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PARAMAGNERTIC SUSCEPTIBILITY AND ELECTRICAL CONDUCTION
OF LAYERED MAGNETS TI(Cr,Mn,Co)S,
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H.M. Abdullayev Institute of Physics of Azerbaijan National Academy of Sciences
Az-1143, Baku, H. Javid ave., 33

The magnetic and electric investigations which show that TICrS,; is the semiconductor ferromagnetic, TIMnS; is semiconductor anti-
ferromagnetic, TICoSe, is ferrimagnetic having the conduction of half-metal type, have been carried out in temperature interval 77+400K.
The enough big inclination of value of experimentally effective magnetic moment T1CrS, (3.26u5) from theoretical one (3.85u3) is explained
by the presence of two-dimensional magnetic ordering in paramagnetic region of strongly-layered ferromagnetic TI1CrS,.

Introduction.

The low symmetry of magnetic crystalline structure of
TIMeX, (where Me is 3d-metal; X=S,Se,Te) [1-5] predermines
the dependence of their magnetic properties on the main
crystallographic directions, in some cases up to the
appearance of low-dimension effect when magnetic spin
system (magnetic structure) in paramagnetic region in the
definite temperature interval is in “quasi-two-dimensional” or
“quasi-one-dimensional” magnetic ordering (Izing-Geyzenberg
model) [6-9]. Besides, the magnetic and semiconductor
properties combine in these compounds [10-12].

According to Izing-Geyzenberg model the behavior of
low-dimension systems in the region of high temperatures
(paramagnetic region) near phase transition in magnetic-
ordered state and has the specific peculiarities strongly
differed from the behavior of three-dimension spin systems in
the region of low temperatures. For example, the magnetic
susceptibility in paramagnetic region is characterized by the
presence of wide maximum which characterizes the strongly
developed short-range magnetic order at 7>>Ty and the
anomaly with essential inclination from A-type [13,6-8] is
observed on temperature dependence. Such magnetic
structures in particular, semiconductor or half-metal two-
dimension ferro- and ferrimagnetics can be base materials for
nano-technology. That’s why the search of layered magnets
on the base of compounds TIMeX, (where Me is 3d-metal,
X=S8,Se,Te) in magnetic relation having the different types of
magnetic ordering is the actual task in both from theoretical
and practical points of view.

Taking under consideration the above mentioned the
crystals TI(Cr,Mn,Co)S, are synthesized by us and X-ray,
magnetic and electrical investigations are carried out.

Synthesis and X-ray analysis.

The compounds TICtS,, TIMnS, and TICoS, are
synthesized in electric furnace in quartz ampoules evacuated
up to residual pressure ~10~Pa at temperature ~1050K from
chemical elements suspended in stoichiometric relations.
Previously, the lame (Cr) with the help of globular discharge
is treated in powdered state The synthesis is carried during 72
hours, further the reaction product is disintegrated and the
synthesis repeats. After it the obtained compounds are
transformed in powdered state, pressed and treated to
homogenizing annealing at temperature ~600K during 480
hours in evacuated quartz ampoules.

X-ray analysis of TICrS,, TIMnS, and TICoS, samples
specially prepared after annealing is carried out at room
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temperature (~300K) on diffractometer JPOH-3M(CuK,, is
radiation, Ni is filter, 1=1.5418A, the mode is 35kV,10mA).
The angular discrimination of the shooting is ~0.01°. The
mode of continuous scanning is used. The diffraction angles
are defined on intensity maximum. The error of definition of
diffraction reflection angles doesn’t exceed AG=+0.02°.

In angle interval 10°<26<70° the diffraction reflections
from TICtS,, TIMnS, and T1CoS, samples which indicate on
the base hexagonal, tetragonal and trigonal crystal systems
with crystalline lattice parameters given in table 1, are fixed.

Table 1.
Parameters of crystalline lattice of T1(Cr,Mn,Co)S,
Compound | a, 4 | ¢ 4 ca | Z | p.glem’
TICrS, 3.538 [21.962 | 6.21 3 6.71
TIMnS, 7.74 | 30.60 3.9 20 6.40
TICoS, 3.726 | 22.510 | 6.04 3 6.03

Sample preparation and investigation techniques.

