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Abstract 

Thermal evaporation method was used to create the Sb2(S,Se)3 compounds. This finding 

emphasizes Sb2(S,Se)3's promise as a new photovoltaic material. It has achieved good power 

conversion rates of 6.5% to 8%. Further efficiency improvement seems to be required for 

upcoming real-world applications. Sb2Se3-GaSe eutectic composites are synthesized by the 

vertical Bridgman method. XRD  analysis and structural study of Sb2Se3-GaSe eutectics show 

that Sb2Se3 inclusions are uniformly distributed in the GaSe matrice. Three eutectic points were 

studied in the Sb2Se3-GaSe system. It was determined that the composition of the three eutectics 

formed in the Sb2Se3-GaSe systems is 80 wt %; 55wt % and 40wt % Sb2Se3,  melt points were 

776K, 725K  and  698K respectively.  

Keywords: XRD, SEM and EDX analysis, eutectic system, raman spectra, photovoltaic 
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1. Introduction 

 The structure of semiconductor-based composite materials is just as important as their 

content in determining their controllable physical characteristics. When developing composites, 

it's critical to consider the phases' size, shape, and distribution as well as the interface 

characteristics [1–9]. The creation of novel microstructures frequently results in notable 

enhancements to the new characteristics of composite materials. Eutectics is a paradigm of 

composite materials with extremely small microstructures that can optimize physical qualities 

by combining the properties of each component [8]. Due to the isomorphy of Sb2S3 and Sb2Se3, 

the antimony sulfide-selenide Sb2(S,Se)3 can be considered a binary metal chalcogenide 

semiconductor. They have a lot of elemental storage, are nontoxic, have good moisture stability 

at high temperatures, and have the right physical characteristics for materials used in solar cells 

to absorb light. Numerous efforts have been made thus far in the areas of device production, 

photovoltaic property research, and materials synthesis. This family of materials has been used 

in either sensitized-architecture or planar heterojunction solar cells, benefiting from earlier 

research in thin film solar cells and new generation nanostructured solar cells. Good power 

conversion rates between 6.5% and 8% have been attained. It appears that additional efficiency 

enhancement is needed for future real-world applications. 

Because of their important applications in the fields of optics, electronics, mechanics, energy, 

and the environment, Sb2(S,Se)3 has received increasing attention in the physics of solid-state 

materials [6–7]. These applications include sensors, functional smart coatings, smart 
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membranes and separation devices, micro-optical and photonic components, and a new 

generation of photovoltaics and photo-catalysts [11]. By directly converting solar energy into 

electrical power, photovoltaic solar cells are thought to be the most effective method of utilizing 

solar energy among its various applications [11-14].  

Sb2(S,Se)3 has garnered a lot of attention lately because of its photovoltaic capabilities and 

thermoelectric efficiency [9]. As a result, solar panels with unique coatings and cooling systems 

that use optical and thermoelectric technology have unique properties. GaSe crystals are 

frequently found in non-linear optical and photoconductive materials [8]. GaSe has significant 

absorption behavior in the UV-visible wavelength, making them excellent candidates for use in 

photodetector. Eutectic systems maintain the physical characteristics of the chemicals that make 

them up [13], and these characteristics can be controlled [12, 18]. Consequently, it is crucial to 

investigate Sb2Se3-GaSe eutectic systems that incorporate the characteristics of both 

components because of the significant qualities of Sb2Se3 and GaSe compounds [12–18]. Here, 

we examine the structures, raman scattering, physical-chemical characteristics, volt-ampere 

characterisation, and applications of Sb2Se3-GaSe eutectic systems.   

 

2. Experimental  

The Sb2(S,Se)3 compounds were produced by the thermal evaporation method. The prepared 

Sb2S3 thin film's energy dispersive X-ray examination revealed that the atomic percentage ratios 

were Sb = 41.3% and S = 58.7%. Sb2Se3-GaSe eutectic composites were prepared by using the 

vertical Bridgman method. The rate of the crystallization front was about 1.7 mm/min.  The X-

ray spectra of the Sb2Se3-GaSe eutectic systems were made by the Advance-D8 diffractometer 

("Bruker"). The source of radiation was the CuKα-anode, operating at a voltage of 40kV and a 

current of 40 mA. The wavelength of the radiation was λ=1.5406Å, and the angle between the 

falling X-rays and the sample was 2Ѳ=5÷80. A Zeiss ƩIGMA Field Emission Scanning 

Electron Microscope (FESEM) were used to characterize the morphology of the specimens and 

to obtain qualitative information on the elemental composition of the samples, respectively. 

