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The novel ternary compounds Tl4GdTes and TlsDyTes - structural analogs of TIsTes (Sp.gr.14/mcm), were
synthesized and identified by DTA and XRD methods. From powder XRD data, their crystal lattices parameters
were calculated: a = 8.8766(7), ¢ = 13.0846 (13) A, Z =4 (T1sGdTes); a=18.8588 (9), c = 13.0524(16) A, Z =4
(T14DyTes). It was found that the synthesized compounds melt with decomposition by peritectic reactions at 770

and 767 K, respectively.
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Introduction

The process of discovering and developing new
materials is currently being carried out in the direction of
searching for complex structural analogs of already
known compounds with the same properties and
optimization of their characteristics by direction doping
[1-3].

Among thallium chalcogenides, TlsTes is one of the
most suitable matrix compounds for the fabrication of
new ternary compounds structural analogs and
multicomponent phases. According to the phase diagram
of the TI-Te system, TlsTes compound melts congruently
at 725 K and is a phase of variable composition with a
wide range of homogeneity (34.5 - 38 at% Te) [4, 5].
This compound crystallizes in a tetragonal structure of
the CrsBs type (Sp.gr.l4/mcm) [6, 7]. The structural
features of this compound are discussed in detail in [3,
6]. It was shown that thallium atoms occupy two
different positions in the TlsTes crystal lattice and exhibit
+1 and +3 oxidation states (Fig. 1). Some thallium atoms
(TI2) are located in octahedral voids, and the other part
(TI1) - in voids of the tellurium anionic framework.
Substitution of half of the thallium atoms located in the
centers of octahedra (T12) with B+3 cations leads to the
formation of TlgBTes —type compounds, while their
complete replacement with A+2 cations leads to the
formation of Tl.ATes-type compounds [3, 8-10].
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A new class of compounds - thallium-REE tellurides
with common formula of TlgLnTes, which are ternary
structural analogs of the TlsTes, was obtained in [11-13].

It should be noted that ternary compounds of the
indicated types exhibit thermoelectric, optical, magnetic
properties, as well as properties of topological insulators
[14-26].

It is known that lanthanides show +2 and +3
oxidation states. In the TloLnTes compounds, lanthanides
have an oxidation state +3. Taking into account the
existence of TI;A'VTes- type compounds, we assumed the
possibility of the formation of Tl4sLnTes compounds, in
which the REE will exhibit +2 oxidation state.

This work describes the synthesis of the first
representatives of TlsLnTes-type compounds, namely,
Tl,GdTes and Tl:DyTes, and presents their
crystallographic and thermal characteristics.

I. Experimental part

1.1. Materials and synthesis

For research, we used elements purchased from Alfa
Aesar (Table 1).

Thallium is stored in water to prevent oxidation in
air, so it was dried immediately before use. Due to the
toxicity of thallium and its compounds, protective gloves
were worn when working with it.
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Fig. 1. TlsTes crystal structure: the main structural element projected on the plane b (a) [3]
and plane ¢ (b) [25].

Table 1
Provenance and purity of the materials used in this investigation
Chemical Mass fraction purity CAS No Form
Gadolinium 0.999 7440-54-2 foil, 0.25mm
Dysprosium 0.999 7429-91-6 foil, 0.25mm
Thallium 0.99999 7440-28-0 rod, 12.7mm
Tellurium 0.9999 13494-80-9 broken ingots

The congruently melting Tl,Te compound was
synthesized by the melting of stoichiometric amounts of
the thallium and tellurium in evacuated (~ 102Pa) quartz
ampoules at 750 K, followed by slow cooling.

Taking into account the previous experience on the
synthesis of the TlyLnTes compounds [3, 11-13, 27-29],
namely, the REE refractory, and the incongruent
character of their melting, the Tl,GdTe; and TlsDyTes;
compounds were synthesized by the ceramic method
according to a special technique. In the synthesis, not
elementary components were used, but stoichiometric
amounts of thallium telluride TI,Te, lanthanide, and
tellurium. This due to lanthanides with thallium form
thermodynamically stable compounds that prevent the
further synthesis of ternary compounds. After alloying at
1000 K, to achieve a state as close as possible to
equilibrium, the cast non-homogenized samples were
ground into powder, thoroughly mixed, pressed into a
cylindrical tablet, and annealed at 700 K for 1000 h.

To prevent the interaction of lanthanides with the
inner walls of the quartz ampoule, the synthesis of the
T1.GdTes and TlsDyTes was carried out in graphitized
ampoules. Graphitization was performed by thermal
decomposition of toluene.

The single-phase nature of the synthesized
compounds was controlled by DTA and XRD methods.

1.2. Methods
DTA and XRD analyses were used to analyze the
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samples of the investigated system.

The phase transformation temperatures were
determined using a NETZSCH 404 F1 Pegasus
differential ~ scanning  calorimeter  within  room
temperature and ~1200 K at a heating rate of 10 K- min?
and accuracy about +2 K.

