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Abstract 

Using physicochemical methods of analysis (DTA, X-ray diffraction, micstructural analysis, as well as deter-

mination of density and microhardness), the chemical interaction and glass formation in the Tl3As2Se6-TlAs2Se3S 

system were studied, and its phase diagram was constructed. It was found that the Tl3As2Se6-TlAs2Se3S system is 

a non-quasi-binary section of the quaternary Tl-As-S-Se system. In the Tl3As2Se6-based system, the solid solution 

region at room temperature is 5 mol %, and on the basis of TlAs2Se3S, the solid solutions are 3 mol %. Since the 

initial components of the Tl3As2Se6-TlAs2Se3S system are glassy, all alloys of the system are glassy. 
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Introduction 

The components of the Tl3As2Se6-TlAs2Se3S sys-

tem are obtained from the compounds As2Se3, TLS and 

TlSe. These compounds are materials with functional 

properties. It is known that arsenic chalcogenides and 

glassy alloys based on them are photosensitive semi-

conductor materials of the visible wavelength range 

and are used in various fields of photoelectronics [1-8]. 

Thallium chalcogenides and new phases based on 

them are photosensitive materials and are widely used 

as energy converters [9-11]. From this point of view, 

the study of chemical interaction and phase equilibrium 

between Tl3As2Se6 and TlAs2Se3S, which form the 

Tl3As2Se6-TlAs2Se3S system, has scientific and practi-

cal significance. Systems consisting of internal sections 

of the As, Tl//S, Se quaternary system have been previ-

ously studied by us [12-15]. 

The aim of this work is to construct its phase dia-

gram by studying the physicochemical interaction and 

glass formation in the Tl3As2Se6-TlAs2Se3S system. 

The Tl3As2Se6 compound melts incongruently at 

245°C, the microhardness in the crystalline state is 

1250 MPa, in the glass 1080 MPa [16]. The TlAs2Se3S 

compound is a glassy material with congruent melting 

at 305°C, with microhardness and density, respectively: 

Hμ = 840 MPa and ρ = 6.82 g/cm3 [17]. 

 

Experimental part 

The alloys of the system were obtained by joint 

melting of Tl3As2Se6 and TlAs2Se3S compounds in a 

sealed quartz ampoule with air suction to a pressure of 

0.133 MPa. . During the synthesis, the temperature was 

first smoothly increased to 600°C and maintained by 

vibration for 5 hours, then the furnace temperature was 

reduced to 400°C and maintained for 24 hours. The 

next day, the temperature was brought to 200°C by 

cooling at a rate of 100°C per hour, and then cooled by 

switching off. The alloys of the Tl3As2Se6 and 

TlAs2Se3S system were studied by DTA, X-ray diffrac-

tion, MSA analysis, as well as by determining the den-

sity and microhardness. 

Differential-thermal analysis was performed on a 

low-frequency pyrometer THERMOSCAN-2. Chro-

mel-alumel was used as a thermocouple, the heating 

rate was 5°C/min. X-ray phase analysis of the alloys 

was performed on a D2 PHASER X-ray diffractometer. 

CuKα radiation and a Ni filter were used as an anode. 

Microstructure analysis was performed on a MIM-8 

microscope. A solution of 10 ml of 0.1 HC1 + 5 ml of 

H2O2 was used as an etchant to detect the phase bound-

ary in the samples. Microhardness was measured on a 

PMT-3 metallographic microscope. Density was deter-

mined by the pycnometric method, toluene was used as 

a filler. 

Results and discussion 

The synthesized alloys are dense, black shiny sub-

stances. The alloys of the system are resistant to water 

and air. Samples rich in the Tl3As2Se6 compound are 

relatively poorly soluble in mineral acids, while the 

TlAs2Se3S compound is practically insoluble. They dis-

solve well only in heated HNO3 acid and gradually in 

alkaline solutions (NaOH, KOH). 

