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The spectroscopic studies of various physical properties of glassy and polycrystalline chalcogenide al-

loys are important due to their importance as active materials in various solid state devices. The composi-

tion dependence of these properties are explained on the basis of coordination number, but the splitting of 

this effect from the nature of additive is imperative for furthering the understanding of these systems. In 

the present work, the structural and spectroscopic investigations of melt quenched bulk In-Sb-Se chalco-

genide alloys have been studied by XRD, RAMAN and optical spectroscopic techniques. The XRD study re-

veals the polycrystalline nature of the samples. The composition was analysed using the energy dispersive 

X-ray spectroscopy technique. The XRD study reveals the crystallization of Sb2Se3 and -In2Se3 phases 

while the increase in the intensity for -In2Se3 phase has been observed with the increase in indium con-

tent. The RAMAN spectra also reveal the formation of chalcogenide based Sb and In structural units. The 

diffused reflectance spectrum was used to calculate the optical absorption in 800-1500 nm spectral region 

and used to study the composition dependence of the optical gap in these samples. The results have been 

discussed in conjunction with the heterogeneous phases; density of defect states; electronegativity and av-

erage mean bond energy for these polycrystalline alloys. 
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1. INTRODUCTION 
 

Chalcogenide glasses and alloys are very prodigious 

class of semiconductor materials because of their po-

tential use in optoelectronics, microelectronics, electro 

photography, photo-resist, holographic, solar cells etc. 

[1]. The presence of various defect states, their density 

and distribution in the mobility gap plays an important 

role for the suitability of the material w.r.t. devices. 

Also, when the average coordination number (〈 〉) ap-

proaches certain value, various physical properties 

such as mechanical, thermal, electrical and optical 

properties find unique behaviour [2-4]. Two types of 

percolation thresholds viz. Rigid percolation threshold 

(RPT) at 〈 〉       proposed by Thorpe, where the net-

work undergoes phase transition from elastically floppy 

to the stressed-rigid state which optimizing the good 

glass-forming tendency [5]. The other type of threshold 

is Chemical Threshold (CT), according to which there 

exists a composition having maximum number of het-

eropolar bonds in the system and behaves as least con-

strained [6]. In the IV-V-VI glassy system, CT occur 

between 〈 〉               [7] and generally many of the 

composition dependent properties for these network 

systems are greatly elaborated on their dependence on 

the 〈 〉 only. In order to improve the glass forming area 

III-IV-VI glassy system, the elements having light 

atomic masses, short atomic radii, large number of lone 

pairs, high degree of covalent bonds etc. were added to 

chalcogens [8]. As the physical properties of chalco-

genide system depends both on composition and nature 

of additive in the parent system. There are glassy al-

loys having same 〈 〉 for different compositions of a sys-

tem or by isoelectronic substitution for furthering the 

complete knowledge of this special class of chalcogenide 

glasses and alloys. The alloys belonging to Sb-Se binary 

system exhibits switching effect, photoconductivity, 

photovoltaic and thermoelectric properties for their 

potential applications as absorber layer in the solar 

cells and optoelectronic devices etc. due to enhance-

ment in the properties of Se upon alloying [9-10]. The 

phenomena of charge trapping, transport properties, 

relation between the band gap and composition of Se-

Sb have been well reported in the literature [11-13]. 

The addition of third element to Se-Sb causes, struc-

tural changes which modifies the glass forming area, 

creates compositional and configurational disorder, 

band structure and various physical parameters [14-

16]. 

In the present work, we have studied the effect of 

substitution of Sb by In in the  

InxSb30 – xSe70 (0 ≤ x ≤ 25) chalcogenide system having 

average coordination number  〈 〉   2.3) which is less 

than 2.40 and the system belongs to floppy net-

work.The structural and optical properties are studied 

by using the X-ray diffraction, RAMAN spectroscopy 

and UV-Vis absorption studies.  
 

2. EXPERIMENTAL DETAILS 
 

Bulk samples of InxSb30 – x Se70 (0 ≤ x ≤ 25) were pre-

pared by using conventional melt quenching technique. 

