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The stability of the K,TeBrg(lg) and Rb,TeBrg(l¢) compounds with perovskite structures was assessedthin
the idealized model of hard spheres (Goldschmidt'sule). The possibility of formation of solid solutbns along
sections of the reciprocal system Kelg + Rb,TeBrg « K,TeBrg + Rb,Telg was considered according to the
quantitative criteria of Vozdvyzhensky. The K, TeBrg—Rb,Tels system was investigated by DTA and X-ray
diffraction and the phase diagram was constructedThe binary system is of the invariant eutectic typeand
characterized by the formation of limited solid soltions. On the basis of crystallographic data the ¢nds
lengths in the crystal structures were compared wit the covalent and ionic radii of the atoms. The mults
showed that the chemical bonds in the KeBrg(ls) and Rb,TeBrg(l¢) ternary compounds are of the mixed
(combined) type - iono-covalent with a larger ioniccomponent. The electronic structures of the
K(Rb,)TeBrg(lg) compounds were calculated by thab initio guantum-mechanical DFT method.
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Introduction it turned out that such compounds have less good

optoelectric properties for use as solar cells (tdde

The obtaining of new materials with luminescent,
optical and other properties is an important task o
inorganic materials science. Complex halides cause
sustained interest among inorganic materials that a
promising for use in modern semiconductor devices,
such as solar cells. Metal-organic halide peroeskit
have high photoelectric performande3]. The power
conversion efficiencies of solar cells based on
perovskites reach over 20% and approach by their
parameters  silicon-based  photovoltaicg4-8].
However, their commercial use is limited by two
drawbacks: the organic cation reduces the stahifity
the perovskite structure, and the lead content evrs
the toxicity. To increase the stability of the sture,
isovalent substitution of the organic cation byadiali
metal cation (K, Rb’, CS, or one-charge CuAg)

has been proposed. To eliminate the toxicity oftRé,
idea of its substitution by other divalent cations
outside of group IVA has been considered. However,
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band gap)[9]. In this direction the most promising
substitutions in the structures of these compowands
two PK* ions by oneM * ion and oneéM ** ion, or one
M* (2PE*-M *+M **, 2PBE*—-M **), maintaining the
total number of valence electrons constant. As
potential substitutes for Pb compounds, halide
double perovskites of th&®,B1B2X; type and vacancy-
ordered double perovskites of théBoXs (whereo is

a vacancy) type have been propofni13].

Investigation of the reciprocal ;Kels + Rb,TeBrg
- K,TeBrg + RyTels system is a necessary stage
in the study of the system with double cation-
cationic and anion-anionic substitution on the dadi
ABXs-type compounds.

The K(Rb)Br(l)-TeBr(I) systems feature
K,(Rb,)TeBrg(lg) compounds, which melt
congruently[14,15]. The binary systems on the base
of A;TeXs (A=K, Rb, X=Br, 1) compounds with
cation-cationic or anion-anionic substitutions have
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been investigated16]. The KTeBr—RhTeBrs and
Rb,TeBrs—Rb,Telg systems are characterized by
eutectic interaction, whereas the,Ti€le—RbTelg
system belongs to the peritectic type. In the
K,TeBre—K,Tels system at high temperatures a
eutectic process takes place, and at low tempesatur
an unlimited solid solution is formed.

2. Experimental details

The ternary compounds Rb)TeBry(lg) were
synthesized by reacting stoichiometric amounts of
high-purity elements, tellurium, bromine, iodinethwi
purity not less than 99.8 wt.% and additionally
purified by zone crystallization methods, binary
KBr(l) and RbBr(l). The syntheses were performed by
the direct two-temperature method at temperatures
50 K aboveT g of the ternary compounds {ReBrs —

773 K, K.Telg— 733 K, RbTeBrs — 1013 K,
Rb,Tels— 843 K) in special two-section quartz
ampoules. The heating was carried out at a rate of
40-60 K/h. Thermal treatment was carried out at the
maximum temperature for 72 h (components and
products of the interaction were in molten formjath

led to completion of the chemical interaction witie
formation of the necessary phases). Cooling was
carried out at a rate of 20-30 K/h to an annealing
temperature of 473 K (96 h annealing), followed by
cooling of the ampoule in air. Alloys of the
K,TeBr—Rb,Tels system were synthesized from the
ternary compounds along the whole concentration
range with a step of 10 mol.%.

