
185 

 

Theoretical prediction of physical properties of 0.7Se-0.2Ge-(0.1-x)Te-xSb (x=0.01,0.02,0.03) chalcogenide 

and glassy composite system. 

Asraful Hoda1 

 

Abstract:                                                                                     

This present communication is based on the theoretical prediction of different physical parameter of a novel quaternarymaterial  

0.7Se-0.2Ge-(0.1-x)Te-xSb system. The effect of variation of introducing Sb atom by replacing Te atom in the glass matrix has been 

systematically studied in terms of average coordination number, different constraint parameter, lone pair electron, heat of atomization 

mean bond energy and the glass transition temperature. The investigation on lone pair electron confirms the glass forming ability of 

the sample. Chemical bond approach model has been used to calculate the mean bond energy of different system. Theoretically 

calculated mean bond energy shows a linearly increasing values with the increasing amount of Sb. Incorporation of Sb atom in to 

the glass matrix changes the transition temperature. 
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1. Introduction: 

In recent times the investigation on chalcogenide glasses becomes highly interesting because of its application in several areas 

like quasi-stability, photoconductivity, infrared transparency non-linear optical properties and ionic conduction it is also uses 

field of infrared optics, fiber optics, optical and electronic memory devices , biosensor application, memory devices, radiation 

shielding and antireflection coating[1-5]. The chalcogenide glasses are stable against crystallization and are chemically inanimate 

and its thermal stability is very good and comparatively easy to construct. The chalcogenide glasses are non-oxide amorphous 

semiconductors having high transmission in the IR region [6].Chalcogen glasses are normally less weakly bonded materials than 

oxide glasses. Understanding the relation between microscopic structures and macroscopic parameters has been a subject in solid-

state physics. On the basis of the amorphous structure of covalent glasses, building components may be classified into two 

components; one of the bonding structure consisting of covalent bonds of densities on orders of 1022-1023 cm-3, which can be 

signified by chemical and topological natures, and the other one is defects, e.g., impurities, valence-alternation pairs, inclined 

and wrong bonds, i.e., the homopolar bonds in stoichiometric alloys [7,8].Selenium is the most important semiconductor that has 

an application in different technological areas, on the basis of its  binary and ternary chalcogenide glasses[9-12].The Selenium 

has a drawback of high photosensitivity and crystallization temperature but also have low aging effect [13].The properties of 

chalcogenide glasses can be tuned by the incorporation of different doping materials. Doping of Sb with the Se atom introduces 

important changes in the compositional matrix. But the Sb-Se matrix has a poor stability which can be improved by adding some 

amount of Ge [14] which also improves material strength by increasing the cross linking in the glassy network. Due to the strong 

metallic character of Te, it has poor glass formation character as compared to Se. For improvement in glass formation and to 

increase the dimensionality of structure it is necessary to add trivalent and tetravalent atoms such as Ga, Ge, As, and I in Te based 

glasses for this reason generally Te have been used for its excellent glass forming ability[15].Te–based glasses are applied at 

longer wavelength in IR region[16]. To investigate on the structure property relationship with the compositional variation in Sb 

incorporated Se-Ge-Te glassy composite. In the present study the topological explanation of glass network has been discussed. 

Phillips and Thorp introduced this topological concept by considering the Lagrangian constraints[17,18]. According to this theory 

the value of average coordination number <r>=2.4, plays a vital role and it is used as a threshold point at which the glass network 

 
1 1st Semester Student, Department of Physics, Bankura University, Poabagan Campus, Bankura, West Bengal, India- 722 155. Mobile: +91 7001370947/ E-mail Id: 

hodaasraful98@gmail.com 



186 

 

changes from a floppy to rigid type. The elements such as Sb causes the structural disorder which leading to tune the optical and 

thermal properties [19, 20] of material. The material structure also depends upon the mean coordination number variation. On 

other hand in the studies of Ge–Sb–Se–Te glassy composite system is the close of Sb and Te in the periodic table, which is the 

reason for Te and Sb to same each other. 

In the present communication different physical properties of 0.7Se-0.2Ge-(0.1-x)Te-xSb, (x=0.01,0.02,0.03) system has been 

investigated. The aim of the study is to theoretically estimate the effect of Sb incorporation in Se-Ge-Te glass matrix on some 

parameters like total number of constraints, cross linking density, floppy modes, mean bond energy etc. 

