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Glasses with composition xBi,03-24Na,0-(75 — X)B,03-1Er;03 (where x = 0, 5, 10, 15, 25, 33, 40 mol%), were
prepared by the melt quenching technique. The effect of Bi,O5 content on thermal stability, optical properties and
structures of these glasses is systematically investigated by X-ray diffraction, infrared spectroscopy and DTA
techniques. The variations in the optical band gap energies, with Bi,O5 content have been discussed in terms of
changes in the glass structure. Urbach energy increases with increasing Bi,Os content in the present glass system.
It is found that the density, molar volume and optical basicity increase with increasing Bi,Os. The glass transition
temperature (T,) of the samples was found to decrease with the Bi,O5; content. IR measurements revealed an

DSC: existence of trigonal BO; pyramid, tetrahedron BO,4, pyramidal BiOs and octahedron BiOg structural units in the

IR spectroscopy

network of the investigated glass. Furthermore, a decrease in BO4 and an increase in BO5 take place against the

increase of x which means that, Bi,O5 plays the role of network modifier in the structural network.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Recently, glasses formed with heavy metal ions have received signif-
icant attention because of their interesting optical applications. These
glasses are better competitors for optical transmission studies due to
their long infrared (IR) cut-off [1,2]. On the other hand, the heavy
metal oxide glasses such as; the bismuthate glasses have attracted an
important interest for optoelectronic and photonic applications because
of their important properties such as higher refractive indices (>2.0),
the optical nonlinearities and transmission at longer wavelengths in
the infrared region. Due to these properties, the use of the mentioned
glasses provides the possibility of developing more efficient lasers and
fiber optic amplifiers [3-5]. In terms of the crystalline configuration,
Bi,0Os is an oxide having a high valence cation of low field strength
and high polarizability. So, its glassy phase cannot conventionally be
compared with pure B,03 glass. Bi,O3 like ZnO can occupy both
network-forming and network modifying positions in the borate net-
work glasses and, as a result, the physical properties of such glasses
exhibit discontinuous changes, when the structural role of the cation
changes [6]. Bismuth oxide cannot be considered as network former
due to small field strength of Bi®>™ ion. However, in the presence of
conventional glass formers such as B,Os3 glass formation is possible.
Bismuth form Bi,O3 generally tends to occupy octahedral positions in
the glass structure. The additional oxygen required for octahedral coor-
dination of Bi is provided by the oxygen atoms in the host matrix
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through non-bonding coordination, because Bi,Os by itself can only
give rise to [BiOs,]? units [7]. Glasses based on heavy metal oxide
such as Bi, O3 have wide applications in the field of glass ceramics, layers
for optical and electronic devices, thermal and mechanical sensors,
reflecting windows, etc. [8]. Boric oxide, B,0s, acts as one of the most
important glass formers and flux materials.

Melts with compositions rich in B,O3 exhibit rather high viscosity
and tend to the formation of glasses. In crystalline form, on the other
hand, borates with various compositions are of exceptional importance
due to their interesting linear and nonlinear optical properties.

The boron atom usually coordinates with either three or four oxygen
atoms forming [BOs]>~ or [BO4]°~ structural units. Furthermore, these
two fundamental units can be arbitrarily combined to form different
B,Oy structural groups. Among these borates, especially the monoclinic
bismuth borate BiB;Og shows up remarkably large linear and nonlinear
optical coefficients [8-10]. The structure of borate glasses is particularly
interesting because of the so-called boron anomaly and variety of
skeleton modification and owing to influence of non-bridging oxygen or
M- 0 bonds on the optical properties of the glasses [11].

Rare earth ions containing special 4f electrons that are capable of ex-
citation can greatly improve the nonlinear optical properties of glasses;
consequently, the use of these ions can contribute to the development
of the applications of optical materials. Glasses doped with Nd>*, Er> ™,
Sm>*, and La>* have also been reported and are regarded as excellent
laser materials. Although these glasses are considered to be promising
materials for use in all-optical devices, it is required for them to possess
high thermal stability, excellent surface polishing properties, high refrac-
tive index, etc. [2,12-14]. It is therefore important to carefully prepare
and measure the density, glass transition temperature (Tg) values and
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calculate N4 (BO4 / (BO3 4 BQ4)) from IR spectra in these technologi-
cally important materials. Borate glasses unlike silicates show two
coordination numbers of 3 and 4 with oxygen and it is known that, Ny
is the single most important parameter that is required for the accurate
modeling of glass structure.