The obtained compounds and alloys were
investigated by differential thermal analysis (DTA)
(combined Chromel-Alumel thermocouples, automatic
data recording on a computer, heating/cooling rafes
700 K/h, measurement accuraty K). X-ray powder
diffraction was performed using a DRON 4-07
diffractometer (CWK, radiation, Ni-filter, scanning
interval 10< 20 <60°, scanning step 0.05°, exposure
time 5 s). Crystal-chemical analysis and visuailirat
were carried out using the program packages UnitCel
(Holland-Redfern method)[17], PowderCell 2.3,
Westa 3[18], and Diamond 2Ab initio quantum-
mechanical calculations of the electronic structure
were performed by the Quantum Espresso program
(QE), which contains the core packages for the
calculation of electronic-structure properties wWwith
the Density-Functional Theory (Plane-Wave basis set
and pseudopotentialg)9,20].

3. Results and discussion

The crystal structure of perovskite with the gehera
formula ABO; is cubic and is characterized by the
presence of two types of position — cuboctahedral
(coordination number CN =XII) and octahedral
(CN = VI), occupied by atoms of the catioAsandB
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(Fig. 1), respectively[21]. The BOg octahedra, which
are connected by vertices, form an infinite three-
dimensional framework, in the cavities of which are
located A-cations surrounded by 12 oxygen atoms.
The peculiarity of perovskites of tHeBO; type is that
when part of theA andB cations are replaced in the
corresponding sublattice, the structure as a whole
remains stable (the structure is tolerant). Thisved
not only isovalent substitutions, but also hetelewa
ones, with a violation of the electroneutrality tbie
system, which leads to changes in the crystal streic

the formation of defects, accompanied by
orthorhombic and rhombohedral deformations.
Modification of the initial structural matrix of

perovskite-type phases by iso- and heterovalent
substitutions should lead to the appearance of a
complex of important electrical-optical properties,
which promotes their practical ug&,23].

Fig. 1 Cuboctahedral

(CN=Xll) (a) and
octahedral (CN = VI) (b) environment dfand

B cations in the perovskite structure of the
ABO3 type.

An analysis of the physical-chemical interactions
in the quasi-binary systems that form the
reciprocal KTels+ RbTeBry « K,TeBrg + RipTelg
system, was performed on the basis of the electroni
structures of the K(Rb), Te, and Br(l) atoms,
thermodynamic stability and dimensional factors.
According to the electronic configuration, the K{Rb
atoms inA,TeX; ternary compounds act as cations, the
Br(l) as anions, and Te as a central anion-forming
atom.

The study of the crystallographic stability of
materials in the perovskite structure within the
idealized model of solid spheres is based on two
empirical quantities (Goldschmidt's rule) the
tolerance factort] and the octahedral factor)( A
statistical analysis of perovskite halides indisateat
the formation of a perovskite structure requires
0.86 <t< 1.0 andu > 0.41[7]. Empirical values for
the compounds ¥Rb,)TeBrs(lg) were calculated
according to the equations:

= R*R _Ry
2% (Rg +Ry) R

For Ra, Rz, Ry we used ionic and crystalline radii
according to Shannon and Pruitfaple ). The

).
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calculations Table 2 showed high stability of the
individual ternary compounds and solid solutions
based on them with the perovskite structure, eafigci
the RRTeBrg(lg) compounds.