2. Result and Discussion: 

Different physical properties e.g. average coordination number, lagrangian stretching force, bending force, total number of 

constraints, floppy mode, lone pair, heat of atomization, bond energy, chalcogen rich parameter and transition temperature 

theoretically calculated of Se-Ge-Te-Sb chalcogenide and glassy composite system.  

2.1 Coordination Number and Constraints: 

Calculation of coordination number is very important in order to understand the main features of the chalcogenide glassy 

system under study. The average coordination number has a great impact on the physical properties of the chalcogenide.   

In our quaternary chalcogenide system 0.7Se-0.2Ge-(0.1-x)Te-xSb , the average coordination number <r> is given by the 

equation 

<r>=0.7CN(Se)-0.2CN(Ge)-(0.1-x)CN(Te)-xCN(Sb), (x=0.01,0.02,0.03)                                (1) 

Where, CNSe=2, CNGe=4, CNTe=2, CNSb=3 are the coordination numbers of Se, Ge, Te and Sb respectively. The value of 

average coordination numbers stay in the limit 2.41 ≤ r ≥ 2.43 as listed in table1. The mechanical constraints or the total 

number of constraints (NCO) arise for covalent bonded glassy networks i.e. bond stretching force (Na) and bond bending force 

constraints (Nb). In this quaternary system bond stretching force constraints are calculated by the equation[21] 

                                                                       Na=<r>/2      (2) 

The bond bending force constraints in quaternary system is given by the equation[21] 

                                                                        Nb=2<r>-3        (3) 

In quaternary system total number of constraints is given by the equation[21] 

                                                                        NCO=Na+Nb       (4) 

 

The calculated values of different bonds stretching parameters are enlisted in table1. 

 

Table1 The average coordination Number <r>, lagrangian stretching force(Na), bending force(Nb), Total number of 

Constraints(Nco) 

 

 

 

 

It has been observed from table1, that the stretching force parameter, bending force parameter and the total number of constraints 

are gradually increasing with the increasing value of average coordination number. 

 

 

Composition        <r>           Na         Nb         Nco 

Se0.7-Ge0.2-Te0.09-Sb0.01        2.41        1.205       1.82       3.025 

Se0.7-Ge0.2-Te0.08-Sb0.02        2.42        1.210       1.84       3.050 

Se0.7-Ge0.2-Te0.07-Sb0.03        2.43        1.215       1.86       3.075 



187 

 

2.2 Fraction of Floppy Modes and cross linking density: 

The floppy modes(f) for quaternary chalcogenide glass system 0.7Se-0.2Ge-(0.1-x)Te-xSb; (x=0.01,0.02,0.03) are calculated 

using the relation[22] 

f=2-5/6<r>            (5) 

where, <r> is the average coordination number, the values of floppy modes are tabulated in table2. It has been noted from 

table2, that the value of ‘f ’ becomes more and more negative with the progressive  amount of Sb. 

Table2 the average coordination Number <r> and floppy mode (f) 

Composition             <r>              f            DCL 

Se0.7-Ge0.2-Te0.09-Sb0.01             2.41          -0.008          1.025  

Se0.7-Ge0.2-Te0.08-Sb0.02             2.42          -0.016          1.050 

Se0.7-Ge0.2-Te0.07-Sb0.03             2.43          -0.025          1.075 

 

The variation of floppy modes with the average coordination number is depicted in Fig.1. The linear relationship of floppy 

mode with the average coordination number has been observed. 

The value of cross linking density has been calculated by using the equation[23]. 

                                                                DCL=NCO-2       (6) 

The calculated value of DCL has been tabulated in table2. It has been observed that, the value degree of cross linking is 

gradually increasing with <r>. Floppy mode value becomes more negative therefore the rigidity increases in the network due 

to rise in the value degree of cross linking which makes system spongy. The graph has been plotted the floppy modes f vs 

the average coordination number <r> in figure 1. 

 

2.3 Lone pair electrons: 

The number of lone pair of electron(L) is calculated by using the expression[24], 

                    L=0.7VSe-0.2VGe-(0.1-x)VTe-xVSb, (x=0.01,0.02,0.03)       (7) 

Where, VSe=6, VGe=4, VTe=6, VSb=5 are the valence electron of Se, Ge, Te and Sb respectively. The value of lone pair electron 

for the quaternary chalcogenide glass system 0.7Se-0.2Ge-(0.1-x)Te-xSb ;(x=0.01,0.02,0.03) are listed table3. A graphical 

representation of L and <r> composition is given in figure 2. The value of lone pair electrons are decreases with increase the 

amount of Sb. In this quaternary composition lone pair electrons are present which ensure the composition glassy nature.  The 

interaction reduces the role of lone-pair electrons in the glass system. 