The synthesized samples were kept at 170 °C for 

850 hours for crystallization. Crystallization was mon-

itored using physicochemical analysis methods. Some 

physicochemical properties of the Tl3As2Se6-

TlAs2Se3S system alloys in glass and crystalline form 

are given in Tables 1 and 2. 
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Table 1.  

Composition of the Tl3As2Se6-TlAs2Se3S system alloys, DTA results, microhardness and density measurements 

(in glass form) 

Composition, mol % 

Thermal effects,oC Density,  

q/cm3 

Mikrohardness, МPа 

Tl3As2Se6 TlAs2Se3S  
α ТlАs2Sе4 Тl3Аs2S3Sе3   

P=0,15 N 

100 0.0 145. 245 7.40 1250 – – – 

95 5.0 140. 230. 245  7.40 1280 – – – 

90 10 140. 225. 240 7.25 1280 – – – 

80 20 135. 190. 225. 235 7.15 1270 1150 1050 – 

70 30 135. 190. 225. 230 6.97 1250 1130 1060 – 

60 40 140. 190. 215. 245 6.90 1250 1100 1050 – 

50 50 130. 190. 265 6.80 – 1100 1050 – 

45 55 130. 190. 225. 275 6.72 – – – – 

40 60 130. 190. 240. 280 6.67 – – 1050 – 

35 65 135. 250. 285 6.60 – 1100 1050 – 

30 70 140. 205. 270 6.56 – – – – 

20 80 150. 205. 250. 270 6.49 – – – 880 

10 90 155. 230. 250. 290 6.42 – – – 880 

5,0 95 160. 270. 300 6.30 – – – 870 

0,0 100 165. 305 6.25 – – – 840 

Table 1.  

Composition of the Tl3As2Se6-TlAs2Se3S system alloys, DTA results, microhardness and density measurements 

(in crystalline form) 

Composition, mol % 
Thermal 

effects,oC 

Density,  

q/cm3 

 Mikrohardness, МPа 

Tl3As2Se6 TlAs2Se3S  
α ТlАs2Sе4 Тl3Аs2S3Sе3   

P=0,10 N 

100 0.0 245 7.80 1080 – – – 

95 5.0 230. 245  7.78 1100 – – – 

90 10 225. 240 7.70 1100 – – – 

80 20 190. 225. 235 7.52 1120 920 890 – 

70 30 190. 225. 230 7.40 1100 900 970 – 

60 40 190. 215. 245 7.25 1090 910 870 – 

50 50 190. 265 7.15 1080 910 – – 

45 55 190. 225. 275 7.05 Eutek. Eutek. Evuek. – 

40 60 190. 240. 280 6.95 – 900 – – 

35 65 250. 285 6.82 – 900 – – 

30 70 205. 270 6.79 – Eutek. Eutek. Eutek. 

20 80 205. 250. 270 6.62 – – 870 820 

10 90 230. 250. 290 6.54 – – – 820 

5.0 95 270. 300 6.45 – – – 800 

0,0 100 305 6.40 – – – 780 

 

Differential-thermal analysis of the Tl3As2Se6-

TlAs2Se3S system shows that softening temperatures 

are observed on the thermograms of alloys before heat 

treatment. Thermal effects are almost always very 

small and mixed. The fact that the temperature Tg (140-

165°C) does not increase monotonically and takes dif-

ferent values indicates the complexity of the composi-

tion. In order to distinguish phases, microstructural 

analysis of glassy and crystalline samples was carried 

out. One of the ways to better detect phases is etching 

with a chemical solution. Annealing allows us to iden-

tify the size, shape and distribution of phases in the al-

loy. The main condition is the formation of different 

phase relief. In this case, it is not important which phase 

has the highest dissolution rate inside the alloy. To de-

termine the composition of the obtained samples, they 

were crystallized and their microstructure was studied. 

