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ABSTRACT

Glasses formed with heavy metal (atomic weight >100) oxides (HMO) have received significant
attention because of their interesting physical and optical properties. In this perspective, bismuth (atomic
weight = 209) oxide containing glasses is one of the most important members of this family. Bismuth oxide
glasses are very useful for exploiting as lead-free, low-softening point, high refractive index, high density
and radio shielding glasses. These glasses have long infrared cut-off, which makes them ideal candidates
for optical transmission in the infrared to visible region. Thus there has been an increasing interest in the
studies of synthesis, microstructure, physical and optical properties of bismuth oxide containing glasses and
bismuth oxide doped glasses. Optical absorption studies of bismuth oxide glasses yield important
information regarding their electronic states. The synthesis of size-controlled, spherical Bi nanoparticles
and strategies for generation of various shaped Bi nanoparticles in glass matrix is again a very attractive
area for nanomaterial research. Moreover, the generation of surface plasmon resonance due to various
shape and sizes bismuth nanoparticles is yet again open a very fascinating research area for plasmonic,
nanophotonic and optoelectronic applications. Recent advances have sparked intense interest in bismuth-
doped optical materials. Their broadband photoluminescence near infrared (NIR) has been established in
many glasses. The bismuth oxide doped fibre lasers and amplifiers have created up to now to cover the
spectral region 1100 to 1550 nm. The current trends show that the bismuth oxide and its doped glasses are
very attractive and important optical materials for various scientific as well as technological applications.

1. INTRODUCTION

Recently, glasses containing bismuth oxide have attained great attention, since they are used in the wide
area of applications. The obtained glasses are characterized by high density, high refractive index, extended
transmission in mid-IR, high dielectric constant, etc. Hence there has been an increasing interest in the
synthesis, microstructure and physical properties of heavy metal oxide (HMO) glasses containing bismuth
oxide as a major component. Bismuth oxide (Bi,O3) based glasses for their high polarizability has fascinated
much attention of glass researchers because of their nonlinear optical properties which have importance for the
development of optical information processing technology [1-3]. For this purpose, glasses of higher optical
nonlinearity have to be found or designed on the basis of correlation of the optical nonlinearity with some
other electronic properties which are easily understandable and accessible. Therefore, many studies on their
structure and optical properties have been carried out. Glasses containing heavy metal oxide (HMO) have
attracted attention of several researchers for excellent infrared transmission compared with the conventional
glasses which make it an ideal candidate for various applications such as infrared transmission components,
ultra fast optical switches, and photonic devices. [1-3]. Attempts have been made to explore the mechanical,
thermal and optical properties of these glasses. Among the other HMO glasses, bismuth oxide glasses have



wide range of applications in the field of glass ceramics, layers for optical and electronic devices, thermal and
mechanical sensors, reflecting windows [4-6]. Lead oxide is widely used as a component in the low melting
glasses. But due to its hazardous effect on health and environment, it is being eliminated from various
applications [7, 8]. In this context, bismuth oxide is a suitable substitute of lead oxide for its isoelectronic
properties. Therefore, bismuth glasses are very useful for exploiting as lead-free low-softening point dielectric
glasses for plasma display panel, thick film conductors, sealing glasses for metals, etc. [7,8]. Moreover, lead
oxide containing glasses shows extremely high radioactive resistance because of their high density and atomic
number. In this context bismuth glasses could also be used as lead-free high density radiation shielding
window (RSW) glasses. But the big problem associated with bismuth oxide glasses is its deep brown or black
coloring as its concentration and melting temperature increases [9, 10]. Therefore, to obtain very high
transmitting bismuth oxide glass is a technological challenge for the glass researchers.

Bismuth oxide cannot be considered as a glass network former due to low field strength (0.53) of Bi’* ion.
However, in combination with B,O; glass former it is possible to obtain glasses in a relatively large
compositional ranges. A survey of literature shows that there are many reports available on ternary bismuth
borate glasses [11-14]. The properties of the glasses are closely related to inter-atomic forces and potentials in
lattice structure. Thus any change in the lattice due to doping can be directly being noticed. The cerium
dioxide, copper oxide and iron oxide can be used as a dopant in the bismuth glasses to remove its deep brown
coloring as well as to improve its other optical, electrical and magnetic properties. In addition to these, bismuth
oxide glasses are very stable hosts for obtaining efficient luminescence in rare-earth ions. All these
applications indicate the need of a basic understanding of the relationship among the electronic polarizability,
optical basicity and optical properties of the bismuth oxide glasses.

