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Abstract

temperature. The percentage of light absorbed by these glasses 
is only 15%. The applicability of these glasses for the fabrication 

transmission and nearly nonexistent normal dispersion, while a 
small anomalous dispersion drop in the transmission is noticed 

wavelength is explained in terms of absorption/photodarkening 
effect. Analysis of prepared glasses reveals direct band-gap 

laser preparation. The refractive index obtained from spectra is 

modelled by poly4. Dielectric characteristics are examined and 

the band gap widens, indicating a decreasing trend in dielectric 
constant with increasing frequency.  

Keywords: chalcogenide glasses, band gap, refractive index, susceptibility, 
polarizability, dielectric constant.

1. Introduction

transmit information from one location to another within a city, between 
cities, or across international borders.  Due to a combination of low linear and 

optical telecommunication, need to be replaced. Chalcogenide glasses, which 
belong to a unique class of network glasses, are the cause of the replacement. 
Because of a slight variation in electronegativity between the cation and the 
anion, the elements that form chalcogenide glasses are covalently bound; 
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nevertheless, the bonding strength is weaker in chalcogenide glasses than 

optical and dielectric characteristics due to the structure of the bonding; 
glasses with heavier chalcogen elements have a much higher refractive index 

durability exist in selenium-based chalcogenide glasses. The transparency 

are not oxidised in air below the glass transition temperature, analogous 
  These days, a lot of research is being done 

to build these kinds of devices. A high linear refractive index greater than 

can be used with large-scale integration technology and have good light 

motivate us to carry out an additional study on this material and accomplish 

comprehend changing compositions and variations in the characterisation of 
optical properties, such as transmission, refractive index, bandgap, dielectric 
constant, etc. of these glassy compounds. 

high nonlinear susceptibility and polarizability.  

2. Experimental 

in powder form, and put together into pre-cleaned silica ampoules. Silica 
ampoules were dried under vacuum (10-6 Torr) to remove any impurities. 
Finally, the ampoule was sealed. The chemical reaction for the preparation 

x x xSe1-x ......................................................  (1)

Where x is the percentage of germanium, ampoules containing the raw 
materials were placed and heated in a rocking furnace at 10000C for 48 
hours. The melt was homogenised for 48 hours in a rocking furnace. To 
avoid crystallisation, the samples were quenched very fast in ice water in 



Sharma

a bucket. A schematic of the furnace for chalcogenide glass preparation 
is shown. In this work, optical measurements were carried out at room 

xSe1-x (bulk) glasses; spectra were collected using a 
UV-visible spectrometer; the sample path length was 1cm. Light-matter 
interaction provides the variation in properties.

Figure Schematic of Rocking furnace for Chalcogenide glass preparation

3. Results and Discussion  
For this work, UV-visible spectrums were recorded for a few selected 

xSe100-x
glasses are displayed in Figure 1.

Figure 1:
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It is observed that, at shorter wavelengths, normal dispersion was almost 

seems to be absorption/ a photodarkening effect, and it is believed to 
originate from photo-induced structural transformations, fundamental 
understanding of this phenomenon allows local structural reorganisation of 
homopolar bonds to hetropolar bonds. Therefore, we can expect this effect 
is also due to also annihilation of localised states, enlarging the optical band 
gap and decreasing the material volume due to smaller lattice constants 

evident from other researchers’ data up to 10µm no intensity decay was 

a longer wavelength is also known as anomalous dispersion. A transmission 

Figure 2a:

At higher wavelengths, optical absorption edge shift has been noticed with 

optical absorption edge shifts towards the highest wavelength, i.e. red shift, 

absorption edge shifts towards lower wavelength, i.e. blue shifts, has been 
noticed. Intermediate-range compositions show very nominal changes in 
optical absorption shift. It is due to this composition lies in a stress-free 
regime. Intermediate compositions displayed largest blue shift compared to 

in transmission is also explained on the basis of the photodarkening (PD) 
process, while the increase in transmission is explained on the basis of 
the photobleaching (PB) process. As we saw from transmission spectra, 
transmission intensity decreases, and hence, photodarkening in low 
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(LP) excitation. At higher germanium concentrations, the mechanism of 

Photo darkening (PD) is of great interest due to its direct applications 

Figure 2b:

shows la ess pronounced transient effect in magnitude, and it shits towards 
the higher wavelength side (red shift). The higher the germanium content, 
the more pronounced the magnitude of transient effects are observed, and it 
shifts towards a lower wavelength (blue shift).

The absorption spectrum has been determined from transmission 
data, and the optical band gap has been determined from the spectrum of 

optical transition from the valence band to the conduction band has been 

g)
m

where m is a parameter that depends on the kind of electronic transition 
that caused the absorption, hv is the energy of incident light, and A is a 
constant that depends on the likelihood of the electronic transition. Direct 

respectively. Laser-grade materials must have a direct bandgap, which 
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minima fall on the same value of the k wave vector.

g  vs. 
 

