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In the present work, values of the optical band gap Eg of glassy Se100-xSbx alloys are determined from experimentally 
observed data of transmission at different wavelengths using three different methods. The theoretical prediction of Eg values 
is also made using random bond network model proposed by Shimakawa. The composition dependence of Eg is discussed 
using chemical bond approach. 
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1. Introduction 
 
The Se-Sb alloys are the optical materials, which have 

found applications based on their electrical and optical 
properties [1-16]. Desired values of these properties can be 
obtained by systematic change of the composition. Hence, 
considerable attention has been focused on glasses of Se-
Sb system [1-16]. These glasses exhibit switching effect 
[1, 2]. The effect of Sb alloying on the electrographic 
properties of a-Se and laser induced amorphous to 
crystalline phase transition in glassy Se100-xSbx alloys is 
reported by Mikla et al [3, 4]. The thermal stability and 
carrier drift mobilities of a-Se100-xSbx photoconductors is 
studied by Tonchev et al [5]. The optical properties of thin 
films of Se-Sb alloys has been investigated by Reddy et al, 
Fouad et al, Singh et al and Majeed et al [6-9]. The 
structure of some Se-Sb thin films is analysed by Kaito et 
al [10]. Optical recording characrteristics of Sb2Se3 thin 
films using CW-Ar+ laser has been studied by Jayakumar 
et al [11]. Laser-induced crystallization in amorphous 
films of Sb2M3 (C = S, Se, Te), has been reported by Arun 
et al [12]. Study of trapping in SbxSe1-x amorphous 
semiconductors has been done by Mikla et al [13]. 
Calorimetric studies on Se-Sb thin films have also been 
reported in literature [14, 15]. The dielectric study on Se-
Sb alloys is reported by our group [16].   

  The continued scientific interest in Se-Sb binary 
system is due to its potential use in phase change optical 
recording. The optical storage based on the amorphous-
crystalline phase transition utilizes the large optical 
reflectivity and optical absorption changes [10, 11]. A 
significant understanding of the optical properties of these 
materials required by the technology aspects of phase 
change optical recording technique has been produced in 

the past years but still the engineering and developments 
aspects of the field surpass the underlying basic scientific 
understandings.  

From the above discussion, it is clear that study of the 
optical properties of chalcogenide glasses is very 
important for the determination of the electronic band 
structure as well as optical parameters, such as optical 
energy gap and refractive index. There is no pronounced 
feature of the optical absorption spectrum that can be 
directly related to an optical gap. For crystalline 
semiconductors, the associated optical absorption 
spectrum terminates abruptly at the fundamental gap, 
while in amorphous semiconductors a tail in the absorption 
spectrum encroaches into the gap region [17] and [18]. 
This tail in the optical absorption spectrum, arising as a 
consequence of the tail and gap states, makes the optical 
gap of an amorphous semiconductor difficult to define 
experimentally. The Tauc model [19] has been used as a 
standard model whereby the optical gap of an amorphous 
semiconductor may be determined. In this model, it is 
assumed that the disorder characteristic of amorphous 
semiconductors relaxes the momentum conservation rules. 
Assuming square root distribution of conduction band and 
valence band states, and assuming that the momentum 
matrix element is independent of hν, Tauc et al [19] 
assumed that an extrapolation of the essentially linear 
functional dependence of (αhν)1/2, observed in amorphous 
semiconductors at a sufficiently large hν, allows an 
empirical optical energy gap to be defined. According to 
Tauc et al. the optical energy gap, can be determined by 
 

 ( )mgEhBh −= υυα    (1) 
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here B−1 is the band edge parameter and m is an exponent 
that may take values 1, 2 or 3 as found for various 
amorphous semiconductors. In the case of amorphous 
chalcogenides, the transitions are known to be non-direct 
ones, and hence the exponent s, is found to be1l–2.  

