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Abstract: The solid-phase equilibria in the TIBi7e,-TITbTe, system were studied by using the powder X-
ray diffraction method. Despiteisostructural character of the starting compounds (hexagonal structure,
Sp. Gr. R-3m), it was shown that the system is characterized by a limited mutual solubility of the initial
components. The solubility based on TIBiTe, reaches ~45 mol%, and base on TIThTe; is about 22 mol%.
The lattice parameters of the intermediate solid solutions were calculated using the powder
roentgenograms. The solid solutions obtained are of great interest as potential magnetic topological
insulators.
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Introduction

Multicomponent heavy metal
chalcogenides, including thallium, are of great
interest as prospective functional materials
with different properties such as magnetic,
optical, thermoelectric[1-14]. Moreover, new
characteristics of topological effects have been
realized experimentally in chalcogenides such
as PbBigTeso, TIBiXz, Pb;SncTe [14-17].

Purposeful changes in the composition
of the above compounds can lead to
optimization of functional properties of the
above materials. For this, it is necessary to
study systems consisting of structural analogs,
since it can be expected that they form wide
areas of solid solutions [18-20].

Earlier, we investigated some systems,
characterized by formation of variable

composition  phases:  TI;PbTes-TlyGdTes-
TlgBiTEG [21], T|98bT€5-T|9Gd(Tb)T€5[22].
The aim of the present work is the
investigation of the mutual solubility of
components in the TIBiTe,-TIThTe..

TIBiTe, melts congruently at 820 K [23] and
crystallizes in a hexagonal structure (Sp. Gr.R-

3m) with parameters:a=4.526; ¢=23.12 A; z =
3[24, 25].

TITbTe, compound is  structural
analogue of TIBiTe,with lattice parameters: a
=4.416;c=24.27 A; z=3[26].

The isostructural character of initial
compounds makes it possible to expect the
formation of wide areas of substitutional solid
solutions between them.

Experiments and results

1. Materials and synthesis

high purity elements. The provenance and

Initial compounds of TIBiTe, and purity of the elements used in this
TIThTe,were synthesized by direct melting of  investigation are shown in Table 1.
Table 1. Provenance and purity of the materials used in this investigation
Chemical Mass Source CAS No Form Purification
fraction of and purity
Purity analysis
methods
Bismuth 0.99999 Alfa Aesar 7440-69-9 broken as stated by the
(Germany) ingots supplier
Thallium 0.99999 Alfa Aesar 7440-28-0 rod
(Germany)
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Tellurium 0.9999 Alfa Aesar 13494-80-9 broken
(Germany) ingots
Terbium 0.999 Alfa Aesar 7440-27-9 pieces
(Germany)

The synthesis of initial components was
carried out in an evacuated (~ 10Pa) quartz
ampoule. To achieve an equilibrium state, after
synthesis, the intermediate ingot of the
TIBIiTe, was subjected to heat treatment 700 K
for 500 h and cooled in the furnace.

The synthesis of the TITbTe, was
carried out by means of the ceramic method.
First, the quartz tube 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. An intermediate ingot of
TITbTe, was crushed in an agate mortar,
pressed into pellets and then, the heating
procedure was repeated at 900 K for 500 h.

Intermediate alloys of the TIBIiTe;-
TITbhTe,system were also synthesized by the
ceramic method by melting of the pre-

synthesized ternary compounds at 1000 K in
evacuated quartz tubes with subsequent
thermal annealing at 750 K (1000h.). Then the
samples were ground, thoroughly mixed,
pressed into tablets and annealed under the
same conditions.
2. Methods

We used the X-ray diffraction analysis
(Bruker D8 diffractometer, CuK,, radiation) in
order to control the purity of the synthesized
compounds. The analysis was carried out
between 10°< 26 < 70° at a room temperature.
The lattice parameters of initial compounds
and intermediate alloys were calculated by
indexing powder patterns using Topas V3.0
software  (Table  2).Calculated lattice
parameters of TIBiTe, and TITbTe, were close
to the corresponding literature data [24, 26].

Results and discussion

Fig.1 presents powder X-ray diffraction
patterns of some annealed intermediate alloys.
The diffraction patterns of alloys containing
60, 80 and 90 mol% TIBiTe, are qualitatively
similar to those for pure TIBiTe, while alloy
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20 mol.% TIBIiTe, has a diffraction pattern
similar to TITbTe,. X-ray diffraction patterns
of alloys with compositions of 30 mol%
TIBIiTe; consist of a set of diffraction lines of
hexagonal phases with both initial compounds.

