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Abstract. The crystal structures of the Bi2Se3, Bi2Te3 and Sb2Te3 compounds were investigated. The 

experiments were carried out using X-ray diffraction method at room temperature. It was found that the 

crystal structures of these compounds corresponds to rhombohedral symmetry with space group R-3m. 

Vibrational properties and atomic dynamics of Bi2Se3, Bi2Te3 and Sb2Te3 compounds were studied by 

Raman spectroscopy at room temperature. The differences in the crystal structure and atomic dynamics of 

these compounds are explained by the difference in the ionic radii of the Bi → Sb and Se → Te atoms. 

Keywords: binary semiconductor, atomic dynamic, ionic radii, XRD analysis, Raman spectroscopy. 

 

Corresponding Author: S.R. Azimova, Institute of Physics of Azerbaijan National Academy of Sciences, 

Baku, АZ-1143 Azerbaijan, е-mail: sevinjazimova@bk.ru 
 

Received: 11 September 2020;              Accepted: 23 March 2021;              Published: 15 April 2021. 

 

 

1. Introduction 
 

Binary and ternary semiconductors are among the most studied compounds due 

to their simple crystal structure and chemical composition (Haziyeva et al., 2018; 

Mamedov et al., 2019; Jabarov et al., 2018; Asadullayeva et al., 2019; Aliyev et al., 

2019). The various physical properties of these compounds are studied under the 

influence of pressure, temperature and radiation (Azimova et al., 2020; Aliyev et al., 

2020; Jabarov et al., 2015; Aliyev et al., 2019; Asgerov et al., 2018). The main reason 

for the interest in these materials (which retain their properties under high radiation 

conditions) is associated with the use of these materials in space and nuclear 

technology. It has been found that the effects of gamma rays, heavy ions and electron 

beams on these materials are different (Alekperov et al., 2019; Mirzayev et al., 2019; 

Mirzayev et al., 2019; Abdullayev et al., 2020; Mirzayev et al., 2020). 

Structural studies have shown that the crystal structures of Bi2Se3, Bi2Te3, and 

Sb2Te3 have rhombohedral symmetry (Semiletov & Pinsker, 1955; Peacock & Berry, 

1940; Semiletov, 1956). Differential thermal analysis shown that this crystal structure is 

retained up to a temperature of T ≈ 800 K (Azimova et al., 2020). The thermodynamic 

properties of the Sb2Te3 compound irradiated with 167 MeV Xe ions have been 

investigated. At different irradiation doses, the Wigner entolpy in the Sb2Te3 compound 

decreased from 14.52 J/g to 6.08 J/g. The energy of the phase transition region 

decreased to 30.4 μJ in radiation to Ф = 3.83×1014 ion/cm2 fluence. It was found that 

there is a decrease in the value of the phase transition temperature, which occurs in the 

temperature range 510 ≤ T ≤ 657 ºC (Azimova et al., 2020). 

As one can see, the changes in various parameters of these compounds occurs as 

a result of external influences, but the general character remains unchanged. Therefore, 

the study of the crystal structure of these compounds will play an important role in 
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explaining various physical processes. In this work, the compounds Bi2Se3, Bi2Te3, and 

Sb2Te3 were synthesized and the crystal structures (by X-ray diffraction) and atomic 

dynamics (by Raman spectroscopy) were investigated of these compounds at room 

temperature. 

 

2. Experiments 

 

Single crystals of Bi2Se3, Bi2Te3 and Sb2Te3 compounds were synthesized by the 

Bridgman method (Azimova et al., 2020). 

The structural phase analysis of the obtained samples was carried out by X-ray 

diffraction method using D8 Advance X-ray diffractometer (Bruker). Diffractometer 

parameters 40 kV, 40 mA, CuKα - radiation (λ = 1.5406 Å). The experiments were 

carried out at room temperature. Synthesized single crystals were powdered for x-ray 

diffraction analysis.  

Atomic dynamics of the samples were studied by Raman spectroscopy method. 

The experiments were carried out on the Nanofinder 30 Raman spectrometer at room 

temperature. Nd:YAG laser with a wavelength λ = 532 nm and a maximum power of 10 

mW was used as an excitation source. The obtained spectra were analyzed by the 

Gaussian function in the Origin 9 software. 

