Effect of Indium on bond distribution, cohesive energy, heat of atomization and electro negativity in Se98-xCd2Inx (0≤x≤10) and Se75Te15-xCd10Inx (0≤x≤15) chalcogenide glasses 
Abstract

This review paper related to the effect of indium (In) on the bond distribution, cohesive energy (CE), average heat of atomization (Hs) and average electro negativity χave of chemically modified chalcogenide glasses belonging to the study of physical parameters of Se98-xCd2Inx (0≤x≤10) chalcogenide glasses and Se75Te15-xCd10Inx (0≤x≤15) systems. The bonding betweens Se98-xCd2Inx (0≤x≤10) (SCI system)  and Se75Te15-xCd10Inx (0≤x≤15) (STCI system) glassy alloys were evaluated with the chemical bond approach (CBA), where the involvement of heteropolar and homopolar bonds was calculated based on coordination and stoichiometric constraints of glassy alloys. The cohesive energy (CE) and average heat of atomization (Hs) were calculated by adding the biased bond dissociation energies of the constituent bonds. The results tell that increasing indium content appreciably modifies the bond distribution by increasing the arrangement of heteropolar bonds such as In–Se and In–Te in place of Se–Se and Te–Te homopolar bonds. Increasing In compositions show improved network connectivity due to increased cross-linking, which influences the overall stability of the glass network. The cohesive energy for SCI and STCI network systems are increases with increasing indium concentrations. The heat of atomization is almost constant for SCI but increases for STCI with indium concentration. This can be explaining by formation chemical bond between elements.
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1. Introduction 

Interesting physical characteristics of chalcogenide glasses (ChGs) are favourable from a technical perspective, especially for resistant conversion processes [1, 2]. These glassy semiconductors may exhibit memory-kind capacitive switching, depending on how they behave during thermally induced crystallization. Threshold type controls should be used with glasses that could not show a crystallization response after Tg. On the other hand, readily crystalline Gs can serve as switches that are similar to memory. These semiconducting glasses provide significant advantages to optical and opt mechanical designers due to their high infrared transmittance, low phonon energy, and great moldability [3]. As a result, they have been regarded as perfect materials for thermal imaging, chemical sensors, mid-infrared (IR) optics, radiation insulation, and amplifications [4–6]. ChGs of special qualities, such as high band gap, high transmission region, low phonon energy also high linear and non-linear refractive index (RI), make them beneficial for waveguides and holography, infrared sensors, photodetectors, LEDs. Chs are excellent for ultrafast switching applications because of their outstanding non-linearity and high refractive index, which is over 100 times greater than that of silica [7]. Additionally, they have good chemical and thermal stability, which facilitates their use in the manufacture of optical devices. A chalcogen-based matrix coordination number varies when metal components are added, resulting in structural alterations that might make the system more elastic, middle, or rigid.

 It also means that the photonic and physical properties of glassy alloys can be altered to satisfy industrial requirements [7, 8]. Because of its strong glass-forming potential and commercial applications, such as xerography, selenium (Se) is widely utilized as a basis alloys among these materials [9]. Researchers combine selenium with other elements including Te, Cd, Sb and Ge to reduce these drawbacks [10, 11]. On the other hand, tellurium (Te) has a limited capacity to produce glass [12]. Chalcogenide alloys very close band gap and high optical absorbance make them interesting materials for inexpensive terrestrial usage [13]. Furthermore, photovoltaic solar cells which transform solar radiation into electrical energy use these Cd-based chalcogenides.

 [14]. our group have published the thermal properties of SCI and STCI multi component chalcogenide glasses [15, 16].
K.K. Sarswat et al. reported the thermal stability and crystallization behavior of Se-Te-Sn with additive In,Pb,Ge and Sb elements of chalcogenide glasses [17]. N. Mehta groups published the thermo-mechanical behavior of Se78-xTe20Sn2Inx (0≤x≤6) chalcogenide glasses and calculated Vickers hardness, thermal behavior, chemical bond strength compactness and others parameters accurately [18].
 This work has been used for electrical and phase change materials when indium chose as doped elements. Indium doped chalcogenide glasses   increases thermal stability of ternary glassy alloys. Addition of Indium into Se-Te-Cd glassy system increases rigidity of glassy system. This manuscript is very useful for researcher for future work related to indium doped ternary and multi-components chalcogenide glasses. [15,16].
V. Saraswat et al. reported effect of different additive on Se and Te rich based chalcogenide glasses and evaluated activation energy of glass transition, crystallization rate constant relative to crystallization activation energy [19]. Mohammad Zulfequar published electric behavior of Se-Te-Cd-Bi chalcogenide glasses and find that these glasses are applicable for phase change memory devices. [20]