Appropriate amount of the constituent elements with 

5N purity were weighed and then sealed in pre-cleaned 

quartz ampoules having inner-diameter 0.4 cm and 

length ~10 cm under vacuum at 10 – 5 mbar. These were 

heated in a furnace at 800 ºC for 48 hours and periodi-

cally rocked for ensuring the homogenous mixing of 

constituent elements. Finally, the ampoules are air 

quenched and the samples were extracted by etching 

the quartz ampoules by HF solution. These bulk sam-

ples were finely grounded and used for various charac-
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terizations.  

The amorphous/crystalline phases of bulk synthe-

sized samples were studied using X-ray diffractometer 

(D8 Focus, Bruker, Germany) with Cu kα line 

(  0.154 nm) operated at 35 kV and 30 mA. Crystal-

line phases for all compositions were identified with 

standard PCPDF database. Chemical composition were 

studied by EDX (Oxford Instrument) equipped with 

FESEM (Supra 55, Carl Zeiss). Raman spectral studies 

were performed  on “RenishawInVia Reflex Micro Ra-

man Spectrometer” using wavelength 514 nm with Ar 

Ion Laser (5 mW), and 2400 lines/mm diffraction grat-

ing having suitable filter. Measurements were done in 

an un-polarised mode at room temperature in back 

scattering at a spectral resolution of 1.0 cm – 1. Diffuse 

reflectance measurements were carried out by using 

UV-Vis-NIR spectrophotometer (UV-3600, Shimadzu, 

Japan). 

 

3. RESULTS AND DISCUSSION 
 

3.1 Crystalline Phases and Composition 
 

Figure 1 shows the X-ray diffraction patterns for as-

prepared bulk InxSb30 – xSe70 (0 ≤ x ≤ 25) samples. Sharp 

diffraction peaks reveal the polycrystalline character 

and the two crystalline phases viz. orthorhombic phase 

of Sb2Se3and rhombohedral phase of -In2Se3 (PCPDF 

cards: 75-1462 and 35-1056 respectively) are found to 

exit in InxSb30 – xSe70 system. It is found that the major-

ity phase crystallizes to orthorhombic phase of Sb2Se3-

without any indication of the crystallization of the 

remnant Se in the parentSb30Se70 alloy. The addition of 

small concentrations of In (x  5) yields the crystalliza-

tion of new phase corresponding to -In2Se3at positions 

18.80º, 30.23º, 48.17º, 49.51º, 58.56º. The intensity of 

the peaks corresponding to this phase has been found 

to dominate with further increase in indium content. 

Since the difference in the structure of crystalline 

phases of the binaries and the growth of In-phase even 

at small concentrations suggest that In does not go into 

the lattice positions of the orthorhombic Sb2Se3 phase. 

The inclusion of higher amounts of indium thus favours 

the formation of heterogeneous phases and increased 

crystallinity with the relatively dominant peaks for  

-In2Se3 phase in the bulk alloys and Sb2Se3phase  

correspondingly decreases.  

The elemental composition of each bulk samples 

was determined by energy dispersive X-ray spectrosco-

py (EDS) and figure 2 shows the EDS spectra for the 

Se70Sb30 alloy. The atomic percentage of all the ele-

ments present in the as-prepared bulk samples are 

tabulated in Table 1. These results suggest that the as-

prepared samples are nearly stoichiometric with those 

compositions used for the synthesis of the samples.  

 

3.2 Raman Analysis 
 

Raman spectral studies enable probing of the local 

vibrational modes of the network glasses and alloys, 

which provides the information about the atomic  

structures complementary to XRD studies. Figure 3 

shows the Raman spectrum for InxSb30 – xSe70 

(0 ≤ x ≤ 25) chalcogenide alloys. Raman spectrum of as-

prepared Sb30Se70 exhibits five bands: two dominant 

peaks at 188 and 250 cm – 1 and three weak peaks at 

~112, 210, and 369 cm – 1. 

The Raman vibrational modes for Se has been as-

signed in two spectral regions, one is bond-bending (70-

150 cm – 1) and another is bond stretching (200- 

300 cm – 1) [17]. The main Raman band at 250 cm – 1 can 

be ascribed to the eight membered Se8 rings [18-19]. 