Unfortunately, there are difficulties associated with 
the analysis using Tauc’s method. First, the spectral 
variation of the momentum matrix element is in question. 
Cody et al [20] suggest that it is the dipole matrix element 
instead is independent of hν. Thus, they assert, one should 
instead extrapolate (α/hν)1/2 to define the optical gap. 
Sokolove et al [21], while assuming that the disorder 
characteristic to amorphous semiconductors will modify 
the basic form of the optical absorption. They suggest that 
an extrapolation of (αhν)1/3 is even more appropriate [22] 
and [23]. However, as was pointed out by Cody et al [20] 
with the tail in the optical absorption spectrum it is always 
possible to plot any root of α(hν) as a function of hν and 
obtain an appropriate linear variation with hν over some 
range of energy. The energy over which this apparent 
linear variation is observed is also subject of some 
controversy.  

In our recent paper [24], we have measured optical 
constants in thin films of glassy Se100-xSbx alloys, where 
we have used the Tauc’s method for calculation of optical 
band gap. From above discussion, it is clear that the other 
two methods are also suggested by some workers for 
evaluation of optical band gap. This inspired us to use the 
other two methods mentioned above for the evaluation of 
optical band gap in glassy Se100-xSbx alloys and compare 
their results with our previous reported values. The 
theoretical approach suggested by Shimakawa [25] for 
determination of Eg is also used to compare the 
experimental results with the theoretical values of optical 
band gap.  

 
 
2. Experimental 
 
Glassy alloys of Se100-xSbx were prepared by 

quenching technique. The exact proportions of high purity 
(99.999%) Se and Sb elements, in accordance with their 
atomic percentages, were weighed using an electronic 
balance (LIBROR, AEG-120) with the least count of             
10-4 gm. The material was then sealed in evacuated               
(~10-5 Torr) quartz ampoule (length ~ 5 cm and internal 
diameter ~ 8 mm). The ampoule containing material was 
heated to 800 0C and was held at that temperature for 12 
hours. The temperature of the furnace was raised slowly at 
a rate of 3 - 4 oC / minute. During heating, the ampoule 
was constantly rocked, by rotating a ceramic rod to which 
the ampoule was tucked away in the furnace. This was 
done to obtain homogeneous glassy alloy. After rocking 
for about 12 hours, the obtained melt was rapidly 
quenched in ice-cooled water. The quenched sample was 
then taken out by breaking the quartz ampoule. The glassy 
nature of the alloy was ascertained by X-ray diffraction. 
The glassy nature of alloys was checked by x-ray 
diffraction technique. For this, x-ray diffraction (XRD) 
patterns of all the five samples were taken at room 

temperature by using a x-ray diffractometer (Philips, PW 
1140/09). The copper target was used as a source of x-rays 
with λ =1.54 Å (Cu Kα1) XRD pattern of glassy Se90Sb10 is 
shown in Fig. 1. Absence of any sharp peak in XRD 
pattern in Fig. 1 confirms the glassy nature of Se90Sb10 
alloy. Similar XRD patterns were obtained for the other 
glassy alloys. 

 
 

 
 

Fig. 1. XRD pattern of glassy Se90Sb10 alloy 
 
 
Thin films of glassy alloys of a Se100-xSbx were 

prepared by vacuum evaporation technique, in which the 
substrate was kept at room temperature at a base pressure 
of 10-6 Torr using a molybdenum boat. The composition of 
each thin film was checked by Electron Probe Micro 
Analyzer (EPMA). No significant shift was observed in 
the chemical composition of the materials in thin film 
form. The thickness of the films was measured by optical 
methods using a thickness monitor and was 500 ± 10 nm. 
Thickness was kept almost constant to avoid thickness 
effects on the optical parameters. The films were kept 
inside the deposition chamber for 24 hours to achieve the 
metastable equilibrium. A Double UV/VIS/NIR Computer 
Controlled Spectrometer (Hitachi-330) is used for 
measuring optical transmission of Se100-xSbx thin films. 
The optical transmission was measured as a function of 
wavelength. 