It was found that in areas close to the main components, 

single-phase and two-phase alloys are found. It was 

found that three-phase alloys exist in the concentration 

range of 15-80 mol % TlAs2Se3S (Fig. 1). The alloy 

with a concentration of 5 mol % shown in the figure is 

a solid solution alloy based on the compound 
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Tl3As2Se6. Samples of 10 and 40 mol % are two-phase 

and three-phase alloys. 

 

 
  

An X-ray structural analysis of the Tl3As2Se6-

TlAs2Se3S alloys was performed. It was found that no 

diffraction maxima were obtained on the diffraction 

patterns of the samples before heat treatment. Figure 2 

shows the X-ray patterns of TlAs2Se3S samples with a 

content of 20, 50 and 80 mol % TlAs2Se3S in the glassy 

state. This indicates that all the obtained alloys are 

glassy. 

 

 
 

Fig. 2. Diffraction patterns of glassy alloys of the Tl3As2Se6-TlAs2Se3S system. 

1- Tl3As2Se6, 2-20, 3-50, 4-80, 5- 100 mol % TlAs2Se3S 

 

X-ray analysis after heat treatment shows that dif-

fraction lines of sufficiently high intensity appear on 

the X-ray images of the samples. Thus, X-ray analysis, 

like the above-mentioned methods of analysis, shows 

that a complex interaction occurs in the system. When 

measuring the microhardness of the alloys of the sys-

tem, four different, relatively close values were ob-

tained. The following values of microhardness and den-

sity of glass were obtained. The values of microhard-

ness Hμ = (1250-1280) MPa and density ρ = (7.15-

7.40) g/cm3 of the α-solid solution obtained on the basis 

of the combination Tl3As2Se6, Hμ = (1100-1150) MPa, 

ρ = (6.90-7.15) g/cm3 of the TlAs2Se4 compound, Hμ = 

(1050-1060) MPa, ρ = (6.56-6.80) g/cm3 of the 

Tl3As2S3Se3 compound and Hμ = (840-880) MPa, ρ = 

(6.25-6.56) g/cm3 correspond to the values of micro-

hardness and density of the β-solid solution obtained on 

the basis of the TlAs2Se3S compound.  

Based on the results of physicochemical analysis 

methods, a phase diagram of the Tl3As2Se6-TlAs2Se3S 

system was constructed (Fig. 3).  

Fig. 1. Microstructures of alloys of the Tl3As2Se6-TlAs2Se3S system. (340): 1-5, 2 -10, 3-40 mol % 

TlAs2Se3S. 

 

 

1                                           2                                           3 
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Fig. 3. Phase diagram of the Tl3As2Se6-TlAs2Se3S system. 

 

During the study of the quasi-ternary system 

As2S3-As2Se3-TlS(Se), it was found that the Tl3As2Se6-

TlAs2Se3S system is non-quasi-binary, passing through 

the regions of two subordinate triangles As2Se3-

Tl3As2S3Se3-Т1Аs2Se4 and TlAs2Se4-Tl3As2S3Se3-

Tl3As2Se6. Tl3As2Se6-TlAs2Se3S crosses the three-

phase field, crossing the triangle TlAs2Se4-

Tl3As2S3Se3-Tl3As2Se6. At this time, in the range of 0–

63 mol % TlAs2Se3S, the liquid of this part of the sys-

tem is limited by the initial crystallization curves of the 

TlAs2Se4 compound with an α-solid solution. The com-

bined crystallization of both phases ends with a double 

eutectic. At this point, a three-phase equilibrium 

L↔α+TlAs2Se4 occurs. In the Tl3As2Se6-TlAs2Se3S 

system based on the compound Tl3As2Se6, the solid so-

lution region at room temperature is 5 mol % 

TlAs2Se3S, and based on the compound Tl3As2Se6 up 

to 3 mol % TlAs2Se3S. 