In this paper I have discussed the effect of Indium additive on bond distribution, cohesive energy, heat of atomization and average electro negativity in Se98-xCd2Inx (0≤x≤10) and  Se75Te15-xCd10Inx (0≤x≤15) chalcogenide glasses.
2. Preparation Methods 
Bulk glassy samples of Se98−xCd2Inx (x = 0, 2, 4, 6, 8, 10) and Se75Te15−xCd10Inx (x = 0, 5, 10, 15) were synthesized by means of the traditional melt-quenching technique, which is extensively working for preparing homogeneous chalcogenide glasses. Selenium (Se), tellurium (Te), cadmium (Cd), indium (In), and high-purity elements (99.999%) were filled into scoured quartz ampoules according on their atomic percentages. To prevent oxidation and impurities during melting, the ampoules were sealed and evacuated to a pressure of 10-5 Torr. To guarantee complete melting and homogeneity of the components, the sealed ampoules were heated gradually in a rocking furnace to 1098 K for ten hours. The ampoules were continuously rocked in order to decrease phase separation and increase compositional uniformity. The homogenized ampoules be situated quickly quenched in very cold water to produce glassy ingots after the necessary amount of time. Cu-Kα radiation was used in X-ray diffraction (XRD) examination to validate the amorphous nature of the produced samples [15, 16]. The produced alloys' glassy structure was demonstrated by the lack of distinct crystalline peaks and the existence of a wide diffuse halo, which is consistent with normal chalcogenide glass patterns.
3. Results and Discussion 
3.1 The X-ray diffraction study

The glassy nature of theses glasses has been verified by using X-ray diffractions. In the XRD pattern I have been recorded all the samples between the ranges 10≤θ≤80. From this XRD we observed that the glassy networks of SCI and STCI lack of a sharp peak at low values of angles and show a wide hump. This type behavior of materials shows short range structural order as indicate in published previous work [15, 16]
3.2 Variation of average heat of atomization

    Chalcogenide glasses represent semiconducting nature having a high concentration of Se, Te, (VI group) elements at top of valence band and the bottom of conduction band [21]. The energy differences between two bands give optical band gap. The availability of high energy lone pair elements of this group make bond with additive metals without any energy. The empty bonding levels relative to dative bonds give vacancy states in this gap [22].
As a direct indication of CE and bond strength (average) (Hs) for the compounds SeαCdβInγ and SeαTeβCdγInδ can be evaluate using equation (8) and (9) [23]:
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where the atomic % of Se, Te, Cd, and In are represented by α, β, γ and δ. Se, Te, Cd, and In have respective heat of atomization (Hs) values of 227 KJ/mol, 197 KJ/mol, 113 KJ/mol, and 226 KJ/mol. The values of Hs for Se98-xCd2Inx (0≤x≤10) and Se75Te15-xCd10Inx (0≤x≤15) chalcogenide glass are calculated by above equations and are mention in table 1 and 2. Figure 1 shows variation of Hs for STCI glassy system. The values of Hs for (SCI system) are almost constant while for STCI system the Hs values are increases with increases of Indium contents due to formation of more and more Se-In bonds.  
3.3 Variation of cohesive energy for (SCI and STCI) glassy system 
Mostly two approaches were used to investigate the different compositions of various physical parameters of chalcogenide glasses. The first most famous knows as topological modal of Phillips and Thorpe [23] and other was Phillips [30] that uses for the compositional changes of physical properties in terms of <z>. According to this approach the composition with <z>~2.4 is the most stable.
The binding strength (average) of an alloy is measuring by the cohesive energy (CE) of a glassy system [18]. The (CBA) model, that controls the creation of bonds, including heteropolar and homopolar bonds, are uses in the computing process. The strongest heteropolar bonds develop first, allowing to the CBA model, assumes atoms select to make bonds with various kinds of atoms. The empirical relation may be used to calculate heteropolar bond energies E(P-Q) [19].


[image: image3.wmf](

)

(

)

)

3

..(

..........

..........

..........

30

2

2

1

Q

p

Q

Q

P

P

PQ

E

E

E

c

c

-

+

-

=

-

-


The homopolar bond energies are denoted by EP-P and EQ-Q, whereas the electronegativity characteristics of the corresponding atoms are denoted by χP and χQ. The total of all the material expected bond energies is used to calculate CE. The bond energies of every bond likely in the material are added together to determine the cohesive energy, i.e.,
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Cj represents the sharing of chemical bonds, while Ej is the energy connected to the last bond. 