Phase identification was performed using a Bruker
D8 diffractometer utilizing CuK. radiation. The powder
diagrams of the ground samples were collected at room
temperature in the 20 range of 6 -65°. The unit cell
parameters of intermediate alloys were calculated by
indexing of powder patterns using Topas V3.0 software.

I1. Results

The combined analysis of experimental data showed
the existence of the T1sGdTes and Tl4DyTes compounds,
allowed to explain the possibility and character of their
formation.

Analysis of powder X-ray diffraction patterns of the
synthesized compounds showed that they have
diffraction patterns identical to those of TlsTes (Fig. 2).
Their X-ray diffraction patterns were indicated in the
TlsTes- type structure using the Topas V3.0 computer
program, and the tetragonal lattice parameters were
obtained:

T1,GdTes: a = 8.8766(7), ¢ = 13.0846 (13) A, Z = 4
TI,DyTes: a = 8,8588(9); ¢ = 13,0524(16) A, Z =4
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Fig 2. The powder XRD patterns of the TlsTes, Tls«GdTes, and Tl.DyTes; compounds.

On the heating thermograms in the temperature
range from room temperature to 1200 K, we found peaks
at 770 (Tl.GdTes) and 767 K (TlsDyTes). Given the
difficulty in homogenizing the samples obtained by
melting, these effects cannot be attributed to the
congruent melting. Apparently, both compounds melt
with decomposition by peritectic reactions and their
complete transition to a liquid state occurs at
temperatures above 1200 K.

Conclusion

This work presents the new T1.GdTez and Tl.DyTes
ternary compounds -structural analogs of TlsTes
(sp. gr.14/mcm). The powder diffraction patterns were
completely indicated in the tetragonal structure, and their
crystal lattices  parameters  were  calculated:
a=8.8766(7), c=13.0846 (13)A, Z=4 (Tl,GdTes);
a=8.8588 (9), c=13.0524(16) A, Z=4 (TIDyTey).
According to DTA data, it was found that the synthesized
compounds melt with decomposition by peritectic
reactions at 770 and 762 K, respectively. The obtained

new compounds complement a wide class of
compounds - structural analogs of TlsTe; and exhibit
interest as potential thermoelectric and magnetic
materials.

Acknowledgment

The work has been carried out within the framework
of the international joint research laboratory “Advanced
Materials for Spintronics and Quantum Computing”
(AMSQC) established between the Institute of Catalysis
and Inorganic Chemistry of ANAS (Azerbaijan) and
Donostia International Physics Center (Basque Country,
Spain) and partially supported by the Science
Development Foundation under the President of the
Republic of Azerbaijan, a grant EIF/MQOM/Elm-Tehsil-1-
2016-1(26)-71/01/4-M-33.

Imamaliyeva S.Z. — PhD on Chemistry, Associate
Professor, Senior Researcher of ‘Thermodynamics of
functional inorganic compounds’ laboratory.

[1] Yu.P. Afinogenov, E.G. Goncharov, G.V. Semenova, V.P. Zlomanov, Physicochemical analysis of

multicomponent systems (MPTI, Moscow, 2006).

[2] M.B. Babanly, E.V. Chulkov, Z.S. Aliev, A.V. Shevelkov, and I.R. Amiraslanov, Russ. J. Inorg. Chem.
62(13), 1703 (2017) (https://doi.org/10.1134/S0036023617130034).

[3] S.Z. Imamaliyeva, D.M. Babanly, D.B. Tagiev, and M.B. Babanly, Russ. J. Inorg. Chem. 63(13), 1703 (2018)

(https://doi.org/10.1134/S0036023618130041).

[4] M.M. Asadov, M.B. Babanly, A.A. Kuliev, Inorg. Mater. 13(8), 1407 (1977).

[51 H. Okamoto, Te-TI (Tellurium-Thallium). J. Phase Equilibria 21(5), 501(2001)
(https://doi.org/10.1361/105497100770339833).
[6] I. Schewe, P. Bottcher, H.G.  Schnering, Z. Kristallogr. Bd188, 287  (1989)

(https://doi.org/10.1524/zkri.1989.188.3-4.287).

494


https://doi.org/10.1134/S0036023617130034
https://doi.org/10.1134/S0036023618130041
http://www.ingentaconnect.com/content/asm/jpe
https://doi.org/10.1361/105497100770339833
https://doi.org/10.1524/zkri.1989.188.3-4.287

[7]

(8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

[26]

[27]
[28]

[29]

T1.GdTesand Tl4sDyTes — Novel Structural TlsTes Analogues

P. Bottcher, Th. Doert, Ch. Druska, S. Brandmodller, J.Alloys Compd. 246, 209 (1997)
(https://doi.org/10.1016/S0925-8388(96)02455-3).

M.B. Babanly, A. Akhmadyar, A.A. Kuliev, Russ. J. Inorg. Chem. 30, 1051 (1985).

M.B. Babanly, A. Akhmadyar, A.A. Kuliev, Russ. J. Inorg. Chem. 30(9), 2356 (1985).

A.A. Gotuk, M.B. Babanly, A.A. Kuliev, Inorg. Mater. 15, 1062 (1979).

