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The solid-phase equilibria in the TISbTe,~TIThTe, system been forts studied by using the powder X-ray
diffraction method. It was established that despite the isostructural character of the starting compounds
(hexagonal structure, Sp. Gr. R-3m), the system is characterized by a limited mutual solubility of the
components. The solubility based on TISbTe, reaches ~30 mol%, and base on TIThTe, is about 10
mol%. The lattice parameters of solid solutions are calculated based on powder roentgenograms.
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Introduction

Complex chalcogenides of heavy metals,
including thallium, have attracted great interest
for decades as functional materials which pos-
sess thermoelectric, optical, photoelectric and
other properties [1-9]. Recent studies have shown
that they are of interest as topological insulators
[9-13] and Weyl semimetals [14]. Some of them
have photoconductivity and are promising for use
as y- and X-ray detectors [15, 16].

Optimization of the functional properties of
the above-mentioned materials can be achieved
by directed changing of their composition. This,
in turn, requires the study of systems consisting of
structural analogs, since they can be expected to
form wide areas of solid solutions [17-19].

In this paper, we present the results of X-
ray diffraction studies of solid-phase equilibria
in the TISbTe,~TITbTe, system.

Earlier, we investigated some similar sys-
tems, in which new phases of variable composition
were revealed: TlgBiTes—TlgErTes [20], Tl,Te—
Sho,Tes-BirTes [21], 3T1L,S+Sh,Tese> 3T, Te+Sh,S
[22], 3T1,Se+Sh,Te;>3Tl, Te+Sh,Se; [23] .

TISbTe, compound melts with decomposi-
tion in a peritectic reaction at 753 K [24] and crys-
tallizes in a hexagonal structure (Sp. Gr.R-3m) with
parameters a = 4.425, ¢ = 23.303A, z = 3[25].

TITbTe, compound is structural analogue
of TISbTe, and has following lattice para-
meters: a = 4.416, ¢ =24.27 A, z = 3 [26].

The thermodynamic properties of the
TISbTe, compound were studied in the [27].

Experiments and results

Initial compounds TISbTe, and TIThTe;
were synthesized by direct melting of high
purity elements (at least 99.999 at.%). All
elements were purchased from Alpha Aesar.
The synthesis of TISbTe, was carried out in
evacuated (~10Pa) quartz ampoule at 1000 K,
followed thermal annealing at 700 K for 200 h.
To synthesize TITbhTe,, the ampoule was heated
slowly to 1000 K in a furnace, allowed to
remain at 1000 K for 100 h, and then slowly
cooled down to room temperature. In order to
complete the reaction, the intermediate ingot of
TITbTe, was crushed in a dry box, pressed into
pellets and then, the heating procedure was
repeated at 900 K for 500 h.

The purity of the synthesized compounds
was controlled by the X-ray diffraction analysis
by using the Bruker D8 diffractometer (CuK,
radiation), between 10°<20<70° at room tempe-
rature. The unit cell constant of initial com-
pounds and intermediate alloys were calculated
by indexing of powder patterns using Topas
V3.0 software (Table). Calculated lattice para-
meters of TISbTe, and TITbTe, were close to
literature data [24, 25].

Alloys of the TISbTe,~TITbTe, system
were prepared by melting the initial compounds
in evacuated (~102Pa) quartz ampoules with
subsequent thermal annealing at 700 K for 600 h.

The powder X-ray diffraction patterns of
some annealed alloys are presented on Figure 1.
As can be seen, the diffraction patterns of alloys
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containing 70 and 90 mol% TISbTe, are
qualitatively similar to those for pure TISbTe;.
X-ray diffraction patterns of alloys with com-
positions of 20, 50 and 70 mol% TISbTe;
consist of a set of diffraction lines of both
phases.

The concentration dependences of the
lattices parameters (Table, Figure 2) were con-
structed in order to determine the mutual solu-
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Fig. 1. The powder X-ray diffraction patterns of some annealed alloys of the TISbTe,~TITbTe, system.

