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STATE DIAGRAM OF TIInS; -TICrS,, TIGaSe; —TICrSe; SYSTEM AND ELECTRIC
PROPERTIES OF LAYERED COMPOUNDS TICrS;, TICrSe;

R.G. VELIYEV, F.M. SEYIDOV, A.l. JABBAROV
Institute of Physics of National Academy of Sciences of Azerbaijan
Az-1143, Baku, H. Javid av., 33

State diagram of TlInS, —TICrS, and TlGaSe, —TICrSe, systems has been investigated. It is established that the limited solid solutions
form on the base of initial compounds. It is supposed that the existence of polar (dipole) and magnetic (spin) orderings is possible in the
forming solid solutions. The electric properties of TICrS, and TICrSe,, which reveal that these compounds are semiconductors of p-type, are

investigated in temperature interval 80-400K.

The search of semiconductor ferroelectromagneto-active
layered crystals is the actual task of solid-state physics, i.e.
physicotechnical parameters of such crystals are varied in
wide range in the result of the fact that the dependence of
physical properties of traditionally regulated factors such as

temperature, electric and magnetic fields on main
crystallographic directions is added to them [1,2].
The layered compounds TIInS,, TIGaSe, at high

temperatures have semiconductor properties [3,4], and at low
temperatures they have ferroelectric ones [5-8].

In work [9] the compounds TICrS,, TICrSe, had been
synthesized firstly and X-ray-, neuron-graphic and magnetic
investigations had been carried out. The authors conclude that
given compounds crystallize in hexagonal structure with big
enough relation ¢/a (~6) and are ferromagnetics. However,
electric properties of layered ferromagnetics TICrS,, TICrSe,
haven’t been investigated; correspondingly, it isn’t clear what
type of conduction they have.

Taking into consideration above mentioned, TICrS,,
TICrSe, are investigated by us from chemical elements,
suspended in stoichiometric relation. Previously the
chromium is rendered in powdered state with the help of ball
mill. The compounds are put into quartz ampoules, which are
evacuated up to residual pressure ~10° Pa. The synthesis is
carried out in the electric furnace at temperature ~1150K
during 120 hours, further the reaction product is thoroughly
crushed and synthesis repeats. Further the given compositions
are rendered in powdered state, pressed and treated by
homogenizing in evacuated quartz ampoules at temperature
~600K during 480 hours.

X-ray analysis of TICrS,, TICrSe, is carried out at room
temperature (~300K) on diffractometer DRON-3M in CuK,-
radiation. The angular resolution of the shooting is ~0,1°. The
diffraction patterns are recorded constantly and diffraction
angles are defined by measurement method on intensity
maximum. The calculation error of diffraction patterns show
that synthesized compositions indicate on the base of
parameters of hexagonal lattice: @=3,538A; ¢=21,9624;
c/a~6,207; z=3;sp.gr. R3m; px:6,705F/CM3 for TICrS, and
a=3,6999A; ¢=22,6901A; c/a=6,133; z=3; sp.gr. R3m;
£:=6,209 r/em’ for TICtSe, .

Note, X-ray investigations, carried out by us well agreed
with [9].

The electric properties of compounds TICtS, and TICrSe,
are investigated in temperature interval 80-400K. The
electron conduction (o) and thermo-e.m.f. coefficient («) of
TICrS,, TICrSe, are measured by four-probe compensation
method.
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The temperature dependencies of electric conduction and
thermo-e.m.f. coefficient of TICrS, compound are presented
on the fig.1. As it is seen from the figure, the temperature
dependence of electric conduction has the semiconductor
motion and behavior of thermo-e.m.f. coefficient on
temperature evidences about charge transition by carriers of
p-type. Moreover, the anomaly on a(7) TICrS, dependence
(~340K) which is connected with umklapp process of p-type
carriers in conduction band of TICrS, semiconductor is
observed.
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Fig.1. The temperature dependence of electrical conduction (e)

and thermo-e.m.f. coefficient (0) of TICrS,.

The temperature dependencies of electric conduction and
thermo-e.m.f. coefficient of TICrSe, compound are given on
the fig.2. As it seen from the figure, the temperature
dependence of electric conduction of TICrSe, has the
semiconductor character in whole. However, beginning from
temperature 7~125K the fracture with temperature duration
~110K appears on dependence o(7) TICrSe,. Probably, the
fracture on dependence o(7) TICrSe, is connected with
scattering of charge p-carriers on spin fluctuation
heterogeneities [10], appearing at transition of spin system of
layered ferromagnetic TICrSe, from three-D magnetic
ordering into paramagnetic state. The behavior of thermo-
e.m.f. coefficient on TICrSe, temperature evidences about
charge transition by p-type carriers, i.e. the positive
numerical a values increase in the investigated temperature
interval.
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Fig.2. The temperature dependence of electrical conduction (e)
and thermo-e.m.f. coefficient (0) of TICrSe,.

18 samples are prepared for study of interaction of
TlInS, with TICrS,. The initial compounds T1InS, and TICrS,
are synthesized from chemical elements, suspended in
stoichiometric relation in quartz ampoules, evacuated up to
residual pressure ~10° Pa. The mode of alloy synthesis is
chosen on the base of melting point of initial compounds:
1050K for TlInS,, 1455K for TICrS,. Each alloy is heated
higher melting point of initial compounds and endured at this
temperature during 7-9 hours, further the temperature in
furnace is decreased up to room one with velocity 100K in
hour. The synthesized alloys for homogenization are
annealed during 480 hours at ~700K in the case of alloys,
containing T1InS, and during 570 hours at ~970K in the case
of alloys, containing TICrS,.