We considered the possibility of formation of
unlimited solid solutions in the binary sectionstio¢
reciprocal KTels + RbTeBrs « K,TeBrg + RipTelg
system according to the quantitative criteria of

solution is formed (confirmed conditiom&+n,” < 1)
(Table 3. The other systems based on the
K2(Rb,)TeBry(lg) ternary compounds are characterized
by the formation of boundary solid solutions
(IV-v types of phase diagrams according to
Roozeboom)Kig. 2).

Vozdvyzhensky26] (Table 3. monoclinic 12 mol.% Rb,TeBrg cubic
n<l:12 (),  A+n’<10 (4), e e e

where ng — the entropy factor (ratio of entropies of - -

melting SYS for S>S%); v — the temperature . 7

factor equal to 1F/Tg (for T,<Tg) and 19,/T, (for i N ol L

T,>Tg); n, — volume or dimensional factor N ,"

[(da/dg)*+Va/Vg—2]+b (da, ds, Va, Vg — size of the ions, © N //' 3

volumes of unit cells,b — correction in valence F—;Q T . Il R

differences). €9 ¢ g3
The first criterion ) characterizes the degree of ;ED §\1> ol ‘\\ _/ 5%

homogeneity of the chemical bonds in the compounds, g 7 . q o

the second one §+n,>) the proximity of their e .

physicochemical properties. Taking this into y 7 R -

consideration the nature of the interaction betwtben 7 .

ternary halides was studied for the possible foionat $ . — "

of solid solutions. oK Te—_ ' Rk
Due to the polymorphous transformation of the 2e 15 mol.% Rb,Telg 2e

monoclinic tetragonal

K,Telg compound, the KeBr—K,Telg system is

p1 (687 K)

characterized by eutectic interaction at

high temperatures, which is confirmed by the Fig. 2 Phase relations along the binary sections
deviation of the entropy factor from the condition of the reciprocal KTlelg+ RhTeBrs
ns>1.11.2. At low temperatures an unlimited solid K,TeBrs + RpTels system.

Table 1 Energy parameters of the elements that are painedfo(Rb,) TeBrs(lg) compounds.

Electronic Feows A Fiony A

Symbol configuration [24] [24] [24] [25]
K [Ar]4s® 0.8 0.4 2.24 (octahedral) (+1) 1.64 (CN XII)
Rb [Kr]5s" 0.8 0.4 2.56 (octahedral) (+1) 1.72 (CN XII)
Te [Kr]5s°5p" 2.1 2.1 1.41 (tetrahedral) (+4) 0.97 (CN VI)
Br [Ar]4s?4p® 2.8 3.0 1.22 (tetrahedral) (1) 1.96 (CN VI)
[ [Kr]5s%5p° 2.5 2.8 1.40 (tetrahedral) (1) 2.20 (CN VI)

Table 2 Tolerance ) and octahedral factorg)(for Ky(Rb,) TeBrg(lg).

Compound KTeBrg K,Telg Rb,TeBrg Rb,Telg
t 0.8688 0.8566 0.8881 0.8744
u 0.4949 0.4409 0.4949 0.4409

Table 3 Quantitative criteria for the possibility of fortian of solid solutions in the ¥Rb,)TeBrg(lg) quasi-
binary systems.

System KTeBr; | K,Tel; | Rb,TeBr | RbhTels | K,TeBr | Rh,TeBr | K,Tels | RbTels
Ns 2.45 2.38 1.38 1.42
N 0.25 0.204 4.38107° 0.1034
n, -0.4748 0.3064 -0.6942 -0.1265
4an2+n,? 0.4830 0.2606 0.4896 0.0588
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To study the direction of the exchange reaction
(determination of the quasi-binary cross-section)
in the reciprocal Klels + RbpTeBrg
K,TeBrs + RpTels system the composition of the
alloy at the intersection of the two possible cross
sections, was studiedrify. 2). The diffraction pattern
shows groups of reflections characteristic
monoclinic (KTeBr) and tetragonal (Rbelg)
phases. This fact indicates that theT&Bre—Rb,Telg
section is quasi-binary and the direction of the
exchange reaction is Kelg+ RhTeBrg —
K,TeBrg + szTele

