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For the first time magnetoresistivity Ap/p and magnetothermopower AS/S in textured polycrystalline samples of Big, ,Mn Fe
were studied in a wide temperature range (300 + 4.2) K and in magnetic field B=3 T. The peculiarities on the temperature dependencies
of resistivity p, magnetoresistivity Ap/p, thermopower S and magnetothermopower AS/S were found. These peculiarities are likely
due to modification of the band structure of the charge carrier energy spectrum and/or spin-dependent scattering of charge carriers
under magnetic field. It is shown that the peculiarities on the temperature dependence of Ap/p and AS/S correlate each other very well.
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BriepBrle HccemoBaHBI MarHeTOCONpOTHBIeHHE M MarHetoTepMoO/lC B MOIMKPUCTAIIMIECKOM oOpasie Bi%”MnéFeo.01 B
nHTepBaine temreparyp 4,2-300K 6e3 marautHOTO 1o u B moine 3T. OOHapy)eHbl 0COOCHHOCTH Ha TEMIIEPATYPHBIX 3aBHCHMOCTSIX
ANIEKTPOCONPOTHBIECHUS, MarHeToconpoTusieHus, TepModJJC u maraerorepmod[IC mpu m3MepeHusix B MarHuTHOM mone 3T,
MIPEINONIOKUTEIBHO 00YCIOBICHHBIE H3MEHEHUEM 30HHOH CTPYKTYpbI SHEPreTHUECKOrO CIEKTpa HOCHTENEH 3apsijia W/Winm  CHHH-
3aBUCHMOTO PAcCesHUsI HOCHUTENeH 3apsiia, MPOUCXOMSIINMH MO AeiicTBHeM MarHuTHoro mois. [TokasaHo, 4To 0coOEHHOCTH Ha
TeMIIepaTypHBIX 3aBUCHMOCTSIX MarHEeTOCONPOTHBICHHS 1 MarHeToTepMo/IC XOpOIIO KOPPETHPYIOT IPYT C JPYTOM.

KonroueBnlIe cj10Ba: MarHUTHOE I10JIE, y/ICIIBHOE AIICKTPOCOIPOTUBIICHUE, MarHETOCONIpoTuBIeHue, TepMoIJC, maraerorepmoI/1C

Bnepuie nocnimkeno marseroonip i MaruerorepMoEPC B nonikpucraniddomy 3pasky Big, ,,MnFe B inTepsaii remneparyp
4,2+300K 6e3 marniTHoro noJs i B nosi 3T. BusiBieHi 0coOIMBOCTI Ha TeMIIepaTypHHUX 3aJeKHOCTSIX €JIEKTPOOIOpPY, MarHeTooopy,
TepMoEPC i marnetoTrepMoEPC nipu Bumipax B MaraitHoMy modi 3T, iMOBipHO 00yMOBIIEHI 3MiHOIO 30HHOT CTPYKTYPH €HEPreTHYHOTO
CIEKTPY HOCIiB 3apsy Ta / abo CIiH-3aJIeKHOTO PO3CiIOBaHHS HOCITB 3apsiy, 10 BiIOyBalOThCs ML Ji€l0 MarHiTHOTO mosst. [TokasaHo,
10 0COOIMBOCTI HA TEMIIEPAaTyPHHX 3aJISKHOCTSIX Maruetoonopy i MmaruerorepMoEPC no0pe KopeoloTh OfUH 3 OTHHM.

KurouoBi cji0Ba:. Mar"itTHe moie, TUTOMHIA €EKTPOOTIip, MarHeToorip, TepMoEPC, maraetotepmMoEPC.

Introduction
Magnetic properties study of the materials based
on Bi and Mn has shown that at room temperature some
of such compounds possess the rather high value of the
coercive force which increases with temperature. The fact
makes these materials to hold much promise for creating of

the permanent magnets for high-temperature applications
[1,2]. However, there is a lack of the electrical transport
study of these materials in magnetic fields. In our recent
paper [3] we have partially filled up the gap and studied
the temperature dependence of resistivity p(T) of the

textured polycrystalline Big, ,MnFe in the temperature
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range (300 + 4.2) K in magnetic field B=6T. However, no
experiments as for thermopower in such compounds have
been performed so far. In the paper we report on results
of the simultanecous measurements of the temperature
dependencies of the resistivity p(T) and thermopower
S(T) from room temperature down to 4.2 K in magnetic
field B=3 T. The measurement results were used to
calculate for the first time the temperature dependencies of
magnetoresistivity Ap/p and magnetothermopower AS/S.

Matherials and methods

The polycrystalline samples, whose properties have
been measured, were prepared using analytical purity
grade reagents of Bi, Mn and Fe. The quartz tubes of 16-
18 mm long evacuated to the pressure P ~ 10 Pa were
used as containers for the synthesis and growth of the
Biy, ,,MnFe - polycrystals. The synthesis has been
performed in a horizontal tube furnace of the SUOL type.
The crystals were grown using Bridgeman’s method at
temperature 630°C with the sinking velocity of about 1.5
mm/h.

The process has resulted in textured polycrystalline
Biy, ,,MnFe of the cylindrical shape. Rectangular
samples of about 7x2x2 mm were cut out along of the
element of cylinder. A fully computerized setup on the
bases of a Physical Properties Measurement System
(Quantum Design PPMS-9T) utilizing the four-point probe
technique was used to measure the longitudinal resistivity
p(T) and magnetoresistivity Ap/p. Silver epoxy contacts
were glued to the extremities of the sample in order to
produce a uniform current distribution in the central region
where voltage probes in the form of parallel stripes were
placed. Contact resistances below 10 were obtained.
Resistivity was measured using alternative current (I = 30
mA, =17 Hz) running along the largest sample dimension.
The thermopower S was measured using the standard
approach as described elsewhere [4]. Measurements were
performed in a wide temperature range (300 + 4.2) K
both without magnetic field and in magnetic field applied
perpendicularly to the measuring current. Magnetic field
was produced by the superconducting solenoid.

