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ABSTRACT 

The present paper reports the effect of replacement of selenium by indium on 
the optical gap and some other physical parameters of new quaternary 
chalcogenide InxSn20Se(60-x)Bi20 (x = 0, 0.1, 0.2 and 0.3 at. %) thin films. Thin 
films with thickness 100 nm of InxSn20Se(60-x)Bi20 were prepared by thermal 
evaporation of the bulk samples. Increasing indium content is found to affect the 
average heat of atomization, the average coordination number, the number of 
constraints and the cohesive energy of the InxSn20Se(60-x)Bi20 alloys. Optical 
absorption measurements showed that the fundamental absorption edge is a 
function of composition. The optical absorption is due to allowed non-direct 
transition and the energy gap decreases with the increase of indium content. The 
chemical bond approach has been applied successfully to interpret the decrease 
of the optical gap with increasing indium content. The prepared films were 
irradiated by gamma rays at doses up to 15Mrad. It was found that the 
compositions were almost stable against gamma radiation. 
Keywords: amorphous, chalcogenide, optical properties.. 

 
INTRODUCTION 

Chalcogenide glassy semiconductors have been the subject of 
considerable attention due to their interesting optical properties and 
technological applications, like optical imaging or storage media and especially 
in the fields of infrared optical transmitting materials, fiber optics and memory 
device(1). 

Chalcogenide glasses are a recognized group of inorganic glassy materials 
which always contain one or more of the chalcogen element S, Se ,or Te, in 
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conjunction with more electro negativity elements as Sb, As and Bi. Chalcogen 
glasses are generally less weakly bonded materials than oxide glasses(2).  

The absence of long–range order of chalcogenide glassy semiconductors 
allows the modification of their optical properties to a specific technological 
application by continuously changing their chemical composition. Hence the 
study of the dependence of the optical properties on composition is important to 
improve technological application.  

 The present study is undertaken in order to investigate the influence of 
addition of indium (0, 0.1, 0.2 and 0.3 at. %), which is higher in atomic weight 
(more electropositive) than selenium on the optical properties of the new 
amorphous InxSn20Se(60-x)Bi20 thin films. In addition, the optical band gap (Eg), 
the average coordination number (Nco), the average heat of atomization (Hs) and 
the cohesive energy (CE) of the InxSn20Se(60-x)Bi20 glasses have been examined 
theoretically. The results were interpreted in terms of the chemical bond 
approach used to estimate the cohesive energies of glasses under investigation. 
EXPERIMENTAL PROCEDURES: 

InxSn20Se(60-x)Bi20 (where x=0, 0.1, 0.2and 0.3 at%) films were 
prepared using the melt-quenching technique. The constituent elements Sn, Bi, 
Se and In (99.999% purity) were weighed and mixed in the appropriate 
stoichiometric proportion and sealed in evacuated (10-5 torr) silica tubes. These 
tubes were then placed in a furnace and were heated; stepwise to 900Co to allow 
the elements to react completely. The tubes were kept at the maximum 
temperature for 10h, to ensure that the melt was homogeneous. After quenching 
in ice water, the alloy was removed by cutting the tubes. The film samples were 
deposited by the thermal evaporation techniques which were performed inside a 
coating (Edward306E) System at pressure (10-5 torr) cleaned glass slides with 
acetone then de-ionized water were used as substrates. The substrates holder 
was continuously rotated with slow motor and the evaporation rate kept 
constant to ensure the homogeneity of films .The thicknesses of these films 
were controlled by using a quartz crystal (Edward FTM5) thickness monitor to 
be about 1000Ao. The elemental compositions of the investigated specimens 
were checked using the energy dispersive X-Rays spectroscopy. Deviations in 
the elemental composition of the evaporated thin films from the initial bulk 
specimens did not exceed 1.0 mol%. The amorphous state of the films was 
checked using an x-ray diffractometer (Philips type 1710 with Cu as a target 
and Ni as a filter) the absence of crystalline peaks confirmed the glassy state of 
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the prepared samples. Density measurements of the considered samples were 
made by germanium crystal which was used as reference material for 
determining the toluene density, ρtol.The sample density was obtained from the 

air
sample toluene

air toluene

Wd d
W W

 


