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MAGNETIC PROPERTIES OF TIMnS; AND TiMnSe; COMPOUNDS.
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TiMnS, and TIMnSe, compounds have been synthesized and X-ray analysis was carried out. Magnetization and paramagnetic
susceptibility of these compounds have been investigated in the temperature interval 77+300K. It is shown that TIMnS, and TiMnSe, are
low-dimensional magnetics and the antiferromagnetic exchange interaction takes place in them. Experimental values of the effective
magnetic moment are -4.5 pg for TIMnS; and 4.7 ug TIMnSe, , that is in agreement with theoretical values for the three-valence Mn ion.

Roentgenographic, thermal and magnetic investigations
of compounds with the general crystallochemical formula
TIMeX, (Me=Cr, Fe, Co; X=S, Se, Te) allowed paper's
authors [1 - 7] to conclude about the low-dimension of these
compounds.

For determination of influence of the 3-d configuration of
Me icns on magnetic properties, in given work we have investi-
gated the magnetization and paramagnetic sensibility of
TIMnS; and TIMnSe; belonging to this class of compounds.

TIMnS, and TIMnSe, samples were synthesized in
vacuum quartz ampoules by the solid state method of caking
of binary compounds TIS (Se) and MnS (Se) which beforehand
were put into the powdered state and weighed in the
equimolecular relation. Synthesis was carried out in the
following sequence. Ampoule with initial components was
placed into the furnace where the temperature rises from
room one up to 1000K with the rate 100deg/hour. At this
temperature the ampoule was held for 30 hours, then it is
cooled up to the room temperature with the same rate. For
prevention of interaction of initial components with the
internal wall of the quartz ampoule the last one was in the
rotation during the synthesis process. Obtained samples were
rubbed to the powder, pressed under the high pressure and
undergone to the homogenizing annealing for 240 hours at
700K.
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Fig. 1. Dependence of the specific magnetization of TIMnS, (1)
and TIMnSe, (2) on the magnetic field at 77K.
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X-ray analysis of samples was carried out on the
diffractometer DRON-3M (CuK ,-radiation Ni- filter). Angle
resolution of the photographing was ~0,1°. Continuous scanning
regime was used. Diffraction angles were determined by the
method of measurements on the intensity maximum. At
experiments the determination error of reflection angles did
not excess 46 *0,02°.

Diffractograms of synthesized samples written down in
the angle interval 10°<26<70° at the room temperature, are
definitely induced in tetragonal (TIMnS,) and hexagonal
syngonies with parameters of the crystalline lattice a=7.74;
c=30.604, roentgen density o,=6.40g/cm’, atom number in
the unit cell z=20 and a= 6.53, c=23.964, =z=8,
0:=6.71g/cm’, respectively.

Magnetization (o) was measured on the pendular magne-
tometer Domenicalli, and the paramagnetic susceptibility (y)
was measured -by the Faraday method on the magnetoelectric
balance.

Fig.1 presents the dependence of the specific magneti-
zation of TIMnS, and TIMnSe, compounds on the magnetic
field at 77K. As it is seen, the dependence o (H) at given
temperature for both compounds has the form characteristic
for the paramagnetic state. However the temperature
dependence of the reverse paramagnetic susceptibility of
these compounds (fig.2) follows to the Curie-Weice law with
the extrapolation to the range of negative temperatures which
testifys on existence of the antiferromagnetic exchange
interaction. According to fig.2, the temperature of the
magnetic transformation of both compounds is below 77K.
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Fig. 2. Temperature dependence of the reverse paramagnetic
susceptibility of TIMnS; (1) and TIMnSe, (2).

From the temperature dependence of the reverse
paramagnetic-susceptibility we have calculated experimental
values of the effective magnetic moment of compounds under
investigation which are equal to 4.5 (TIMnS,) and 4.7ug
(TIMnSe,). Calculation of the theoretical value of the
effective magnetic moment (4.9up) was carried out with
account of the purely spin value of the magnetic moment of
the three- valent Mn ion. Comparison shows good agreement
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of experimental and theoretical results that is the indirect
confirmation of the accepted ionic configuration of given
compounds.