Cohesive energy for SCI and STCI systems are listed in the table 1 and 2.
Calculating the cohesive energy, we have been used different bond energies between elements. From the literature here we have been used 44 kcal/mol, 22.8 kcal/mol and 23.9 kcal/mol of Se-Se, Cd-Cd and In-In homo-polar bond and the bonds energies of Se-In and Se-Cd find out to be 59kcal/mol and 30.5 kcal/mol hetro-polar bonds energies respectively. Similarly, for STCI glassy system I have been used 44kcal/mol 33 kcal/mole 22.8 kcal/mol and 23.9 kcal/mole of Se-Se, Te-Te. Cd-Cd and In-In homo-polar bonds energies and bonds energies of Se-Te, Te-In 44.14 kcal/mol and 52.1 kcal/mol hetro-palar bonds energies respectively. The variation of cohesive energy with for SCI glassy system shown in figure 2. 
.
 The steadying energy of an indefinitely big collection of material per atom is known as cohesive energy. It provides an average bond strength measurement. The CE of the system under investigation has been determined using the (CBA) technique [20]. This technique states that bonds occur in the way that their bond energies decrease. Therefore, the CE has been determined by adding the bond energies for every bond that is anticipated in the current system. Figure 1 According to tables 1 and 2, the cohesive energies rise as the concentration of indium increases for SCI  and STCI because more and more hetero-nuclear bonds between selenium and indium are formed. Cohesive energy first rises with increasing In content and reaches its maximum at 15 weight percent of Indium. The distance between the bonding and anti-bonding orbital’s is widened by this increase in cohesive energy, which may result in a raise in the optical energy gap [21]. The values of distribution bonds have displayed in tables 1 and 2. It is clear that from tables when more In is add, the distribution of In-In bonds drops while the dispersal of Se-In bonds increase along with a little increase in Se-Cd (for SCI system) and Se-Cd bond (first increases and then reduces for greater concentration for STCI glassy system). The CE is compute using bond energy values and distributions which are determine by aggregating the bond energies of all likely.

3.4 Variation of average electro negativity 
The average electro negativity can be calculate using equation (5) and (6)  for (SCI) and (STCI) [19]
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Here α, β, and γ uses for (SCI system) and α, β, γ and δ are atomic fractions uses for (STCI) system respectively. χSe, χCd, and χIn, are the electro negativity for Se (2.55), Cd(1.69), and In(1.78) elements and similarly χSe, χTe, and χCd, and χIn, are the electro negativity for Se (2.55), Te (2.1), Cd(1.69), and In (1.78) system respectively. The calculated values of average electro negativity for (SCI) and (STCI) glassy alloys are planned in the tables 1 and 2 respectively. From the table 1 and 2 the values of average electro negative are decreases with indium contents for (SCI) and (STCI) systems due to more Se (2.55) electronegative than Indium (1.78). Se atoms replacing by In reduces χave for both systems.
4. Conclusions 

The present study shows bond distribution cohesive energy, heat of atomization and average electro negativity for SCI and STCI glassy systems.  Addition of indium at the cost of Se, Te, and Cd leads to changes in CE, Hs and bonds distribution parameters. Results indicate that adding indium in the SCI and STCI glassy systems decreases average electro negativity for both system due higher value of electro negativity of se than indium.
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Tables 
Table 1: Calculated values bonds distributions, cohesive energy and heat of atomization for Se98-xCd2Inx (0≤x≤10) chalcogenide glasses
	Composition
	Bond Distribution
	Average Electro negativity


	CE (kcal/mol)
	Hs (kcal/mol)

	
	Se-Se
	Se-Cd
	Se-In
	                  χave
	
	

	0
	0.96


	0.041


	0
	2.53
	43.449
	53.71

	2
	0.90


	0.042


	0.063


	2.51
	44.375
	53.70

	6
	0.761


	0.043


	0.20


	2.48
	46.348
	53.71

	10
	0.614


	0.045


	0.34


	2.44
	        48.5                
	53.68


Table 2: Calculated values Bonds distributions, χave cohesive energy(CE) and heat of atomization (Hs)  for Se75Te15-xCd10Inx (0≤x≤15) chalcogenide glasses
	Composition
	Bond Distribution
	 Average Electro negativity


	CE(Kcal/mol)
	Hs (Kcal/mol)

	
	Se-Se
	Se-Te/Cd-Te
	Se-Cd
	Se-In
	χave
	
	

	0
	0.64


	0.27 (Cd-Te)


	0.091


	0
	          2.38
	       33.96
	50.45

	5
	0.25


	0.17


	0.33


	0.25


	2.36
	44.81
	50.81

	10
	0.154


	0.078


	0.31


	0.46


	2.34
	47.68
	               51.15

	15
	0.071


	0
	0.29


	0.64


	2.32
	50.15
	                                           51.51


Figures 
[image: image7.jpg]Se Te  Cd In_(x=0,5,10 &15)

15

51.6

51.4 -

T T T T
o 2 = <
- = o o
0 0 [Te] [Te]

(H) uonezIwo}y Jo 1edf 93IAY

50.4 -

Indium at %.




Fig 1: Variation of heat of atomization (Hs) for Se75Te15-xCd10Inx (0≤x≤15) chalcogenide glasses
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Fig. 2:  Variation of  Cohesive energy against compositions for Se98-xCd2Inx (0≤x≤10) chalcogenide glasses
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