The composition of the eutectic is ~35 mol% 

TlAs2Se3S, the melting point is 225°C. In this region, 

the phases (L+α) and (L+TlAs2Se4) are located below 

the liquids lines. Below the liquidus line, there are two-

phase and three-phase regions, (L+TlAs2Se4) and 

(L+TlAs2Se4+ Tl3As2S3Se3). Below the solidus line, as 

a result of double precipitation, alloys consisting of 

three-phase (α+T1As2Sе4+Tl3As2S3Se3) alloys crystal-

lize. In the ternary eutectic, a four-phase equilibrium is 

formed: L↔ α+TlAs2Se4+Tl3As2S3Se3. 

The rest of the Tl3As2Se6-TlAs2Se3S system 

passes through the region of the As2Se3-Tl3As2S3Se3-

TlAs2Se4 hardness triangle. At the intersection point, 

the Tl3As2S3Se3 and TlAs2Se4 phases are formed. In the 

concentration range of the system of 53–100 mol % 

TlAs2Se3S, the liquidus region is surrounded by the 

curves of primary crystallization of TlAs2Se4 and the β-

solid solution. Their cocrystallization is completed by a 

binary eutectic of the composition ~73 mol % 

TlAs2Se3S with a melting point of 250°C. At this point, 

invariant equilibrium occurs: L ↔ β + TlAs2Se4. Below 

the liquids line, in the range of 73–90 mol % 

TlAs2Se3S, phases consisting of a mixture of L + β + 

TlAs2Se4 are formed. As a result of reprecipitation, the 

liquid phase completely dissolves, passes into the solid 

phase, and three-phase alloys consisting of 

(β+TlAs2Se4+TlAs2Se3S) crystallize below the solidus 

line. 

Conclusion 

Thus, the phase diagram of the Tl3As2Se6-

TlAs2Se3S system was constructed using physicochem-

ical analysis methods. This system is a non-quasi-bi-

nary part of the quasi-ternary As2S3-As2Se3-TlSe sys-

tem. Based on the initial components, a limited area of 

solid solutions is obtained in the system. Upon normal 

cooling, all alloys of the system were obtained in the 

form of glass. In the Tl3As2Se6-TlAs2Se3S system, the 

area of the solid solution at room temperature is 5 mol 

% based on the Tl3As2Se6 compound and 3 mol % 

based on TlAs2Se3S. The softening and crystallization 

temperatures of the obtained chalcogenide glasses were 

determined. 

 

References: 

1. Dinesh Chandra SATI1, Rajendra KUMAR, 

Ram Mohan MEHRA Influence of Thickness Oil Opti-

cal Properties of a: As2Se3 Thin Films // Turk J Phys. 

2006. V.30. P.519- 527. 

2. Lovu M., Shutov S., Rebeja S., Colomeyco E., 

Popescu M. Effect of metal additives on photodarken-

ing kinetics in amorphous As2Se3 films // Journal of Op-

toelectronics and Advanced Materials 2000. V. 2. Is-

sue: 1. P 53-58. 

3. Lyubin V.M., Kolomiets V.T. Electrical and 

photoelectric properties of arsenic selenide layers // 

FTT. 1962. Vol. 4. No. 2. Pp. 401–406. 



Norwegian Journal of development of the International Science No 136/2024 15 

4. Babaev A.A., Muradov R., Sultanov S.B., 

Askhabov A.M. Influence of production conditions on 

optical and photoluminescent properties of glassy 

As2S3 // Inorganic materials. 2008. V. 44. No. 11. P. 

1187–1201. 

5. 5.Bhawana Dabas and Sinha R. K.. Dispersion 

Properties of Chalcogenide As2Se3 Glass Photonic 

Crystal Fiber // ICOP 2009-International Conference 

on Optics and Photonics Chandigarh, India, 30 Oct.-1 

Nov.2009. P.386-388. 

6. 6. Fu L.B., Rochette M., Ta'eed V., Moss D., 

and Eggleton B.J., Investigation of self-phase modula-

tion based optical regeneration in single mode As2Se3 

Chalcogenide glass fiber // Opt. Express 2005. V.13. P. 