Raman scattering was studied using a Nanofinder 30 confocal setup (Tokyo Instruments, Japan) 

with a diffraction grating of 1800 lines/mm and a spectral resolution of 0.5 cm− 1 . Scattering 

was excited at a wavelength of 532 nm by the second harmonic of a Nd:YAG laser with a 

maximum power of 10 mW. Thermal analysis in the Sb2Se3-GaSe eutectic systems was 

performed in an inert gas environment (argon) on a NETZSCH DSC 204 F1 (Germany) 

differential scanning calorimeter. Nitrogen is used as shielding gas. A composite sample with 

a mass of 40 mg is placed in an aluminum socket. In the same slot, a sapphire is placed as a 

standard sample and in completely identical conditions both cells are heated at a rate of 10 

K/min. Inert gas the flow rate is chosen to be 20 ml/min and the studies are carried out in the 

temperature range of 273-873K  according to the purpose of the work.  

3. Results and discussion 

The Sb2Se3-GaSe systems are obtained in the form of light grey compact ingots. Three eutectic 

points were studied in the Sb2Se3-GaSe system. Diffraction patterns of the Sb2Se3-GaSe eutectic 

composite are shown in Fig. 1. Analysis of XRD spectra confirmed that this system is diphasic: 

the most intense peaks corresponding to the (020), (120), (130), (230), (240), (211),  (301), 

(041), (141), (520), (002), (061), Muller index are identical to the Sb2Se3, and orthorhombic 

structure with lattice parameters of a = 3.81, b = 12.82, c = 15.06  while the weak peaks found 

at 2θ = 220, 340, 45.50, 580  and 710 coincide with the GaSe lines. 
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Fig. 1. XRD patterns of  Sb2Se3-GaSe eutectic systems  

 

Gallium monoselenide melts congruently at 960oC and is crystallized in a hexagonal syngony 

with lattice parameters: a=b=0.375 nm, c=1.591 nm, Z=4, space group P63/mmc-D4 6h, density 

ρ = 5,03 g/cm3. It was determined that the composition of the three eutectics formed in the 

Sb2Se3-GaSe systems is 80 wt %; 55wt % and 40wt % Sb2Se3,  melt points were 776K, 725K  

and  698K respectively. The structure of Sb2Se3-GaSe eutectic systems was studied with an 

electron microscope (FESEM) and X-ray spectrograph (Fig.2). SEM and EDX analysis show 

that the obtained eutectics present two phase systems.   Figure 2 shows a image of the  Sb2Se3-

GaSe systems contains Sb = 51.03wt%, Se = 47.01 wt%, and Ga = 1.96 wt% . The data 

correspond to the stoichiometric composition of the matrix and inclusions.  

 

 

Fig. 2. X-ray spectra of Sb2Se3-GaSe systems obtained with SEM–EDX  

 

     Two phases and interphases in GaSe-Sb2Se3 eutectic composite Raman spectra for both 

GaSe- Sb2Se3, Sb2S3, and Sb2Se3 at room temperature were investigated to confirm the presence 

of the zones.  Figure 4 shows the Raman spectra of the Sb2Se3 compound and, Figure-5 shows 

the Raman spectra of the GaSe- Sb2Se3eutectic system.  
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Fig. 3 Raman spectrum of Sb2Se3 and Sb2S3 powders 

 

 Raman analysis was applied to the samples to investigate the structure. Raman spectra 

(see Fig. 3) show more intense peaks around 153 and 191.3 cm−1, which are usually attributed 

to the Sb2Se3 phase; in particular, the first belongs to the A2u mode of the Sb-Sb bond, and the 

second to the Ag mode of the Sb-Se-Sb mode. In contrast to the Raman spectra published for 

the Sb2S3 molecule, the most intense band in the current work is located at around 307 cm−1 

rather than 281 cm−1.  

  

 

Fig. 4 Raman spectrum of Sb2Se3-GaSe eutectic system 

  

Peaks at 220 cm−1 were detected in Sb2Se3 and were attributed to strong Sb-Se modes. The 

Raman modes at 102 and 118 cm−1 are assigned to the Se-Se bond [10]. Peaks at 251 and 300 

cm−1 were detected and were attributed to a strong GaSe compound [14,17]. Absence of any 

peaks related to the supplement phases reaffirm the purity of the synthesized material.  
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 4. Conclusions  

 In summary, we have investigated the structural and electrophysical properties of 

Sb2Se3-GaSe eutectic systems, taking into account all possible configurations. Two congruent 

melting compounds were obtained in the Sb2Se3-GaSe system. The composition of the three 

eutectics formed in the system is 40, 55, and 80 mol% Sb2Se3, and their temperatures are 470, 

425, and 450 °C, respectively. The electron microscopy (SEM) and XRD studies of Sb2Se3-

GaSe eutectic have confirmed that the systems consist of a semiconductor matrix and oriented 

inclusions [19]. Applications of Sb2(S, Se)3 compounds in optoelectronics have drawn more 

attention. Technology intervention, however, necessitates a material-specific comprehension of 

the responsiveness to various surroundings. 

