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The stability of the K2TeBr6(I6) and Rb2ТеBr 6(I6) compounds with perovskite structures was assessed within 
the idealized model of hard spheres (Goldschmidt’s rule). The possibility of formation of solid solutions along 
sections of the reciprocal system K2TeI6 + Rb2TeBr6 ↔↔↔↔ K2TeBr6 + Rb2TeI6 was considered according to the 
quantitative criteria of Vozdvyzhensky. The K2TeBr6–Rb2TeI6 system was investigated by DTA and X-ray 
diffraction and the phase diagram was constructed. The binary system is of the invariant eutectic type and 
characterized by the formation of limited solid solutions. On the basis of crystallographic data the bonds 
lengths in the crystal structures were compared with the covalent and ionic radii of the atoms. The results 
showed that the chemical bonds in the K2TeBr6(I6) and Rb2ТеBr 6(I6) ternary compounds are of the mixed 
(combined) type – iono-covalent with a larger ionic component. The electronic structures of the 
K 2(Rb2)TeBr6(I6) compounds were calculated by the ab initio quantum-mechanical DFT method. 
 
Halide perovskite / Phase diagram / Crystal structure / Ab initio calculations / Electronic structure 
 
Introduction 
 
The obtaining of new materials with luminescent, 
optical and other properties is an important task of 
inorganic materials science. Complex halides cause 
sustained interest among inorganic materials that are 
promising for use in modern semiconductor devices, 
such as solar cells. Metal-organic halide perovskites 
have high photoelectric performance [1-3]. The power 
conversion efficiencies of solar cells based on 
perovskites reach over 20% and approach by their 
parameters silicon-based photovoltaics [4-8]. 
However, their commercial use is limited by two 
drawbacks: the organic cation reduces the stability of 
the perovskite structure, and the lead content worsens 
the toxicity. To increase the stability of the structure, 
isovalent substitution of the organic cation by an alkali 
metal cation (K+, Rb+, Cs+, or one-charge Cu+, Ag+) 
has been proposed. To eliminate the toxicity of Pb, the 
idea of its substitution by other divalent cations 
outside of group IVA has been considered. However, 

it turned out that such compounds have less good 
optoelectric properties for use as solar cells (too wide 
band gap) [9]. In this direction the most promising 
substitutions in the structures of these compounds are 
two Pb2+ ions by one M + ion and one M 3+ ion, or one 
M 4+ (2Pb2+

→M ++M 3+, 2Pb2+
→M 4+), maintaining the 

total number of valence electrons constant. As 
potential substitutes for Pb2+ compounds, halide 
double perovskites of the A2B1B2X6 type and vacancy-
ordered double perovskites of the A2B□X6 (where □ is 
a vacancy) type have been proposed [10-13]. 
 Investigation of the reciprocal K2TeI6 + Rb2TeBr6 
↔ K2TeBr6 + Rb2TeI6 system is a necessary stage  
in the study of the system with double cation- 
cationic and anion-anionic substitution on the basis of 
A2BX6-type compounds. 
 The K(Rb)Br(I)–TeBr(I) systems feature 
K2(Rb2)TeBr6(I6) compounds, which melt  
congruently [14,15]. The binary systems on the base 
of A2TeX6 (A = K, Rb, X = Br, I) compounds with 
cation-cationic or anion-anionic substitutions have 
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been investigated [16]. The K2TeBr6–Rb2TeBr6 and 
Rb2TeBr6–Rb2TeI6 systems are characterized by 
eutectic interaction, whereas the K2TeI6–Rb2TeI6 
system belongs to the peritectic type. In the  
K2TeBr6–K2TeI6 system at high temperatures a 
eutectic process takes place, and at low temperatures 
an unlimited solid solution is formed. 
 