 

3. Results and discussion 

 

3.1. Structural properties 

Room temperature X-ray diffraction spectrum of the Bi2Se3 compound under 

normal conditions is shown in Fig 1. As can be seen from the fig 5. main diffraction 

maxima are observed in the range of 2θ = 5-70°. It was found that the crystal structure 

of the Bi2Se3 compound corresponds to the rhombohedral symmetry with the space 

group R-3mat room temperature. As a result of the analysis, it was determined that the 

diffraction maxima correspond to the planes (0 0 3), (0 0 6), (0 0 15), (0 0 18) and (0 0 

21). For the distances between the planes dhkl, the values of the cell parameters are 

determined by the following formula: 
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The values of the lattice parameters are: a = b = c = 9.4185 Å, α = β = γ = 24.065°. 

 

 
 

Fig 1. X-ray diffraction spectra of the Bi2Se3 
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X-ray diffraction spectrum of the Bi2Te3 compound at room temperature and 

under normal conditions is shown in Fig.2. As can be seen from the spectrum, 5 main 

diffraction maxima are observed in the range 2θ = 5-70°. It was found that the crystal 

structure of the Bi2Te3 compound also corresponds to the rhombohedral symmetry with 

the space group R-3mat room temperature.As a result of the analysis, it was determined 

that the diffraction maxima correspond to the planes (0 0 3), (0 0 6), (116), (0 2 10) and 

(1115). The values of the cell parameters were determined by formula (1). The values of 

the lattice parameters are: a = b = c = 10.1386 Å, α = β = γ = 24.178°. 

 

 
 

Fig. 2. X-ray diffraction spectra of the Bi2Te3 

 

The difference in the lattice parameters of the Bi2Se3 and Bi2Te3 compounds (Δa 

= Δb = Δc = 0.7201 Å) is explained by the difference in the ionic radii of the selenium 

and tellurium atoms. The ionic radii of these chemical elements also differ depending on 

the valence (Bugaenko et al., 2008). Se atoms have an ionic radius of RSe2 = 0.69 Å in 

the two valent state, RSe4 = 0.54 Å in the four valent state, and RSe6 = 0.38 Å in the six 

valent state. Te atoms have an ionic radius of: RTe2 = 0.89 Å in the two valent state, RTe4 

= 0.75 Å in the four valent state, and RTe6 = 0.56 Å in the six valent state. 

X-ray diffraction spectrum of the Sb2Te3 compound at room temperature and 

under normal conditions is shown in Fig 3. As can be seen from the spectrum, 6 main 

diffraction maxima are observed in the range 2θ = 5-70°. As a result of the analysis, it 

was determined that the diffraction maxima correspond to the planes (0 0 3), (0 0 6), 

(0015), (0 0 18), (0 0 19) and (0121). It was found that the crystal structure of the 

Sb2Te3 compound corresponds to the rhombohedral symmetry with the space group R-

3mat room temperature.In contrast to the crystal structures of the Bi2Se3 and Bi2Te3 

compounds, the crystal structure of the Sb2Te3 compound is better interpreted by the 

hexagonal crystal structure. For the distances between the planes dhkl, the values of the 

cell parameters are determined by the following formula: 
𝟏
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The values of the lattice parameters are: a = b = c = 10.1386 Å, α = β = γ = 24.178°. 

 



S.R. AZİMOVA: STRUCTURAL AND VİBRATİONAL PROPERTİES OF Bi2(Sb2)Se3(Te3)BİNARY... 

 

 
49 

 

 
 

Fig. 3. X-ray diffraction spectra of the Sb2Te3 

 

The difference in the ionic radii of the Bi and Sb is also reflected in the crystal 

structure of the Bi2Te3 and Sb2Te3 compounds. These elements have three valence in 

binary semiconductors: Bi2Se3 Bi2Te3 and Sb2Te3. In this case, the ionic radii are: RBi3 = 

1.02 Å, RSb3 = 0.82 Å (Bugaenko et al., 2008). ΔR(Bi-Sb)3 = 0.2 Å, which leads to 

significant differences in the crystal structure of Bi2Te3 and Sb2Te3 compounds. 