                                                                         (1)      

Where W is the weight of the sample. For each composition, the 
experiment was repeated three times to get the average density of the sample 
(ρs).  The thermal behavior was also investigated using shimadzu 50 differential 
scanning calorimeter. About 20 mg of each sample in powdered form was 
sealed in standard aluminum pan and scanned over a temperature from room 
temperature to about 773 K at uniform heating rate 8K/min. double beam 
(Shimadzu 2101 UV-VIS) Spectrophometer was used to measure reflectance 
and transmittance for the prepared films in the spectral wavelength range 200-
1100nm. Gamma irradiation was applied to films with doses up to 15Mrad 
using the gamma cell of the Co-60 source at the National Center for Radiation 
Research and Technology ,Cairo ,Egypt. 

RESULTS AND DISCUSSION 

Ioffe and Regel(3) have suggested that the bonding character in the nearest 
neighbor region, which is the coordination number, characterizes the electronic 
properties of the semiconducting materials. The coordination number obeys the 
so- called 8-N rule, where N is the valency of an atom; the number of the nearest-
neighbor atoms for Sn, Bi, Se and In are calculated and listed in table1.  The 
average coordination number in the quaternary compounds AαBβCγDλ is as: 

( ) ( ) ( ) ( )
( )

co co co co
co
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                          (2) 

Where:  α, β, γ, λ are the valences of the elements of compound  

The determination of Nco allows the estimation of the number constraints 
(Ns). This parameter is closely related to the glass-transition temperature and 
associated properties. For a material with coordination number Nco, Ns can be 
expressed as the sum of the radial and angular valence force constraints.(4) 
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Table1. shows values of the optical band gap, density, coordination number, heat 
of atomization (Hs),bond energy and  electro negativities of Sn, Bi, Se and 
In respectively which are used for calculations. 

Physical characteristics Sn Se Bi In 
Energygap (ev) 0.15 1.95 0.407 1.74 
Density (g/cm3) 7.30 4.79 9.8 7.31 
coordination no. 3 2 3 3 
Bondenergy (kcal/mol) 44.65 30.9 44.02 24.2 
Hs (kcal/mol) 72.07 54.17 49.40 58.23 
Electronegativity 1.8 2.4 1.9 1.7 
Radius (pm) 145 115 160 155 
C.E (ev/atom) 3.13 2.45 2.17 2.51 

The calculated values of Nco and Ns for the InxSn20Se(60-x)Bi20 system are 
given in table 2. The parameter r, which determines the deviation of 
stoichiometry and is expressed by ratio of the covalent bonding possibility of 
chalcogen atoms to that non-chalcogen atoms, was calculated using the 
following relation (5, 6):  

 (4)  

 

The calculated values of r for the InxSn20 Se(60-x)Bi20 Films are given in 
Table 2, showing that the composition Sn20Se60Bi20 represents the so-called 
stoichiometric composition (r = 1).  Using this composition as a reference, glasses 
with Se content of more than 60 at% can be called Se-rich glasses(r > 1) and 
those with Se content of less than 60 at% can be called Se-poor glasses(r < 1). 

Table2. some physical parameters as function of In content for  InxSn20Se(60- x)Bi20 
(where x=0 ,0.1 ,0.2 ,0.3 at%) films. 

 
According to Pauling (7) the heat of atomization Hs(A-B)  at standard 

temperature and pressure of a binary semiconductor formed atoms A and B is 
the sum of the heats of formation ΔH and the average of the heats of 
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atomization HS
 A  and HS

B corresponding to the average non-polar bond energy 
of the two atoms(8,9): 

ΔH α (χA- χB)          (5) 

Proportional to the square of the difference between the electronegativities χA 
and χB of the two atoms: 

                                                                                                (6)  

ΔH that is strongly correlated with the difference in the ionicities of different 
atoms is small compared to the cohesive energy because the electronegativities 
of the constituent elements such as Bi, Sn, Se are very similar .In most cases the 
heat of formation of chalcogenide glasses is unknown ,the heat of formation ΔH 
is about 10% of the heat of atomization and, therefore, can neglected. 