 
2. Experimental details 
 
The ternary compounds K2(Rb2)TeBr6(I6) were 
synthesized by reacting stoichiometric amounts of 
high-purity elements, tellurium, bromine, iodine with 
purity not less than 99.8 wt.% and additionally 
purified by zone crystallization methods, binary 
KBr(I) and RbBr(I). The syntheses were performed by 
the direct two-temperature method at temperatures 
50 K above Tmelt of the ternary compounds (K2TeBr6 – 
773 K, K2TeI6 – 733 K, Rb2TeBr6 – 1013 K, 
Rb2TeI6 – 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 form, which 
led to completion of the chemical interaction with the 
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  
K2TeBr6–Rb2TeI6 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 rates of 
700 K/h, measurement accuracy ±5 K). X-ray powder 
diffraction was performed using a DRON 4-07 
diffractometer (Cu Kα radiation, Ni-filter, scanning 
interval 10 ≤ 2θ ≤ 60°, scanning step 0.05°, exposure 
time 5 s). Crystal-chemical analysis and visualization 
were carried out using the program packages UnitCell 
(Holland-Redfern method) [17], PowderCell 2.3, 
Westa 3 [18], and Diamond 2. Ab 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 within 
the Density-Functional Theory (Plane-Wave basis set 
and pseudopotentials) [19,20]. 
 
 
3. Results and discussion 
 
The crystal structure of perovskite with the general 
formula ABO3 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 cations A and B 

(Fig. 1), respectively [21]. The BO6 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 the ABO3 type is that 
when part of the A and B cations are replaced in the 
corresponding sublattice, the structure as a whole 
remains stable (the structure is tolerant). This allows 
not only isovalent substitutions, but also heterovalent 
ones, with a violation of the electroneutrality of the 
system, which leads to changes in the crystal structure, 
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 use [22,23]. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Cuboctahedral (CN = XII) (a) and 
octahedral (CN = VI) (b) environment of А and 
В cations in the perovskite structure of the 
АВО3 type. 

 
 An analysis of the physical-chemical interactions 
in the quasi-binary systems that form the  
reciprocal K2TeI6 + Rb2TeBr6 ↔ K2TeBr6 + Rb2TeI6 
system, was performed on the basis of the electronic 
structures of the K(Rb), Te, and Br(I) atoms, 
thermodynamic stability and dimensional factors. 
According to the electronic configuration, the K(Rb) 
atoms in A2ТеХ6 ternary compounds act as cations, the 
Br(I) 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 factor (t) and the octahedral factor (µ). A 
statistical analysis of perovskite halides indicates that 
the formation of a perovskite structure requires 
0.86 < t < 1.0 and µ > 0.41 [7]. Empirical values for 
the compounds K2(Rb2)TeBr6(I6) were calculated 
according to the equations: 

)(2 XB

XA

RR

RR
t

+×
+=      (1),          

X

B

R

R=µ      (2). 

 For RA, RВ, RХ we used ionic and crystalline radii 
according to Shannon and Pruitt (Table 1). 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, especially 
the Rb2TeBr6(I6) compounds. 
 We considered the possibility of formation of 
unlimited solid solutions in the binary sections of the 
reciprocal K2TeI6 + Rb2TeBr6 ↔ K2TeBr6 + Rb2TeI6 
system according to the quantitative criteria of 
Vozdvyzhensky [26] (Table 3). 

ns ≤ 1.1÷1.2     (3),         4nt
2 +  nv

2 ≤ 1.0     (4), 

where ns – the entropy factor (ratio of entropies of 
melting SA/SB for SA>SB); nt – the temperature  
factor equal to 1–TA/TB (for ТА<TB) and 1–TВ/TА (for 
ТА>TB); nv – volume or dimensional factor 
[(dA/dB)3+VA/VB–2]+b (dA, dB, VA, VB – size of the ions, 
volumes of unit cells, b – correction in valence 
differences). 
 The first criterion (ns) characterizes the degree of 
homogeneity of the chemical bonds in the compounds, 
the second one (4nt