 

 3.2. Vibrational properties 

 Atomic dynamics were studied to determine the structural properties of the 

compounds Bi2Se3 Bi2Te3 and Sb2Te3.Raman spectra of Bi2Se3 Bi2Te3 and Sb2Te3, 

obtained at room temperature and under normal conditions are shown in Fig 4. 
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Fig. 4. Raman spectra of the Bi2Se3, Bi2Te3 and Sb2Te3 

 

It has been determined that the vibrational modes corresponding to these crystals 

are mainly observed in the frequency range ν = 50-200 sm
-1

. This is due to the fact that 

the compounds do not contain atoms of light elements such as oxygen, carbon and 

hydrogen. 
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Vibrational modes: ν1 = 56.22 sm
-1

, ν2 =98.73 sm
-1

 və ν3 = 133.84 sm
-1

 were 

observed in the Raman spectrum of the Bi2Se3 combination. This is in line with 

previous research (Humlíček et al., 2014). The Raman spectrum of the Bi2Te3 

compound also corresponds to the vibrational modes observed in the Raman spectrum 

of the Bi2Se3 compound: ν1 = 59.19 sm
-1

, ν2 =100.52 sm
-1

and ν3 = 135.34 sm
-1

.A more 

complex character is observed in the atomic dynamics of the Sb2Te3 compound.In the 

Raman spectrum: ν1 = 43.31 cm
-1

, ν2 =66.32 cm
-1

 , ν3 = 97.27 cm
-1

and ν4 = 131.08 cm
-1

 

vibrational modes were observed. This is in line with previous research (Zybala et al., 

2017). 

 

4. Conclusion 

 

The structural properties of Bi2Se3, Bi2Te3 and Sb2Te3 crystals have been studied 

at room temperature and normal conditions. It was found that a small difference in ionic 

radii (~ 2 Å) of Bi → Sb and Se → Te atoms causes significant differences both in the 

crystal structure and in the atomic dynamics of crystals. This difference is more 

pronounced with cationic substitution. The crystal structure and atomic dynamics of the 

Bi2Se3 and Bi2Te3 compounds are more similar. Compounds Bi2Te3 and Sb2Te3 differs 

in both number of combination modes and interpretation of the crystal structure.  

 

References 

 
Abdullayeva, T.T., Jabarov, S.H., Huseynli, S., Abdurakhimov, B.A., Abiyev, A.S., Mirzayev, 

M.N. (2020). Effect of electron beam on the crystal structure of nanoscale Al particles. 

Modern Physics Letters B, 34, 2050231.  

Alekperov, A.S., Jabarov, S.H., Mirzayev, M.N., Asgerov, E.B., Ismayilova, N.A., Aliyev, Y.I., 

Thabethe, T.T., Dang, N.T. (2019). Effect of gamma irradiation on microstructure of the 

layered Ge0.995Nd0.005S, Modern Physics Letters B, 33, 1950104.  

Aliyev, Y.I., Asadov, Y.G., Aliyeva, R.D., Naghiyev, T.G., Jabarov, S.H. (2019). Influence of 

partial substitution of Cu atoms by Zn and Cd atoms on polymorphic transformation in 

the Cu1.75Te crystal, Modern Physics Letters B, 33, 1850128.  

Aliyev, Y.I., Asadov, Y.G., Dashdemirov, A.O., Aliyeva, R.D., Naghiyev, T.G., Jabarov, S.H. 

(2019). Polymorphic transformations and thermal expansion of some modifications in 

Ag1.5Cu0.5Se and Ag0.4Cu1.6Se.  International Journal of Modern Physics B, 33, 1950271. 

Aliyev, Y.I., Asadov, Y.G., Ilyasli, T.M., Mammadov, F.M., Naghiyev, T.G., Ismayilova, Z.A., 

Mirzayev, M.N., Jabarov, S.H. (2020). Structural aspects of thermal properties of AgCuS 

compound, Modern Physics Letters B, 34, 2050066. 

Asadullayeva, S.G., Naghiyev, T.G., Gafarova, G.A. (2019). Room temperature 

photoluminescence  study of undoped ZnGa2S4 compound. Advanced Physical Research, 

1, 81-85. 

Asgerov, E.B., Ismailov, D.I., Mehdiyeva, R.N., Jabarov, S.H., Mirzayev, M.N., Kerimova, 

N.T. (2018). Dang, Differential-thermal and X-ray analysis of TlFeS2 and TlFeSe2 

chalcogenides. Journal of Surface Investigation: X-ray, Synchrotron and Neutron 

Techniques, 12, 688-691. 

Azimova, S.R., Abdullayev, N.M., Aliyev, Y.I., Mirzayev, M.N., Skuratov, V.A., Mutali, A.K., 

Jabarov, S.H. (2020). Study on the thermodynamic behavior of Sb-Te binary systems 

with swift heavy- ions irradiation at the high temperatures. Journal of the Korean 

Physical Society, 77, 240-246. 