Results and discussion

Figure 1 shows temperature dependences of resistivity
p (curves 1,4) and thermopower S (curves 2,3) measured
both without field (curves 1,2) and in magnetic field B=3 T
(curves 3,4). It should be noted, that p(T) measured at B=0
demonstrates linear dependence in the whole temperature
range from room temperature down to 4.2 K (curve 1). In
magnetic field B=3T the positive magnetoresistive effect
followed by appearance of noticeable maximum on the
p(T) curve was observed. The magnitude and location
of this maximum increases quickly with increase of the
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Fig.1. Temperature dependences of resistivity p(T)
(curves 1,4) and absolute thermopower S(T) (curves
2,3) at B=0 (curves 1,2) and at B=3 T (curves 3,4).

magnetic field.

The specific behavior of p(T) in magnetic field, can be
caused by different reasons. One of them is the possibility of
the transformation of the Mn magnetic subsystem. It is well
known that the transition from antiferro- or paramagnetic
ordering to ferromagnetic one may be attended by strong
changes in conductivity. Most likely it is due to the so-called
spin-dependent scattering of the conduction electrons [5,6].
The spin-dependent scattering depends on the direction in
which magnetic field is applied to the sample. There are
preferred magnetic field directions along which the changes
in magnetic subsystem occur more quickly and in more
weak fields than it occurs in other directions. Evidently,
particularities observed in magnetic field on the p(T) are
also expected to appear on the temperature dependences
of magnetization, thermopower and some other physical
characteristics.

Figure 1 shows temperature dependences of the
absolute thermopower S (curves 2) measured both without
field (curves 2) and in magnetic field B=3 T (curves 3). It is
seen that at B=0 measured thermopower has negative sign
in the whole temperature range from room temperature
down to 4,2 K. Accordingly, under applied field the
thermopower S(T) increases much faster with decrease of
temperature demonstrating transition from negative values
of S to the positive ones at T, = 117 K followed by a distinct
maximum at T _ =~ 80 K. Below T S(T) starts to decrease
smoothly along with p(T) demonstrating transition from
positive values to the negative ones at T, =30 K. At T, =
30 K weak minimum is observed below which S(T) draws
to zero. On the whole, the S(T) curve reminds the p(T)
dependence in magnetic field (curve 4).

Observed change of the thermopower sign in studied
Bi,, ,,Mn Fe can be caused by different reasons. First of
all the change of the sign of the charge carriers is possible.
This effect is often observed in semimetals which include
Bi too. The next reason is the likely change of the charge
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Fig. 2. Magnetoresistivity Ap/p (curve 2) and
magnetothermopower AS/S (curve 2) as a function of

temperature in magnetic field B=3 T.
carrier concentration and their distribution between

different isoenergetic surfaces under applied magnetic field
[7]. The same physical mechanism can also account for
the peculiarities of the p(T) behavior observed in magnetic
field.

Very interesting result comes from the comparison
between temperature dependences of magnetoresistivity
Ap/p = [p(B, T)-p(0, T)]/p(0, T) (Fig. 2, curve 2) and
magnetothermopower AS/S = [S(B, T)-S(0, T)]/S(0, T)
(Fig. 2, curve 1). The distinct correlation between both
temperature dependences is observed. However, Ap/p
increases with temperature demonstrating maximum at
T, .=~ 60 K, whereas AS/S noticeably decreases with T
demonstrating minimum but again at the same temperature
T . = 60 K. Thus, both maxima observed in Fig. 1 shift
towards the lower temperatures. However, if the shape
of the Ap/p (T) curve is in keeping with the curve of p(T)
(Fig. 1), the temperature dependence of the AS/S (Fig.
2, curve 1) is completely different. Nevertheless, the
minimum of the thermopower is in precise correspondence
with the maximum of the thermoresistivity (Fig. 2). The
result allows us to conclude that such unusual shape of the
AS/S (T) dependence is most likely specified by the same
physical mechanism (by the rearrangement of the magnetic
structure and/or by the modification of the energy band
structure). It should be emphasized that such temperature
dependence of AS/S is observed for the first time. Evidently,
the physical processes in Bi,, ,MnFe  which result in
revealed correlation between the temperature dependencies
of magnetoresistivity Ap/p and magnetothermopower AS/S
require further investigation.

Conclusion
1. It is shown, that textured polycrystalline
Bi,, oMn Fe ~ demonstrates noticeable maximum on

p(T) when magnetic field is applied in B_LI configuration.
The maximum can be connected with the change of the
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spin-dependent scattering and/or with modification of the
changes of the band structure of the energy spectrum of the
charge carriers in magnetic field.

2. For the first time maximum on the temperature
dependence of the thermopower S(T) is revealed. In
addition, below T, = 117 K S(T) demonstrates transition
from negative values of S to the positive ones which can
be attributed to the transformation of the energy bands
structure under magnetic field.

3. For the first time temperature dependence of the
magnetothermopower AS/S was studied. It is found, that
AS/S demonstrates minimum at T, . = 60 K. Moreover, the
minimum on AS/S exactly coincides with the maximum
of the magnetoresistivity Ap/p. The finding allows us
to conclude that the reasons which result in appearance
of peculiarities on both magnetothermopower and
magnetoresistivity are caused by the similar physical
mechanisms.
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