Phase compositions and crystallographic parameters of phases of the TISbTe,~TITbTe,

Compositions % TISbTe, Phase compositions Rhombic lattice parameters, A
0 (TIThTey) o a = 4.4245(4); c = 23.3025(20)
10 o a =4.42375 (4); c = 23.3751(21)
20 a+p a-phase: a = 4.42374 (4), c = 23.3759(21)
B-phase: a = 4.4180(5), ¢ = 24.0061(20)
40 a+p a-phase: a = 4.42376 (5), c = 23.3747(21)
B-phase: a = 4.4183(4), ¢ = 24.0024(20)
60 a+p a-phase: a = 4.42375 (5), ¢ = 23.3753(21)
B-phase: a = 4.4184(5), ¢ = 24.0052(20)
70 B a = 4.4180(5), ¢ = 23.9991(20)
80 B a = 4.4173(4), ¢ = 24.1754(20)
90 B a = 4.4165(5), ¢ = 24.2516(21)
100 B a = 4.4155(5), ¢ = 24.2682(21)
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Fig. 2. The concentration dependences of the lattices parameters of some
annealed alloys of the TISbTe,~TIThTe, system.

Conclusion

Based on the XRD results, the formation
of a wide area of solid solutions is the of on
TISbTe, (70 mol%) is established in the
TISbTe,~TITbTe, system. The solubility based
on TITbTe, is much lower and does not exceed
10 mol%. The crystal lattices parameters of the
obtained solid solutions are determined. The
solid solutions obtained are of practical interest
as potential topological insulators.
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TISbTe,~TITbTe, SISTEMINDO® BORKFAZA TARAZLIQLARIN RENTGENOQRAFIJK TODQIQi

G.i.Olakborzado

Ik dofs olaraq TISbTe,~TIThTe, sistemindo berkfaza tarazlhiqlar1 rentgenfaza analizi iisulu ilo todqiq olunmusdur.
Miioyyon edilmisdir ki, ilkin birlogsmalar eyni kristallik qurulusa (heksaqonal F.q. R-3m) malik olsa da, sistemds ilkin
komponentlorin moahdud qarsiliqli hall olurlar. TISbTe, asasinda hallolma ~70 mol.%, TIThTe, asasinda iso 10 mol%
toskil edir. Ovuntu rentgenoqramlari asasinda bark mohlullarin qofas parametrlori hesablanmisdir.

Agar sozlar: TISbTe,—~TITbTe; sistemi, bark mahlullar, rentgenfaza analizi, kristal gafas.
PEHTTEHOT'PA®HUUYECKOE NUCCJIEJOBAHUE TBEPJO®A3HBIX PABHOBECHI B CUCTEME
TISbTe~TITbTe,
I'.'N.Anex0ep3ane

BriepBrie MeToioM peHTTeH(a30BOTO aHAIM3a M3Y4eHBI TBeprodasublie paBHoBecus B cucreme T1SbTe,~TITbTe,.
VY CTaHOBIIEHO, YTO HECMOTPS Ha U30CTPYKTYPHOCTh MCXOHBIX COSMUHEHHUH (TeKCaroHansHasi CTpyKTypa, np.2p R-3m),
JlaHHas CHUCTEMa XapaKTepH3yeTcsl OrpaHMYEeHHOH B3aMMHOW PacTBOPUMOCTHIO KOMIIOHEHTOB. PacTBOpMMOCTh Ha
ocHoBe TISbTe, cocraBmsier ~70 mon%, a na ocuoe TIThTe, — 10 mon.%. Ha ocHOBaHMH MOPOIIKOBBIX
Ju(pakTOrpaMM PacCUYMTaHbI TApaMETPbl KPUCTAIUTMYECKOH PEHIETKH TBEPAbIX PACTBOPOB.

Knroueswie cnosa: cucmema TISbTe,~TIThTe,, meepovie pacmeopsl, nopouikosas penmeeHoepagus, KpUCmaiiuiecKkds
peuiemka.
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