In this chapter, the synthesis of bismuth oxide and bismuth oxide-doped glasses has been demonstrated.
Their physical, optical transmission and basicity, photoluminescence and FTIR reflection properties are
examined. Their thermal, electrical and microstructure studies are also reported. In addition, their applications
in scientific as well as technological areas are also pointed out.

2. EXPERIMENTAL

2.1. Synthesis of Bismuth Oxide Glasses

The bismuth glasses are generally synthesized by simple melt quench technique. In this method, batch for
glass melting of required size is prepared by using raw materials and are thoroughly mixed for homogeneous
mixing in a bowl. After the proper mixing, the mixed batch taken in a suitable crucible such as silica, Alumina,
platinum, etc. depending on the melting temperature. For melting of a glass in the range of 800 to 1400°C
temperature, silica crucible is generally used. But for higher melting temperature (>1400°C), platinum crucible
is used. The crucible with the batch is then placed in electrically heated furnace and allows the melting for the
desired time in which the glass could be melt properly without any un-melted element left behind. For glass
melting particularly for bismuth glass, melting temperature and time play a very crucial role. Any variation in
these factors could reveal different optical properties. During melting process, intermittent stirring for certain
duration is allowed which depend on the size of melt for proper homogeneous mixing. The intermittent stirring
is also very important for the removal of curds and bubbles from the glass. After allowing sufficient melting
temperature, melting time and intermittent stirring to the melt, the melt is then caste on the graphite mould.
The mould should be preheated to the glass transition temperature to avoid any crack for obtain a monolithic
glass. The casted glass is then placed in the annealing furnace. The annealing operation is being operated at the
+10°C of glass transition temperature with a suitable programme to release all stress and strain from the glass.



The annealing schedule is again an important factor as it allows slow cooling for the sample to the room
temperature.

After proper annealing, now the glass is ready for cutting in different desired size, grinding and polishing
for further optical measurement. The grinding and polishing are operated using different size of silicon carbide
and cerium oxide powders respectively.
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Figurel. Schematic representation of glass preparation.

2.2. Synthesis of Bismuth Oxide-Doped Glasses

Bismuth oxide-doped glass samples were also prepared by the conventional melting-quenching technique.
Analytical pure regents of Bi,O3; along with other glass composition were used as raw materials. The batch
mixing, glass melting and annealing process were carried out in the similar way as per the above preparation
for the bismuth oxide glasses. The sample preparations by cutting, grinding and polishing for various
measurements were also carried out as discussed in the previous section.

2.3. Characterization

The softening point (7;) of a glass sample is measured by a glass softening point system (Harrop/Labino,
Model SP-3A) with an accuracy of +1°C. The instrument is previously calibrated with a NBS (National Bureau
of Standards, USA) standard glass of known softening point. The coefficient of thermal expansion (CTE),
glass transition temperature (7,) and glass deformation temperature (7;) of the cylindrical shaped glasses are
measured with an accuracy of +0.2% using a horizontal-loading dilatometer (Netzsch, Model DIL 402 PC)
after calibration with a standard alumina supplied with the instrument by the manufacturer. The dielectric
constant can be measured with an accuracy of +0.5% at a frequency of 1IMHz using a LCR meter (Hioki,
Model 3532-50 LCR Hitester) at room temperature. Prior to measurement, the instrument first calibrated using
Suprasil-W silica glass (¢ = 3.8). XRD data of glass powder sample are recorded using an XPERTPRO
diffractometer (PANalytical) with 20 varying from 10° to 80° using Ni filtered CuKa: (4 = 1.5406 A) at 25°C,
generator power of 45 kV and 35 mA. FTIRR spectra of polished glass are recorded by a Perkin-Elmer FTIR
spectrometer (Model 1600) at a resolution of + 2 cm™ after 16 scans. The TEM and SAED images are taken
using a FEI instrument (Tehnai-30, ST GY operating at an accelerating voltage of 200 kV. FESEM
photomicrographs are recorded with a Gemini Zeiss Supra™ 35VP Model (Carl Zeiss) instrument using an
accelerating voltage of 4.9 kV. The sample was prepared for FESEM experiment by etching in 2 wt% of HF
solution for 2 minute. The UV-Vis absorption spectra in the range of 200-1100 nm were recorded using 2mm
thickness of sample with a double beam UV-visible spectrophotometer (Lambda 20, Perkin-Elmer) at an error
of +0.1 nm.