2. Experimental setup
2.1. Glass preparation

Glass system of composition xBi;03-24Na,0-(75 — X)B,03-1Er;03
(where x = 0, 5, 10, 15, 25, 33, 40 mol%). Samples have been prepared
using reagent grade materials. The starting materials used were: Bi0s,
Na,CO0s, and H3BOs all with 99.9% purity and Er,05 with 99.99% purity.
Glass samples were prepared by conventional melt-quenching tech-
nique. Each composition was taken in an open porcelain crucible and
melted in an electric furnace at the temperature range 850-1100 °C
for 1-2 h depending on glass composition. The crucible was shaken
frequently for the homogeneous mixing of all the constituents. Finally
the molten liquid was poured and pressed between two preheated
brass plates. The bismuth free sample is pink and the samples
containing bismuth have yellow color which becomes deep in color
with increasing bismuth content.

2.2. Glass characterization

X-ray diffraction patterns were recorded to check the non-
crystallinity of the prepared glass samples using advance XRD dif-
fractometer Bruker AXS D8. The patterns revealed a broad hump
that characterizes the amorphous materials, and did not reveal any
sharp peaks indicating the non-crystalline nature of the prepared
glasses as shown in Fig. 1. The optical absorption spectra of the glass
samples were recorded at room temperature using a JENWAY6405UV/
Vis Spectrophotometer in the wavelength range 190-1100 nm. The
density was measured at room temperature using the Archimedes
method with carbon tetrachloride as the immersion liquid. The density
is calculated according to the formula:

P = [Wy/(Wa =W)X Po )

where w; is the weight of the glass sample measured in air, wy, is the
weight when the glass is immersed in liquid and p, is the density of
carbon tetrachloride. The molar volume (V);) was calculated using the
relation Vy; = My/p, where M,, is the total molecular weight of the
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Fig. 1. X-ray pattern for glass samples.

multicomponent sample. The glass transition temperature Tg of the sam-
ples was determined by differential-scanning calorimeter (DSC) [a
SETARAM Labsys TM TG-DSC16 thermal analyzer], at a heating rate of
10 °C/min. The glass transition temperature (Tg) values are evaluated
from the slopes of DSC curves. The IR absorption spectra of the glasses
were recorded, at room temperature in the wave number range of
400-2000 cm ™! by a Bruker, single beam spectrometer with a resolu-
tion of 2 cm ™", using the KBr disk technique. The infrared spectra were
corrected for the dark current noises, and normalized to eliminate the
concentration effect of the powder sample in the KBr disk. The obtained
spectra were deconvoluted to enable shedding further light on the struc-
tural changes of BO3 triangles and BO, tetrahedra, as they are the basic
units in these glasses.

3. Results and discussion
3.1. Optical absorption studies

The optical absorption spectra of Er>* doped sodium bismuth bo-
rate glasses in the UV-visible (190-1100 nm) region are shown in
Fig. 2. An absorption edge is clearly observed in the UV region. It ex-
hibits blue shift by increasing Bi,O3 concentration. The spectra consist
of a set of absorption bands which is a characteristic of Er*3. Such
bands arise from the intra-configurational (f-f) transition from the
ground state of Er** jons to various excited states. The detected
peaks exhibit no shift. This is expected since in the rare earth ele-
ments L-S coupling is dominant and shields the inner electrons i.e.
we are dealing with almost free ions. In this respect the 4f electrons
are shielded by the outer 5s and 5p bonding electrons, which leads
to sharp absorption and emission bands [15,16].