= 0 as shown in Figure 3.

Figure 3: Direct band gap determinations from Tauc plot

cant increase in the optical band gap by 

band gap is attributed to the decrease of localised states in the glassy system 

that selenium rich compounds have a direct band gap. This increasing trend 
of optical band gap with composition may also be due to a shift in the Fermi 
level, whose position is determined by the distribution of electrons over the 

arises from lone pair electron states, whereas the conduction band originates 
*

might also be responsible for bond strengths; the formation of stronger bonds 
could be the cause of the increase of optical band gap, network connectivity 

in the host selenium matrix causes a larger splitting between the valence 
band and conduction band, which results in an increase in the band gap 

g). The stoichiometric composition is usually known as chemical threshold 

tetrahedral-like structural units in which all the germanium is consumed 
by selenium, which consists of energetically favoured hetero-nuclear bonds 
only. Below the chemical threshol,d composition glasses are chalcogen rich, 

network connectivity can be attributed to an increased interaction between 
tetrahedrons/atomic species, which results in widening the separation the n 
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valence band and conduction band and increases g. Similar maxima were 

Figure 4: Variation of band gap with compositions

Polarizability calculation for different compositions has been done 

Where VM is a molar volume of compositions, n is the refractive index, and 
Rm is the molar refraction. Molar refraction is connected to polarizability 

m

Rm m A m A)

 ......................................................  (3)

A is Avogadro constant.

 ...................................................... (4) 

index determination from equation (3) calculation for different compositions 
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host selenium matrix. It has been seen thata decrease in refractive index with 

increase in density. Therefore, this decrease in refractive index can also be 
attributed to the decrease of valence in current carriers, or it might be due to 
the decreased polarizability. The drop in transmission, even for low intensity 
is results from highly metastable state structure in these bulk glasses samples. 
The experimental refractive index was obtained from transmission spectra, 

4  as shown in Figure 5.

Figure 5:

 Due to an 
abrupt decrease in transmission intensity, these materials have been shown 
to exhibit a reverse/increasing trend of refractive index as contrasted to 

range, which is caused by the impact of photo-induced radiation and the 
sample’s temperature no longer being kept at room temperature.
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Figure 6:

xSe1-x
shows a maximum while a minimum value with dielectric constant shows for 

Figure 7: Variation of Dielectric constant with compositions

Materials with low germanium percentage doping or compositions rich 
in selenium have good charge storage capacity and can be employed in solar 
photovoltaic and battery applications. The decreasing trend of dielectric 
constant with an increase in frequency can be described with four types of 
polarisation such as electronic, ionic, orientation (dipolar) and space charge. 
At frequencies up to 1016 hertz, electronic polarisation occurs; it arises due 
to the shifting of valence electrons with respect to the positive nucleus. At 
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a frequency of 1013 hertz, ionic polarisation arises due to the displacement 
of opposite ions relative to each other. At frequencies up to 1010 hertz, 
dipolar polarisation arises because molecules have permanent electric 
dipole moments that can change direction into the orientation of the applied 

3Hz space charge polarisation 
occurs because of impedance mobile charge carriers by interface. So the total 
polarisation is the sum of all the polarisation as described of the dielectric 

constant with frequency is because of the reduction of dipolar / orientation 
polarisation, dipoles cannot have the capacity to rotate rapidly so their 

a higher frequency.     

high polarisable atoms or ions expected to have larger-nonlinear optical 
properties. The non-linear refractive index in glasses resulting in the highest 
non-linear properties, we have calculated non-linear refractive index (n ) 

 ...................................................... (5)

 esu(eV)4. By putting the value of band gap from data 
analysis, we obtain different values of non-linear refractive index for 
different compositions as shown in Figure 8.

Figure 8: Variation of non-linear Refractive Index with Compositions

The decreasing trend of the nonlinear refractive index with compositions 

not only changes the network but also affects non-linear properties resulting 
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from the widening of the band gap. Third-order non-linearity susceptibility 
(3) is also obtained from the generalised Miller’

(3) = 1.7×10-10 (1))4 

(1)

 = 0. Third-order non-linear, third harmonic 
production and nonlinear events are caused by susceptibility, but laser light, 

nonlinear susceptibilities and nonlinear phenomena, including the optical 
Kerr effect, which would be noticeable in compounds rich in selenium, 
can be easily observed in samples with lower germanium percentages. For 
optical switching devices, it is useful to determine nonlinear parameters. 
Chalcogenide glasses have a thousand times the nonlinear refractive index 
and third-order nonlinear susceptibility of silica-based glasses.                              

4. Conclusions

the material’s band gap, indicating an increase in both bond strength and 

with increased frequency or composition, and it is relevant that low 

Transmission spectra give essential details about the very transparent 

a variety of chalcogenide glass applications. Understanding nonlinearities 
will advance the physics area, how nonlinearities will affect the dielectric 
constant, and what will be the relationship between nonlinearities and 
dielectric constant is an important issue. 
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