The paramagnetic susceptibility (y) of TI(Cr,Mn,Co)S,
compounds is investigated by Faraday method on
magnitoelectric scale. The samples for measurements have
the cylindrical form with sizes: 2~ 3 MM, d ~2.5MMm.

The electrical conduction (o,) and thermoelectromotive
force coefficient (S) T1(Cr,Mn,Co)S, are investigated by four-
probe compensation method. The samples for measurements
have the form of parallelepiped with  sizes:
7.15 x 4.57 x2.53 mm (TICrS,), 4.20 X 5.84 x 1.37 mm
(TIMnS,) n 7.19 X 4.83 X 2.04 mm (TICoS;). The ohmic
contacts are formed by the way of cuprum -electrolytic
precipitation on sample edges.

The investigation are carried out in temperature interval
77+400K in quasi-static mode, moreover the rate of
temperature change is 0,2 K/min. During measurements the
samples are inside of nitrogen cryostat and the differential
cuprum-constant thermo-couple the seal of which is
stationary fixed on chip header near sample is used in the
capacity of temperature gauge. The bucking seal of thermo-
couple is stabilized at temperature of ice thawing
temperature.

Experimental results and their discussion.
The temperature dependence of reversible paramagnetic

susceptibility y (7) of TI(Cr,Mn,Co)S, compounds is
presented on the fig.1. It is seen that dependence y "'(7) is
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character for ferro-, antiferro- and ferromagnetic orderings,
for TICrS,, TIMnS, and TICoS, correspondingly.

Curie paramagnetic temperature (7,) is defined by
extrapolation of dependence y ~'(7) on temperature axis and
is equal to ~115K (TICrS,) and ~120K (TICoS,).

The effective magnetic moment (u.;) which is equal to
3.26u; is considered from dependence y '(T) (fig.1). The
theoretical value calculated with taking under consideration
the spin value of magnetic moment of Cr’* is equal to 3.85
up. The enough big inclination gz TICrS, from theoretical
value shows on the presence of quasi-two-dimensional
magnetic ordering in paramagnetic region of layered
ferromagnetic TICrS,. The low dimensionality of magnetic
structure TICrS, is shown in paper [6] on the investigation of
low-temperature heat capacity (in adiabatic calorimeter) of
layered compound TICrS,. The anomaly with significant
inclination from A-type is observed on temperature
dependence of heat capacity at constant pressure C,(T) of this
compound.

Also the experimental values of effective magnetic
moment TIMnSy(4.5u3) and TICoS,(4.6up) are calculated
from y "'(T) dependence (fig.1). The comparison of these
values with theoretical (4.9uz for TIMnS, and TICoS,)
calculated taking under consideration the spin values of
magnetic moment of Mn’" and Co’*, shows the some
difference for TIMnS, and TI1CoS,.
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Fig.1. Temperature dependence of reversible magnetic
susceptibility TICrS, (1), TIMnS,(2), TICoS,(3).

The temperature dependences of electrical conduction of
o.(T) and thermoelectromotive force coefficient S(T) of
TICrS, compound are given on the fig.2. As it is seen from
the figure the temperature dependence of electrical
conduction has the half-semiconductor type and the behavior
of thermoelectromotive force coefficient on temperature
proves on charge transfer by p-type carriers. Moreover, the
anomaly (~340K) which is connected with delocalization of
3d-electrons in paramagnetic region and their participation in
charge transfer is observed on S(7) TICrS, dependence.

The temperature dependence of electrical conduction
o.(T) of TIMnS, compound is given on the fig.3. As it is seen
from the figure o, increases with temperature increase, i.e. the
strongly expressed the half-semiconductor character of
coOnduction and strong increase of o,(7) near T~300K
connected with the fact that temperature achieves the self-
conductance TIMnS, takes place.
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Fig.2. Temperature dependence of electrical conduction (1) and
thermoelectromotive force coefficient (2) TICrS,.
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Fig.3. Temperature dependence of electrical conduction TIMnS,.
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Fig.4. Temperature dependence of electrical conduction (1) and
thermoelectromotive force coefficient (2) TICoS,.