S.Z. Imamaliyeva.,, F.M. Sadygov, M.B. Babanly, Inorg. Mater. 44, 935 (2008)
(https://doi.org/10.1134/S0020168508090070).

M.B. Babanly, S.Z. Imamaliyeva, D.M. Babanly and F.M. Sadygov, Azerb. Chem. J. 1, 122 (2009).

M.B. Babanly, S.Z. Imamaliyeva, and F.M. Sadygov, Baku Univ.News. Ser. of nature study 4, 5 (2009).

K. Wacker, Z. Kristallogr. Supple. 3, 281 (1991).

T. Doert, P. Béttcher, Z. Kristallogr. 209, 95 (1994) (https://doi.org/10.1524/zkri.1994.209.1.95).

S. Bradtmoller, P. Bottcher, Z. anorg. allg. chem. 619, 1155 (1993)
(https://doi.org/10.1002/zaac.19936190702).

M.B. Babanly, S.Z. Imamaliyeva, and F.M. Sadygov, Chem.Problems 1, 171 (2009).

A.lsaeva, R. Schoenemann, T. Doert, Crystals 10(4), 277 (2020) (https://doi.org/10.3390/cryst10040277).

M. Piasecki, M.G. Brik, LE. Barchiy, K. Ozga, LV. Kityk, A.M. El-Naggarf, A.A. Albassam,
T.A. Malakhovskaya, G. Lakshminarayana, J. Alloys Compd. 710, 600 (2017)
(https://doi.org/10.1016/j.jallcom.2017.03.280).

F. Heinke, L. Eisenburger, R. Schlegel, S. Schwarzmiiller, O. Oeckle, Z. Anorg. Allg. Chem. 643, 447 (2017)
(https://doi.org/10.1002/zaac.201600449).

Q. Guo, A Assoud. H. Kleinke, Advanced Energy Materials, (14), 1400348 (2014)
(https://doi.org/10.1002/aenm.201400348).

I.E. Barchij, M. Sabov, A.M. El-Naggar, N.S. AlZayed, A.A. Albassam, A.O. Fedorchuk, 1.V. Kityk, J. Mater
Sci: Mater Electron. 27, 3901 (2016) (https://doi.org/10.1007/s10854-015-4240-4).

K.E.  Arpino, B.D. Wasser, T.M. McQueen, APL Mattr. 3(4), 041507 (2015)
(https://doi.org/10.1063/1.4913392).

Q. Guo, H. Kleinke, J. Alloys Compd. 630, 37 (2015) (https://doi.org/10.1016/j.jallcom.2015.01.025).

K.J. Plucinski, M. Sabov, A.O. Fedorchuk, I.E. Barchij, L. Lakshminarayana, M. Filep, Opt.Quant. Electron.
47, 185 (2015) (_https://doi.org/10.1007/s11082-014-9899-x).

S. Bangarigadu-Sanasy, C.R. Sankar, P.A. Dube, J.E. Greedan, H. Kleinke, J. Alloy. Compd. 589, 389 (2014)
(https://doi.org/10.1016/j.jallcom.2013.11.229).

S.Z. Imamaliyeva, V.A.Gasymov, M.B. Babanly, The Chemist 1, 1 (2017).

I.F. Mekhdiyeva, P.H. Babayeva, V.P. Zlomanov, S.Z. Imamaliyeva, New Materials, Compounds and
Applications 3, 142 (2019).

S.Z. Imamaliyeva., G.l. Alakbarova, K.N. Babanly, I.R. Amiraslanov, M.B. Babanly, New Materials,
Compounds and Applications 2(3), 221 (2018).

C. ImamaiieBa

T14GdTes Ta TlsDyTes sik HoBi crpykrypni ananoru TlsTes

Incmumym kamanizy ma neopeaniunoi ximii imeni akad. M. Haziesa, Hayionanvna axademis nayk Azepbaiiosicany, baky,

Aszepbaiioxcan, samira9597a@gmail.com

Hoei notpiiini cnonyku TlaGdTes ta TlaDyTes - crpykrypui amamorun TlsTes (Sp.gr.l4/mem) Gynu
cuHTe30BaHi Ta igeHTHdikoBani Mmerogamu DTA ta XRD. 3a nanumn XRD nopouky po3paxoByBaiii mapameTpu
ix kpucramiuemx pemitox: a = 8,8766(7), ¢ = 13,0846(13) A, Z = 4 (Tl«GdTes); a = 8,8588(9),
¢ = 13,0524(16) A, Z = 4 (TlsDyTes). BcraHoBEHO, 110 CHHTE30BaHi CMOYKH TUIABJIATLCA TIPH PO3KIAIaHHi
MEPUTEKTUIHUMH peakiisimu ipu 770 ta 767 K BiamosinHo.

KnrouoBi caoBa: temypumu taniii-P3E, mudepenniampHo-TepMiuHMN aHami3, X-TIpoMeHeBa IuQpakiis
HOPOLIKY, KpUCTaIiuHa IpaTKa.
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