  

Reference 

1. P. Osewski, A. Belardini, M. Centini, C. Valagiannopoulos, et al.,   New Self-

Organization Route to Tunable Narrowband Optical Filters and Polarizers 

Demonstrated with ZnO–ZnWO4 Eutectic Composite, Adv. Optical Mater. 2020, 

1901617, DOI: 10.1002/adom.201901617  

2. Kazimov M.V., X Ray Analysis Of InAs-CrAs Eutectic Systems, ARCENG 

INTERNATIONAL JOURNAL OF ARCHITECTURE AND ENGINEERING 2023 p. 

94,  doi.org/10.5281/zenodo.8106289 

3. Kazimov M.V., İbragimov G.B., İsakov G.I., at al., Physical-chemical properties of 

InSb+Mg3Sb2 eutectic systems: Synthesis, Characterization, And Applications, Journal 

of Optoelectronic and Biomedical Materials, №14 (4), pp.187-190, (2022) 

https://doi.org/10.15251/JOBM.2022.144.187 

4. M. V Kazimov, Synthesis and structural analysis of InSb-CrSb, InSb-Sb, GaSb-CrSb 

eutectic composites, Journal of Optoelectronic and Biomedical Materials Vol. 12, No. 

3, p. 67 – 72, (2020)  

5. M.V. Kazimov, G.B. Ibragimov. “Fabrication and performance characterization of 

Sb2Se3-GaSe eutectic systems”. Semiconductor Physics, Quantum Electronics & 

Optoelectronics, 2024. V. 27, No 2. P. 184-188, DOI 10.15407/spqeo27.02.184 

6. M. V. Kazimov , D. H. Arasly, et al., Magnetic and electrical properties of GaSb-CrSb 

eutectic system, Journal of Non-Oxide Glasses Vol. 12, No. 1, p. 7 – 11 January - March 

(2020) https://doi.org/10.1116/1.4881995 

7. S. Demirci, N. Avazlı, E. Durgun, S. Cahangirov, Structural and electronic properties 

of monolayer group III monochalcogenides, Physical Review B 95, 115409 (2017) 

DOI:https://doi.org/10.1103/PhysRevB.95.115409  

8. P.B. Oliete, M.C. Mesa, R.I. Merino, V.M. Orera, Directionally solidified Al2O3-

Yb3Al5O12 eutectics for selective emitters Sol. Energy Mater. Sol. Cells, 144 (2016), 

pp. 405-410, https://doi.org/10.1016/j.solmat.2015.09.053  

9. Dennstedt, A. Choudhury, L. Ratke, B. Nestler, Microstructures in a ternary eutectic 

alloy: devising metrics based on neighbourhood relationships, IOP Conference Series: 

Materials Science and Engineering, vol. 117, IOP Publishing (2016), p. 012025, 

doi:10.1088/1757-899X/117/1/012025 

10. M. Abaker, Nazar, Elamin Ahmed, A. Saa att all, Thermoelectric properties of Ga-

doped InSb, Vacuum, Volume 219, Part A, January 2024, 

http://www.e-arceng.com/
https://doi.org/10.15251/JOBM.2022.144.187
https://doi.org/10.15407/spqeo27.02.184
https://doi.org/10.1116/1.4881995
https://doi.org/10.1016/j.solmat.2015.09.053
https://www.sciencedirect.com/journal/vacuum
https://www.sciencedirect.com/journal/vacuum/vol/219/part/PA


ARCENG 

INTERNATIONAL JOURNAL OF ARCHITECTURE AND ENGINEERING 
ISSN 

2822-6895 

Year 5 (2025)   Vol:5   Issue: 1 Issued in June 2025 www.e-arceng.com 

  
 

 
 

199 199 

11. B. Chanda, G. Potnis, P.P. Jana, J. Das, A review on nano- ultrafine advanced eutectic 

alloys, J.Alloys Compd., 827 (2020), p. 154226     

https://doi.org/10.1016/j.jallcom.2020.154226 

12. Liang G, Chen X, Tang R, et al. Spark plasma sintering of Sb2Se3 sputtering target 

towards highly efficient thin film solar cells. Solar Energy Materials and Solar Cells, 

