American Journal of Physics and Applications

2017; 5(6): 84-90
http://www.sciencepublishinggroup.com/j/ajpa

doi: 10.11648/j.ajpa.20170506.12

ISSN: 2330-4286 (Print); ISSN: 2330-4308 (Online)

(G5 J' v, )
otlencePr

Science Publishing Group

Connection of Thermopower, Magneto Thermopower with
Resistivity and Magnetoresistivity in Nd(1.,SrMnO; and

Sm(1,SrkMnO; Manganites

Liudmila Koroleva" *, Ivan Batashevl, Artem Morozovl, Anatol Balbashovz, Henryk Szymczak3 s

Anna Slawska-Waniewska3, Sabina Lewinska®

"Physics Faculty, Lomonosov Moscow State University, Moscow, Russia

2Scientific Research Center “Management Problem Energy Resource” of Moscow Power Engineering Institute, Moscow, Russia

3Institute of Physics Polish, Academy of Sciences, Warsaw, Poland

Email address:
koroleva@phys.msu.ru (L. Koroleva)

*Corresponding author

To cite this article:

Liudmila Koroleva, Ivan Batashev, Artem Morozov, Anatol Balbashov, Henryk Szymczak, Anna Slawska-Waniewska, Sabina Lewinska.

Connection of Thermopower, Magneto Thermopower with Resistivity and Magnetoresistivity in Nd;.,SryMnO; and Sm(;_SryMnO;
Manganites. American Journal of Physics and Applications. Vol. 5, No. 6, 2017, pp. 84-90. doi: 10.11648/j.ajpa.20170506.12

Received: August 27, 2017; Accepted: September 15, 2017; Published: October 13, 2017

Abstract: An experimental study of thermopower, magneto thermopower, magnetoresistivity and magnetization of
Nd(1.5SrxMnO; and Sm(;_,,Sr,MnO; with 0 < x < 0.3 was conducted. A steep rise of thermopower as well as giant values
of magneto thermopower and magnetoresistivity were observed near Curie temperature 7 in compounds with 0.15 <x <
0.3. On the other hand, no special features were found in case of x = 0. It has been known that compounds with 0.1 < x <
0.3 consist of ferromagnetic clusters of ferron (magnetic polaron) type located in A-type antiferromagnetic matrix. An
increase of thermopower near 7 is caused by ferrons as with the application of magnetic field or temperatures higher
than T thermopower falls sharply due to the destruction of ferrons. So, the value of thermopower is directly connected
to the number of magnetic polarons in sample. Therefore, thermopower in doped magnetic semiconductors is determined

by level of doping and volume of the sample.
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1. Introduction

At present, the practical application of thermoelectricity is
mostly limited to temperature measurement elements and
thermoelectric cooling modules, which are used in various
areas from cooling systems for electronics to medical and
home coolers and fridges (for example, coolers in cabins of
train drivers). Thermoelectricity is rarely used in large
cooling devices due to low energy conversion efficiency
(ECE), which could be calculated for thermoelectric material
as:

IT =S% [k (1)

where S is thermopower, 0 — specific electric conductivity, £
— coefficient of thermal conductivity. Presently, ZT of the

best thermoelectric materials does not surpass one. From the
last century, Bi,Te; with various additions or prepared using
special processes is considered the most promising
thermoelectric material. In this paper, it was demonstrated
that the value of thermopower in magnetic semiconductors
could be significantly enhanced via doping and increment of
the volume of sample. Similar results were reported in earlier
paper [1].

Increased value of S which reached hundreds of mV, was
observed in some manganites near Curie temperature 7¢ [2-
4]. Authors of this works linked it to the formation of
polarons with small radiuses (small polarons) near 7¢. It is
known that the small polarons are observed in non-magnetic
semiconductors, and their occurrence only near Curie
temperature in magnetic semiconductors is not discussed in
[2-4]. Moreover, sizes of studied samples are not provided in
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works mentioned above, so no investigations concerning
dependence of thermopower on volume were carried out. It
should be brought to attention, that before work [1], it was
believed that thermopower doesn’t depend on sample sizes
As is seen from short report [1], thermopower in magnetic-
semiconductor system Smy; . St,MnO; (0.15 < x < 0.3) could
be widely regulated by doping level and sample size. In this
work, it was provide results from measurements of
thermopower, magneto thermopower, electric resistivity and
magnetoresistance along with other properties of Nd;.
o9rxMnO;3 (0.15 < x < 0.3) system. This result support

conclusions reached in [1].