The temperature dependence of electrical conduction of
o(T) and thermoelectromotive force coefficient S(7) of
TICoS, ferromagnetic. As it is seen S(7) TICoS, some
increases in temperature interval 77+115K achieving the
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maximum value at 7~115K. Further, the change of
conduction type from p-type up to n-type is observed near
T~225K with temperature increase. From the fig.4 it is seen
that o, TICoS, decreases with temperature increase from 77K.
Near 7~115K the break caused by fispersion of charge
carriers of p-type on spin heterogeneities [14] forming at the
transfer of spin system from magnetoordered state into
paramagnetic one, is observed on o.(7) dependence of
T1CoS; compound.

Note, that temperature (~115K) at which the anomaly
which well agrees with temperature of magnetic phase
transition (~112K) of TICoS, ferrimagnetic [15] takes place
on o,(T) and S(T) TICoS, dependences (fig.4).

The change of conduction type in TICoS, from p-type up
to n-type is connected with delocalization of 3d-electrons in
paramagnetic region and their participation in charge transfer.
The strong decrease is observed higher ~350K on S(7)
TICoS, dependence to the side of negative values and this

circumstance shows on half-metal character of conduction in
TICoS,, i.e. the conduction decrease (fig.4) is observed up to
T=~250K, further o, insignificantly increases in the interval
250-325K. The further decrease of conduction TICoS, in
temperature interval 325-400K is connected with the
appearance self-conductance of half-metal T1CoS,.

Conclusion.

Thus the investigation of paramagnetic susceptibility and
electrical conduction of TI(Cr,Mn,Co)S, compounds show
that TICrS, is the strongly layered (two-dimension)
ferromagnetic of conduction half-semiconductor type,
TIMnS, is half-semiconductor antiferromagnetics and TICoS,
is ferrimagnetics having the half-metal conduction type.

It is my duty to thankful the Doctor of Physics-
Mathematics, Professor U.G.Asadov for help in the carrying
out of X-ray investigations and indicating of obtained results.
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TI(Cr,Mn,Co)S, LAYLI MAQNETIiKLORIN PARAMAQNIT QAVRAYICILIGI VO ELEKTRIK KECICiLiYi

77+400K temperatur intervalinda aparilan maqnit vo elektrik todqiqatlar1 gostormisdir ki, TICrS, - ferromaqnit yarimkegirici, TIMnS, -
antiferromaqnit yarimkegirici, TICoS, iso yarimmetalik kegirici gedigo malik ferrimaqnetikdir. TICrS,-nin eksperimental effektiv maqnit
momentinin (3.26up) nozeriden (3.85up) kifayst qoder boyiik forqi, giiclii layli TICrS, ferromagnetikinin paramaqnit oblastda ikidlgiilii

maqnit nizamlanmasinin olmasi ils izah edilir.

P.I'. BesiueB

MMAPAMATHATHASI BOCIPUMMYMBOCTD M QJIEKTPOITPOBOTHOCTH CJIOUCTBIX
MATHETHKOB TI(Cr,Mn,Co)S,

B unTepBane remneparyp 77+400K nmpoBeneHbI MATHUTHBIE U JIEKTPUYECKUE HCCIEIOBAHU, KOTOphIe mokazand, uro TICrS, sBuseTcs
MONYTIPOBOAHUKOBEIM (heppomarHeTukom, TIMnS, - momymnpoBogHHKOBBIM aHTH(eppoMarHetnkoMm, a TlCoSe, - ¢eppuMarHeTHKOM,

00MajaomM  MOJyMETAIUIMYECKAM  XOJOM TPOBOJAUMOCTH.

I[OCTaTO‘IHO 0OIIBIIOE OTKIOHCHHE 3HAYCHHS OKCIICPUMCHTAJIBHOTO,

s¢dexruBHOr0 MarautHoro momenra TICrS, (3.26u3) ot Teopermueckoro (3.85uz) 0OBACHAETCS HAIMYHMEM JBYMEPHOTO MAarHUTHOTO
YTIOPSIIOYEHHMS B TapaMarHUTHOH 00J1acTh CHIIBHOCIOUCTOro (eppomarneruka TI1CrS,.
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