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Abstract

The present study focuses on the evaluation of optical constants of the glasses having compositional formula
xCdF,-(25-x)PbF,-25Bi,03-49.8B,05-0.2Cr,03 prepared by conventional melt quenching technique. The
obtained glasses were subjected for XRD to confirm their amorphous nature. UV-Visible absorption studies
were done on the prepared glass samples in the wavelength range 400-900nm. From the absorption values
which are evaluated from UV-Visible absorption spectra, the transmittance values are evaluated. Optical
constants such as refractive index, extinction coefficient and dielectric constant were evaluated.

Keywords: XRD, Transmittance, Extinction coefficient, Refractive index, Dielectric constant

DOI Number: 10.14704/nq.2022.20.6.NQ22496

NeuroQuantology 2022; 20(6):4943-4948

1.Introduction

In the recent past, there is a huge demand for
optoelectronic devices which possess high
transparency and their applications in various
fields. Majority of the optoelectronic devices falls
under the category of glasses. Glasses are widely
researched and their optical spectroscopic,
magnetic and electrical properties are extensively
studied. These glasses possess mechanical
stability, durability, chemical stability by virtue
finds applications in lasers medium, optical fibre
amplifiers, solar cells, LED, temperature sensors,
telecommunication devices [1,2]. From the
literature, it is evident that a variety of glass
systems are available such as borate, silicate,
phosphate and tellurite. These glass systems are all
unique possessing different properties and
applications. Among the available systems, borate
system is chosen for its low cost, glass forming
ability, low melting temperatures etc. To this
borate system, bismuth a heavy metal is added
which acts as both former and modifier[3-7]. Thus,
bismuth borate system is wide researched for its
applications in optical switches, optical isolators,
fibre optic amplifiers etc[8-10]. To the existing

glass system Cr is added which enhances the
optical properties due its different oxidation states
[11]. Much literature is available on the fluoride
systems due to their wide range of applications and
various properties are studied [12-14]. Both CdF;
and PbF; are added to the glass and properties are
studied [15-17]. Keeping in view, it is aimed to
study the optical properties of xCdF,-(25-x)PbF,-
25Bi,05-49.8B,05-0.2Cr,0; glass  system by
evaluating its optical constants such as extinction
index, refractive index and dielectric constant.
These constants will help the glasses to be suitable
for variety of optical applications.

2. Preparation of samples and characterization

Glass samples with compositional formula xCdF»-
(25-x)PbF,-25Bi,03-49.8B,05-0.2Cr,03 (where x = 5
(CDPBBCR1), 10 (CDPBBCR2), 15 (CDPBBCR3), 20
(CDPBBCR4), 25 (CDPBBCR5) mol%) named as
CDPBBCR system has been prepared by the melt
guenching method . The required AR grade
chemicals to prepare the glass samples were taken
according to stoichiometric ratio and are grinded
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for 1 hour in an agate mortar by using pestle. These
samples were taken in porcelain crucibles and
placed in an electrically maintained furnace at
900°C temperature for 45 minutes. Thus, obtained
melt was poured on a stainless less steel hot plate
(around 200°C) and pressed. Thus, obtained
bubble free glass samples were placed in a
microcontroller furnace for about 5 hours
maintained at 200°C for annealing to remove the
stress in the prepared samples.

To analyse the structural information the samples
was recorded in the range of 10°-80° by using
Phillips x-pert PRO x-ray diffractometer. UV-Visible
spectrophotometer (JASCO V-760) has been
employed to collect the optical absorption spectra
for the polished glass samples at room
temperature in the range of 400-900nm.

3. Results and discussion

3.1 Structural characterization

The x-ray diffractograms of the as prepared glass
batch were taken over the range of 10°-80° using x-
ray diffractometer. From the plot of 20 over
intensity, depicts the absence of sharp Bragg peaks
in the prepared glass system as displayed in Fig. 1.
Absence of characteristic peaks in the resultant
pattern ascribed to the short-range order of the
prepared samples, there by reveals that prepared
samples are amorphous in nature.
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Figure 1: XRD spectra of CDPBBCR glass samples
[16]

3.2 Optical properties

The main objective of this paper is focusing on the
study of optical properties of the prepared glass
samples. In order to probe the glass for various
applications in the field of photonics it is aimed to
study the optical absorption spectra of the
prepared CDPBBCR glass samples. UV-Visible
absorption spectra of the prepared glass samples
have been taken in the range of 400-900nm and is
displayed in the Fig.2.