The interest in magnetic semiconductors has been inspired
by the observed phenomenon of colossal magnetoresistance
and volume magnetostriction in the vicinity of T [5-7]. Most
researchers now explain these effects as being results of the
existence of special magnetic-impurity states called ferrons,
the theory of which has been developed in [8-12]. The idea of
a “ferron” consists of the notion that an electron of a donor
(or a hole of an acceptor) creates around the impurity a
microscopic ferromagnetic region, a ferron, due to a gain in
the s—d exchange energy.
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Figure 1. Temperature dependence of magnetization M(T) for NdySrosMnO; in various magnetic fields and different cooling conditions (ZFC — zero field

cooling, FC — field cooling).
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Figure 2. Temperature dependence of magnetization M(T) for Smy, ;Sro;MnQOjs in various magnetic fields.
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Figure 3. Determination of Curie temperature of ferromagnetic clusters for
Smo.7.SrosMnO;z by minimum of dM(T)/dT curve in magnetic field of 100 Oe.
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Figure 4. Temperature dependence of thermopower S(T) in various magnetic
fields for Ndy.ssSro 1sMnO; with geometric sizes of 11 mm x 2.5 mm x 3 mm.

Explanation of results, obtained for both systems
studied in this work, is based on existence of ferrons in
these systems. Inside ferrons the crystalline lattice is
compressed as discussed in [11, 12]. In ferromagnetic
semiconductors, magnetic polarons exist only near Tg,
where the long-range ferromagnetic order is partly or
completely broken, and rapidly disappear with further
increase in the temperature. In antiferromagnetic
semiconductors, the electron density is increased near
impurities (compared to other regions of the crystal), so
the crystal consists of antiferromagnetic matrix in which
ferromagnetic spheres (collective ferrons) with increased
electron density are symmetrically located. Through study
of data from neutron and electron scattering as well of
magnetic properties of Sm;_Sr,MnOj; system provided in
[13-16], it has been shown that in compounds with x <
0.33 clusters of ferron type located in A-type
antiferromagnetic matrix are present. Whereas in the
compounds with 0.45 < x < 0.5 are clusters with
antiferrmagnetic charge-orbital ordering in which the
lattice parameters reduce. In these compositions in the
Neel temperature of the CE-type antiferromagnetic

clusters is discovered, the maximum of the thermopower
and giant negative magnetothermopower [17-19].

2. Experiment
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Figure 5. Temperature dependence of thermopower S(T) in various magnetic
fields for Smy ;SrosMnO;s a) with geometric sizes of 11 mm x 2.5 mm x 3 mm.
b) 5 mmx 2.5 mm x 3 mm.

Rectangular single-crystalline samples of Nd;.SryMnO;
(with x = 0, 0.15, 0.2, 0.3) and Sm(; 4 Sr,MnO5 (x = 0, 0.15,
0.2, 0.25, 0.3) were prepared through crucible-less floating
zone melting method. Phase composition and lattice
parameters were controlled with x-ray diffractometer Siemens
D5000. Single-phase samples had the structure of perovskite
with orthorhombic structure (Pnma group). A temperature
gradient of 5 K across the sample for the thermopower S and
magneto thermopower AS/S measurements was created using
the electrical furnace (thin constantan wire) located on one end
of the sample. Three copper-constantan thermocouples were
used to measure temperature difference between hot and cold
ends of the sample and temperature 7 at the middle of the
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sample. The voltage difference between ends of the sample
was determined using an analog-to-digital NI-9211 module
with input impedance of 20 MQ capable of measuring small
voltages with a typical relative error of 0.5%. Sample was
placed into a specially constructed insert from which the air
was pumped to avoid condensation of vapor and submerged in
liquid nitrogen. Temperature was set using electrical furnace
wound on the inner surface of the insert. Influence of different
magnetic fields H on thermopower was studied using an
electromagnet. The magnetization M was measured by a
SQUID magnetometer. The electric resistivity p and
magnetoresistance Ap/p were determined using the four-point-
probe method. Measurements of thermopower, resistivity and
magnetization were conducted on two samples cut from single
crystal in the shape of identical parallelepipeds in a way that
the longest edge was parallel to ¢ axis (or ab plane) of
orthorhombic structure. C axis or ab plane were orientated
parallel to magnetic field during measurements. M(7), M(H)
and also S(7), S(H); {AS/S}(T), {AS/S}(H) and o(T), p(H) were
almost identical for the pair of each compound. This indicates
small magnetic and crystallographic anisotropy.