2+nv
2) the proximity of their 

physicochemical properties. Taking this into 
consideration the nature of the interaction between the 
ternary halides was studied for the possible formation 
of solid solutions. 
 Due to the polymorphous transformation of the 
K2TeІ6 compound, the K2TeBr6–K2TeІ6 system is 
characterized by eutectic interaction at  
high temperatures, which is confirmed by the 
deviation of the entropy factor from the condition 
ns > 1.1÷1.2. At low temperatures an unlimited solid 

solution is formed (confirmed condition 4nt
2+nv

2 ≤ 1) 
(Table 3). The other systems based on the 
K2(Rb2)TeBr6(I6) ternary compounds are characterized 
by the formation of boundary solid solutions  
(IV-V types of phase diagrams according to 
Roozeboom) (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Phase relations along the binary sections 
of the reciprocal K2TeI6 + Rb2TeBr6 ↔ 
K2TeBr6 + Rb2TeI6 system. 

 
 
 

Table 1 Energy parameters of the elements that are part of the K2(Rb2)TeBr6(I6) compounds. 
 

χ rcov, Å r ion, Å 
Symbol 

Electronic 
configuration [24] [24] [24] [25] 

K [Ar]4s1 0.8 0.4 2.24 (octahedral) (+1) 1.64 (CN XII) 
Rb [Kr]5s1 0.8 0.4 2.56 (octahedral) (+1) 1.72 (CN XII) 
Te [Kr]5s25p4 2.1 2.1 1.41 (tetrahedral) (+4) 0.97 (CN VI) 
Br [Ar]4s24p5 2.8 3.0 1.22 (tetrahedral) (–1) 1.96 (CN VI) 
I [Kr]5s25p5 2.5 2.8 1.40 (tetrahedral) (–1) 2.20 (CN VI) 

 
 

Table 2 Tolerance (t) and octahedral factors (µ) for K2(Rb2)TeBr6(I6). 
 

Compound K2TeBr6 K2TeI6 Rb2TeBr6 Rb2TeI6 
t 0.8688 0.8566 0.8881 0.8744 
µ 0.4949 0.4409 0.4949 0.4409 

 
 

Table 3 Quantitative criteria for the possibility of formation of solid solutions in the K2(Rb2)TeBr6(I6) quasi-
binary systems.  

 
System K2TeBr6 K2TeI6 Rb2TeBr6 Rb2TeI6 K2TeBr6 Rb2TeBr6 K2TeI6 Rb2TeI6 

ns 2.45 2.38 1.38 1.42 
nt 0.25 0.204 4.38×10–2 0.1034 
nv –0.4748 0.3064 –0.6942 –0.1265 

4nt
2+nv

2 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 K2TeI6 + Rb2TeBr6 ↔ 
K2TeBr6 + Rb2TeI6 system the composition of the 
alloy at the intersection of the two possible cross-
sections, was studied (Fig. 2). The diffraction pattern 
shows groups of reflections characteristic of 
monoclinic (K2TeBr6) and tetragonal (Rb2TeI6) 
phases. This fact indicates that the K2TeBr6–Rb2TeI6 
section is quasi-binary and the direction of the 
exchange reaction is K2TeI6 + Rb2TeBr6 → 
K2TeBr6 + Rb2TeI6. 
 Calculations of the quantitative criteria for the 
formation of solid solutions according to 
Vozdvyzhensky (equations 3,4) in the K2TeBr6–
Rb2TeI6 system showed that the value of the entropy 
factor ns=1.7272 (ns ≥ 1.1÷1.2) denies the possibility 
of formation of unlimited solid solutions, but the 
condition 4nt

2+nv
2 = 0.5816 (4nt

2+nv
2 ≤ 1.0) indicates 

the possibility of forming extended areas of solid 
solutions based on the K2(Rb2)TeBr6(I6) ternary 
compounds. 
 The K2TeBr6–Rb2TeI6 system (Fig. 3) is the  
quasi-binary section of the reciprocal 
K2TeI6 + Rb2TeBr6 ↔ K2TeBr6 + Rb2TeI6 system and 
is characterized by eutectic interaction (V type of 
phase diagrams according to Roozeboom) with the 
formation of boundary solid solutions α on the basis 
of K2TeBr6 and β on the basis of Rb2TeI6. The lines of 