3. RESULTS AND DISCUSSION

3.1. Bismuth Oxide Glasses

3.1.1. Physical Property

The bismuth oxide contained glasses show higher refractive index. The increase in refractive index is
attributed to the generation of non bridging oxygen (NBO) due to incorporation of Bi-O in the glass network.
These glasses are also show high density due to the presence of high density bismuth oxides. It is evident that
molar volume (V,,) of the glasses increase with increase in Bi,O3 content. The molar volume of the glasses
increases due to increase in bond length or inter atomic spacing. It has happened due to the higher ionic radius
of Bi** (0.102 nm) than that of other glass former ions. Therefore, it can understand that V,, as the volume
corresponding structural unit with its surrounding space will increase by insertion of bismuth oxide.

3.1.2. Optical Basicity

In the oxide glass, the oxidation state of oxygen is -2. The oxide ion 0% is mostly unstable, and so it is not
viable to assign a single value for its electronic polarizability. The extent of negative charge borne by oxide (-
I) can be expressed by using the optical basicity model, which allows for a simple quantitative relationship
between the optical basicity value A of an oxide medium and the oxide (-II) polarizability. The optical basicity
has been proved also to be a useful parameter for correlating and predicting properties of oxide systems
covering a broad range of applications. The average glass basicity, represented by A is calculated, from
composition by considering the proportion of oxygen (II) atoms contributed by each oxide (this is the
equivalent fraction, X), and also taking into account the optical basicity values of individual oxides. The
theoretical optical basicity (Ag) for the glass in the K,0O-Bi,03-B,0; system has been calculated using the
following relation [15, 16].

A= X(K20) A(K0) + X(Bi;03) A(Bi,03) + X(B203) A(B203) ey

where X(K,0), X(Bi,03) and X(B,03) are the equivalent fraction of the different oxides, i.e. the proportion of
the oxide atom that contributes to the glass system; A(K,0), A(Bi,O3) and A(B,0O3) are the optical basicity
values of the constituent oxides. Here the values of A(K;0) = 1.4, A(Bi,03) = 1.19, A(B,03) = 0.425 have
been taken from the literature [16].

From the above equation, the theoretical optical basicity (Ag) values increases with increase in BiyO3
content. It is well known that the Bi** cation possesses a very high polarizability (1.508A%), which is due to its
large ionic radii and small cationic filed strength. In addition, Bi** ions possess a lone pair in the valence shell
and therefore, the number of nonbridging oxygen increases with increase in the Bi** ion concentration. Hence
it causes an increasing of optical basicity. B,O3; shows low optical basicity (0.43) and known as strong acidic
oxide. But, Bi,O3 is an oxide with a high basicity (1.19). The increased optical basicity of the glasses with
large Bi,O3 content indicates that the acid-base properties of Bi,O3 have a significant effect. The low optical
basicity is a reduced ability of oxide ions to transfer electrons to the surrounding cations. The borate glasses
with a large amount of Bi,O3 content possess high optical basicity. High optical basicity means high electron
donor ability of the oxide ions to the cations. The understanding of optical basicity would be useful for the
design of the novel optical functional materials with higher optical performances.

3.1.3. Transmission

The inherent property of bismuth containing glasses is its transparency to near infrared (0.8 pm) to far
infrared region (2.5 pm). For this reason, the bismuth glasses are very interesting materials for enormous
applications in photonics in this region. Generally, the infrared region is very important for communication



purpose. Figure 2 (a and b) show the representative UV-visible and infrared region optical transmission spectra
of the glasses in the K,0O-Bi,03-B,03 system.
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Figure 2. (a) UV-vis and (b) infrared region transmission spectra of a glass in the K,O-Bi,05-B,05 system.

But, the problem arises in these glasses when they melt at higher temperature and at higher Bi,O3 content
in the glass. The glasses become brown to black color at higher melting temperature. This blackening is due to
the formation of metallic bismuth as a result of auto-thermo reduction during melting. Such glasses show very
little transparency.

