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ABSTRACT

The physical and optical properties of glasses having a composition [(TeO3)o.7 (B203)o.3]100x (BaO) 4, Where
(x =50, 60, 70) have been studied. It was found that the values of density increase by increasing BaO content
while as the values of molar volume and oxygen packing density decrease for all the studied samples. Also, it
was found that the values of the optical energy gap decrease while as the values of the refractive index increase
by increasing BaO content. The optical basicity of the glasses and the polarizability of oxide ions have been
calculated. It has been found that all the studied glasses become more polarized and more basic and the entire
studied samples exhibit insulating behavior by increasing BaO content. Finally, all the prepared samples have
higher values of third order nonlinear susceptibility (5.361-9.635) x10™2esu; this means that all the studied
samples are possibly good materials for nonlinear optical requests.
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1. INTRODUCTION

The optical energy gap and the refractive
index are the most interesting and fundamental
properties of glass materials. Glasses with
higher refractive indices are expected to have
higher third order nonlinear susceptibility
values [1, 2]. It was found that telluride glasses
possess high optical nonlinearity and have
possible application as nonlinear optical
materials [3]. The structure and optical
properties of telluride glasses have been studied
[4,5]. Borate glasses have been attracted
attention due to their practical applications in
the fields of linear and nonlinear optics and
correlated techniques [6]. It was found [7] that
barium-borate glasses have good value in mass
attenuation coefficient and effective atomic
number which make good radiation shielding
materials. (B,OsTeO,) glasses have been
shown progressive changes in both the boron
and tellurium coordination with the addition of
other ions [8, 9]. The aim of the present work is
to study, the physical and optical properties of
[(TeO,)o7 (B203)os]iox (BaO)x (x =50,60,70)
in order to show the effect of chemical modifier
such as BaO on physical and optical properties
when added to (B,O3;TeO,) glasses.

2. EXPERIMENTAL DETAILS:

Proper weights of B,O; TeO, and BaO in
accurate molar ratio were mixed to obtain

uniform acceptable fine powder and then,
placed in a porcelain crucible and heated in an
electric furnace whose temperature was
elevated in steps to 1100°C for half an hour.
Then, the molten samples were rapidly
decreased to room temperature by pouring it
onto a cooper plate and successively pressing it
with another to gain glasses. The studied
samples have been characterized by the X-ray
diffraction (XRD) and all the samples reveal
non-crystalline nature as so noticeable peak
was detected in their (XRD). The
transmissions of all the samples in the wave
length (400-1100nm) were measured using a
computerized recording  spectrophotometer
(type Jacob, V-570).

3. RESULTS AND DISCUSSIONS:
3.1 Density and molar volume:

The density of the samples was calculated
using this equation:

d = 0.8635 [W,/ (W:-W,)]

Where, d is the density of the glass sample,
W, is the weight of the glass sample in air, W,
is the weight of the glass sample in toluene and
0.8635 is the density of toluene. The values of
density for all the studied samples are listed in
table (1). The molar volume V, can be
calculated as following,
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The molar volume =
(Total molecular weight)/ (density)

The values of molar volume for all the
studied samples are listed in table (1).Oxygen
packing density is the decoration of the oxygen
atoms in the glass system and can be calculated
as follows,

Oxygen packing density =(1000xO)/ V,

Where, O denotes the sum of oxygen in the
oxide glass element. It is clear that the values of
the density become higher because the values
of molecular weight increase by increasing
BaO content for all the studied samples
.Usually, the density of the glass changes in the
inverse direction of the molar volume. It was
found that the values of molar volume decrease
by increasing BaO content for all the studied
samples. The reduction in the oxygen packing
density is most likely due to the decrease in
number of oxygen atoms molecule.

3.2 The 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
oxide glass. The optical basicity can be
calculated according to the approach proposed
by Duffy and Ingram [10].

Optical basicity =
X(BaO)A(BaO)+X(B,03)A(B,03)+X(TeO,)A(TeO,)

Where x(BaO), x(B,03) and x(TeO,) are
the equivalent fraction of the different oxides
,i.e. the proportion of the oxide atom that
contributes to the glass system; A(BaO),
A(B,03) and A(TeO,) are the optical basicity
values of the constituent oxides. Here values of
A(BaO) is 1.23, A(B,03) is 0.42 and A(TeO,)
is 0.96 ,respectively[11]. It is clear from table
(2),that the values of optical basicity increase
by increasing BaO content ,which means that
the studied glasses becomes more basic.

3.3 The electronic polarizability of oxide ions

The relationship  between electronic
polarizability of oxide ions and optical basicity
of oxide is given by this equation [11]

Electronic polarizability of oxide ion =
1.67/ (1.67-optical basicity)

This equation indicates that, the Electronic
polarizability of oxide ion increase with
increasing the optical basicity [12]. The values
of electronic polarizability of oxide ions are
listed in Table [2]. It was found that all the
studied glasses become more polarized by
increasing BaO content for all the studied
samples.

Table (1) : The values of molecular weight, density, molar volume, and oxygen packing density for all the

studied samples.

Molecular Density(g/cm®) Molar Oxygen

Sample weight(g/mol) volur;we(vm) packl_ng

(cm*/mol) density

[(Te0,)0.7(B;03)0.3]50(Ba0)so 142.968 5.110 27.978 58.974
[(Te0,)0.7(B203)o5]40(Ba0)so 145.040 5.214 27.817 54.643
[(Te0,)0.7(B203)0.3]30(Ba0)0 147.113 5.312 27.694 50.191

Table (2) : The values of optical basicity, oxide ion polarizability, and average single bond strength of all

the studied samples.

sample Optical Oxide ion average single bond
basicity polarizability strength (KJ/mol)
(A"’
[(TeO,)0.7(B203)0.3]50(Ba0)sp 1.014 2.546 216.45
[(TeO,)0.7(B203)0.3]40(Ba0)eo 1.057 2.724 189.96
[(TeO,)0.7(B203)0.3130(Ba0)+o 1.100 2.930 163.47
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3.4 Average single bond strength:

The high polarizability of oxide ions leads
to stronger chemical bonds [12].The average
single bond strength By.o has been determined
by the following equation [12].

