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RADIOGRAPHIC INVESTIGATIONS OF MELTS OF TlInC}' —InGaC}' SYSTEMS

E.A. ALLAHYAROV
Azerbaijan Technical University, Baku
Baku, 1025, H. Javid av., 25

In the paper the parameters of elementary cells of melts of TlInC;]I - InGaC;]I (C-Se, Te) systems are defined by the radiographic

investigations.

The carrying out of the corresponding analysis it is need
for the obtaining of the necessary information about nature of
chemical connections between atoms as the elementary
compounds, so the complex phases. In the connection with
this fact, the crystal-structure investigations are the one of the
important question of crystal chemistry. These investigations
create the experimental base of crystal chemistry.

As it is known, the complex of physical properties of
solid bodies is defined by chemical composition and spatial
location its constituent atoms. The character of electron
interaction between them though is defined by the position of
constituent atoms; however, the clear conception is created in
the limits of the one and the same concrete crystal structure.
Thus, the solution of the one of concrete problems of physics
and chemistry of semiconductors mainly is defined by the
accurate definition of concrete bonds of physical peculiarities
of semiconductors with chemical composition, crystal
structure and bond nature. However, nowadays, the
investigations of new complex semiconductors are carried out
one-sidedly, often limited by the revealing and studying of
their physical properties. The necessary attention doesn’t pay
to the study of the construction of crystal lattice structure. In
spite of the fundamental meaning of crystal structure, it has
been deciphered widely enough only for few complex
semiconductors.

The state diagrams of TlInC;/l - InGaC;/l systems have

been constructed in [1,2] by the methods of differentially-
thermal and microstructural analysis and it is revealed, that

new compositions TlIn ZGaC;/I are created in these systems

and wide solubility regions on the base of initial compounds
are observed. However, the roentgen-phase analysis of these
melts wasn’t carried out.

In this connection in present paper the melts of the

TlInC ;’I - InGaC;/I systems are treated by roentgen-graphic

investigations.

The powder had been prepared previously for the
obtaining of roentgenograms of each InTl Ga,C,
composition. The notations of electronic reflections were
carried out on CuK, ( /1% =1,54178E ), DRON-2

difractometer of radiation with nickel filter at the similar
modes. In the measurements of reflection angles the mistake
didn’t exceed the value 6=+0,02°.

The bar-diagram of the melts of TlInSe,-InGaSe, system
is given on the fig.1. As it is seen from the figure the some
tendency to the increase of the intensity of corresponding
reflexes is observed in the solubility regions at the partial
replacement of thallium atoms by Ga atoms in TlInSe, lattice.

The increase of the intensity of the lines in the given
system probably is connected with the fact, that Ga atoms
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have the big tendency to hybrid bond sp® creation in contrast
to thallium atoms that is caused to the decrease of metallic
part of chemical connection between the composing atoms. In
this case the shifting of maximum of electron density to the
skeletons of Se atoms at the partial replacement of thallium
atoms by Ga atoms in TlInSe,, i.e. the possibility of fitting out
of external electron membrane of Se atoms till the stable
configuration s°p® increases. In this connection the bond
ionicity of chemical bond between the atoms of given melts
increases.

The roentgenograms of InTl, sGaysSe, composition and
solid solutions on its base significantly differ from the
roentgenograms of initial compositions of TlInSe,, InGaSe,
and solid solutions on their base that proves the creation of
the new quadrantal phase TlIn,GaSe, in TlInSe,-InGaSe,
system.
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Fig.1. The bar-diagram of the melts of TlInSe,-InGaSe,
system.

The indicating results of obtained roentgenograms
showed, that the investigated melts of InTl;.,Ga,C, systems
are crystallized in tetragonal syngony.
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The results of roentgenographical investigation of the
melts of InTl; ,Ga,Se, systems are given in table 1.

In fig.2 the dependence of lattice parameters of the melts
InT1, «Ga,Se, on composition is presented.
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Fig.2. The dependence of parameters of elementary cells of the
melts of InTl;_,Ga,Se, system on composition.