The absorption spectra of these glasses containing metallic bismuth nanoparticles (NPs) which
demonstrated a broad absorption band [17]. This broad absorption is being called as surface plasmon
resonance (SPR). The SPR band arises due to the interaction of incoming light with the conduction band
electrons of a metal. The SPR absorption band of the glass in the K,O-Bi,03-B,03 system is shown in the Fig.
3. Figure 3 shows the two SPR bands which arises mainly for two common reasons. First is due to the presence
of bimodal size distribution of NPs and secondly the presence of nonspherical NPs. The SPR of a spherical
particle gives an absorbance band centered at a wavelength, A, which can be expressed by the relation [17]

A2 = (2me)® my & (€0 + 20,°) / Ne? )

where c is the velocity of light, m, is the charge carrier mass, N is the charge carrier particle concentration, € is
the charge of the electron, ¢, is the optical dielectric function of the metal, n, is the refractive index (RI) of the
host material and ¢, is the free-space permeability. From the Eq. 1, it is clear that the absorbance band position
proportionate directly to the RI of the host material. Because of the interaction of light with the conduction
band electron of a metal is different in different refractive index glasses. The absorbance band of Bi’ NPs in
the host water (RI = 1.33) was observed around 400 nm whereas the glass having higher RI (1.76) shows a red
shift of the band to 460 nm [17].

The band gap energy of the bismuth glass could be evaluated from the absorption coefficient, ¢ near the
edge of absorption curve. The absorption coefficient, & was determined by using the following relation [15]
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Figure 3. Absorption spectrum of glass in the K,0-Bi,05-B,0; system.

o=2.303A/t 3)

where A is absorbance and ¢ is thickness in cm of each sample. The relation between « and photon energy of
the incident radiation, A vis given by the following equation [12].

a=B(hv-E,)/hv “4)
where B is the constant and E,, is the energy of the optical band gap. The relation (3) can be written as
(ahv)”” = B(hv- E,p) (5)

Using the relation (4) the optical band gap values were determined by the extrapolation of the linear region
of the plots of (a1 V) 2 ys hv. The value of E,,iobtained is 2.34 eV for the glass in the K,0-Bi,03-B,03 system
using the above equations is shown in Fig. 4. The optical band gap (Ey) of the bismuth containing glasses
decrease to lower energies with increase in Bi,O3 content.

It is related to the progressive increase in the covalent Bi-O of bond strength of 81.9 kcal mol™ [13]. Here
it is believed that as the cation concentration increases which developed the bridging oxygen bonds with Bi**
ion and lead to the gradual breakdown of the glass network. This incident seems to account for the decrease in
the Eop value, which results in the shifting of edge to longer wavelength with increase in Bi,O3 content. Such a
decrease in the values of optical band gap energy can thus be attributed to decrease in the phonon-assistant
indirect transitions.
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Figure 4. Optical band gap energy of glass in the K,O-Bi,03-B,05 system.

3.1.4. Microstructure

In recent years the investigations of bismuth oxide microstructure have been intensified, due to their
possible applications in solid oxide fuel cells, oxygen sensors, varistors or electrochromic devices. In bismuth
containing glasses, the microstructure observed due to phase separation between the primary phase or bismuth
oxide phase and a secondary phase or glassy phase. During melting process, all components are in the liquid
phase. Therefore, at the time of quenching process, any of the components get super-saturation state and form
a separated secondary phase. This type of phase separation is a very common phenomenon in the glass. Porai-
Koshits et al. [18], W. Vogel et al. [19], James et al. [20] and MacDowell et al. [21] have worked on the phase
separation in various glasses. Porai-Koshits et al. [18] have report about such fine structure of sodium silicate
glasses arises due to the secondary phase separation from a primary separated phase take place as a result of
super saturation under the lowering of temperature during the process of quenching. W. Vogel et al. [19] has
done electron microscopical studies of phase separated glasses. MacDowell et al. [21] has observed metastable
glass in glass separation on rapid quenching of Al,03-SiO, glass melt. Figure 5 depicts the microstructure of in
the K,0-B1,03-B,03 glass system where secondary phase developed during melting. The micrograph observed
by the field emission scanning electron microscopy (FESEM) by performing etching process. The etching is
being performed to dissolve the various components present in the glass at various rates using various acids
and finally it gives some microstructure. For the glass K,O-Bi,03-B,0; system, the etching process carried out
in HF solution, the B,03 and K;O were rapidly dissolved at the time of sample preparation for the FESEM
experiment. Therefore the residual Bi,O3 rich phase could be observed in the micro image as shown in Fig. 5.



Figure 5. FESEM micrograph of glass in the K,O-Bi,03-B,O; system.