 

Table3 the average coordination Number <r> and lone pair electron 

 

Composition             <r>                    L 

Se0.7-Ge0.2-Te0.09-Sb0.01             2.41                   5.59 

Se0.7-Ge0.2-Te0.08-Sb0.02             2.42                   5.58 

Se0.7-Ge0.2-Te0.07-Sb0.03             2.43                   5.57 

 

The graph has been plotted the lone pair electron L vs the average coordination number <r> in figure 2. 
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2.4 Heat Atomization parameter: 

Heat atomization HS at standard temperature and pressure of binary semiconductor, it was proposed by Pauling [25]. In many 

cases the heat of creation of chalcogenide glasses is unknown. Also several glasses, the heat of creation is known, its value 

is not greater than 10%, so it can be disregarded[26]. The heat atomization parameter “Hs” is calculated by using the 

expression [25]. 

                                Hs=0.7HSe-0.2HGe-(0.1-x)HTe-xHSb, (x=0.01,0.02,0.03)    (8) 

Where,  HSe=227 KJ/mol, HGe=377 KJ/mol, HTe=197 KJ/mol, Hsb=262 KJ/mol  

Table4 the average coordination Number <r> and Heat Atomization parameter: 

Composition                <r>          Hs(KJ/mol)           R 

Se0.7-Ge0.2-Te0.09-Sb0.01                2.41             254.65        1.90 

Se0.7-Ge0.2-Te0.08-Sb0.02                2.42             255.3        1.81 

Se0.7-Ge0.2-Te0.07-Sb0.03                2.43             255.95        1.73 

 

The graph has been plotted the heat atomization parameter HS vs the average coordination number <r> in figure 3. 

 

 

2.5 Deviation from Stoichiometry of composition: 

The parameter R signifies the deviation of stoichiometry which can be expressed by the ratio of covalent bonding aspect of 

chalcogen atom to that of non-chalcogen atoms. This parameter plays a vital role for analysing different result. The system is 

consider to be a chalcogen-rich when the value of R becomes greater than 1.The system is called chalcogen-poor when the 

value of R becomes less than 1. The value of R can be calculated by the equation[27,28] 

R =
0.7CN(Se)+(0.1−x)CN(Te)

0.2CN(Ge)+xCN(Sb)
     , (x=0.01,0.02,0.03)   (9) 

Where CNSe=2, CNGe=4, CNTe=2, CNSb=3 are the coordination numbers of Se, Ge, Te and Sb respectively. The obtained 

value of R is tabulated in table4. From the calculated value of R it has been noted that all the samples are chalcogen rich 

sample. The value of R are found to decrease from 1.90 to 1.73 with an increase in the concentration of Sb content. 

 

2.6 Bond Energy: 

The heteropolar bond energy has been allotted by the equation introduced by Pauling[29]; Chemical bond approach 

(CBA)describe feasible bond distribution[30]. Presupposing that various type of atoms merge simply balance similar atoms 

and bonds made in the order of reducing bond energies. The bond energy is calculated by using the expression[31]. 

Ea-b=(Ea-a* Eb-b)1/2 +30(Xa-Xb)2   (10) 

Where, Ea-a and Eb-b are homonuclear bond energy and Xa and Xb are the electronegativity. The homopolar bond energy   ESe-

Se ,ETe-Te , ESb-Sb ,EGe-Ge are 44.04 Kcal/mol, 33 Kcal/mol, 30.22 Kcal/mol and 37.6 Kcal/mol respectively [32,33]. By applying 

the above relation, determined the heteropolar bond energy ESe-Ge=49.440 Kcal/mol, ESe-Te=44.197 Kcal/mol,    ESe-Sb=43.981 

Kcal/mol. 

 

2.7 Mean Bond Energy: 

The characteristic of chalcogenide glasses are also connected to mean bond energy <E>, it is the function of average 

coordination number <r>, the type of bonds and the bond energy. The interrelation recommend by Tichy[34]. We are calculate 

the value of <E> for the chalcogenide system using the expiration[35]. 