 
 
3. Results and discussion 
 
3.1 Determination of absorption coefficient α 
 
The absorption coefficient α is determined from the 

fringe patterns in the transmittance spectrum using the 
method proposed by Swanepoel [26]. In the transmittance 
region where the absorption coefficient (α = 0), the 
refractive index n is given by 

 
1/22 2 1/2n = N + (N  - s )⎡ ⎤⎣ ⎦                           (2)     

                    
Here                        

2

m

2s (s  + 1)N =  - 
T 2

⎛ ⎞
⎜ ⎟
⎝ ⎠
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Tm is the envelope function of the transmittance minima 
and s is the refractive index of the substrate. 
             In the region of weak and medium absorption, 
where (α ≠ 0), the transmittance decreases mainly due to 
the effect of n  and the refractive index n is given by 
 

2 2 1/2 1/2  n = [N + (N  - s ) ]       (3) 
 

Here  
 

2
M m

M m

2s(T  -T ) (s  + 1)N =   + 
T  T 2

⎧ ⎫
⎨ ⎬
⎩ ⎭

 

 
and TM  is the envelope function of the transmittance 
maxima. 

In the region of strong absorption, the transmittance 
decreases drastically due almost exclusively to the 
influence of α and n which can be estimated by 
extrapolating the values in the other regions. Because the 
thickness of our film is uniform, interference give rise to 
the spectrum as shown in Fig. 2. The fringes can be used 
to calculate the refractive index n of the film using Eqs. (2) 
and (3) as indicated previously. 

 
 

 
 

Fig. 2. Variation of transmittance (T) with wavelength 
(λ) in Se100-xSbx thin films. 

 
 
The absorption coefficient α can be calculated from 

the relation 
 

1 1ln
d

α
χ

⎛ ⎞⎛ ⎞= ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠

                     (4) 

 
Here χ  is the absorbance and d is the film thickness. 

If n and n2 are the refractive indices at two adjacent 
maxima or minima at λ1 and λ2 then the thickness is given 
by      
                                       
 
 

( )
1 2

1 2 2 1

d =
2 n n

λ λ
λ λ−

     (5) 

 
In the region of weak and medium absorption, using 

the transmission minima Tm, χ is given by 
 

                    
2 2 3 2 4 0.5

m m

3 2

E  - {E  - (n  -1 )  (n  - s )}  
            

(n -1)  (n - s )  
χ

⎡ ⎤⎣ ⎦=
⎡ ⎤⎣ ⎦

(6) 

 
here   
                

   2 2 2 2
m mE  = (8n s/T ) - (n  -1) (n  - s )⎡ ⎤⎣ ⎦       (7) 

 
The spectral distributions of both n and k for Se100-

xSbx films are shown in Figs. 3 and 4 respectively. Fig. 5 
depicts the variation of the absorption coefficient α with 
incident photon energy for the as-deposited thin film 
samples of the prepared alloys. 

 

 
 

Fig. 3. Variation of refractive index (n) with photon 
energy (hν) in Se100-xSbx thin films. 

 
 
 

 
 

Fig. 4. Variation of extinction coefficient (k) with photon 
energy (hν) in Se100-xSbx thin films. 
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Fig. 5. The variation of the absorption coefficient α with 

photon energy hν for different alloys. 
 
 
 
3.2. Experimental determination of optical band  
        gap (Eg) 
 
Values of the optical energy gap (Eg) of the glassy 

Se100-xSbx system were obtained according to the three 
models explained in the introduction section. In the three 
cases, values of the optical energy gap, were obtained 
from plots of (αhν)1/2, (α/hν)1/2 and (αhν)1/3 vs hν, 
respectively by extrapolating the linear portions of the 
curves shown in Figs. 6-8 respectively. Results are given 
in Table 1. The obtained results show that (Eg)1 > (Eg)2 
>(Eg)3 which is in good agreement with the results of 
Sweenor et al [27].  
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Fig. 6. Plot of (αhν)1/2 vs hν for different alloys. 
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Fig. 7. Plot of (α/hν) vs hν for different alloys. 
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Fig. 8. Plot of (αhν)1/3 vs hν for different alloys. 
 