The observation of feeble peaks at ~ 112 cm – 1 and 

369 cm – 1 can be ascribed to the bond bending modes of 

the Se and found to vanish for further composition due 
 

 
 

Fig. 1 – X-ray diffraction patterns for as-prepared bulk 

InxSb30 – xSe70 (0 ≤ x ≤ 25) chalcogenide alloys 
 

 
 

Fig. 2 – EDS spectra of Se70Sb30 chalcogenide alloys 
 

Table 1 – Elemental compositions of as-prepared bulk  

InxSb30 – xSe70 (0 ≤ x ≤ 25) alloys 
 

Sample Compositions (at. %) 

Se Sb In 

Se70Sb30 67.28 32.72 0.00 

Se70Sb25In5 71.79 23.05 5.16 

Se70Sb20In10 69.73 16.51 13.76 

Se70Sb15In15 69.36 11.57 19.07 

Se70Sb10In20 70.46 7.73 21.81 

Se70Sb5In25 70.44 4.32 25.24 
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Fig. 3 – Raman spectra for as-prepared bulk InxSb30 – xSe70 

(0 ≤ x ≤ 25) chalcogenide alloys 
 

 
 

Fig. 4 – Reflectance spectra of as-prepared bulk InxSb30 – xSe70 

(0 ≤ x ≤ 25) chalcogenide alloys 
 

Table 2 – Various optical parameters such as optical gap (E0) 

and tailing parameter (B – 1) for as-prepared InxSb30 – xSe70 

(0 ≤ x ≤ 25) chalcogenide alloys 
 

 

to contraction of interatomic bonds with the breaking of 

Se chains by either Sb or In [17, 20]. One another weak 

peak at ~ 210 cm – 1 can be ascribed from either Se-Se 

chain bond or asymmetrical stretching of pyramidal 

SbSe3 mode [21]. The broad band at 188 cm – 1 can be 

assigned to heteropolar Sb˗Se bond vibrations in 

Sb(Se1/2)3 pyramidal structural units [22]. With the 

increase in indium content, the intensity of two domi-

nant peaks at 188 and 250 cm – 1 decreases and fades 

away for x  20, 25 and favours the nucleation of new 

band at 212 cm – 1 which is due to the vibrations of In 

and Se atoms. Also, with the increase in indium con-

tent, intensity of this dominant band increases [23]. 

The formation of stronger In-Se bonds as compared to 

Sb-Se bonds may thus favours the collapse of Se8 rings 

or the broadening of the band to favour structural ran-

domness in the network with disappearing of 188 cm – 1 

band with further increase in indium content [17]. 

 

3.3 Optical Properties 
 

When EM-radiations, in the UV-VIS-NIR wave-

length range interact with the sample, four phenomena 

are possible: the radiations may be transmitted, ab-

sorbed, reflected or scattered. Diffuse reflectance is an 

important tool which can be used for powdered, crystal-

line and nanostructure materials [25]. Figure 4 shows 

the spectral variation of the reflectance with wave-

length for different powdered bulk samples. The ab-

sorption coefficient () were calculated using reflec-

tance spectra by Kubelka-Munk equation [24]: 
 

  
 

 
 

      

  
 

where, R is the absolute reflectance of the sample, K is 

molar absorption coefficient; S is the scattering coeffi-

cient and α is the absorption coefficient.  Optical band 

gap of the samples was calculated by using Tauc plot 

equation as: 
 

            
 

 

where E0 is the optical band gap, n is the constant that 

determines the type of various optical transitions i.e, 

n  1/2 for direct allowed transition, n  2 for indirect 

transitions and B is the parameter that depends upon 

the transition probability, the inverse of which is 

known as the tailing parameter describing the disorder 

in the network systems [26-28]. 