The annealed samples in evacuated quartz ampoules with
the end, concave inside, are investigated by the method of
differential-thermal analysis (DTA). DTA is carried out on
installation HTP-64, allowing fixing the phase transformation
temperature with delicacy +10K. The heating rate is
2-4K/min. The temperature of the ampoules with annealed
compositions is controlled by thermocouple Pt-Pt/Rh.
Previously, the thermocouple is graduated on standard
substances in interval 430-1560K.
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Fig.3. State diagram of TlInS, —TICrS, system.
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State diagram of TlInS; - TICrS, system, constructed on
the results of differential-thermal analysis is presented on the
figure 3. This system is quazi-binary one of eutectic type with
wide regions of solid solutions on the base of TIInS,,
achieving at 300K up to 25 mo0l.% TICrS,. The eutectic forms
at component relation 1:1. The eutectic melts at 925K and has
the composition (T1nS,)e s (TICtS,)o 5.

Thus the existence of polar (dipole) and magnetic (spin)
orderings is possible in TlInS; - TICrS, system from the side
of TlInS, (up to 25 m0l.% - TICrtS,). Moreover, homogeneous
phases will have the semiconductor motion of conduction, i.e.
initial compounds T1InS, and TICrS, are semiconductors.
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Fig.4. State diagram of TlGaSe,-TICrSe, system.

17 samples are prepared of study of interaction of
TlGaSe, ¢ TICrSe,. The initial compounds TlGaSe, and
TICrSe, are synthesized from chemical elements, suspended
in stoichiometric relation in quartz ampoules, evacuated up to
residual pressure ~10~ Pa. The mode of alloy synthesis is
chosen on the base of temperature of their melting points:
1085K for TIGaSe, and 1340K for TICrSe,. Each alloy is
heated higher melting point of initial compounds and endured
at this temperature during 6-8 hours, further the temperature
in furnace is decreased up to room one with velocity 100K in
hour. The synthesized alloys for homogenization are
annealed during 480 hours at ~700K in the case of alloys,
containing T1InS, and during 570 hours in the case of alloys,
containing  TICrS;. The  synthesized alloys for
homogenization are annealed during 410 hours at ~720K in
the case of alloys, containing TlGaSe, and during 480 hours
at ~890K in the case of alloys, containing TICrS,. The
annealed samples in evacuated quartz ampoules with the end,
concave inside, are investigated by the method of differential-
thermal analysis (DTA). DTA is carried out on installation
HTP-64, allowing fixing the phase transformation
temperature with delicacy *+10K. The heating rate is
2-4K/min. The temperature is controlled by thermocouple Pt-
Pt/Rh, on the head of which the ampoules with annealed
compositions are get on in turn.

State diagram of TlGaSe, - TICrS, system, constructed
on the results of differential-thermal analysis is presented on
the figure 4. This system is quazi-binary one of eutectic type
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with limited regions of solid solutions on the base of Thus the existence of polar (dipole) and magnetic (spin)
T1GaSe,, achieving up to 15 mol.% TICrSe,, on base of orderings is possible in TlGaS, - TICrS, system from both
TICrSe,, achieving up to 10 mol% TIGaSe, at room TIlGaSe, (up to 15mol% TICrSe;) and TICrSe, (up to 10
temperature (~300K). The ecutectic forms at component mol% TlGaSe;), moreover, homogeneous phases will have
relation 1:1. The eutectic melts at 850K and has the the semiconductor motion of conduction, i.e. initial
composition (T1GaS,), 5 (TICrS;)g 5. compounds TlGaSe, and TICrSe, are semiconductors.
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R.Q. Valiyev, F.M. Seidov, A.I. Cabbarov

TIInS, -TICrS,, TIGaSe, —TICrSe, SISTEMLORININ HAL DiAQRAMLARI VO LAYLI TICrS,, TICrSe,
BIRLOSMOLORININ ELEKTRIK XASSOLORI

TlnS, —-TICrS, vo TlGaSe, —TICrSe, sistemlorinin hal diaqgrammalar1 dyrenilmisdir. Miiayyen edilmisdir ki, baslangic birlosmalorin
asasinda mahdud bark moahlullar amals galir. Ehtimal olunur ki, amals galon bark mshlullarda dipol ve spin nizamlanmast mévcud ola bilar.
TICrS,, TICrSe, birlosmalorinin 80+400K intervalinda elektrik xassalori todqiq olunmusdur ve askar olunmusdur ki, gosterilen birlosmalor p-
tipli yarimkegcirici xarakters malik olurlar.

P.I'. BeiueB, ®.M. CennoB, A.H. [xa66apoB

JAAATPAMMA COCTOSIHUSI CUCTEM TlInS, -TICrS,, TIGaSe; —TICrSe, U JJIEKTPUHYECKHUE CBOWCTBA
CJOUCTBIX COEAVMHEHUNMH TICrS,, TICrSe,

Hccnenosana nuarpamma coctosiaus cucteM TlInS, —TICrS,; u TIGaSe,—TICrSe,. YcraHOBIEHO, YTO HA OCHOBE UCXOHBIX COCTUHCHHIA
00pa3yloTcsi OrpaHnueHHbIE TBEPAbIC pacTBOpPhL. IIpeanonaraercs, 4To B 00pa3yIOMMXCs TBEPAbIX PACTBOPAX BOSMOXKHO COCYILECTBOBaHHUE
MOJISIPHOTO (AUMOJIBHOTO) U MarHUTHOTO (CIMHOBOTO) ynopsnoueHuid. B unrepBane temmeparyp 80+400K umcciaenoBaHbl ayeKTpu4ecKue
csotictBa TICrS,u TICrSe,, KOTOpBIE BBISIBIIHN, YTO 3TH COSANHEHUS SIBISIOTCS OIYyIPOBOTHIKAMH pP-TUIIA.
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