As it is followed from the fig.2 the parameters of
elementary cells “a@” and “c” orderly decrease at the partial
replacement of thallium atoms by Ga atoms. The change of
cell parameters is explained by the difference of interacting
atom radiuses. The parameters of elementary cells of new
phase TlIn,GaSe, and solid solutions on its base significantly
differ from lattice parameters of initial compounds and solid
solutions on their base. This proves about the creation of new
quadrantal phase in the given system. The change of lattice
parameters in solubility regions takes place on the additivity
law and essential inclinations from Vegard law doesn’t
observed in the investigated concentration interval.

As it was shown in [2] in TlInTe,-InGaTe, system the
big region of solubility is observed. That’s why the lattice
parameters of obtained solid solutions had been defined by us
with the aim of the provement state diagram of this system.
The experimental data, necessary for the definition of lattice
parameters were based on difractograms. It is revealed the
lattice parameters decrease to the side of InGaTe, compound
in region 55-100 mol.% InGaTe,. Such order change of
lattice parameters is typically through the solubility region.
Exactly, lattice parameters are increased from InGaTe, and
TlInTe, compounds (fig.3).

The lattice parameters in region 52-70 mol.% InGaTe,
strongly differ from the regions 0-20 mol.% InGaTe, and
55-100 mol.% InGaTe,. Probably, in this region the solid
solutions are created on the base of new phase. The decrease
of parameter lattice on additivity law is the reason of the
replacement of thallium atoms by small Ga atoms in the
plane of structure base.
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InG aTezo‘z 04 0s 08 TIInTe,

Fig.3. The dependence of lattice parameters on the
composition of melts of InTl,_,Ga,Te, system.

The results of roentgenogaphic investigations of the
melts TlInTe,-InGaTe, are given in the table 2.

As we already mentioned, the melts InGaTe, with
TlInTe, also as compounds InGaTe, and TlInTe, are
crystallized in tetragonal lattice. That’s why the
superstructure lines don’t appear on difractograms in
solubility region. The absence of superstructure lines proves
that all investigated melts of solid solutions in order and
disorder states also as compounds InGaTe, and TlInTe,
crystallize in the same syngony.

The lines, character for the TIGaTe, compound appear in
solubility region on the base of TlnTe, (0-20 mol.%)
T1GaTe, and continue to appear till the melt Tly;InGag;Te,.
The additional lines for the melts, consisting 60,55,50 mol/%
TlInTe, appear in solubility region on the base of new phase.
These results give us the foundation to prove in the rightness
of state diagram of TlInTe,-InGaTe, system.

The new compounds TlIn,GaSes (Tes) revealed in
TlInTe,-InGaTe, systems are carried out by roentgen phase
investigations.

The experimental necessary material for the calculation
of TlInyGaSe, and TlIn,GaTe, lattice parameters was consist
from crystallograms also. On the base of the carried out
investigation it is revealed that these phases crystallize in
tetragonal syngony and have the following periods of
elementary cells a=6,46A; c=6,85A correspondingly.

Thus, compounds TIln,GaSe, and TlIn,GaTe,
crystallize in tetragonal syngony as well as initial ones. But
lattice parameters significantly differ from the parameters of
double and triple analogues of TISe. Probably, this is
connected with the new reconstruction of component atoms.

[11 E-M. Godjaev, Sh.M. Guseynov, M.M. Dadashev.
Diagramma sostoyaniya sistemi TlInSe>-InGaSes.
Fizicheskaya ximiya, 1974, t.48, Nel0, 5.2615-2618.
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[2] E.-M. Godjaev, M.G. Gamidov. Fiziko-khimicheskie i
rentgenograficheskie issledovaniya sistemi TlInTe»-
InGaTe:. Fizicheskaya ximiya, 1975, t.49, Ne9, 5.2458-
2460.
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TIINC})' — InGaC}"' ORINTILOR SISTEMiININ RENTGENOQRAFiK TODQIQi

Rentgenoqrafik todgigatlar yolu ilo TlInC;/I —InGaC;/I arintilor sisteminin elementar 6zoklorinin  parametrlori toyin
olunmusdur.

9.A. Anaxsipon

PEHTTEHOT PA®OUYECKHUE UCCIEJOBAHUS CITABOB CUCTEM TlInC}' — InGaC}'

\l Vi
PentrenorpaguueckuMu UCCIET0BAHUAMHU ONPE/IEIEHBI IAPAMETPBI SJIEMEHTApHBIX sAueek cruiasos cuctem TIInC, ™ — InGaC, .
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