primary crystallization cross at the eutectic point 
(L ↔ α+β invariant process) with the coordinates 
58 mol.% Rb2TeI6, 715 K. The length of the solid 
solutions at the temperature of the invariant eutectic 
process are up to 35 mol.% for the α-phase and up to 
25 mol.% for the β-phase. At the temperature of the 
homogenizing annealing, 473 K, the solid solutions 
extend up to 25 mol.% for the α-phase and up to 
15 mol.% for the β-phase. The formation of boundary 
solid solutions is due to the crystallization of ternary 
compounds in different crystal structures: K2TeBr6 is 
monoclinic, whereas Rb2TeI6 is tetragonal (Table 4). 
On increasing the radius ratio from r(Rb)/r(I) = 0.72 to 
r(K)/r(Br) = 0.84 there is a transition from tetragonal to 
monoclinic structure (Fig. 4). 
 Crystal-chemical analyses showed that the 
K2(Rb2)TeBr6(I6) compounds crystallize in the 
structure type K2PtCl6 [27-30]. The coordination 
octahedra [TeX6] are formed by six halogen atoms (X) 
surrounding the Te atom and located at the vertices of 
regular tetragonal bipyramids. The coordination 
octahedra [TeX6] are located at the vertices and the 
center of a large cube; the K+, Rb+ ions/atoms are 
placed between them (Fig. 4). 
 To establish the type of chemical bond in the 
K2TeBr6(I6) and Rb2TeBr6(I6) ternary compounds the 
interatomic distances were compared with the sum of 
the covalent and ionic radii of the atoms (Fig. 5, 
Table 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    
 

Fig. 3 X-ray powder diffraction patterns (a) and phase diagram (b) of the K2TeBr6–Rb2TeI6 quasi-binary 
system. 

 
 

Table 4 Crystal-chemical parameters of the K2(Rb2)TeBr6(I6) compounds. 
 

Compound 
Crystal  

symmetry 
Space group Lattice parameters 

K2TeBr6 [27] monoclinic P121/c1 а = 7.4908, b = 7.5492, с = 13.0272 Å, β = 124.79, V = 604.98 Å3 
K2TeI6 [28] monoclinic P121/c1 а = 7.9850, b = 8.1710, с = 13.9281 Å, β = 124.50, V = 748.93 Å3 

Rb2TeBr6 [29] cubic Fm-3m a = 10.7730, V = 1250.29 Å3 
Rb2TeI6 [30] tetragonal P4/mnc a = 8.1360, с = 11.8100 Å, V = 781.76 Å3 
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Fig. 4 Transition from the tetragonal structure of Rb2TeI6 to the monoclinic structure of K2TeBr6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Coordination environment and interatomic distances in the structures of K2TeBr6 (a), K2TeI6 (b), 
Rb2TeBr6 (c), and Rb2TeI6 (d). 

 
 
 

Table 5 Interatomic distances (Å) in the crystal structures of K2(Rb2)TeBr6(I6). 
 

Bonds K2TeBr6(I6) (exp) Rb2TeBr6(I6) (exp) Σ cov. (calc) Σ ion. (calc) SI
 a 

K – Br 3.405-4.467 – 3.46 3.60 77 
K – I 3.574-5.173 – 3.64 3.84 73 

Rb – Br – 3.809 3.78 3.62 77 
Rb – I – 3.867-4.339 3.96 3.92 73 

Te – Br 2.672-2.684 2.689 2.63 2.93 32 
Te – I 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 
I – I 4.131-4.1733 4.144-4.145 2.80 4.40 0 

a Si is the degree of ionicity of the bond in the crystals. 
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 The analysis of the interatomic distances in the 
A2TeX6 compounds showed that the experimental 
distances A–X are slightly longer than the calculated 
sum of the ionic radii of the corresponding atoms. 
This indicates that these bonds are clearly ionic in 
nature. When K is replaced by Rb, an increase in the 
interatomic distances A–X is observed, which 
indicates an increase in the degree of ionicity of the 
chemical bond. The values of the Te–X interatomic 
distances are slightly larger than the sum of the 
covalent and smaller than the sum of the ionic radii of 
the atoms, which indicates covalent nature of the 
corresponding bonds. With Br→I substitution, due to 
the increase of the covalent radii, an increase of the 
interatomic distances Te–X and, at the same time, a 
decrease of the degree of ionicity of the chemical 
bonds, is observed. The values of the interatomic 
distances Te–X change insignificantly when K is 
replaced by Rb, which underlines the stability of the 
complex ion [TeХ6]