Interpretation of obtained experimental results, testifying
on the antiferromagnetic interaction in TIMnS, and TIMnSe,,
can be done on the basis of the crystalline structure of these
compounds. As it is known, this structure determines the
periodicity of arrangement of spin magnetic moments where
the exchange interaction is responsible for their mutual
orientation. Taking into account this fact, we, apparently can
imagine the crystalline structure of TIMnS, and TIMnSe, as
sequentially alternating two-dimensional layers of ions Mn**,
TI" and S™(or Se*) parallel to the basal plane. Sufficiently
large ratio c/a ~4 testifys on the laminated structure of these
compounds. Ferromagnetic ordering have been carried out in
the plane, including ions Mn®*. Therefore layers of ions Mn®*

are two- dimensional ferromagnetic. Layers TI* and S*(or
Se”) have been arranged between the nearest layers of ions Mn™.
Therefore ferromagnetic layers are connected with each other
by weaker forces of the antiferromagnetic type. Co - existence
of ferromagnetic (within layers) and antiferromagnetic (between
layers) interactions leads to the resulting antiferromagnetic
interaction in TIMnS, and TIMnSe,.

We note that authors [6], following from the above-
mentioned model consider that the ferrimagnetic ordering in
compounds TICoS, and TICoSe, is the result of a noncomple-
te compensation of spin magnetic moments of ferromagnetic
layers formed by Co ions.

Thus results of X-ray and magnetic investigations testify
on the low - dimension of compounds TIMnS, and TIMnSe,
and existence of the antiferromagnetic exchange interaction
in them.
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R.Z. Sadixov, E.M. Karimova, Y.Q. 9sadov, R.K. Valiyev
TIMnS: VO TIMnSe; BIRLOSMOLORININ MAQNIT XASSOLORI

- TIMnSz ve TIMnSe: birlesmeleri sintez olunmusg, onlarin rentgenoqrafik analizleri aparilmigdir. 77+300 K temperatur intervalin-
da magnitlenma ve paramagqnit qavrayicithgi tedqiq edilmisdir. Gésterilmigdir ki, TIMnS2 ve TIMnSe: kigik 6l¢iilit maqnetikdirler vo
onlarda qarsihgh antiferromaqnit miibadilesi méveuddur. Effektiv magnit momentinin -4.5 (TIMnS2) ve 4.7Tug (TIMnSez) tocriibi
giymetlari Mn-in iigvalentli ionunun nezeari gqiymetleri ile uygun gelir.

P.3. Caasixos, 3.M. Kepumosa, KO.I'. Acagos, P.K. Besnes
MATHHUTHBIE CBOMCTBA COEJUHEHUM TIMnS, u TIMnSe,
Cunresuposansl coenunenus TIMnS,; u TIMnSe, , nposenen ux pexrreHorpaduueckuil anamvs, B unrepsane temneparyp 77+300 K
HCCIIeJ0BaHa HAMATHUYEHHOCTh M MapamarHuTHas BOCTIpUMM4YMBOCTE. [loxasano, uro TIMnS, u TIMnSe, SBNS10TCA HHU3KOPA3MEPHLIMH
MAarHeTHKaMH M B HHX OCYLUECTBIIAETCA aHTU()EPPOMArHUTHOE OOMEHHOE B3aHMOREHCTBHE. DKCIEPUMEHTANBHEIE 3HAYEHHA 3 derTHRHOTO

maruutHOro momenta —4.5 (TIMnS2) u 4.7, (TIMnSe2) - cornacyiotcs ¢ TEOPETHYECKUM 3HAUECHUEM NS TPEXBAIEHTHOrO HOHAa Mn.
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