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Abstract

Ge Se  is a Group IV–VI semiconductor glassy material 
synthesized by the melt-quenching technique. Its optical 
properties were studied using UV–Visible spectroscopy. The 

increase in band gap compared to the bulk value indicates 

nature of the material. The wavelength dependence of the 
refractive index was analyzed using the Wemple–DiDomenico 
single-oscillator model. From this model, parameters such as 
the single-oscillator energy (E ) and dispersion energy (Ed) 

dimensional effects. The Sellmeier model was also applied 
to obtain parameters such as oscillator strength and average 
oscillator wavelength. The Abbe number of the glass was 

chromatic dispersion. The material exhibits normal dispersion 

Keywords: Semiconductor, chalcogenide glasses, Abbe number, dispersion, 
nano-dimension 

Introduction 
Ge–Se glasses are Group IV–VI semiconducting materials that are widely 
used in various applications. Their transparent nature makes them 
particularly important for infrared applications. Long-wave infrared (LWIR) 
imaging plays a crucial role in medical diagnostics, monitoring, autonomous 

both an optical system and a detector [1–4]. In addition to selecting suitable 
materials, chromatic aberration must be addressed by modifying the lens 
structure. The dispersion properties of chalcogenide glasses can be tuned 
by altering their composition. Another approach to modifying the optical 
properties is through nanometric size reduction, which introduces quantum 
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fabricate surfaces with negative dispersion characteristics on the original 

work is to report the Abbe number, which is very small for this glassy system 

optical dispersion models and their parameters for the Ge Se  sample. 

Experiment  
The Ge10Se90
ingots as raw materials employing the traditional melt quenching technique. 
Initially, the raw materials weighted in compositional ratios were vacuumed 
(10-6 mbar) using a diffusion pump in quartz ampoules and then sealed the 
ampoule by welding torch. After that, the sealed ampoule was subjected 
to ramp the temperature 20C/min up to the melting process in a rotating 
furnace at 10000C for 72 hours. The homogenized melt was quenched 
within a second by fast quenching in ice water. Disc of thickness 2 mm 
and 8mm diameter was cut from the glass sample and polished for optical 
characterization. 

Results and Discussion 
The energy band gap and refractive index of glassy semiconductors in the 
UV–Visible region allow us to study the fundamental aspects of their optical 
and electrical properties. Investigation of the optical band gap helps in 

distinguishing between direct and indirect band gap semiconductors. The 
refractive index, on the other hand, describes the bending of light within 
the glass medium. In a dispersive medium, the behavior of light varies with 
wavelength, which is important for designing suitable lens systems using 
transparent semiconducting materials.

In optical applications, refraction and chromatic dispersion directly 

feasibility of the prepared material. The refractive index is an important 
parameter that describes the speed of light within a material relative to its 
speed in vacuum. Knowledge of the band gap can also be used to estimate 
the refractive index of a material. Because of its importance in device design 
[6], several studies have proposed empirical relationships between the 
refractive index and other physical quantities [7]. 

In the present work, the refractive index was determined from UV–

evaluation of the Abbe number. The Abbe number is calculated using the 
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The Abbe number of a transparent optical material, named after the German 

                     (1)

dispersion. The Abbe number VD , sometimes referred to as the 
V-number, is calculated using the refractive indices at the standard 
spectral lines.  

By substituting the values nD F C

Abbe number was calculated to be 17.21. Refractive index values for 
three different lines are obtained from Figure1.   

The variation of refractive index as a function of wavelength is 
shown in Figure 1;

Figure 1: Variation of Refractive Index versus Wavelength; inset in Figure1 shows 

Dispersion refers to the broadening of the spectrum due to the variation 
of refractive index with wavelength, as shown in the inset of Figure 1. In the 

case of normal dispersion, 
dn

<0, it means that the refractive index decreases 
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Figure 1. Chromatic dispersion can be investigated in greater detail through 
the Abbe number, which provides a quantitative measure of dispersion. 
Since the Abbe number is directly related to wavelength-dependent 
refractive index variation, it can also be correlated with the focal length of 
a lens made from the material. For lens design applications, understanding 
how chromatic dispersion varies with wavelength helps predict the extent 
of chromatic aberration across the spectrum. This information is essential 

sample is 17.21, indicating relatively high chromatic dispersion. Therefore, 
this material may be particularly suitable for applications such as prisms or 
other dispersion-based optical elements. For example, in a system consisting 

formula.

We also know-  

                     (2)

charge q; this force causes displacement of dipoles, which causes polarization. 

 In this situation, the Lorentz force is neglected; 

wave and hence accelerate, due to which they radiate out energy. This 
radiating out energy is called scattering. r is the displacement of charge 
particle due to the electromagnetic wave [EM]; the dipole moment can be 

multiple microscopic resonance mechanisms such as time varying dipole 
moments of electrons, atoms, and other oscillators. Under the classical 
regime, the complex refractive index can be expressed in terms of resonance 

0, of different oscillators [8].