Calculations of the quantitative criteria for the
formation of solid solutions according to
Vozdvyzhensky dquations 3¢ in the KTeBrs—
Rb,Tels system showed that the value of the entropy
factor n=1.7272 s> 1.1+1.2) denies the possibility
of formation of unlimited solid solutions, but the
condition 4+n,”>=0.5816 (#+n,>< 1.0) indicates
the possibility of forming extended areas of solid
solutions based on the »(Rb,)TeBr(lg) ternary

of

compounds.
The KTeBrs—RbTels system Fig.3 is the
quasi-binary section of the reciprocal

K,Telg + RpTeBrs -« K,TeBrs + RpTels system and
is characterized by eutectic interaction (V type of
phase diagrams according to Roozeboom) with the
formation of boundary solid solutiorts on the basis
of K,TeBrs andf on the basis of Rbels. The lines of

n

o

o
intensity

A | O
a HMM\@&“
l“” A ‘WM' 14
<hm M i My

Rb2Tel6
80 mol%Rb2Tel6
70 mol%Rb2Tel6
50 mol%Rb2Tel6
30 mol%Rb2Tel6
20 mol%Rb2Tel6
K2TeBr6

20 30 40 50
2 thetta

primary crystallization cross at the eutectic point
(L - a+B invariant process) with the coordinates
58 mol.% RbTels, 715 K. The length of the solid
solutions at the temperature of the invariant digec
process are up to 35 mol.% for thephase and up to
25 mol.% for thef-phase. At the temperature of the
homogenizing annealing, 473 K, the solid solutions
extend up to 25 mol.% for the-phase and up to
15 mol.% for the3-phase. The formation of boundary
solid solutions is due to the crystallization ofrniry
compounds in different crystal structuresTEBrg is
monoclinic, whereas Ribelg is tetragonal Table 4.

On increasing the radius ratio fromg,yrg = 0.72 to
r'/ren = 0.84 there is a transition from tetragonal to
monoclinic structureKig. 4).

Crystal-chemical analyses showed that the
Ky(Rb,)TeBrg(lg) compounds crystallize in the
structure type KPtClk [27-30]. The coordination
octahedra [T¥g] are formed by six halogen atonis) (
surrounding the Te atom and located at the verti€es
regular tetragonal bipyramids. The coordination
octahedra [T¥g] are located at the vertices and the
center of a large cube; the' KRbE" ions/atoms are
placed between therkig. 4).

To establish the type of chemical bond in the
K,TeBrglg) and RBTeBrg(lg) ternary compounds the
interatomic distances were compared with the sum of
the covalent and ionic radii of the atomBig( 5,
Table 5.

TK
b)
900 |

800 A
700
600

500 4

T T
20 40 60 30
mol.% Rb,Telg

K, TeBrg Rb, Tel

Fig. 3 X-ray powder diffraction patterns (a) and phasagthm (b) of the KreBrs—Rb,Tels quasi-binary

system.

Table 4 Crystal-chemical parameters of thg(Rb,) TeBrg(lg) compounds.

Crystal .
Compound symmetry Space group Lattice parameters
K,TeBrs [27] | monoclinic P12/cl a=7.4908b=7.5492, = 13.0272 A = 124.79,V = 604.98 R
K,Tels [28] monoclinic P12/cl a=7.9850p=8.1710¢ = 13.9281 A = 124.50, V = 748.93 R
Rb,TeBrs [29] cubic Fm-3m a=10.7730V = 1250.29 &R
Rb,Telg [30] tetragonal P4/mnc a= 8.1360¢ = 11.8100 AV = 781.76 K

Chem. Met. Alloy43(2020)

17



I. Barchiyet al, Reciprocal KTels + R, TeBry « K,TeBrs + RbTelg system: phase relations, crystal and ...

monoclinic

tetragonal

Fig. 4 Transition from the tetragonal structure of,Réls to the monoclinic structure of KeBr.