2020, 211: 110530 https://doi.org/10.1016/j.solmat.2020.110530  

13. C. Chen, K.H. Li, S.Y. Chen, L. Wang, S.C. Lu, Y.H. Liu, D.B. Li, H.S. Song, J. Tang 

Efficiency improvement of Sb2Se3 solar cells via grain boundary inversion ACS Energy 

Lett, 3 (2018), pp. 2335-2341 DOI:10.1021/acsenergylett.8b01456 

14. C. Yuan, L. Zhang, W. Liu, C. Zhu, Rapid thermal process to fabricate Sb2Se3 thin film 

for solar cell application, Sol. Energy, 137 (2016), pp. 256-260 

DOI:10.1016/j.solener.2016.08.020 

15. Xiaoyang Liang, at al., High-Efficiency Flexible Sb2Se3 Solar Cells by Back Interface 

and Absorber Bulk Deep-Level Trap Engineering, 8, 1, 213–221, ACS Energy 

Lett. (2023) https://doi.org/10.1021/acsenergylett.2c02066  

16. I. Gharibshahian et al., Effect of the junction barrier on current–voltage distortions in 

the Sb2Se3/Zn(O, S) solar cells, Opt. Mater. (2021), 

https://doi.org/10.1016/j.optmat.2021.111098 

17. R. Hamrouni et al., Linear and non linear optical properties of Sb2Se3 thin films 

elaborated from nano-crystalline mechanically alloyed powder,  Applied Physics A 

(2018) 124:861  https://doi.org/10.1007/s00339-018-2274-1    

18. Cheney, et al., Synthesis, characterization, and catalytic performance of Sb2Se3 

nanorods, J.Nanomater. 2017, 5385908 (2017). https://doi. org/10.1155/2017/5385908  

19. Geoffrey Tse, Dapeng Yu, The Structural, Electronic, Optical and Elastic Properties of 

ε-Type Gallium Selenide: A First Principle Study, Journal of Nanoelectronics and 

Optoelectronics, 11(5):551-567, (2016) DOI: https://doi.org/10.1166/jno.2016.1984 

 

 

 

 

 

http://www.e-arceng.com/
https://doi.org/10.1016/j.jallcom.2020.154226
https://doi.org/10.1016/j.solmat.2020.110530
http://dx.doi.org/10.1021/acsenergylett.8b01456
http://dx.doi.org/10.1016/j.solener.2016.08.020
https://doi.org/10.1021/acsenergylett.2c02066
https://doi.org/10.1016/j.optmat.2021.111098
https://doi.org/10.1007/s00339-018-2274-1
https://www.researchgate.net/profile/Geoffrey-Tse?_sg%5B0%5D=gtP2O0fnTHIZRDBZIIiTZJ3o_cGeV7qqCSGBviT_WOzu1x8Tl95G-KM85IwKKH7nF7tZg8g.3EikdoTGzfN9V1cow6NJZkF0SvIYy6XgF296uE32SypCAD9OcaDzuf1J6tb3xIY8vCQdc_9_1XqlYdixAv_UhA&_sg%5B1%5D=TP3dlTmxQjVIFukqALEA-mJ6MH008DO70O2f4GftF4xaGcKMGuVr9sETuBnSrPrJVOLN2KU.-XxxS8jSQ0zVmzL3aFbHLiwSpHHQrYxSUh_rOoi-iktdwmwkA2h7q45awZLfX-gx1uIlzRRcCQVNDKG4uDL9lw
https://www.researchgate.net/scientific-contributions/Dapeng-Yu-2059399522?_sg%5B0%5D=gtP2O0fnTHIZRDBZIIiTZJ3o_cGeV7qqCSGBviT_WOzu1x8Tl95G-KM85IwKKH7nF7tZg8g.3EikdoTGzfN9V1cow6NJZkF0SvIYy6XgF296uE32SypCAD9OcaDzuf1J6tb3xIY8vCQdc_9_1XqlYdixAv_UhA&_sg%5B1%5D=TP3dlTmxQjVIFukqALEA-mJ6MH008DO70O2f4GftF4xaGcKMGuVr9sETuBnSrPrJVOLN2KU.-XxxS8jSQ0zVmzL3aFbHLiwSpHHQrYxSUh_rOoi-iktdwmwkA2h7q45awZLfX-gx1uIlzRRcCQVNDKG4uDL9lw
https://www.researchgate.net/journal/Journal-of-Nanoelectronics-and-Optoelectronics-1555-1318
https://www.researchgate.net/journal/Journal-of-Nanoelectronics-and-Optoelectronics-1555-1318
https://doi.org/10.1166/jno.2016.1984