     To extend the idea to ternary and higher order semiconductor 
compounds ,the average heat of atomization is defined for a compound 
AαBβCγDλ as(10,11): 
                                 (7)    

 

values of HS of Bi , Sn , Se and In are given in table2.As shown in table2,the 
values  of  HS increase with increasing In content.  To correlate HS with Eg in 
non cryatalline solids, it is reasonable to use the average coordination number 
instead of the isostructure of crystalline semiconductors. 

It was found that the variation in the theoretical values of the energy gap (Eg,th) 
with composition in quaternary alloys can be described by the following simple 
relation(12): 

Eg,AB(Y)= YEgA +(1-Y)EgB                                                       (8) 

Where Y is the volume fraction of element. For quaternary alloys: 

Eg, th(ABCD) =a Eg(A)+b Eg(B)+c Eg(C)+d Eg(D)                              (9)  

Where a, b, c and d are the volume fraction S of the elements A, B, C and 
D respectively. Eg(A), Eg(B), Eg(C) and Eg(D) are the corresponding optical gaps. 
The conversion from a volume fraction to atomic percentage is made using  the  
atomic weights and densities tabulated in table1(13).The calculations of (Eg,th) 
based on the above equation for the InxSn20Se(60-x)Bi20 films, are given in table 2, 
which reveals that the addition of In led to change in the considered properties. 
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The bond energies of films were listed in table 3.  By increasing the In content, 
the average bond strength of the compound decrease and hence Eg will decrease. 
Table 3. bond energy probabilities and relative probabilities of formation of 

various bonds in Inx Sn20 Se(60-x) Bi20Films. 

Bond Bond energy Probability 
Relative 

probability 
(at T=298.15) 

Sn-Se 55.13 3.27*1040 1 
In-Se 47.33 6.06*1034 1.85*10-6 
Sn-Sn 44.65 6.47*1032 1.97*10-8 
Bi-Se 44.38 4.12*1032 1.25*10-8 
Se-Se 44.02 2.24*1032 6.85*10-9 
Bi-Sn 37.44 3.25*1027  9.9*10-17 
Sn-In 33.17 2.38*1024 6.97*10-17 
Bi-Bi 30.9 5.11*1022 1.56*10-18 
Bi-In 28.54 9.37*1020 2.86*10-20 
In-In 24.2 6.08*1017 1.85*10-23 

To emphasize the relationship between Eg and the average bond strength 
more clearly, Eg is compared with HS/Nco which is the average single –bond 
energy in the alloy. One observes that Eg ,as well as HS/Nco increase with 
increasing In content, suggests that one of the main factors determining Eg is the 
average single bond in the alloy. Fig.1 shows the x-ray diffraction patterns for 
InxSn20Se(60-x) Bi20 thin films.  The absence of diffraction lines in the x-ray 
patterns indicates that the films have amorphous structures. Transmission 
spectra, corresponding to amorphous Inx Sn20 Se(60-x) Bi20thin films before and 
after radiation of 1and 15Mrad are plotted in Figs. 2, [a, b] and 3 shows a clear 
ultraviolet shift of the interference free region with increasing In content . 

 
Fig. 1: X-ray diffraction patterns of the amorphous InxSn20Se(60-x)Bi20 (where x = 0, 

1, 2 and 3 at. %) glasses. 
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Fig. (2): Transmission spectra of InxSn2Se(6-X)Bi2 thin film ( where x = 0, 0.1, 
0.2 and 0.3  at% ); a: Before gamma rays and b: After gamma rays 
with doses  from 0-15 Mrad. 