The analysis of the optical absorption spectra of Fig. 2, reveals that, all
samples follow common pattern, where an absorption edge is observed,
the position of which depends on composition. The optical absorption
edge extended over wide wavelength range i.e. no sharp edge (Urbach
edge), which indicates the amorphous nature of the prepared samples.
This is inconsistent with the data obtained from XRD. Generally, it is
accepted that the absorption edge depends on the oxygen bond strength
in the glass forming network. The obtained data indicate a change in
oxygen bond strength in the glass network, such change affects the
absorption characteristics of the investigated samples. The absorption
coefficient was calculated from the formula [17]:

o= G) In <IT°> = 2.303’3 2)

where [, and I are the intensities of the incident and transmitted beams,
respectively and d corresponds to thickness of each sample. The factor
In(Io/1) is the absorbance.

The higher energy parts of the spectra particularly those associated
with the integrand electronic transition will provide further information
about the electronic states. In this respect, the electrons are excited from
afilled band to an empty one by photon absorption and as a consequence
a marked increase in the absorption coefficient ct(®) will result. The
onset of this rapid change in a() is called fundamental absorption
edge and the corresponding energy is defined as the energy gap. The
relation between a(w) and the photon energy of the incident radiation,
o was interpreted by Davis and Mott [17] and can be written in general
form as:

(o) = [B (hm—Eg)“} /ho 3)

where B is constant called band tailing parameter, E; is the energy of the
optical band gap, n depends on the type of transition (direct or indirect)
taking the values n = 2, 3, 1/2, and 1/3 which correspond to indirect
allowed, indirect forbidden, direct allowed, and direct forbidden transi-
tions respectively, n depends also on the nature of the material (crystal
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Fig. 2. Absorbance versus wavelength of glass system as a function of the Bi,O3 content.

or amorphous). For amorphous materials, indirect transitions are valid
according to Tauc relation, ie. the power part n = 2. By plotting
(o )72 as a function of photon energy ®, the optical energy band gap
(Eg) can be determined by extrapolating the linear region of the curve
to the ( ®) axis where ( ®)'? = 0 as shown in Fig. 3, and their values
are in Table 1.

The relation between a(®) and Urbach energy (AE) is given by
the well known Urbach relation[18]:

a(o) = o, explho/AE] (4)

where o is constant and AE is usually interpreted as the width of the
tail of the localized states in the band gap and hv is the incident photon
energy. The natural logarithm of absorption coefficients, Ina, is plotted
against photon energy, , which is shown in Fig. 4, as an example. The
values of Urbach energy (AE) were calculated by determining the

slopes of the linear portion of the curves and taking their reciprocals.
The values of AE are listed in Table 1. It is found that, Urbach energy
AE increases with increasing Bi,O3; content in glass samples. This
may indicate that the addition of Bi increases the disorder of glass
systems.

Aplot of Eg and AE against Bi,O5 content shows that E; decreases lin-
early and AE increases linearly with increasing Bi,Os content, as shown
in Fig. 5. The decreasing values of E; by increasing the Bi,O3 content
can be understood in terms of the structural changes that are taking
place. In literature, boron and bismuth are known to have more than
one stable configuration, i.e., boron triangles and tetraborate for boron
and bismuth pyramidal and octahedral units for bismuth. Therefore, as
discussed previously, increasing the Bi,Os content increases the bond
length of the BO5 structural units, which in turn is in direct proportional-
ity to the molar volume, and also creates more NBO. These factors,
besides the weaker bond strength of Bi—O (80.3 kcal/mol) compared
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Fig. 3. (o ®)'/? as a function of o for the present glass system.



M. Farouk et al. / Journal of Non-Crystalline Solids 371-372 (2013) 14-21 17

Table 1
Various physical properties of the prepared samples.