3.1.5. Transmission electron microscopy

In the previous section it has been discussed that the bismuth glasses loose their transparency at higher
melting temperature due to formation of metallic bismuth nanoparticles. The color of the glasses also changes
from brown to black with the increase in concentration of Bi’ NPs. Therefore, the morphology of bismuth
nanoparticles revealed spheroidal shape when observed in transmission electron microscopy (TEM). The size
of the NPs can be estimated from the TEM image. Figure 6 (A) show the typical TEM images of Bi’ NPs in
the glass K,O0-Bi;03-B,O; system. It clearly reveals that the glass has homogeneously dispersed Bi°
nanoparticles (NPs) of spheriodal shape. The identification of crystalline phase could be analyzed by the
selected area electron diffraction (SAED) pattern. Figure 6 (B) demonstrated the selected electron diffraction
pattern of rhombohedral crystalline structure of the metallic bismuth.

Figure 6. (A) TEM and (B) its SAED images of glass K,0-Bi,05-B,0; system.

3.1.6. Thermal Properties and Electrical Properties

Thermal property is the important property for the glass. The thermal property of the glass varies with the
temperature. During preparation of glass, some thermal properties such as the glass transition temperature,
glass softening point temperature and coefficient of thermal expansion are important.



Glass transition temperature (T,) and glass softening point temperature decreases with the increase of
Bi,03 content in the glass. The content of Bi,O3 increases into the glass systems which results in splitting of
glass network former bonds and hence the bridging oxygens (BOs) are converted into non bridging oxygens
(NBOs). Further addition of Bi,O3 into glass opens up the glass network. This results in weakening of the glass
structure. Hence the glass transition temperature and glass softening point temperature decrease with the
increase in Bi,O5; content. It is obvious that the decreases in the above values are due to increase in the number
of Bi-O which is weaker than that of glass former bond strength. Figure 7 shows the glass transition
temperature (7,) evaluated by dilatometer for the glass in the K,0-Bi,03-B,03 system.

The thermal expansion of glasses is controlled by the asymmetry of the amplitude of thermal vibrations in
the glass. It decreases as the rigidity of the glass network increases [22]. An increase of the number of non-
bridging bonds weakens the structure which is turn increases the coefficient of thermal expansion. Here, the
coefficient of thermal expansion measured in the range of 300-350°C, and it gradually decreases with the
increase in the Bi,O3 content in the glasses which is shown in the Fig. 7.

The dielectric constant is directly correlated with the polarizability of the glass. The dielectric constant
gradually increases with the increase in the BiO3 content in the glasses. It has already been reported that Bi’*
ions are highly polarizable (above 3 A*) due to their large ionic radii and small cation unit field strength [5,

13].

0.8

a7: Ty

0.6 -
0.5+

0.4-

dl/lg (%)

0.3 4

0.2

0.14

|
|
|
|
|
|
|
|
|
|
1

|

|

|

|

[}

|

}

|

}

|

. |
0.0 4+——7—-+—"F—"+—"F—"—"t——————7
100 150 200 250 300 350 400 450 500

Temperature (OC)

Figure 7. Co-efficient of thermal expansion (CTE) spectra of glass in the K,0-Bi,05-B,0; system.

3.1.7. Photoluminescence

In recent time, bismuth glasses have attracted attention of various researchers as a very important optical
material from the view point of its photoluminescence properties for photonics and optoelectronic applications.
Bismuth has several kinds of valence states simultaneously existing in glasses. The various emission centers in
the bismuth glass causes due to various ionic species of bismuth (e.g., Bi’*, Bi**, Bi** and Bi*) [23-29]. The
formation of various valence state of bismuth take place by the auto-thermo reduction of Bi** ions proceeds
towards Bi° reversibly during melting process through the following intermediate valence states:

Bi** & Bi** & Bi* & Bi° (6)



It is not clear that which valence of bismuth ion contributes to the various emissions up to now. The blue
. . . 34 . . . Ot . . .

to green region emission has been reported by Bi~" ions where as the red emission due to Bi™ ionic species.
The bismuth glasses show very interesting NIR emissions which are very important from the point view of
optical communication. The emission center in NIR region is not clearly understood still now. Some
researchers have reported the NIR emission due to Bi* and some are reported as Bi’*. The metallic bismuth
(Bi®) NPs is also causes NIR emission and has been demonstrated by various researchers. The energy diagram
of various energy levels is shown in Fig. 8.
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Figure 8. Schematic energy level diagrams for Bi**, Bi* and Bi’ centers.