 

 
Fig. (3): Variations in the optical band gap (E0) as function of In content of 

the InxSn20 Se(60-x) Bi20 films(where x=0, 0.1, 0.2 and 0.3 at.%). 
 

 
Fig.(4): Plot of(αhυ)1/2versus photon energy(hυ)Inx Sn20 Se(60-x)Bi20 films 

where(x=0, 0.1, 0.2 and 0.3 at%) before radiation. 
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Fig. (5): Relation between (αhυ)1/2 and photon energy (hυ) for        

InxSn20Se(60-x)Bi20 films where(x=0, 0.1, 0.2 and 0.3 at%) after 
radiation. 

 

 
Fig. (6): Variation in the optical band gap(Eg) as function of In content for 

Inx Sn20 Se(60- x)Bi20 films where(x=0, 0.1, 0.2 and 0.3at%). 

 
Fig(7) Density spectrum for InxSn20Se(60-x)Bi20 (where x=0, 0.1, 0.2, 0.3mol %)films. 
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The values of the absorption coefficient (α) for the studied films were 
calculated from transmittance T and reflectance R using the equation: 

                                                                                         (10) 

 

Where d is the thickness of the film. According to Tauc,s relation[14,15] 
for the allowed non-direct transition ,the photon energy dependence of the 
absorption coefficient can be described by: 

(αhυ)1/2=B(hυ-Eg)n                                                         (11) 

Where B is a parameter that depends on the transition probability. Figs. 4, 5, 
6 and 7 are a best fit of (αhυ)1/2 versus photon energy(hυ) for InxSn20Se(60-x) Bi20 thin 
films before and after radiation of 1and 15 mega rad. The intercepts of the straight 
lines with the photon energy axis give the values of the optical band gap. The 
variation in Eg as a function of In content before and after radiation of 1 and 15 
mega rad are shown in fig 8.  It is clear that Eg increases with increasing In content 
of the investigated films. Fig 9 shows the density of amorphous Inx Sn20 Se(60-x)Bi20 

and it is clear that density decreases with increasing In content. 

       The possible bond distribution at various compositions using chemically 
ordered network (CNO) model. This model assumes that  :a)Atoms combine more 
favorably with atoms of  different kinds than with  the same and b)bonds  are 
formed in the sequence of the bond energies. The bond energies D (A-B) for 
heteronuclear bonds have been calculated by using the empirical relation: 

                                                                                                                                          (12)           
                                                                                                                              
Proposed by Pauling, where D (A-A) and (B-B) are the energies of the 
homonuclear bonds (in units of Kcal/mol); χA and χB are the electro negativities 
for the involved atoms.[16].  Knowing the bond energies, we can estimate the 
cohesive energy (CE) ,i.e. the stabilization energy of an infinitely large cluster 
of the materials per atom, by summing the bond energies over all the bonds 
expected in the system under test . 

The CE of the prepared samples is evaluated from the following equation:(17) 

                                       (13) 

Where Ci and Di are the number of the expected chemical bonds and the 
energy of each corresponding bond. The calculated values of CE for all 
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compositions are presented in table 2. With the exception of InxSn20Se(60-x)Bi20 

glass,CE increases with increasing In content. Increasing the In content leads to 
an increase in the average molecular weight. This increases the rigidity 
(strength) of the system. The decrease in the optical band gap with increasing In 
content can be interpreted via the chemical-bond approach, used successfully by 
Bicerano and Ovshinsky to explain the electrical behaviour of amorphous 
systems.This approach explains the behaviour in the terms of the cohesive 
energy(CE).  It allows the determination of the number of possible bonds and 
their type(heteropolar and homopolar).  The authors assumed that : 

a) atoms combine more easily with atoms of a different rather than the same type. 

b) bonds are formed in the sequence of decreasing bond energy until all the available 
valencies urateatof the atoms are saturated. 