Physical parameters Bi;05 (x mol%)

x=0 Xx=5 x =10 x=15 x =25 X =33 X = 40
Density (g/cm?) 2.35 2.93 3.51 4,05 474 532 5.74
Molar volume (cm®/mol) 30.10 30.90 3147 3217 35.79 37.85 39.92
Oxygen packing density (g-atom/I) 93.00 90.53 88.96 87.20 78.21 73.95 70.12
Ion concentration (N x 10%2 (ions/cm?®)) 1.99 1.94 1.91 1.87 1.68 1.59 1.50
Average site separation x 108 (cm) 1.48 1.49 1.50 1.51 1.57 1.60 1.63
Field strength x 10'® (cm™?2) 1.36 133 132 1.30 1.21 1.16 1.12
Electronegativity (¥2av) 2.6094 2.6090 2.6086 2.6082 2.6074 2.6068 2.6062
Electronic polarizability (a2™) 1.5559 1.5562 1.5565 1.5567 1.5573 1.5577 1.5581
Optical basicity (A) 0.5955 0.5557 0.5559 0.5560 0.5564 0.5567 0.5570
glass transition temperature (Tg) 460 443 440 408 391 416 405
Optical band gap (E;) (eV) 345 34 3.1 2.95 2.6 2.55 245
Urbach energy (AE) (eV) 0.13 0.14 0.18 0.21 0.22 0.24 0.26

to the bond strength of B—0 (192.7 kcal/mol), are responsible for the
decrease of E, values [19,20].

3.2. Density, molar volume, oxygen packing density and glass transition
temperature

The values of the measured density (p) and the calculated molar
volume (V) are listed in Table 1. Fig. 6, shows the variation of den-
sity and molar volume with bismuth oxide (Bi,O3) content. The
obtained results reveal that, the density increases linearly from
2.35 to 5.74 g/cm>, and the molar volume increases linearly from
30.01 t0 39.92 cm>/mol as the Bi,O5 content increases at the expense
of the B,05 content, the density values of the studied glasses are higher
than the density value for pure B,05 (1838 kg/m?), which agrees with
the data reported elsewhere [21]. The increase in the density by increas-
ing the modifier is most likely related to the replacement of B,O3 (atom-
ic mass 69.62) by Bi,05 (atomic mass 465.95). In short, the increase in
density of the glasses accompanying the addition of Bi,O3 is probably
attributable to a change in cross-link density and coordination num-
bers of Bi>* ions. The density is a powerful tool, capable of studying
the changes in the structure of glasses. It depends on compactness,
geometrical configurations, co-ordination numbers, cross-link densi-
ties, and dimensions of interstitial spaces of the glass. Thus, replacement
of light elements by heavy ones in the glass leads to a linear variation.
Therefore, the density of glass samples increases linearly, that has a
linear dependence on the compositions [21].

In general, it is expected that the density and the molar volume
should show opposite behavior to each other, but in the present
glasses the behavior is different. However, this anomalous behavior
was reported earlier for many glass systems [21-23]. Such behavior
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Fig. 4. Urbach plot of x = 25 mol% as an example.

allows us to conclude that the addition of Bi,O5 leads to the formation
of non-bridging oxygen (NBOs) and expands (opens up) the structure
of the loose network of the base glass sample 24Na,0-75B,03-1Er,03
(mol%). The larger values of the radii and bond length of Bi,O3, com-
pared to those of B,0s, resulted in a formation of excess free volume,
which increases the overall molar volume of these glasses. This trend
supports the so-called open structure concept [21].

Oxygen packing density (OPD) which is a measure of the tightness
of packing of the oxide network can be calculated using molecular
weight (M,,), and density (p) through the following relation [7]:

0~ {MLW} n (5)

where n is the number of oxygen atoms per formula unit. Table 1, and
Fig. 7, show the dependence of OPD on Bi,O3 content. It can be seen in
Fig. 7, that OPD decreases as the concentration of Bi,O3 content increases.
This indicates that the structure becomes loosely packed and the degree
of disorder increases as Bi,Os content increased. A looser macromolecu-
lar structure requires smaller internal energy for the chain mobility
which is needed for the glass transition. Thus, the addition of Bi,O3 indi-
cates the formation of a more open macromolecular chain in the present
glass system leading to a decrease in T, [7,23].