2–. The analysis of the results 
indicates that the chemical bonding in ternary А2TeХ6-
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 of the 
cation is played by the element A, and the role of the 
anion by the stable complex ion [TeХ6]

2–. In the 
A2TeX6-type 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 leads to an 
increase in the degree of covalence of the bonding in 
the inner sphere of the complex ion [TeХ6]

2–. 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 agreement 
with the compensatory dependence – the smaller the 
size of the outer spherical cation, the larger the overall 
size of the complex anion. 

 We considered the structure of the octahedral 
[TeX6]

2– complex ions within the ligand field  
theory (LFT) and the molecular orbital (MO) method, 
in which only σ-bonds are present (Fig. 6).  
The overlap of the orbitals of the central atom and the 
six ligands contributes to a series of molecular 
orbitals. 
 During the formation of the Te4+ ion, the 
5p4-electrons are separated. Paired 5s2-electrons do 
not come off, which is due to the 4d-level shielding. In 
an isolated Te4+ ion, the 4d orbitals are completely 
filled with ten paired electrons and do not participate 
in the formation of bonds. The five 5d orbitals of the 
external energy level are closer to the ligand ions than 
the 4d orbitals of the penultimate level, which leads to 
a denser overlap of dz2 and dx2–y2 orbitals with the p 
orbitals of the halogen ions with the formation of two 
molecular bonding eg orbitals. The dxz, dxy, and dyz 
orbitals do not directly participate in the formation of 
bonds with halogens and form t2g nonbonding MO. 
Free 5p and 5s orbitals filled with two paired 
electrons, in turn, form four bonding (one a1g and 
three t1u) molecular orbitals. 12 of the 14 valence 
electrons (2 electrons of the Te4+ ion and 12 electrons 
of the ligands – halogen ions X –) are located in the a1g, 
t1u, and eg bonding molecular orbitals. The other two 
electrons are located in t2g nonbonding orbitals. The 
presence of unpaired electrons in t2g is confirmed by 
the fact that in the complexes there is a distortion of 
the octahedral configuration (the configuration of a 
tetragonal bipyramid – distorted octahedron – is more 
stable) if the complexing agent contains in its d 
orbitals nonbound electrons, asymmetrically with 
respect to the others (resulting in deformation of the 
structure). For the same ligand X –, in the direction Rb+ 
to K+, a decrease in the symmetry of the polyatomic 
complex A2TeX6 from tetragonal (cubic) to monoclinic 
is observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Distribution of the electrons in the molecular orbitals of the complex ion [TeX6]
2– (X = halogen). 
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 Ab initio quantum-mechanical calculations of the 
electronic structure of the K2(Rb2)TeBr6(I6) 
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 K2(Rb2)TeBr6(I6) 
compounds were performed along the lines that 
connect the high-symmetry points of the first Brillouin 
zone (BZ) (Fig. 7). Based on the theoretical band-
structure calculations, the total density of states (DOS) 
of the energy distribution of the electronic states 
within the valence-band and conduction area were 
determined (Fig. 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 from Fig. 8, the top of the valence 
band is formed by 4p electrons of bromine  
(or 5p of iodine), while the bottom of the conduction 
band is formed by 5d states of Te and 5s states  
of Br (or 6s states of I). The optical band gap can be 
created by Br(I) 4p(5p) → Br(I) 5s(6s) or by  
Te 5d electrons. The potassium 4s states are  
located at -10.8 eV, 3p at -13.8 and -12.3 eV, 
rubidium 5s at -10.6 eV, 4p at -26.4 eV.  
The levels of the tellurium atom are -10.8 eV (4s), 
-3.9÷-4.5 eV (4p) and -12.4÷-13.6 eV (3d). The levels 
of the halogen atoms are Br 4s (-15.0 and -13.8 eV), 
Br 4p (series of peaks -2.9÷-1.9 eV), I 5s (-15.6,  
-12.1 and -10.8 eV), I 5p (series of peaks  
-2.9÷-1.5 eV). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 First Brillouin zone of the primitive monoclinic (a), primitive tetragonal (b), and primitive cubic (c) 
lattices [31]. 

