al. (2001) and Zha&t al. (2007) have @ -a.,)
H H f 0-2
applied the electronegativity approach to the same *Xgj,0s 2@ +a, )0, +a..)
glasses already studied by (Dimitrov and Komatsu, fo 7B o2 T RIS
1999). According to Reddst al. (2001), the following
empirical relations between oxide ion polarizapiind ~ Where, a; is the electronic polarizability of the free
average electronegativity is as follows Eq. 3: oxide ion andy,, correspond ta,, (n), the interaction
parameter has been estimated according to Eq. 8.

(8)

Oop=4.519 - 0.342%,, 3)
MATERIALSAND METHODS
Another formula for all binary oxide glass

compositions except TeQ GeQ and TiG as a second The glass samples were prepared using appropriate

oxide also was proposed as follows Eq. 4: amounts of grade reagents boron oxide, bismutheoxid
and copper oxide, ferrite oxide zinc, Aluminum and

Oo-2 = (Xjav- 1.35)/1av- 1.8) (4) Cadmium oxide. The weighted quantities of the

starting materials for glass batch correspondinth&o
where, X1ay IS the averageelectronegativity of binary glass composition were mixed homogeneously. The
oxide glass. On the other hand (Zre@l., 2007) have mixture was placed in a ceramic crucible and heated
introduced the optical electronegativity calculafesm  slowly in an electric furnace to 1100°C. The
the refractive index to predict oxide ion polariiiyof temperature was raised gradually depending upon the

binary oxide glasses Eq. 5: glass composition. The crucible containing the melt
was constantly agitated to ensure homogeneous
Oo2= 3.5 - 0.Kglass (5) mixing. Sufficient time was allowed for the melt to

become visibly homogeneous and bubble free. The

It should be noted that the estimated values of bynelt was rapidly quenched to room temperature

Reddyet al. (2001) and Zhaet al. (2007) are in good between two stainless-steel plates. There was no
agreement with the refractive index based oxide iofioticeable reaction of the melt with crucible walls
polarizability of the same glasses obtained by (@ow  The typical weight loss on melting under the
and Komatsu, 2010). experimental conditions can be neglected with respe
Assuming that molar refractivity @R and to the values quoted for the components. The

polarizability o, are additive quantities (Dimitrov and composition of the glass system was prepared in a

Sakka, 1996) obtained the relationship Eq. 6: series of 6 samples as illustrated in Table 1.
The samples were annealed at a temperature below

glass transition temperature and subsequently halis

R, =PR +aR. = 250 m+ d | (6)  with commercial media and water free lubricant. The
glass samples were obtained with a uniform thicknes
Where: of 4.0- 5.0 mm. The dc electrical conductivity of
R. = lonic refraction of cation prepared glasses, the polished glass samples inare s
RoZ = The refraction of oxide ion, respectively painted on both sides and kept in a cell for good

contacts. The value of applied voltage =3.0 V amal t
Holtage drop across the sample and across a sthndar
resistor were measured. Space-charge effects were
minimized by using a very low field, which was aggl
only briefly. The temperature of the glass sampbs w
, measured by a chromel-alumel (the measurements have
sz) (n°-1) -3 paylq ) bgen carried out at room temperature), thermocouple
252 (f+2) 4 with an accuracy of 1%.

22

P and q denote the number of cation and oxide io
in the chemical formula #O,. This relationship leads
to Eq. 7:

o () =(
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Table 1: The prepared samples in mole percent The dielectric constant, of glasses samples
80 15 . 5 depends on electronic, ionic and dipole orientation
B20s Bi2Os 20% - contribution to the polarizability. The ionic
B.Os Bi,Os FeOs I . bl . f h d | f .

B.O, Bi.O, Cuo polarizability arises from the displacement of icofs
B.0s Bi»Os Zn0O opposite sign from their regular lattice sites,ufésg
B20s Bi-Os Al20; from the applied electric field, as well as frometh
B.03 Bi;O3 CdoO

deformation of the electronic shells, resultingnirthe

Table 2: lllustrates the calculated values of theverage '€lative of the ions. The behavior ef our system
electronegativity, oxide ion polarizability, inteton  described may be attributed at low frequency to the

parameter and the refractive index of the prepglesses polarizability arising from the contribution of ntul
Type of glass Xwa1 oz A Noale N components in the glassy system. As the frequency
B20;— Bi:Os 2.59 1700 01494 210 200 jncreases the ionic and orientation sources of

B,O+ Bi,O-CuO  2.45 1751  0.1600 1.80 1.90 ol - .
B.O. BLOLF6Os 231 1765 01650 170 180 polarizability decreases and finally disappear ttuthe

B,Osr BibOsAl,0s  2.25 1785 01550 1.77 178 inertia of the molecules and ions (Khetral., 2009).
B0y~ BiOrZNnO  2.26 1796 01455 165 170 The electronic polarizabilityo. is the only process
B0 BiOyCdO 228 180 01498 190 1.80 which follows the alternative fields at the visible

Also an LCR bridge (Hioki model 3031, Japan) spect_rum_. _The ionic polarizability;, contributes to the
was used to carry out the dielectric measurem@aihs. polarlzab|llty at high frequen_cy. T_he space chaege
samples were coated with silver coatings for olgin and a, contribute to the polarizability of the suggested
good contact. The accuracy in the measurements &Iass system at low frequency (~1000 Hz).

dielectric constant is ~+0.001. Fin_ally using the averf';\ge_electronggat?\_;{'gx\,and
the estimated value of oxide ion polarizability.,, the

RESULTS refractive index g has been evaluatedusing Eq. 7
with accurate method.

The estimated values of the four parametgis.,(

Oo.2, A, Neac.and ny) are reported as follows Table 2. CONCLUSION
The refractive index has been determined
according to the electromagnetic relationship &1'3. The average electronegativity has been estimated
with more accuracy for the prepared samples ofatgrn
DISCUSSION glasses. It was found that there are a good ctioela

between the average electronegativity and the dride

With respect to the above data in Table 2, th&,s|arizability as in the binary systems of glasses.
concept of average electronegativiy,, can be used to The refractive index can be determined or

determine and predict the electronic polarizabibfy  redicted using the concept of the average
the oxideion for some ternary glasses. The newtiaddi  g|ectronegativity and the electronic polarizabibiythe

in our work is that, the equivalent fraction of Bac qxjde ion for some ternary glasses as our samples.
element of the glass system must be taken into the

calculations of the average electronegativity. Hgqua REFERENCES
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