The Er-ion concentration (N) is of great interest since it affects differ-
ent properties of the host material. The number of ions per cubic centi-
meter was calculated according to the formula [24,25]

. 3
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Fig. 5. The variation of Optical band gap (E;) and Urbach energy (AE) with Bi,05 content.
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where N, is Avogadro's number, and X is the mol fraction of rare earth
oxide. The calculated values are listed in Table 1, and shown in Fig. 8.
The data reveal that Er-ion concentration decreases as Bi,O3 increased,
this is most likely due to the change in density.

The field strength, F, of Er®> T ion is calculated by: F = Z / r3 where Z
is the valence of Er ion and ry, is its average site separation and is given
by rp(A°) = 1/2[n / 6 N]'” as described in [25]. The calculated values
are given in Table 1, and are shown in Fig. 9. In general, the average
ion separation and the field strength should show opposite trend
which is clearly observed in the present work. The value of average
rare earth ion separation (rp,) increases with increasing Bi,O3 content.
This can be attributed to the open structure caused by Bi,O3 addition,
and the value of the field strength (F) decreases with increasing Bi,03
content i.e. the results follow the normal behavior, where average
RE-O distance increases producing a weaker field around the Er>*
ions.

DSC is used to characterize the glasses and to determine glass
transition temperature (Tg), which is useful in suggesting structural
changes that take place by the compositional changes. This is because
T, is very sensitive to any change of the coordination number of the
network-forming atoms and also to the formation of non-bridging
oxygens. Glass transition temperature (Tg) can also be considered as
an index of glass structure in a certain extent. Fig. 10, shows the DSC
curve of x = 15 mol%. In the glass system all the samples exhibited
an endothermic peak due to the glass transition temperature and the
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Fig. 7. Dependence of oxygen packing density (OPD) on Bi,O5 content.
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Fig. 8. Composition dependence of rare earth ion concentration (N) on Bi,O5 content.

observed T, lies in Table 1. As shown (inset in Fig. 10), it is observed
that, the glass transition temperature varies non-linearly with Bi,O3
content. There is a decreasing trend in T, with the increasing content
of Bi;O3 up to 25 mol%, and for further increase a decreasing trend
could be visualized. It has been reported that, the T, is strictly related
to the density of cross-linking, the tightness of the network formers
and the coordination number of the network-forming atoms. Therefore,
it is suggested that, the decrease in Ty up to 25 mol% of Bi,O5 content is
due to the increase in the number of Bi— O linkages, which are weaker
than B-O0 linkages leading to the decrease in the density of cross-
linking of the bismuthate glass network. Thus, Bi— O- Bi cross-linkages
that were broken to form non-bridging oxygen in the glasses result in
the decrease of T,. But beyond 25 mol%, the increasing trend in the Ty
may be due to small decrease in the number of non-bridging oxygen
ions and is also associated with the formation of BO, tetrahedra.
Therefore, the non-linear variation of Ty with Bi,O3 content is due to
the creation and variation in N4(BO4 / (BOs 4+ BO4)) units, and to
some extent bridging and non-bridging oxygen ions (as seen in IR
spectra) [19,26,28,23].

3.3. Electronic polarizability (o ~) and optical basicity (/)

The optical basicity and the average electronic polarizability of ions
have been successfully used to relate the physical properties of a glass
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Fig. 9. Dependence of ionic radius (r,) and the field strength (F) on Bi,O5 content.
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with its structure [22]. The average electronic polarizability of ions is
considered to be one of the most important properties of materials,
which is closely related to their applicability in the field of optics and
electronics [29]. The optical basicity proposed by Duffy and Ingram
[30,31], was used as a measure of acid-base properties of the oxide
glasses and is expressed in terms of the electron density carried by ox-
ygen. The optical basicity of an oxide glass can be conventionally mea-
sured in terms of the ability of glass to donate negative charge to the
probe ion [32,33]. In the present work, the empirical relations are de-
rived for the average electronic polarizability (3 ~) and optical basicity
(A) from Duffy [30,34,35], for the four-oxide glasses Na,0, B,0s3, Bi;0s,
and Ery0s. The calculated values of the optical basicity, A, as well as
the electronic polarizability, 3 ~, are listed in Table 1, and depicted in
Fig. 11. Both electronic polarizability and optical basicity are increased
linearly by increasing Bi,O5 content. This is mainly due to the fact that
Bi>03 has a higher polarizability and higher optical basicity (due to its
larger ionic radii) than Na,O, Er,Os and B,0s. The basicity increases
with the increase in polarizability. It is well known in the literature
that Bi>* ions are highly polarizable. Therefore, the increase in Bi,O5
content causes an increase in optical basicity in these glasses. The
change of optical basicity is very small by increasing Bi,O3; content
fromx = 0 to 40 mol%. This can be accounted by considering the values
of the electronegativity of B (2.04) and Bi (2.02), which give almost
equal values of the oxide basicity.