Br
3.809 3.809 3.809 3.809

4396 4.396

d)

Fig. 5 Coordination environment and interatomic distanteshe structures of KeBr (a), KTels (b),
Rb,TeBrs (c), and RbTels (d).

Table 5 Interatomic distances (A) in the crystal strucsuné Ky(Rb,) TeBrg(le).

Bonds KTeBr(lg) (exp) RBTeBry(lg) (exp) > cov. (calc) > ion. (calc) S
K-Br 3.405-4.467 - 3.46 3.60 77
K-1 3.574-5.173 - 3.64 3.84 73
Rb — Br - 3.809 3.78 3.62 77
Rb —1 - 3.867-4.339 3.96 3.92 73
Te —Br 2.672-2.684 2.689 2.63 2.93 32
Te -1 2.923-2.937 2.929-2.931 2.81 3.17 26
Br—Br 3.770-3.8043 3.803 2.44 3.92 0
-1 4.131-4.1733 4.144-4.145 2.80 4.40 0

23 is the degree of ionicity of the bond in the cayst

18
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The analysis of the interatomic distances in the
A,TeXs compounds showed that the experimental
distancesA—X are slightly longer than the calculated
sum of the ionic radii of the corresponding atoms.
This indicates that these bonds are clearly ionic i
nature. When K is replaced by Rb, an increaseeén th
interatomic distancesA—X is observed, which
indicates an increase in the degree of ionicitythef
chemical bond. The values of the Keinteratomic
distances are slightly larger than the sum of the
covalent and smaller than the sum of the ionici rafdi
the atoms, which indicates covalent nature of the
corresponding bonds. With B#l substitution, due to
the increase of the covalent radii, an increas¢éhef
interatomic distances T#-and, at the same time, a
decrease of the degree of ionicity of the chemical
bonds, is observed. The values of the interatomic
distances Tex change insignificantly when K is
replaced by Rb, which underlines the stability lod t
complex ion [T&g*. The analysis of the results
indicates that the chemical bonding in ternasyeXs-
type halide compounds has a mixed chemical bond
type — iono-covalent with predominance of the ionic
component. In fact, compounds of this type can be
considered as ionic compounds, where the role ef th
cation is played by the elemefyt and the role of the
anion by the stable complex ion [f§*. In the
A, TeXgstype complex compounds an increase in the
ionicity of the A—X bond caused by the replacement of
K by Rb in the outer coordination sphere leadsrto a
increase in the degree of covalence of the boniting
the inner sphere of the complex ion KgE". Since the
change in the electronegativity of the alkali metal
atoms occurs symbatically with the change of their
ionic radii, the obtained results are in good agreet
with the compensatory dependence — the smaller the
size of the outer spherical cation, the largeraberall
size of the complex anion.

We considered the structure of the octahedral
[TeXg> complex ions within the ligand field
theory (LFT) and the molecular orbital (MO) method,
in which only o-bonds are presentFig.6).
The overlap of the orbitals of the central atom #red
six ligands contributes to a series of molecular
orbitals.

During the formation of the T& ion, the
5p*-electrons are separated. Pairesf-édectrons do
not come off, which is due to theldevel shielding. In
an isolated T¥ ion, the 4 orbitals are completely
filled with ten paired electrons and do not papite
in the formation of bonds. The fivad®rbitals of the
external energy level are closer to the ligand ibias
the 4 orbitals of the penultimate level, which leads to
a denser overlap ad. andd, orbitals with thep
orbitals of the halogen ions with the formationtwb
molecular bondingey orbitals. Thed,, d., andd,
orbitals do not directly participate in the forneatiof
bonds with halogens and forig, nonbonding MO.
Free » and S orbitals filed with two paired
electrons, in turn, form four bonding (or®y and
three ty,) molecular orbitals. 12 of the 14 valence
electrons (2 electrons of the “Téon and 12 electrons
of the ligands — halogen ioixs) are located in thayg,
ti, ande; bonding molecular orbitals. The other two
electrons are located ita; nonbonding orbitals. The
presence of unpaired electronstinis confirmed by
the fact that in the complexes there is a distortd
the octahedral configuration (the configuration aof
tetragonal bipyramid — distorted octahedron — isemo
stable) if the complexing agent contains in ds
orbitals nonbound electrons, asymmetrically with
respect to the others (resulting in deformatiorthaf
structure). For the same ligaXd, in the direction Rb
to K*, a decrease in the symmetry of the polyatomic
complexA,TeXs from tetragonal (cubic) to monoclinic
is observed.