 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Total and partial DOS of K2TeBr6 (a), K2TeI6 (b), Rb2TeBr6 (c), and Rb2TeI6 (d). 
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Table 6 Characteristic parameters of the electronic structures of K2(Rb2)TeBr6(I6). 
 

Compound 
Semiconductor  

type 
Euc, eV E/atom, eV EFermi, eV VBmax, eV CBmin, eV Eg, eV 

K2TeBr6 indirect -26.28 -2.92 2.61 -1.42 0.91 2.39 
K2TeI6 indirect -22.97 -2.55 2.81 -1.06 0.68 1.74 

Rb2TeBr6 indirect -21.72 -2.41 2.93 -1.02 1.05 2.07 
Rb2TeI6 indirect -40.14 -4.46 2.91 -0.81 0.91 1.72 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Band structures of K2TeBr6 (a), K2TeI6 (b), Rb2TeBr6 (c), and Rb2TeI6 (d). 
 
 
 Fig. 9 shows that the calculated band gaps are 
equal to Eg = 2.39 eV (K2TeBr6), Eg = 1.74 eV 
(K2TeI6), Eg = 2.07 eV (Rb2TeBr6), and Eg = 1.72 eV 
(Rb2TeI6). At the substitutions K→Rb and Br→I the 
width of the forbidden zone naturally decreases, which 
is explained by an increase of the metal component of 
the chemical bond. The values of the Fermi energy 
(EFermi) for the Rb-containing compounds are also 
higher than those of the K-containing compounds. The 
valence band maximum (VBmax) and conduction band 
minimum (CBmin) are located in different points of the 
BZ. This indicates that the calculated band gaps are of 
indirect type for all the K2(Rb2)TeBr6(I6) compounds. 
 
 
4. Conclusions 
 
The calculation of empirical quantities (tolerance 
factor t and octahedral factor µ according to 
Goldschmidt’s rule) indicate high stability of the 
individual K2(Rb2)TeBr6(I6) compounds. The 

possibility of extended solid solutions based  
on the perovskite structures in the reciprocal  
system K2TeI6 + Rb2TeBr6 ↔ K2TeBr6 + Rb2TeI6 was 
confirmed using the quantitative criteria of 
Vozdvyzhensky. Differential thermal analysis and 
X-ray diffraction were used to construct for the first 
time the phase diagram of the K2TeBr6–Rb2TeI6 
system. The character of the monovariant processes, 
the temperature and coordinates of the invariant 
eutectic process (58 mol.% Rb2TeI6, 715 K) in the 
quasi-binary system were determined. The existence 
of solid solutions of the K2TeBr6 and Rb2TeI6 ternary 
compounds was established. The crystal structures of 
the ternary compounds, changes in the type of 
chemical bond by cation-cationic (K→Rb) and anion-
anionic (Br→I) substitutions were analyzed. Ab initio 
quantum-mechanical calculations of the electronic 
structure by the DFT method showed that the 
K2(Rb2)TeBr6(I6) compounds belong to the class of 
indirect-type semiconductors with band gaps of 
Eg = 2.39 eV (K2TeBr6), Eg = 1.74 eV (K2TeI6), 
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Eg = 2.07 eV (Rb2TeBr6), and Eg = 1.72 eV (Rb2TeI6). 
The solid solutions that form in the reciprocal 
K2TeI6 + Rb2TeBr6 ↔ K2TeBr6 + Rb2TeI6 system, 
may serve as new semiconductor materials with a 
complex of appropriate physical and optical 
properties. 
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