Figure 5 shows the plot of (hυ)2 versus hυ for the 

InxSb30 – xSe70 (0 ≤ x ≤ 25) alloys. The values of optical 

band gap (E0) and tailing parameter (B – 1) are deter-

mined from the intercept on energy axis with zero ab-

sorption and inverse of the slope, respectively. The cal-

culated values of the E0 and B – 1 are summarized in 

Table 2. The addition of indium in host network of Sb-

Se lead to the structural changes and hence optical 

band gap varies. It has been observed that the direct 

optical gap is 1.18 eV (x  0) decreases to 1.05 eV 

(x  15) and further increase in the concentration of 

additive results into an increase in the optical gap 

while the tailing parameter increases with the compo-

sition of the alloy. The decrease in band gap and corre-

sponding increase in tailing parameter can be correlat-

ed with the chemical order of chalcogenide materials. 

The dominant contribution for states near the band 

edge of the chalcogenide alloys comes from their lone 

pair p-orbital [29]. The Pauling electronegativity (χ) 

values for In, Sb and Se is 1.78, 2.05 and 2.55 respec-

tively [30]. Therefore, when the electronegative Sb at-

om is replaced by electropositive In atom then the en-

ergy of lone pair of electrons gets enhanced and hence, 

Sample  

(x) 

E0  

(± 0.01 eV) 

B – 1 

(± 0.06  10 – 5 cm – 1 eV – 1) 

0 1.18 412.8 

5 1.09 472.8 

10 1.07 627.9 

15 1.05 911.1 

20 1.12 918.7 

25 1.19 924.3 
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Fig. 5 – Tauc plots of (   )2 versus    for as-prepared bulk 

InxSb30 – xSe70 (0 ≤ x ≤ 25) chalcogenide alloys 
 

valence band move towards energy gap which leads to 

band tailing and hence decrease in energy band gap of 

the material [31]. Hence, the addition of more electro-

positive elements to the alloy may raise the energy lev-

el of lone pair states which are enough to broad the 

band inside forbidden gap. While the heterogeneous 

growth of crystalline phase may also augment the den-

sity of defect states, and disorder which is also associ-

ated with the decrease in band gap [26]. The optical 

properties can further be elaborated by using the chem-

ically ordered covalent network model (COCNM), 

where the more strong bonds are favoured first and 

heteropolar bonds are favoured over the homopolar 

bonds. The bond energies for the probable bonds in this 

system viz. Se-Se, In-Se and Sb-Se are 44.02, 47.33 and 

40.15 kcal/mol respectively [32]. Therefore, the iso va-

lence substitution of Sb with In results into the in-

crease in the average bond energy of the system and 

hence the increase in the optical gap at higher concen-

tration of indium (x  20, 25 at %) [33]. But, the sharp 

increase in the tailing parameter can be ascribed to 

increased disorder as evidenced by broadening of the 

Raman bands for the above said compositions.  

 

4. CONCLUSIONS 
 

Bulk samples were found polycrystalline with phas-

es Sb2Se3 and -In2Se3 as evidenced by XRD analysis. 

EDX analysis reveals that samples which we had pre-

pared are nearly stoichiometric. Raman Spectra pro-

vides information about the characteristic vibrations of 

the isolated molecular units. Sb30Se70 exhibits five 

bands: two dominant peaks at 188 and 250 cm – 1 and 

three weak peaks at ~ 112, 210, and 369 cm – 1.Broad 

band appear at 250 cm – 1 is the manifestation of eight 

membered Se ring and at 188 cm – 1corresponds to het-

eropolar Sb˗Se bond vibrations in Sb(Se1/2)3 pyramidal 

structural units. Peaks at ~ 112 cm – 1 and 369 cm – 1 

can be ascribed to the bond bending modes of the Se. 

The peak at ~ 210 cm – 1 can be ascribed from either Se-

Se chain bond or asymmetrical stretching of pyramidal 

SbSe3 mode. As the increase in indium content, intensi-

ty of dominant peaks decreases and disappears for 

x  20 and 25 and due to the vibrations of In and Se 

atoms, a dominant band is formed at 212 cm – 1. Also, 

due to heterogeneous growth of crystalline phases, 

band gap and tailing parameter were interpreted in 

terms of change in density of localized defect states and 

disorder. Correlation between electronegativity and 

band gap of the system also indicates that there is a de-

crease in direct band gap with the incorporation of In 

content. Further at high concentration of In, band gap 

increases because of increase in average bond energy. 
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