3.4. Infrared spectral studies

Infrared spectroscopy is usually used to obtain the essential infor-
mation concerning the arrangement of the structural units of the
studied glasses. It is assumed that the vibrations of structural units
of the glass network are independent of the vibration of the other
neighboring units [14]. The infrared absorption spectra for the glass
samples are shown in Fig. 12.

The vibrational modes of the borate network are seen to be mainly
active in the three infrared spectral regions, which are similar to those
reported by several workers [36,37]. The first group of bands, which
occurs at 1200-1600 cm™!, is due to the asymmetric stretching
vibration of the B— O band of trigonal BOs units. The second group lies
between 800 and 1200 cm ™! and is due to the B— 0O bond stretching
of the tetrahedral BO, units. The third group is usually observed around
700 cm~! and is due to the bending of B— OB in [BOs] trigonal [33].
The glasses containing Bi,O3 have four fundamental vibrations in the
IR spectral regions at ~830, ~620, ~450, and ~350 cm ™! [37]. Three
broad bands are observed around 700, 900 and 1300 cm™! for all
investigated samples. By addition of Bi; O3 a fourth band starts to appear
around 520 cm ™! and is clearly observed in samples (x = 15, 25, 33,

T T T T T T T T
1.5580- -0.5970
-0.5968
1.55751 -0.5966
> 2
£ -0.5964 ©
S 1.5570- @
«©
g -0.5962 @
E ®
S 1.5565- -0.5960 2
o Q.
-0.5958 O
1.5560+ -0.5956
-0.5954
15555 +—————————— ——————

T
0 5 10 15 20 25 30 35 40 45
Bi203 (mOl%)

Fig. 11. Composition dependence of polarizability and the optical basicity.

40 mol%) and its intensity increases as shown in Fig. 12. The spectra
show little variation in the center of the band around 700 cm™’,
while, the center of the bands around 900 and 1300 cm ™! is shifted
to lower wave number i.e. exhibits red shift and their width become
wider as the Bi,O3 content increased. The obtained broad bands may
confirm the amorphous nature of the studied samples and are in agree-
ment with X-ray measurements [38-40]. The observed band around
700 cm~ ' is attributed to the bending vibration of B— OB linkages
of BOs units [7,12,41,42]. This band shows a tendency to shift towards
higher wave number (blue shift). This means that the bond strength is
increased and bond length is decreased. In this respect the compactness
of the structure units should be increased. This factor with the differ-
ence in atomic weights of Bi and B is responsible for the increased den-
sity by increasing the Bi,O3 content. Such effects cause change in free
volume. This confirms the explanation given for the density and molar
volume behavior. The strongest absorption bands of the borate glass
located in the range of 1260 to 1540 cm ™' are usually attributed to
B- 0O symmetric stretching of [BOs] group. The absorption bands that
lie in the range from 900 to 1120 cm ™! are assigned to B— O stretching
of [BO4| units and overlapping with vibrations of NBOs in BO,4 units
[43]. The infrared spectra showed that the addition of Bi,O5 that causes
a broad absorption band arises in the region from 850 to 1100 cm ™.
Bands in this region are not observed in the infrared spectra of pure
B,0s glass. It was reported that glasses containing sufficiently high
concentrations of Bi,Os have an absorption bands in the range of 750

x=40

x=33

x=25

x=15

Absorbance (a.u)

x=10
x=5

x=0

800 1000 1200 1400 1600 1800 2000 2200
Wavenumber cm™

400 600

Fig. 12. The IR spectra of the prepared samples.
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Fig. 13. The deconvoluted IR spectrum for x = 15 as an example.

to 900 cm ™! which are attributed to stretching vibrations of Bi- O in
BiO3 units. The most important condition for the existence of [BiOs]
polyhedra is the presence of a band around 830 cm ™! in the infrared
spectra.