Bugaenko, L.T., Ryabykh, S.M., Bugaenko, A.L. (2008). A nearly complete system of average 

crystallographic ionic radii and its use for determining ionization potentials. Moscow 

University Chemistry Bulletin, 63, 303-317.  



S.R. AZİMOVA: STRUCTURAL AND VİBRATİONAL PROPERTİES OF Bi2(Sb2)Se3(Te3)BİNARY... 

 

 
51 

 

Haziyeva, A.F., Nasirov, V.I., Asadov, Y.G., Aliyev, Y.I., Jabarov, S.H. (2018). Rb1-xCsxNO3 (x 

= 0.025, 0.05, 0.1) single crystals and their high-temperature X-ray study. 

Semiconductors, 52, 713-716. 

Humlíček, J., Hemzal, D., Dubroka, A., Caha, O., Steiner, H., Bauer G., Springholz, G. (2014). 

Raman and interband optical spectra of epitaxial layers of the topological insulators 

Bi2Te3 and Bi2Se3 on BaF2 substrates. Physica Scripta, T162, 014007.  

Jabarov, S.H., Aliyeva, V.B., Mammadov, T.G., Mammadov, A.I., Kichanov, S.E., 

Dubrovinsky, L.S., Babayev, S.S., Pashayeva, E.G., Dang, N.T.(2018). High pressure 

Raman study of layered semiconductor TlGaSe2. Materiasls Science - Poland, 36, 203-

208. 

Jabarov, S.H., Mammadov, T.G., Mammadov, A.I., Kichanov, S.E., Aliyeva, V.B., Lukin, E.V. 

(2015). Structural phase transition in TlGaSe2 under high pressure. Journal of Surface 

Investigation. X-ray, Synchrotron and Neutron Techniques, 9, 35-40.  

Mamedov, N.T., Jabarov, S.H., Kozlenko, D.P., Ismayilova, N.A., Seyidov, M.Yu., 

Mammadov, T.G., Dang, N.T. (2019). Neutron diffraction study of the crystal structure of 

TlInSe2 at high pressure. International Journal of Modern Physics B, 33, 1950149. 

Mirzayev, M.N., Abdurakhimov, B.A., Jabarov, S.H., Tashmetov, M.Yu., Demir, E., Tiep, 

N.V., Ismayilova, N.A., Aliyev, Y.I., Popov, E., Mirzayeva, D.M., Karaaslan, S.I., 

Georgiev, G.I. (2020). Effect of high intense electron beam irradiation on structural and 

Raman properties of boron carbide micro powder. International Journal of Modern 

Physics B, 34, 2050008.  

Mirzayev, M.N., Jabarov, S.H., Asgerov, E.B., Mehdiyeva, R.N., Thabethe, T.T., Biira,  Tiep, 

N.V. (2019). X-ray diffraction and thermodynamics kinetics of SiB6 under gamma 

irradiation dose. Silicon, 11, 2499-2504.  

Mirzayev, M.N., Mehdiyeva, R.N., Melikova, S.Z., Jabarov, S.H., Thabethe, T.T., Biira, S., 

Kurbanov, M.A., Tiep, N.V.  (2019). Tiep, Formation of color centers and concentration 

of defects in boron carbide irradiated at low gamma radiation doses, Journal of the 

Korean Physical Society, 74, 363-367. 

Peacock, M.A., Berry, L.G. (1940). Roentgenographic observations on ore minerals, University 

of Toronto Studies, Geological Series, 44, 47-69.  

Semiletov, S.A. (1956). The electron diffraction analysis of the structure of antimony telluride, 

Crystallography reports, 1, 403-406.  

Semiletov, S.A., Pinsker, Z.G. (1955). The electron diffraction analysis of the system of alloys 

Bi-Se, Doklady Akademii Nauk SSSR, 100, 1079-1082. 

Zybala, R., Mars, K., Mikula, A., Boguslawski, J., Sobon, G., Sotor, J., Schmidt, M., Kaszyca, 

K., Chmielewski, M., Ciupinski, L., Pietrzak, K. (2017). Synthesis and characterization of 

antimony telluride for thermoelectric and optoelectronic applications, Archives of 

Metallurgy and Materials, 62, 1067-1070. 