3.1.8. Fourier Transformation Infrared Reflectance Spectroscopy (FTIRRS)

Bi,03 containing glasses have fundamental vibrations in the IR spectral regions at around 480 and 715 cm’
" [30, 31]. In Fig. 9 shows Fourier transformation infrared reflectance spectroscopy (FTIRRS) of glass in the
K,0-Bi,03-B,0; system. The reflection bands at 451 cm'l, specific to the vibrations of Bi—O bonds in BiOg
octahedral units [30, 31]. The absorption band at 707 cm™ has been assigned to symmetric stretching
vibrations of Bi—O bonds in BiO3 pyramidal units [30, 31]. The band at 882 cm™ is due to stretching vibration
of the B—O bonds in tetrahedral BO4 unit and the broad band at 1180 and 1265 cm’' is attributed to the B-O
bond stretching in the planar BO; unit in the borate network [30-35].
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Figure 9. FTIRR spectrum of glass in the K,0-Bi,03-B,0; system.

3.2. Bismuth Oxide-Doped Glasses

In recent years, subsequent research on bismuth oxide-doped glasses for their near infrared (NIR)
photoluminescence (PL) has been developed in different host materials such as silicate [23-25], germanate
[26, 27], phosphate and barium borate [2], etc. The most interesting property of BirOs-doped glasses is their
emission having large width, which placed them distinctly from traditional rare earth dopants such as erbium
and neodymium. In all type of host glasses, the reported luminescences is centered at around 1.2 pm and
present a full width at half maximum from 200 to 400 nm approximately. However, the luminescent center
responsible for this PL is not clearly known till now. Different reports attributed the origin of this NIR PL to
the electronic transition of Bi™*, Bi*, Bi2+, Bio, or to BiO molecules in the glass host [23-29]. Truong et al. [36]
have studied about the thermal stability of Bi-doped silicate fibers and their corresponding performs. They
concentrated on the results of the NIR emission quenching properties in the case of hydrogen-loaded and
annealed fibers. Seo et al. [37] have been developing a new laser medium based on silica glass and have
discovered a new infrared emission from a bismuth-doped silica glass. They also achieved an optical
amplification in a bismuth-doped silica fiber at 1308 nm with an 810- nm excitation. Zhou et al. [1] have
demonstrated the ultra-broadband luminescent sources that emit light over an extremely wide wavelength
range which are of great interest in the fields of photonics, medical treatment, and precision measurement.
They present a simplistic method to realize this kind of novel light source by stabilizing bismuth active centers
in a nanoporous silica glass. The obtained highly transparent materials, in which multiple bismuth centers
such as Bi*, Bi**, and Bi’* have stabilized. It emit in an ultra-broadband wavelength range from blue-green,
orange, red, and white to the near-infrared region. This tunable luminescence covers the spectral range of the
three primary colors (red, green and blue) and also the telecommunications windows.

The worldwide decrease in the fossil fuel reserve is the future concern of energy supply has been widely
attracted the attention of many researchers towards the development of an alternative energy sources.
Photovoltaic energy conversion is one of the most widely accepted alternatives for future energy crisis
solution. The photovoltaic cell is based on the unlimited supply of sunlight and the photoelectric properties of
silicon. It has been the subject of extensive research efforts for many decades. The sunlight to electricity
conversion efficiency of silicon-based solar cells has now reached more than 22 % [38]. Their spectral
sensitivity to incoming light is broadly distributed over the visible (VIS) to near infrared (NIR) spectral range.
The silicon-based solar cells exhibit the band gap energy of 1.12 eV. It indicates that the light of a wavelength



longer than 1100 nm can not be converted into electricity. In the past, to improve the spectral overlap between
cell sensitivity and incoming light, both up and down conversion of parts of the solar spectrum have been
considered [39, 40]. From the view point of cell design, down-conversion is important for incoming light
incident on the cover plate of the solar cell. The incident light is partly converted to higher wavelengths and
partly transmitted. Efficiency is determined by the transparency of the material at wavelengths that lie above
the luminescence excitation bands must not be lost by any other absorption. In up-conversion designs, the
opposite event has been observed. Here, high transmission cover plate materials would be required at
wavelengths below the excitation band for up-conversion. This is usually not happened. Therefore, the up-
conversion designs rely on backside coatings. The converter material is placed on the backside of the cell
material and only light that has passed the solar cell is converted. In this context, only down-conversion
materials show promise as luminescent concentrators (LC) [40]. Here the light that falls on a converter plate is
first converted and subsequently, transported to the edges of the plate by total reflection. Through
luminescence, light is concentrated on the edges which are covered with the cell material. LC materials that are
suitable to improve photovoltaic cell efficiency by down-conversion are still rare. The desired parameter for
the potential LC materials is its strong excitation bands in the UV-VIS and high quantum efficiency of VIS-
NIR emission. In this context, Peng et al. [41] have demonstrated the various glasses doped with up to 2 mol%
of BiyO3;, which are also considered as potential LC materials that meet the above requirements. They
established how their luminescence properties offer a unique alternative for planar solar converters and
concentrators for more efficient photo and photo thermo voltaic (PTV) cells.