A
E AOTe" MOe*g 6AOX
t*l"‘
T
.Antibonding 1t\/IO -
5 el ) Nonbonding MO I'lp
T | AL
R 3 eg ) . _.“
SR 1 :'ﬁﬁ"t'{f{
ﬁﬁﬁ ........
dpq
............. ﬁ
Bonding MO

Fig. 6 Distribution of the electrons in the molecularitals of the complex ion [T&]? (X = halogen).
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Ab initio quantum-mechanical calculations of the
electronic  structure of the JKRby)TeBry(le)
compounds were performed by the density functional
theory (DFT) method (Quantum Espresso package).
The structure geometry was optimized using the self
consistent field method (SCF) based on the Bruden—
Fletcher—Goldfarb—Shanno (BFGS) algorithm. The
band structure calculations for the(Rb,)TeBrg(le)
compounds were performed along the lines that
connect the high-symmetry points of the first Bxiiin
zone (BZ) Fig. 7). Based on the theoretical band-
structure calculations, the total density of std29S)
of the energy distribution of the electronic states
within the valence-band and conduction area were
determined Kig. 8). Results of the DFT calculations
(semiconductor type, unit-cell energy, energy per
atom, Fermi energy, band gap) are presented in
Table 6

In order to characterize the origin of
the energy levels, the total and different
partial densities of states were calculated.

As one can see frorRig. 8 the top of the valence
band is formed by g electrons of bromine
(or 5 of iodine), while the bottom of the conduction
band is formed by & states of Te and sbstates
of Br (or 6s states of I). The optical band gap can be
created by Br(l) @(5p) — Br(I) 5s(6s) or by
Te = electrons. The potassiums 4states are
located at -10.8eV, B8 at -13.8 and -12.3 eV,
rubidium %5 at -106 eV, p at -26.4 eV.
The levels of the tellurium atom are -10.8 e\§)(4
-3.9--4.5 eV (%) and -12.4-13.6 eV (8). The levels
of the halogen atoms are Bs ¢15.0 and -13.8 eV),
Br 4p (series of peaks -291.9 eV), | 5 (-15.6,

-12.1 and -10.8 eV), | b (series of peaks
-2.9--1.5 eV).
bs
A
X b
,b)

Fig. 7 First Brillouin zone of the primitive monoclini@), primitive tetragonal (b), and primitive cubic) (

lattices[31].
Density of states Ky TeBrg a)
50 v
Total
0 K
% Br
Z 30 Te
7 :
5 i i A :
o) i |
Qa i i
10 |
0 = e == A e b e 1
175 4150 -125  -100 75 50 25 00 25 5.0 75 100
Energy / eV
Density of states RbpTeBrg c)
50
—— Total
— Br
0
—— Rb

Te .

DOS / (states/eV)

. | L

U Aﬁw

-27.5 -25 225 -20 -175 -15 -125 -10

|

25 5 75

-7.5 -5

Energy / eV

DOS / (states’eV)

DOS / (states/eV)

Density of states K> Telg

Energy / eV

Density of states RbypTelg

75

50

il A s

-30.0 -27.5 -25.0 -22.5 -20.0 -17.5 -15.0 -12.5 -10.0 -7.5 -5.0 -25 00 25 50 75

Energy / eV

Fig. 8 Total and partial DOS of HeBr (a), K:Tels (b), RTeBrs (c), and RBTelg (d).
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Table 6 Characteristic parameters of the electronic stinest of K(Rb,) TeBr6(l).