                    (4)
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 is the damping rate. In normal dispersion, the damping term is neglected, 

0 0

0 

                     (6)

our data and found the oscillator length strength Ak and the strength of 
0

Figure 2:

2

2

excellent agreement between the model and the experimental data. The 
average oscillator strength parameter, Ak

0
which is related to the energy at which direct interband electronic transitions 

absorption peak of the glass.
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Figure 3:

The Wemple–DiDomenico model (WDD) is widely used to study the 
spectral dependence of the refractive index below the interband absorption 
edge (i.e., below the optical band-gap energy). The dispersion parameters, 
namely the single-oscillator energy E0, and the dispersion energy Ed, were 

2 2, as shown 

good agreement between the model and the experimental data. The values 
of E0 , and Ed 0Ed) and the intercept 
(E0/Ed 0 d 

in Raman scattering measurements, indicating that the particle size is in the 

the Sellmeier analysis presented in this article. This shift may be attributed 
to the increased Coulomb interaction resulting from spatial localization 
of the electron wave functions in the synthesized nanometer-sized glass. 
A comprehensive literature survey of optical studies on Ge10Se90 revealed 
that reports on bulk glass of this composition are not available; only thin-

those of bulk glasses, since the dispersion parameters (E0) and (Ed) can 

substrate temperature, deposition temperature, and other deposition 
conditions. In the reported Ge10Se90 0) and (Ed) 
were 2.20 and 20.17eV, respectively. The relatively high value of (Ed) may be 
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of (E0
disordered materials, the optical gap (Eg) is often approximately related to 
the dispersion energy through the empirical approximation (E0

Figure 4: Skin Depth or Penetration depth plot

In the present study, a considerably higher value of (E0
obtained. This value is approximately twice that reported for the Ge10Se90 

0) value may be attributed to the nanoscale 

0) and (Ed) are 
sensitive to structural and experimental conditions, the difference between 

of the present results is the relationship between structural disorder and 
optical dispersion. As the degree of structural disorder decreases and the 
material tends toward a more ordered or crystalline state, a reduction in 
optical dispersion and a corresponding decrease in the optical gap may 
be expected. In contrast, when the material dimensions are reduced to the 

structure, leading to an increase in (E0) and a decrease in (Ed). Thus, the 

(3), 
and the nonlinear refractive index is directly proportional to E2. The third-
order optical susceptibility and nonlinear refractive index are evaluated by 
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                     (8)

(3)

index n2 is directly proportional to the real part of the third-order nonlinear 
(3),

2. The interaction 

the glassy medium. This can be written as a power series expansion of the 

(1) + P(2) + P(3)+ --------------                                 (9)

For centrosymmetric media (such as glass, gases, or liquids), the second-
 (2) is zero due to inversion symmetry. Keeping terms up 

0 
(1)

0
(3)E3                                                                        (10)

0 is the vacuum permittivity 

(1) is the linear susceptibility 

(3) is the third-order nonlinear susceptibility 

P(3)
0

(3)  E3 Cos3

Using the trigonometry relation   Cos3

substituting the value of Cos3 (3)

P(3) 3
4 0

(3)  E3 Cos3 1
4 0

(3) E3

0 
(1)E + 

3
4 0

(3)  E3                                                                           (12)
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0 
(1) + 

3
4

(3) E2) E                                                                                   (13)

The total polarization is also related to the effective relative permittivity 
r

0 r r

P
0 E                                                        (14)

r
(1) + 

3
4

(3) E2  

L and a nonlinear component 

L 
 (1)   

3
4

 (3) E2

2
r

index be expressed as a sum of its linear index n0 and a small nonlinear 

0

n2
0
2 + 2n0

2                                                               

0), the high-order 
 2

n0
2 + 2n0 L

Since, n0
2

L;   and 

0

0

2n0

3
4

 (3) E2  

3

8 0

 (3) E2                                                                               (18)  
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The total refractive index can be expressed explicitly as a function of the 

0 + n2E
2                                                                                   (19)

2E
2

n
2
E2 =

3

8 0
  (3) E2  

2 from both sides yields the relation for 

n2

3

8 0

 (3)                                                                                   (20)

 (3) from equation (7) into equation (20), so the 

n2 
3

8 0

  B [ 3

8 0

 0 -1

4

2

] 4                                                                                    (21)

n-n 3

8 0

  B [ 0 -1

4

2

] 4                                                                                           (22)

The value of n0
2-1 vs. 

 2
10Se90 bulk 

glass provides the value of n0

0e .                                                                                  (23)

0 /e; it means 

E0

e = E0e                                                                                                                    (24)

The optical band gap of the Ge Se  sample was found to be 1.9837 eV; 
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detailed analysis was published [12], which is higher than the reported 
bulk value (1.8eV) [9]. The wavelength corresponding to maximum 
exciton absorption decreases with decreasing particle size due to quantum 

Conclusions 
The Ge Se  nanometric glassy sample studied in the present work 
was synthesized using the melt-quenching technique. The sample was 

indicated a nanometric grain size. The optical band gap of the material was 
measured to be 1.9837eV, which shows an increase compared to bulk values. 
Additionally, structural parameters such as the Abbe number, refractive 
index, dispersion, skin depth, and models like Sellmeier and WDD were 
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