The absence of this band in the infrared spectra proves that only
[BiOg] octahedral is the main structural unit [12]. In the studied glasses,
the IR features located below 600 cm ™! are attributed to Bi— O vibra-
tions in [BiOg] so the band observed at 520 cm™! is attributed to the
ovibration of [BiOg] [12]. The intensity of this band increases with
increasing Bi,O3 content. To get precise information about the structural
groups in glass, the spectra have been deconvoluted, this was made by
using the Spectra Manager program assuming Gaussian type function
that allows better identification of the absorption bands that appear in
these spectra in order to perform their assignment [14]. Fig. 13, illustrat-
ed the results of the deconvolution for x = 10 mol%.

The obtained broad bands are a result of the overlapping of some
individual bands. Each individual band has its characteristic parameters
such as its center, which is related to some type of vibrations of a specific
structural group, and its relative area, which is proportional to the con-
centration of this structural group [21]. These characteristic parameters
can be used to calculate the fraction N4 of BO4 units in the borate matrix
for each composition. N4 can be defined as the ratio of the concentration
of BO,4 units to the concentration of (BO; + BO,4) units [44,14]. From
Fig. 14, it is clear that, N, decreases in the first five samples .i.e. the BO,
decreases and BOs increases, this means that Bi,Os enters the network
as a glass modifier. But in the samples (x = 33, 40 mol%) BO, increases

0.58
0.56 1
0.54 1
052
= 0.50 i
0.48 L

0.46

0.44

0.42

Bi,03(mol%)

Fig. 14. Variation of N4 with composition of Bi,O5 content.

and BOs decreases this means that Bi,Os enters the network as a glass
former. Therefore, it can be accepted that the content of [BO4] is rela-
tively higher in sample (x = 33, 40 mol%). It is observed that, there
are no obtained bands in IR spectra for Er>™ which indicates that the
Er3* ions enter in the interstitial sites of the network. From the IR
studies, the number of non-bridging oxygens (NBOs) increase, which
leads to loosening of structure with increase in the Bi,Os; content up
to 25 mol%, and this is inconsistent with the data obtained from glass
transition temperature.

4. Conclusions

The glass system under investigation has been prepared by conven-
tional melt-quenching technique. The obtained results allow concluding
that:

 The XRD data confirm the amorphous nature of the prepared samples.
* The optical band gap energy (E,) decreases with increasing Bi,O3 con-
tent. This may be attributed to the formation of non-bridging oxygen
(NBO). It is observed that (AE) increases with increasing Bi,Os.

It is observed that the density (p) increases with increasing Bi,O3 con-
tent. This increase in density is mainly due to the difference in the
atomic masses and atomic radii of Bi and B ions.

» The oxygen packing density (OPD) decreases as the concentration of
Bi,03 content increases. This indicates that the glass network becomes
less tightly packed and the degree of disorder increases with the in-
crease of concentration of Bi,Os.

It is observed that, both electronic polarizability and optical basicity
are increasing linearly by increasing the Bi,03 content This is mainly
due to the fact that Bi,03 has a higher polarizability and higher optical
basicity (due to its larger ionic radii) than Nay0, Er,03 and B,0s.

DSC measurements were carried out to determine the glass transition
temperature (Tg) of the glass samples. T, is found to decrease with
Bi»O3 content up to 25 mol%, and then increase with the increase of
Bi,05 content, which is due to rigid glass structure.

IR spectra of present glass system are containing different band charac-
teristics for BOs, BO4, BiO3 and BiOg structural units.

The ratio N4 decreases by increasing Bi;Os in the first five samples
revealing the transformation of BO, — BO3 and then increases reveal-
ing the transformation of BO3; — BO,.
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