c) each constituent atom is  coordinated by 8-N atoms, where N is the number of outer 
shell electrons and  this is equivalent to neglecting the dangling bonds and the other 
valence defects.The energies of various possible bonds in theInxSn20Se(60-x)Bi20 
system are given in table 3. Depending on the bond energy(D), the relative 
probabilitiy is calculated using the probability function exp(D/KT) (18)and listed in 
table 3.The chemical bond approach could be applied to the present system .For 
Samples containing “In” content ,Bi,Sn and Se  atoms bond toSe atoms to form BiSe 
,SnSe and InSe structural unit, respectively.  After forming these bonds, there are still 
“Se” valencies which must be satisfied  by formation of  Se-Se bond(Se chains) For 
Inx Sn20 Se(60-x) Bi20, which represents the So-called Stoichiometric composition. This 
glass is composed of completely cross–linked structural units of  Bi Se , SnSe and In 
Se with out any excess “Se” in the system. The effect of gamma radiation with 
different doses from 0 to15 MRad on the three compositions  is shown in table 4.The 
results indicated that the prepared films were almost stable against radiation.  
However , there was aslight change in Eopt  when gamma doses were increased in the 
different "In" content. 

CONCLUSION 

Optical data indicated that the allowed non–direct gap is responsible for  
photon absorption in InxSn 20Se(60-x)Bi20 thin film. Increasing In content at the 
expense of Se atoms decrease the optical gap of the films. The values of heat of 
atomization,coordination number, number of constrains and cohesive energy for 
Inx Sn20 Se(60-x)Bi20 depend on the glass composition. The increase in In content 
leads to a decrease with in Eg,th and Hs/Nco wherreas Nco increases. Cohesive 
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energy increases with the increase in In content.The chemical-bond approch can 
be applied successfully to interpret the decrease in the optical gap with 
increasing In content.  It has also been found that  the compositions were almost 
stable against gamma radiation at doses up to 15 M Rad. 
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  للعلوم اإلشعاعیة وتطبیقاتھاللعلوم اإلشعاعیة وتطبیقاتھا
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
  تأثیر أضافھ االندیوم علي بعض الخواص الفیزیائیھ لشرائح  االمورفیھ للمركب

 Sn20Se 60-x Bi20  
  ١امیره علي عبد الوھاب - ٢ عبد الرحمن النجي -  ١حاتم حسن عامر

  .  مصر– مدینھ نصر القاھره –قسم الجوامد بالمركز القومي لبحوث وتكنولوجیا االشعاع  ١

  . مصر-وم جامعھ حلوان القاھرهقسم الفیزیاء كلیھ العل ٢

  
الفجوه الضوئیھ وبعض  استھدف ھذا البحث دراسھ تأثیر احالل االندیوم بالسلینیوم علي

                             عوامل التشغیل الفیزیائیھ االخري من الشرائح الرقیقھ لمركب الشالوكوجنید الرباعي
(In xSn20Se 60-xBi20) حیث (x =0.0, 0.1, 0.2 and 0.3%) . تم تحضیر شرائح رقیقھ بسمك

100nm  من المركب الشالكوجنید الرباعي الجدید)In xSn20Se 60-x Bi20 (  باستخدام التبخیر الحراري
 علي متوسط حراره الذره ومتوسط الرقم االحداثي ولقد وجد ان زیاده نسبھ االندیوم تؤثر. للعینات الكتلیھ

  حیثIn xSn20Se 60-x Bi20) (وعدد المحددات وطاقھ التنشیط للمركبات 
(x= 0.0, 0.1, 0. and 0.3%) ووجد ایضا ان االمتصاص الضوئي یكون نتیجھ االنتقال الغیر مباشر 

م تطبیق نظریھ الرابطھ الكیمیائیھ بنجاح ولقد ت .المسموح وان طاقھ الفجوه تتناقص بزیاده نسبھ االندیوم
ولقد تم تشعیع العینات بأشعھ جاما بجرعات تصل  .لتفسیر نقص الفجوه الضوئیھ مع زیاده نسبھ االندیوم

   میجا راد ووجد ان المركبات كانت تقریبا مستقره ضد اشعھ جاما١٥الي 

  