<E>=PrEhb    (11) 
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Here Pr is the degree of cross linking given, 

 

Pr =
0.2CN(Ge)+(1−x)CN(Te)+xCN(Sb)

1
      , (x=0.01,0.02,0.03)    (12) 

 

Ehb is the heteropolar bond energy is given by, 

 

Ehb =
0.2CN(Ge)∗EGe−Se+0.09CN(Te)∗ETe−Se+0.01CN(Sb)∗ESb−Se

0.02CN(Ge)+0.09CN(Te)+0.01CN(Sb)
    , (x=0.01,0.02,0.03)    (13)                                              

 

Where CNSe=2, CNGe=4, CNTe=2, CNSb=3 are the coordination numbers of Se, Ge, Te and Sb respectively. 

 

 Table5 the average coordination Number <r> and mean bond energy <E>: 

Composition             <r>             <E>(ev) 

Se0.7-Ge0.2-Te0.09-Sb0.01             2.41                2.11 

Se0.7-Ge0.2-Te0.08-Sb0.02             2.42                2.13 

Se0.7-Ge0.2-Te0.07-Sb0.03             2.43                2.15 

 

 

The graph has been plotted the mean bond energy <E> vs the average coordination number <r> in figure 4. 

. 

2.8 Glass Transition Temperature: 

The glass transition temperature is the most necessary part for the characteristic of chalcogenide glasses. According to Thorpe 

and Tichy in a chemically ordered system, there should be a relationship between the glass transition temperature (Tg) and 

mean bond energy. The glass transition temperature is proportional to the mean bond energy <E>, which is based on factors 

like average coordination number, degree of cross linking, bond energy and the nature of the bonds formed. We get the glass 

transition temperature theoretically for the composition 0.7Se-0.2Ge-(0.1-x)Te-xSb ,(x=0.01,0.02,0.03) by using Tichy-Ticha 

Approach [35]. The equation between the glass transition temperature (Tg) and overall mean bond energy <E> is given by, 

Tg = 311[<E> - 0.9]       (14) 

 

Where <E> is the average mean bond energy. 

                          Table6 the average coordination Number <r> and Transition Temperature: 

 

 

The graph has been plotted the transition temperature Tg vs the average coordination number <r> in figure 5. 

 

 

 

Composition              <r>              Tg(K) 

Se0.7-Ge0.2-Te0.09-Sb0.01              2.41             376.31 

Se0.7-Ge0.2-Te0.08-Sb0.02              2.42             382.53 

Se0.7-Ge0.2-Te0.07-Sb0.03              2.43             388.75 
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Fig. 1. The floppy modes vs the average coordination number <r> in the system. 
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Fig. 2. The lone pair electron vs the average coordination number in the system. 
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Fig. 3.The heat atomization parameter vs the average coordination number in the system. 
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Fig.4.The mean bond energy<E> vs the average coordination number <r> in the system. 
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Fig.5.The Transition Temperature vs the average coordination number <r> in the system.  
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3. Conclusion: 

The effect of Sb incorporation on the physical parameters are theoretically analyzed for the novel 0.7Se-0.2Ge-(0.1-x)Te-xSb 

(x=0.01,0.02,0.03) glassy system and we have come to the following conclusions. It has been observed that average coordination 

number, constraints and mean bond energy linearly increases with increasing quantity of Sb or decreasing quantity of Te in Se-

Ge-Te-Sb composite system. It is found that the value of average coordination number is greater than 2.4 for each sample under 

study that means the glassy composite under study are in over coordinated mode. The increasing cross linking density value and 

decrease in value of floppy mode symbolizes the gradual increase in rigidity of the system. The deviation of stoichiometry 

parameter R decreases due to decrease in quantity of chalcogen Te and hence increases in quantity of Sb. It is noteworthy that 

the Floppy Modes(f) becomes more and more negative with the increases amount of Sb. The value of cross linking density(DCL) 

increases due to increases content of Sb. The number of lone pair electrons are found to decrease with increasing Sb content. Its 

value are found to be greater than 2 for all samples which means all the samples are good glass formers. The glass transition 

temperature of the glassy system is found to increase with the minor increase of the Sb-content in the glassy 0.7Se-0.2Ge-(0.1-

x)Te-xSb ,(x=0.01,0.02,0.03)  matrix. 

 

References: 

[1]J.Y.Lim, I.Yun, Microelect.Reliability, 55,1320-1322  (2015) 

[2]D.K.Sharma.S.N.Tripathi, J.Non-Cryst.Solids,542,120114 (2020) 

[3]W.Xu, H.Liu, D.Zhou, X.Chen, N.Ding, H.Agren, Nanotoday, 33,100892 (2020) 

[4]I.Boukhris, M.S.Al-Buriahi,H.Akyildirim, A.Alalawi,I.Kebaili, M.I.Sayyed,Ceramics 

Int.,46(11-B), 19385-19392 (2020). 