3. Results and Discussions

Figures 1 and 2 show the temperature dependence of
magnetization M(T) for Ndy;Sr;3MnO; and Smg ;Sr;;sMnOs3
measured in various magnetic fields and different cooling
conditions (ZFC — zero field cooling, FC — field cooling).
From these dependencies, the following conclusions can be
reached that the transition from ferromagnetic to
paramagnetic state is heavily blurred and occurs in a
temperature range of about 100 K. It should be noted, that in
homogeneous ferromagnetics this transition usually happens
during a little degrees K. Moreover, in low magnetic fields,
there is a difference between the magnetizations of FC and
ZFC samples. The following was observed for both
compounds: in case of low temperatures and strong magnetic
fields (maximum value of magnetic field reached 50 kOe)
magnetic moment per chemical unit is lower by order of
magnitude compared to the value achieved in fully
ferromagnetically ordered moments of Mn®* and Nd** ions
(or Mn*" and Sm®* ions). Samples with other doping levels
exhibited similar temperature dependences of magnetization
M(T). ZFC and FC curves are also similar to the ones
presented on Figure 1 and Figure 2 for x = 0.3. However, in
case of 7 < 30 K and strong magnetic fields M(7)

dependence is different for Nd(;_,Sr,MnO; system and Sm(,.
oSr,MnOj; system. From comparing Figure 1. and Figure 2, it
will be obvious that Nd system shows a steep rise of
magnetization as the temperature gets lower, while in Sm
system magnetization at some point reaches saturation and
does not change with further fall of temperature. It was
established that experimental dependencies M(7) for Nd
sample in temperature range of T < 30 K satisfactory obey
the following equation that describes magnetization of
superparamagnetic materials:

nH
=1 (=)
kT

where L(x) = cth(x) — i is a Langevin function (2)

Magnetic moments of superparamagnetic clusters . for all
Nd compounds were obtained by selecting suitable P in
equation (2) to fit experimental curve M(7) for T < 30 K. The
results are shown in table 1 along with the number of molecular
units per cluster for ferromagnetic (FM) and ferrimagnetic (FIM)
ordering of Nd and Mn ions. Apparently, magnetization in this
temperature region is caused only by orientation of magnetic
moments of superparamagnetic clusters by magnetic field. It
should be noted, that results of earlier works [20-24] dedicated
to study of magnetization in Nd manganites indicate that
saturation was not reached in fields of several Tesla that is
caused by slanted or ferrimagnetic ordering of Nd and Mn
magnetic moments. Study of neutron diffraction in neodymium
manganites showed that Nd and Mn sublattices tend to order
ferromagnetically [21].
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Figure 6. Temperature dependence of magneto thermopower {AS/S}T) in
various magnetic fields for Ndy ssSry.1sMnO:s.

Table 1. Estimation of the size of superparamagnetic clusters in Nd;.SrMnOs.

Magnetic moment of

Magnetic moment of single

Number of molecules in Number of molecules in

Compound sinole cluster. molecule cluster in case of FM cluster in case of FiM
g bl bl ordering of Nd and Mn ordering of Nd and Mn

Ndo,7SI‘0_3MnO3 47 4,227 5 24

Ndo_gSI'o_zMnO3 64 4,006 6-7 32

Ndo.85510.1sMnO3 44 4.268 4-5 22

On the other hand, when temperature is higher than 30 K,
as shown on Figurel, superparamagnetic clusters containing
Nd are no longer present and magnetization curve M (7) is

mostly caused by ions of Mn. A difference between FC and
ZFC curves is observed in this temperature range. This
indicates the presence of microregions with frustrated bonds.
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The transition from this type of magnetization to
paramagnetic state is blurred and occurs in a temperature
range of about 100 K, while in homogeneous ferromagnets
this transition is abrupt and happens during a couple degrees
K. This magnetically-inhomogeneous state is caused by the
existence of magnetic impurities — ferrons, that form near
impurities — ions of Sr** [8-10]. These ferromagnetic
microregions are located in antiferromagnetic matrix of
NdMnO; in the first system and SmMnO; in the second
system. It is evident that Curie temperatures of compounds
with 0.1< x < 0.3, presented in [24, 16], are conditional, as
they represent temperatures at which ferrons near impurities
cease to exist. All Curie temperatures for compounds studied
in our work were determined by the position of minimum on
dM (T)/dT curves in low magnetic field of 100 Oe, as shown
on Figure 3 for Smy;Sro;MnO;. They coincide with T¢
values from works [24, 16].

0
0.05
0.1
< 015
(=
<
0.2 —e—1,56 kOe
525 | —&—8,45 kOe
—e—13,23 kOe
'3.3 T T T T T T T T T
50 100 120 140 160 180 200 220 240 260

TK

Figure 7. Temperature dependence of magnetoresistane {Ap/p}(T) in various
magnetic fields for Ndy.ssSro.;sMnOs.