T
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Fig. 1. Powder X-ray diffraction patterns of some annealed intermediate alloys
of the TIBiTe,-TIThTe, system
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In order to determine the mutual
solubility of initial compounds, we constructed
concentration dependences of the hexagonal
lattice parameters (Table 2, Fig. 2). These
dependencies have fracture points at
compositions of ~22 and ~45 mol% TIBiTe;
which correspond to limiting compositions of
a- and B-solid solutions based on TITbTe;

andTIBiTey, respectively. In the o + B two-
phase region, the lattice periods of the two
coexisting phases have constant values
regardless of alloys” overall composition.
Within the homogeneity region of the a- and 3
phases, the lattice constants is a linear function
of the composition.

Table 2. Phase compositions and crystallographic parameters of TIBiTe,-TITbTe,phases

Compositions, % TIBiTe; Phase compositions Hexagonal lattice parameters, A
0 (TIThTey) o a=4.416;c=2427A;z=3
10 o a=4.431; c= 24.140
20 o a=4.443; c= 24.043
30 atfP o — phase: a =4.446; ¢ =24.001
B — phase: a =4.478; ¢ =23.441
40 atfP o — phase:a = 4.448; ¢ =23.999
B — phase: a = 4.483; ¢ =23.501
50 atfP o — phase:a =4.447; ¢ =24.025
B — phase: a =4.479; ¢ =23.482
60 B a=4.488; ¢=23.581
70 B a=4.495; ¢=23.483
80 B a=4.506; ¢=23.374
90 B a=4.518; ¢=23.542
100 B a=4.526; c=23.12 A;z=3
a, A e-a C,zx
o-C /
4.52 - o—o0— o -124.0
- —:)—f'——o-::
447 // 1235
/ o _*_._._\\
442 “ PN 230
TIBiTe, 20 40 60 80  TITbTe,
mol % T1TbTe,

Fig. 2. Concentration dependences of hexagonal lattice parameters
of some annealed alloys of the TIBiTe,-TITbTe,system

It should be noted that, according to the
data of [27], in the TISbTe,-TITbhTe, system,
the solubility based on initial compounds
reached 30 and 10 mol%, respectively.
Somewhat higher mutual solubility in the

TIBiTe,-TITbTe, system seems to be related to
closer crystallographic radii of the Tb
(1.063A) and Bi (1.17A) than that between Tb
(1.063A) and Sb (0.9A) [28].
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Conclusion

The formation of a wide area of solid
solutions based on TIBiTe, (45 mol%) is
established in the TIBiTe,-TITbTe,system
based on the results of the powder X-ray
diffraction analysis. The solubility based on
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TIBiTe,-TIThTe, SISTEMINDO BORKFAZA TARAZLIQLARI
Q.I. Olakbarzada

Azarbaycan milli aerokosmik agentliyi
e-mail: alakbarzadegi@gmail.com

Nk daf> olaraq TIBiTe,-TIThTe, sisteminda barkfaza tarazliglar: rentgenfaza analizi tsulu ila
tadqgiq olunmugdur. Ovuntu rentgenoqramlar: asasinda tayin olunmus gafas parametrlorinin
tarkibdan asililiq qrafirklori asasinda miayyan edilmigdir ki, TIBiTe, asasinda hallolma ~45
mol.%, TITbTe, asasinda isa 22 mol% tagkil edir. Alinmzg bark moahlullar potensial magnit
xassali topoloji izolyator materiallar: kimi maraq dogurur.

Acar sozlar: TIBiTe,-TIThTe, sistemi, bark mahlullar, rentgenfaza analizi, topoloji izolyator.

TBEP/IO®A3HBIE PABHOBECHA B CHCTEME TIBiTe,-TITbhTe,
I'U. Anekobep3aoe

Hayuonanvnoe aspoxocmuuecrkoe azenmemeo Azepoatioscana
e-mail:alakbarzadegi@gmail.com

Bnepsvie memooom  penmeenghazo6o2o ananuza uyueHvl meepooasHvle PAGHOBECUs 8
cucmeme TIBITe,-TITbTe,. Vemanoeneno, umo necmomps na uzocmpykmypHocms ucxoOHbIX
coedunenutl (eexcaconanvnas cmpykmypa, np.epR-3M), dannas cucmema xapaxmepuzyemcs
02PAHUYEHHOU 83AUMHOLL PACMEOPUMOCMBIO KOMROHeHmMo8. Pacmeopumocms na ocrnose TIBiTe;
cocmaensiem ~45 moa%, a na ocnose TITbTe; - 22 mon%. Ha ochosanuu nopowkosvix
QUDpaxmozpamm paccyumansbl napamempsbl KPUCMAIIU4ecKoll peulemKku meepovix pacmseopos.
Knrwuesvie cnosa: cucmema TIBiTe,-TITbTe,,  meepovie  pacmeopuvl,  nopowkosast
peHmeeHozpaghus, monoiocudecKuti U30asamop.
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