4. APPLICATIONS

It has been known that the synthesis of heavy metal oxide (HMO) glasses is important due to their high
refractive index, low phonon energy and high density [9, 10]. Bismuth based HMO glasses exhibit large third-
order nonlinear optical susceptibility and are important candidates for optic and optoelectronic components
[42, 43]. These glasses are transparent material which is thermally and chemically stable; therefore, it is a
promising dielectric medium for encapsulation of various nanometals. Again these glasses are itself a very
elegant material for technology as well as academic point of view due to their inherent superiority over other
dielectric. So the study of nanometal embeded bismuth glass nanocomposites is a very important and
interesting subject and need to explore its novel preparative methods and properties. The synthesis of
nanoparticles of various metals such as silver, gold, platinum etc. in the bismuth glass could enhance its
photoluminescence as well as non linear properties to a large extent. But, it is very difficult to synthesize the
nanometal embedded bismuth glass nanocomposites as bismuth has tendency to reduce itself to metallic
bismuth by auto-thermo reduction at high melting temperature. It is known that glasses embedded with metal
nanoparticles may exhibit different colors, depending on whether they are viewed in transmission or reflection
lights. This phenomenon termed as dichroic which exhibits different colors at different angles [44, 45]. These
dichroic glasses have enormous application in the field of dichroic polarizer, coating, sensor etc.

The study of the nanoparticles (NPs) is the emerging field which has enormous potential for advanced
research in twenty first century. The electrons of conduction band of the nanoparticle interact with the various
forms of energy (i.e. light, electrical, magnetic, etc.) show very interesting results which are not shown by its
bulk form. When electromagnetic radiation of particular wavelength interacts with a nanoparticle to create a
coherent oscillation of the conduction band electrons termed as a surface plasmon resonance (SPR) of the NP
[46-50]. The study of surface plasmon of the noble metal nanoparticles has been fascinated interests of a
various researchers for their various applications such as waveguide, photonics circuits, sensors, etc [44, 51-
59]. All of these applications are based on the local field effect (LFE) of surface plasmon resonance of the
nanoparticles which has emerged into a new area of nanophotonics called plasmonics. The SPR band strongly
depends on the shape, size, distribution and concentration of the metal clusters. Any techniques allowing



manipulation of the above mentioned parameters of such nanocomposite materials in a controlled way are very
promising in view of their applications in the field of nanophotonics; this includes manufacturing of nonlinear
materials, nanodevices, optical elements, etc. The observation of multiple plasmon peaks is another feature of
interest for the localized surface plasmon resonance (LSPR) spectra of spherical, nanorods, triangular
nanoprisms, hexagonal and nanocubes [46-50]. These are developed either by multipolar excitation or by
interaction with the environment, such as with an asymmetric dielectric environment or with other nearby
metal particles. In our work [60], we demonstrated a novel one-step melt quench synthesis method of the
bismuth coated spherical and hexagonal silver nanoparticles in the bismuth glass nanocomposites. Here we
have shown the alteration of the SPR bands by changing the shape and sizes of bismuth coated silver
nanoparticles with the gradual incorporation of silver nanoparticles as well as the thermal treatment duration
on the bismuth glass nanocomposites. The change in absorption spectra of lower and higher concentration of
silver has been shown in the Fig. 10.

Bismuth glasses show various emission centers from the ultraviolet-Visible-infrared region for presence of
various species of bismuth such as Bi3+, Bi2+, Bi*, Bio, etc. [2, 23-29]. Therefore these glasses are very
promising optical materials for photonic as well as optoelectronic applications. The rare earth doped bismuth
glasses show enhanced photoluminescence. These enhanced photoluminescence observed due to energy
transfer mechanism from the above ionic species of bismuth. These rare earth doped bismuth glasses are
therefore promising materials to obtained high efficient emissions from various rare earth ions.
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Figure 10. Alteration of surface plasmon resonance bands of silver nanoparticles at (a) lower and (b) higher concentration
in bismuth glass nanocomposites.