Compound Semlt(; (;)réductor E. eV E/atom, eV | Ererms €V | VBhax €V | CBhin, €V Ey eV
K;TeBrs indirect -26.28 -2.92 2.61 -1.42 0.91 2.39
K;Tels indirect -22.97 -2.55 2.81 -1.06 0.68 1.74
Rb,TeBrg indirect -21.72 -2.41 2.93 -1.02 1.05 2.07
Rb,Telg indirect -40.14 -4.46 291 -0.81 0.91 1.72
Band structure Ky TeBrg a) Band structure Ky Telg b)

Energy/ eV

Energy / ¢V

T Y D Z|X A T Y D Z|X A
Band structure RbpTeBrg ) Band structure RbaTelg d)
85
2 — . —
s————— =
= 2* =
— 85 ~
25 -0 7
’g 125 5
g -147 2
-l6i
-13
20 4
22
24 4
-26 3 e
228 - -28
T X W K T L U W L K|UX T X M T z R A ZIXRIM A
Fig. 9 Band structures of KeBrs (a), K:Tels (b), RTeBrs (¢), and RbTels (d).
Fig. 9 shows that the calculated band gaps are possibility of extended solid solutions based
equal to E;=2.39eV (KTeBr), E;=1.74eV on the perovskite structures in the reciprocal

(K;Tels), Eq=2.07 eV (RbTeBry), andEy=1.72 eV
(Rb,Telg). At the substitutions K Rb and Br | the
width of the forbidden zone naturally decreased¢ciwvh
is explained by an increase of the metal compooént
the chemical bond. The values of the Fermi energy
(Ererm) for the Rb-containing compounds are also
higher than those of the K-containing compound® Th
valence band maximunVB..) and conduction band
minimum CB,,;,) are located in different points of the
BZ. This indicates that the calculated band gapsér
indirect type for all the K(Rb,)TeBrs(lg) compounds.

4. Conclusions

The calculation of empirical quantities (tolerance
factor t and octahedral factor: according to
Goldschmidt's rule) indicate high stability of the
individual  Ky(Rby)TeBrg(le) compounds. The

Chem. Met. Alloy43(2020)

system KTels + RbTeBrg « K,TeBrs + RpTels was
confrmed wusing the quantitative criteria of
Vozdvyzhensky. Differential thermal analysis and
X-ray diffraction were used to construct for thesfi
time the phase diagram of the,TBrs—RbTels
system. The character of the monovariant processes,
the temperature and coordinates of the invariant
eutectic process (58 mol.% Rtels, 715 K) in the
quasi-binary system were determined. The existence
of solid solutions of the K eBrs and RbTelg ternary
compounds was established. The crystal structures o
the ternary compounds, changes in the type of
chemical bond by cation-cationic (KRb) and anion-
anionic (Br- I) substitutions were analyzedb initio
guantum-mechanical calculations of the electronic
structure by the DFT method showed that the
K2(Rb,)TeBrg(lg) compounds belong to the class of
indirect-type semiconductors with band gaps of
E;=2.39eV (KTeBr), E;=174eV (KTelg),

21



I. Barchiyet al, Reciprocal KTels + R, TeBry « K,TeBrs + RbTelg system: phase relations, crystal and ...

Eg;=2.07 eV (RbTeBr), andEy = 1.72 eV (RbTelg).
The solid solutions that form in the reciprocal

Wei Su-Huai, Lijun Zhang,J. Am. Chem. Soc
139 (2017) 2630-2638.

K2Te|6 + RQTeBrG - KzTeBre + szTele

system,

https://doi.org/10.1021/jacs.6b09645

may serve as new semiconductor materials with a [13] M.R. Linaburg, E.T. McClure, J.D. Majher,

complex of appropriate physical and optical P.M. Woodward,Chem. Mater.29(8) (2017)
properties. 3507-3514.
https://doi.org/10.1021/acs.chemmater.6b05372
[14] E. Peresh, V. Sidey, O. ZubaKsdgeorg. Mater.
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