Bm-o0 = XgaoBga-ot X1e02BTe-0t X8203B8-0

Where, Xga0, Xg203 and Xteoz IS the molar
fraction. The single bond strength of Ba-O, B —
O and Te-O are (84, 498 and 285 KJ/mol),
respectively [11].

The values of average single bond strength
for all the studied samples are listed in table
(2). It is clear that the values of average single
bond strength decrease by increasing BaO
content. This can account by considering the
bond strength of BaO which is lower than other
bonds.

3.5 Optical energy gap:

Figure (1) shows the optical transmission
spectra for all the studied samples. The
absorption coefficient o of each sample was
calculated using the relation [13].

a = (L/d)In(lo/1y)

Where lpand I, are the intensity of the incident
and transmitted radiation, respectively and d is
the thickness of the sample. Mott and Davis
[13] proposed the relation between the
absorption coefficient o (o) and the photon
energy ho of the incident radiation, for indirect
transitions this relation can be written as
follows,

aho=B( ho-Eyy)

Where o is the angular frequency of radiation,
B is constant called band parameter, Eqy is the
optical energy gap. The proposed absorption
mechanism is indirect one. This is expected due
to the lack of translate symmetry, where the
wave vector is not good quantum number. The
values of E,y is obtained by plotting (oho)™ vs
photon energy ho and extrapolating the linear
region of the plots to (ahw)”? =0. This
extrapolated value is the optical energy gap of
thin film as shown in Figure (2). The obtained

values of Eyy for all the studied glasses are
given in Table [3]. It is clear that, the value of
optical band gap energy decrease by increasing
BaO content as a result of decreasing the
average single bond strength for all the studied
samples. The weaker bond strength of Ba-O
(84KJ/mol) compared to Te-O (285KJ/mol),
and B-O (373KJ/mol are responsible for the
decrease of optical energy gap enegy[15].
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Figure (1) : The transmission spectra for all the
studied samples.
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Figure (2): The relation between ho and (ahm)*?

for all the studied samples.

3.6 The molar refraction:

The molar refraction can be calculated as
follows [12]:

R = Vi (1-(Eopi/20)™?)

It was found that the values of molar
refraction which are listed in table (3) increase
by increasing BaO content.

3.7 The refractive index:

The calculation of the refractive index is
very important to determine the suitability of
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Table (3): The values of optical energy gap, refractive index, molar refraction, third order nonlinear
susceptibility and metallization of all the studied samples.

. . . Third order nonlinear
optical energy | Molar refraction | Refractive - -
Sample ap(eV) R ., cm¥mol) index susceptibility metallization
gap m $*x10%esu.
[(TeO,)0.7(B,03)q.3]50 (BaO)so 2.20 18.699 2.654 5.361 0.332
[(TeO,)0.7(B,03)g.3]40 (BaO)eo 2.00 19.020 2.736 7.110 0.316
[(TeO,)0.7(B,03)g.3]30 (BaO)7o 1.80 19.386 2.828 9.635 0.300

glass material to be optical devices [14]. The
linear refractive index, n, can be calculated [12]
as follows,

N=((Var+2Rm)/(Vin-Rin)) "

The values of refractive index are listed in
table (3). It was found that the values of the
refractive index increase by increasing BaO
content. The refractive index depends on the
polorazibility of glass material [14] .The values
of refractive index increase because the values
of molar polorazibility increase by increasing
BaO content for all the studied samples.

3.8 Metallization criterion of the glasses:

Dimitrov and Sakka [12] calculated
metallization criterion for wvarious simple
oxides and found that oxides with large
refractive index and small energy gap have
small metallization criterion linked to small
refractive index and large energy gap.

The metallization criterion= [E,/20]"2

The values of metallization criterion for
all the studied samples are listed in table (3).1t
was found that the metallization criterion
values of the present glasses are found to be
less than one and thus all the studied samples
exhibit insulating behavior [12] .Also, it was
found that the values of metallization decrease
by increasing BaO because the values of optical
energy gap decrease for all the studied samples.

3.9 Third order nonlinear susceptibility:

The high polarizability of oxide ions
accounts to the perceived nonlinear optical
properties of the glasses. The glasses with
greater nonlinear optical properties, especially
third order nonlinear susceptibility, are

appropriate to produce nonlinear waveguide
devices lawful to optical signal processing [15].
The third order nonlinear susceptibility in esu
units is calculated by the following relation
[15],

v O= ((n)*-1)/ 4m)* x 10

From table (4), it was found that the values of
third order nonlinear optical susceptibility
increase by increasing BaO content because the
values of the refractive index increase for all
the studied samples. Because of the high values
of third order nonlinear optical susceptibility
for all the studied samples, these glasses are
perhaps good materials for nonlinear optical
applications [12].

CONCLUSION:

From all the above arguments, it was found
that the values of density, refractive index,
increase by increasing BaO content. On the
other hand, the values of average single bond
strength, optical energy gap, decrease by
increasing BaO content. Also, all the studied
samples become more basic and more polarized
and all the studied samples exhibit insulating
behavior by increasing BaO content. The high
values of third order nonlinear optical
susceptibility for all the studied samples were
found to be in the range (5.361-9.635) x 10~
Zesu. Finally, all the above values are a good
basis for suggestion new nonlinear optical
materials.
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