[5]Saleh Ahmed Saleh, Material Science and Application 2(7), 950-956 (2011). 

[6]P. Sharma, S.C. Katyal, J. Non-Cryst. Solids 354, 3836 (2008). 

[7]S. R. Ovshinsky and D. Adler, Contemp. Phys., 1978, 19,109. 

 [8]M. Leh Deli, D. H. Boigny, G. Kra, J Non-Oxide Glasses, 2010, 1(1), 59. 

[9]P. Sharma, M. Vashistha, I.P. Jain, Chalco. Lett. 2 (11) ,113(2005). 

[10]N. Kushwaha, S. Singh, R.K. Shukla, A. Kumar, J. Alloys Compd. 456 , 46(2008). 

 [11] M.A. Al-Ewaisi, M.M.A. Imran, O.A. Lafi, M.W. Kloub, Physica B 405 ,2643(2010). 

[12]S.A. Khan, F.S. Al-Hazmi, A.S. Faidah, S.J. Yaghmour, A.M. Al-Sanosi, A.A. AlGhamdi, J. Alloys Compd. 484, 649(2009). 

[13]Manish Saxena, Shilpa Gupta, MIT International Journal of Electronice and Communication Engineering 2, 63 (2012). 

[14]Saleh Ahmed Saleh, Material Sciences and Application 2, 950(2011). 

[15]I. Pethes, A. Piarristeguy, A. Pradel ,S. Michalik, R. Nemausat ,J. Darpentigny, P. Jovari, Journal of Alloys and Compounds 

834, 1555097(2020) 

[16]Lucovsky G., Geils R. H., Keezer R. C., in “The Structure of Non-Crystalline Materials”, Edited by P. H. Taylor and Francis, 

London, p. 127, 1977. 

[17]J.C Phillips, J.Non-Crvst, Solids 34 (1979) 153-181  



193 

 

[18]M.F. Thorpe, J. Non-Crvst Solid 57(1983) 355-370  

[19] P. Sharma, V.S. Rangra, P. Sharma, S.C. Katyal, J. Alloys Compd. 480, 934(2009).  

[20]S. M. EI-Sayed, Semicond. Sci. Technol. 18, 337 (2003). 

[21]S.A. Fayek, A.F. Maged, M.R.Balboul Vacuum 53, 447 (1999). 

[22]M.F. Thorpe, J. Non-Crvst Solid 57(1983) 355-370 

[23]J.C.Phillips, M.F.Thorpe, Solid State Commun, 53, 699(1985). 

[24]S.M.El-Saad, H.M.Saad, G.A.Amin, F.M.Hafez, M.Abd-El-Rahman, J. Phy. Chem. Solids 68, 1040 (2007). 

[25]AbelhamidBabaui, MaamarBelhadji, Mohamed Belbachir, NouredineHakiki, Journal of Material Science and Engineering 2, 

534 (2012). 

[26]V.Pamukchieva, A.Szekeres, K.Todorova, M.Fabin, E.Svab, As.Revay, L.Szentmiklosi, J. Non- Cryst. Solids 355, 2485 (2009). 

[27]L.Tichy, L.Ticha, J. Non Cryst. Solids, 189, 141 (1995). 

[28]Tichy L., Ticha H., “On the Chemical Threshold in Chalcogenide Glasses”, Mater. Letters,  21, 313(1994). 

[29]L. Pauling, The Nature of the Chemical Bond and the Structure of Molecules and Crystals, Cornell University Press, London, 

(1960). 

[30]V.Pamukchieva, A.Szekeres, K.Todorova, M.Fabin, E.Svab, As.Revay, L.Szentmiklosi, J. Non- Cryst. Solids 355, 2485 (2009) 

[31]J. Bicerano, S. R. Ovshinsky, J. Non-Cryst.Solids 74, 75 (1985). 

[32]AnantVidyaNidhi, VivekModgil, V.S.Rangra, New Journal of Glass and Ceramics 3, 91 (2013). 

[33]VivekModgil, V.S.Rangra, Pelagia Research Library 4, 154 (2013). 

[34]L.Tichy, L.Ticha, J. Non Cryst. Solids, 189, 141 (1995). 

[35]L.Tichy, H.Ticha, J. Non- Cryst. Solids 189, 141 (1959). 

 

 

Note: Author declaration: Author of this manuscript declares that this manuscript or any part of this manuscript is not copied from 

other sources. 

 

__________________ 