Bi,O3-containing glasses exhibit extremely large third-order nonlinear optical susceptibilities and are
excellent host materials for rare-earth doping to get efficient fluorescence emissions because of their low
phonon energies [61, 62]. On the other hand, optically transparent crystallized glasses containing rare-earth
ions or ferroelectric crystals have received much interest, because such materials have high potential for laser
host, tunable waveguide, tunable fiber grating, and so on. It is of interest to fabricate transparent Bi,Os-based
crystallized glasses showing optical nonlinearities or containing rare-earth ions.

Refractive index is the most significant optical property of glass, because this index shows interaction
between light and glass material. High refractive index enhances or affects emission property or optical non-
linearity. Thus this feature is very important for the advanced optical telecommunication and processing



devices in both wavelength division multiplexing (WDM) and optical time division multiplexing (OTDM)
systems. Heavy metal oxide glasses containing TeO,, PbO, Ga,O; and Bi,O; are well known to show high
refractive index. However, glasses which exhibit refractive index higher than 2.0 with higher thermal stability
for fiber drawing are not practically available. In this context the bismuth oxide based glasses, which could
show refractive indices higher than 2.0 with higher thermal stability, and have fabricated optical fiber using
these glasses for erbium doped fiber amplifier (EDFA) and non-linear applications [63].

Bismuth, a semimetal with a rhombohedral structure, possesses many useful properties such as it has a
small energy overlap between the conduction and valence bands, high carrier motilities, and highly anisotropic
Fermi surface that make it attractive for different applications [64-66]. Small effective mass makes bismuth
nanoparticles an interesting scheme for studying quantum confinement effects [67, 68]. Recent work also has
suggested that Bi materials of reduced dimensions may exhibit enhanced thermoelectric properties at room
temperature [66]. Various researchers have carried out different experiments on the change of morphology of
bismuth nanoparticles under the electron beam irradiation in TEM [69-71]. The electron beam irradiation
exhibited rthombohedral structure of bismuth nanoparticles. The bismuth glass dielectric is it self a very
fascinating material from the point of view of various technological applications. Therefore, how the effect of
electron beam irradiation is used to good advantage to the formation of bismuth nanocrystals in bismuth glass
dielectrics is again a very attractive methodology. The formation of bismuth nanocrystals by electron beam
irradiation is very important tool for nanolithography and nanopaterning in optoelectronics applications due to
rapid formation of bismuth nanocrystal in bismuth glass dielectrics.

5. CONCLUSION

There is a renewed interest in the bismuth and bismuth doped glasses due to their inherent superior
character over other type of glasses. Bismuth glass is one of the most important amongst the heavy metal oxide
(HMO) glasses. The glasses are characterized by low melting temperature, high density, high refractive index,
high coefficient of thermal expansion, high dielectric constant, low softening point, wide transmission
window, broad band near infrared (NIR) emission, etc. Beside these properties, bismuth glasses are also new
promising substitute for the lead base glasses. These facts make bismuth glasses a very attractive eco friendly
material for various applications such as in plasma display panels, glass sealing, radiation shielding glass, etc.

Bismuth oxide (Bi,O3) based glasses for their high polarizability has fascinated much attention of glass
researchers because of their nonlinear optical properties which have importance for the development of optical
information processing technology. Therefore, many studies on their structure and optical properties have been
carried out. These glasses are also a very important optical material from the view point of its
photoluminescence properties. The glasses are very stable hosts for obtaining efficient luminescence in rare-
earth ions. Recently synthesis of bismuth nanoparticles (NPs) in various dielectric host materials has
fascinating some researchers for their plasmonics study and it could enable many new applications. But the
synthesis of Bi NPs in glass dielectric has not been studied extensively. The noble metal such as Ag has strong
localized surface plasmon resonance (LSPR) effects. Therefore, the presence of these novel metals in such
highly infrared transmitted bismuth glass could explore some new applications in the field of photonics and
optoelectronic. The rapid formation of bismuth nanocrystal under electron beam irradiation is very useful tool
for nanopaterning and nanolithography applications. Bismuth oxide-doped glasses have also enormous
applications in the filled of photonics as well as optoelectronics.
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