From absorption spectra, absorption coefficient
has been calculated by using thickness of the
sample and absorbance by using the following
equation

absorbance
thickness of sample

a = 2303 =

(1)

The optical band gap values for CDPBBCR glasses
were calculated from Tauc plot by taking the
inverse slope of V(2&ahv) to the hv and reported
as 2.793eV (CDPBBCR1), 2.938 eV (CDPBBCR2),
2.834eV  (CDPBBCR3), 2.624eV (CDPBBCR4),
2.619eV (CDPBBCRS5) reported in our earlier work
[16].
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Figure 2: UV-Visible spectra of CDPBBCR glass
samples [16]

From the absorption spectra, i.e., the value of
absorption at each wavelength is taken as input to
calculate the transmittance (T;) from the relation

T, = 1074 % 100 (2)

Thus, the transmittance value which are evaluated
of CDPBBCR are plot as a function of wavelength.
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The transmittance of the as prepared glass samples
is shown in the Fig.3. As the wavelength increases
the transmittance of the glass samples increases.
The glasses are green in colour with the central
wavelength at around 540nm. It is also noticed that
there was a decrease in transmittance in the
wavelength range 600-700nm is ascribed to
absorbance caused by Cr®* ions. All the glasses
show high transparency in visible and IR region.
Similar type of behaviour is observed for the glass
samples which were reported by J. Dutchaneephet
et. al [18] and Kido [19]. Among all the samples,
CDPBBCR3 has high transparency in the visible and
IR regions.
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Figure 3: Variation of transmittance vs wavelength
of CDPBBCR glass system

From the standard relations the values of n and k
are evaluated.

n= Fs + To—1 (3)
A
k=" (4)

Here n— refractive index,

Ts— transmittance, k — extinction coefficient, a
— absorption coefficient,

A—> wavelength

The degree of absorbance or transmittance of a
material according to a particular incident
radiation has been calculated by a characteristic

optical parameter called extinction coefficient (k).
The value of k purely dependent on material
composition, thickness of the sample and incident
radiation. From the literature, it is learnt that the
absorption of the energy is more for high thickness
of the samples. From the graph (Fig. 4), the
extinction coefficient values are very less for lower
energies and increase for higher energies and then
decreases [20].

The refractive index values increase with increase
in wavelength and shows a peak at 620nm. It also
evident from the Fig. 5 and Fig. 3 that refractive
index, transmittance shows opposite trend i.e
sample with high transmittance (CDPBBCR3) have
low refractive index, sample with low
transmittance (CDPBBCR5) shows high refractive
index.
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Figure 4: Plot between extinction coefficient and
wavelength for CDPBBCR glass

The obtained refractive index values proving that,
the prepared CDPBBCR glass samples to have
applications in optical devices. The high values of n
at lower wavelengths (Fig. 5) may be because of
the minimum of defects formation. The main
aspect for this variation in refractive index is due to
the change in coordination number with network
forming ions which was given by Loretz-Lorentz
relation. According to the relation, modifier oxide
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creates more number of NBO’s in the glass network
and changes the overall coordination number [21].

The dielectric constant is the combination of real
and imaginary part which are evaluated by using
the standard relations

E= & + igz (5)
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Figure 5: Plot between refractive
wavelength in CDPBBCR glasses

The dielectric constant is the combination of real
and imaginary part which are evaluated by using
the standard relations

E= & + igz (5)

The real part & is given by n? —k? and the
imaginary part &, partis given by 2nk. The real and
imaginary part which are evaluated from n and k
of CDPBBCR glasses using the relations and are
plotted as a function of wavelength. The graph (Fig.
6(a) and Fig. 6(b)) portrays that the &; values are
high comparative to &, values which confirms that
these CDPBBCR glasses are potential for optical
devices. The peak intensity is more for COPBBCR5
for high concentration of CdF,. It is also observed
that the real and imaginary dielectric constant
values follow same trend with wavelength. This
type of behaviour was reported by G. Kaur et.al
[21].
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Figure 6(a): Variation of real part of dielectric
constant to the wavelength in CDPBBCR glass
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Figure 6(b): Variation of imaginary part of dielectric
constant to the wavelength in CDPBBCR glass.

4. Conclusions

Samples with glass codes CDPBBCR1, CDPBBCR2,
CDPBBCR3, CDPBBCR4, CDPBBCR5 have been
prepared by melt quenching process. XRD depicts
the amorphous nature of prepared glass samples.
The plot between transmittance % to the
wavelength shows the glass samples to be highly
transparent. The lower values of extinction
coefficient reveal the glass samples have less
absorbance of incident photon energy. The
calculated refractive index values shows that the so
obtained glasses finds applications in photonic
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vices. The real and imaginary part of the

dielectric constants which are low opens up

ap

plications in microelectronics.
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