 

Table 1 Experimental values of optical energy gap of 
glassy Se100-xSbx alloys determined from plots of (αhν)1/2

, 
(α / hν)1/2 and (αhν)1/3 against hν 

 
 

x (Eg)1 (eV) (Eg)2 (eV) (Eg)3 (eV) 
(αhν)1/2 vs hν  

plots 
(α / hν)1/2 vs 

hν  
plots 

(αhν)1/3 vs 
hν  

plots 
2 1.48 1.40 1.38 
4 1.42 1.34 1.29 
6 1.39 1.28 1.15 

10 1.28 1.12 1.02 
 
 

 
3.3 Theoretical determination of optical band gap (Eg) 
 
It was found that the variation of optical energy gap 

with composition in amorphous alloys can be described by 
assuming random band network and using the Shimakawa 
relation [25]: 

 
 ( ) ( ) ( )( )

BgAgABg EYEYE −+= 1   (8) 

 
here Y and (1 – Y) are the volume fractions, ( )

AgE and 

( )
BgE are the optical gaps for elements A and B 

respectively. The conversion from atom composition (at 
%) or molecular composition (mol %) to volume fraction 
is made using atomic or molecular mass and density of 
both Se and Sb. 

The variation of the energy gap with composition in 
thin films of glassy Se100-xSbx system can be fitted to a 
quadratic relation [25]: 
 

( ) ( ) ( )( ) ( )xxExExxE
BgAgg −−−+= 11 γ     (9) 

 
here x is the atomic fraction and γ is the bowing 
parameter, which is 0.02 in case of glassy Se100-xSbx 
system [25]. Using Eq. (9), the values of Eg are calculated 
for the present samples. The values are given in Table 2. 
From Tables 1 and 2, it is clear that the experimental 



Chemical bond approach to optical band gap in Se100-xSbx chalcogenide glasses                                              17 
 

values of Eg obtained from model of Tauc et al are in good 
agreement with theoretical values of Eg as compared to 
other two models. 
 
 
 

Table 2. Theoretical values of optical energy gap and average 
heat of atomization for glassy Se100-xSbx alloys 

 
x Eg  

(eV) 
HAB 

(kJ/g atom) 
2 1.87 49.65 
4 1.80 49.90 
6 1.73 50.15 

10 1.59 50.66 
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Fig. 9. Composition dependence of Eg in glassy Se100-xSbx 

system. 
 

 
The composition dependence of Eg is shown in Fig. 9. 

From this figure, it is clear that Eg decreases with the 
increase in Sb concentration. This can be explained using 
chemical bond approach. According to Pauling, 
heteronuclear bond enthalpies can be related to 
homonuclear bond enthalpies [28] by the relation: 

 
(Hs)AB = [(HAA + HBB) / 2] + [96.14 (χA – χB)2];        (10) 

 
where HAA and HBB are the homonuclear bond enthalpies, 
(Hs)AB is a heteronuclear bond enthalpy (in kJ/g atom) and 
χA and χB are the respective electronegativities of atoms A 
and B. In few materials for which it is known, the amount 
of heat of formation shown by second term on R.H.S. of 
Eq. (10) is about 10 % of the heat of atomization shown by 
first term on R.H.S. of Eq. (10) and is therefore be 
neglected. Hence, (Hs)AB is given quite well by: 
 

(Hs)AB = [(HAA + HBB) / 2]             (11) 
 

The values of (Hs)AB calculated using Eq. (11) for 
present glassy alloys are given in Table 2.  

Several workers have found a correlation between the 
average heat of atomization (Hs)AB and the optical band 
gap in the form of an empirical relation [29-32]: 

 

( )g ABE a H b⎡ ⎤= −⎣ ⎦    (12) 

 
here a and b are characteristic constants. It is suggested by 
the above equation that the average heats of atomization 
are a measure of the cohesive energy and represent the 
relative bond strength, that in turn are correlated with the 
properties like energy gap. The plot of Eg vs (Hs)AB is 
shown in Fig. 10. From this figure, it is clear that Eg vs 
HAB plot is a straight line, which confirms the validity of 
above empirical relation shown by Eq. (12). 
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Fig. 10. Plot of Eg vs HAB for different alloys. 
 
 

4. Conclusions 
 
The influence of Sb on the optical band gap in glassy 

Se100-xSbx system is studied. The optical band gap Eg of 
thin films of glassy Se100-xSbx alloys is determined 
experimentally using different models. The results show 
that optical band gap follows the decreasing trend with 
increase in Sb content for both experimental and 
theoretical approach. The results are explained in terms of 
average heat of atomization related to chemical bonds 
involved in the present glassy system. 
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