7637-7642. 

7. 7.Seema Kandpal, Kushwaha R. P. S.. Photo-

acoustic spectroscopy of thin films of As2S3, As2Se3 

and GeSe2 // Indian Academy of Sciences // PRAM 

ANA journal of physics. 2007. V. 69. No. 3. P. 481-

484. 

8. Aliyev I.I., Babanly M.B., Farzaliev A.A. Op-

tical and photoelectric properties of thin films of secoli 

(As2Se3)1-x(TlSe)X(X=0.05-0.01) X1 International 

Conf. on Physics and Technology of Thin Films. Ivano-

Frankivsk. Ukraine, May 7-12, 2007. P. 86. 

9. Akhundov G.A., Alieva M.Kh., Pashayev 

A.M. Photoconductivity of TISe. Report AN Azerb. 

SSR. I960. T.16. № II. C.1053-1057. 

10. Alexander K.F., Tarasik M.I., Mammadov 

T.G., et.al. Ele Ctrical properties of the layered single 

crystals TlGaSe2 and TlInS2 // Przeglad Elektrotech-

niczny. 2012. V. 88. № 7a. P. 301-304. 

11. Selahattin Ozdemir, Mahmut Bucurgat. Pho-

toelectical properties of TlGaSe2 Single Crystals // 

Solid State Sciences 2014. V.33. P. 26-30. 

DOI:10.1016/j.solidstatesciences.2014.04.006 

12. 12.Aliev I.I. , Ragimova V.M., Ahmedova 

C.A., Shakhbazov M.G., Gashimov Kh.M. INVESTI-

GATION OF PHASE FORMATION AND GLASS 

FORMATION IN THE As2Se3-TlTe SYSTEM //Nor-

wegian Journal of development of the International Sci-

ence 2022. № 88. P. 3-10. 

13. Aliev I.I.. Ragimova V.M., Rizaev R.M., 

Gashimov Kh.M., Shakhbazov M.G., Tagiev S.I. Syn-

theses and investigation of phase formation and glass 

formation in the As2S3-T12Se3 system // Norwegian 

Journal of development of the International Science No 

80/2022. P.3-9. 

14. Aliev I.I., Ahmedova C.A., Rzaev R.M., 

Gashimov Kh.M. Phase formation in the As2Se3-Tl2S3 

system and the physico-chemical properties of the ob-

tained phases // Norwegian Journal of development of 

the International Science No 83/2022. P 11-15. 

15. Aliyev I.I., Ahmedova С.A. Character of the 

Interaction in the As2Te3-TISe System and Electro-

physical Propertes of the Phases Obtained Int. J. Pure 

Appl. Sci. 8(2);302-311 (2022) Turkey. 

16. Farzaliev A.A., Aliyev I.I., Aliyev O.M., Ali-

yev I.G. Study of phase equilibrium in the As2Se3–TlSe 

system // Chemical Problems, 2006. No. 2. P. 284-287. 

17. Aliyev I.I., Gamidova Sh.A., Suleimanova 

M.G., Kahramanov Sh.T., Akhmedova J.A. Nature of 

chemical interaction and glass formation in the As2Se3-

TlS system // Scientific journal. Archivarius. 2022. T: 

7. No.: 9(63) P.18-22. 

  

https://www.researchgate.net/profile/Alexander-Fedotov-2
https://www.researchgate.net/scientific-contributions/M-I-Tarasik-2011005306
https://www.researchgate.net/profile/T-Mammadov
https://www.researchgate.net/journal/Przeglad-Elektrotechniczny-0033-2097
https://www.researchgate.net/journal/Przeglad-Elektrotechniczny-0033-2097
https://www.researchgate.net/profile/Selahattin-Ozdemir
https://www.researchgate.net/profile/Mahmut-Bucurgat
https://www.researchgate.net/journal/Solid-State-Sciences-1293-2558
http://dx.doi.org/10.1016/j.solidstatesciences.2014.04.006