Figures 4, 5a demonstrate temperature dependence of
thermopower S(7) in various magnetic fields for
Ndgg5Sr9.1sMnO; and Smy 7Sty ;MnO;3 samples with the sizes
of 11 mm x 2.5 mm x 3 mm. As can be seen from these
graphs, a maximum occurs near Curie temperatures of 120 K

for the first sample and 87 K for second sample. Moreover,
thermopower reaches a giant value of 18 mV/K in case of the
second sample. Temperature dependence of magneto
thermopower {AS/S} (7) for various magnetic fields is
presented on figures 6 and 7. Magneto thermopower is
negative and its absolute value reaches 63% in the first
sample near T¢ and 94.5% in the second (for magnetic field
of 13.23 kOe). Similar behavior of thermopower and
magneto thermopower curves was also observed in all other
samples studied in this works. Maximum values of S and
|AS/S| measured near 7 are presented in table 2. All samples
exhibited giant values of these properties.
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Figure 8. Schematic representation of magnetic polarons (ellipsoids) and
their role in creation of thermopower in magnetic semiconductors.

Figure 7 shows temperature  dependency  of
magnetoresistance {Ap/p} (T) in various magnetic fields for
NdggsSrp1sMnO;. It can be seen, that giant negative
magnetoresistance was recorded near 7. This effect is
common for doped magnetic semiconductors and most
researches explain it by existence of ferrons. Maximum
values of p and |Ap/p| observed during measurements of all
samples are presented in table 2.

Table 2. Thermopower S, magneto thermopower AS/S, electroresistivity p, magnetoresistance Ap/p and Curie temperature for manganites Nd ., Sr-:MnO; and

Sm(,,X,SrXMnO3.

Compound Te, K S, uV/(K-cnr’) AS/S,% £, kQ-cm Aplp,%
Smy g5S19,1sMnO; 80 525 54 168 70
SIl'lo_gSI'o_le’lO3 90 575 37 208 33
Sm0_75 Sro_stnO3 95 900 64 260 51

Smy 7Sty 3MnO3 87 210 94 67.7 76
Ndo_7SI'0_3M1’103 110 86 15 25 34
Ndo_gSI'o_le’lO3 155 240 42 70 45
Ndo.85S10.1sMnO3 120 1042 60 56 25
NdMnO; - <0,2 uV/K - - -

It must be emphasized that curves: p(7) and S(7), caused by ferrons. This is further confirmed by the fact that

{Ap/p}(T) and {AS/S}T) show similar behavior. This
indicates that thereof similarities were caused by the same
reason — existence of ferrons.

Giant thermopower and negative magneto thermopower
implies that thermopower in these compounds is primarily

thermal or magnetic destruction of ferrons causes a sharp
decrease of thermopower. As shown on Figure 8,
thermopower S; appears on every single ferron under the
influence of local temperature gradient A7, caused by total
temperature gradient 47. Each such microregion contributes
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(S;-S>) to the thermopower of the whole sample. Where S is
the thermopower of AFM matrix without ferron. Our
measurements of undoped NdMnOs (also presented in table
2) showed that thermopower is almost nonexistent in this
sample with the maximum value of 0,2 pV/K. So,
contribution from ferrons defines the effective thermopower
of the whole sample. Consequently, thermopower in doped
magnetic semiconductors is defined by concentration of
doping agent and volume of the sample. Moreover, due to
power conservation law temperature gradients A7, on ferron
microregions are created from heat transferred into sample to
create gradient AT. Thus, coefficient of thermal conductivity
of the whole sample is lowered as a substantial part of
thermal energy is spent on creation of AT, on ferrons.
Existence of ferrons leads to a large increase of thermopower
and decreased coefficient of thermal conductivity. According
to (1) this makes energy conversion efficiency higher. Figure
5b shows temperature dependency of thermopower for
Smy 7S193MnO; sample with geometric sizes: 5 mm x 2.5
mm x 3 mm, which was acquired by splitting the sample
from Figure 5a. As can be seen by comparing these graphs,
when the volume decreased by 2.2 times, thermopower also
decreased by 2.2 from 18 mV/K to 8.1 mV/K. This means
that effective thermopower (thermopower per unit volume)
should be used to compare different samples as shown in
table 2. Thus, the magnitude of the thermoelectric power can
be greatly increased by enlarging of the volume of the
sample. As known, in nonmagnetic semiconductors
thermopower does not depend on the sample’s volume.

4. Conclusion

1. Curves of magnetization with temperature for
compositions Nd(15S1:MnO5 and Sm(; . S1,MnO;
manganites indicate a magnetically inhomogeneous state,
which represents the antiferromagnetic A-type matrix which
contains a ferromagnetic microregions. These ferromagnetic
microregions of ferron type, since in these materials is
observed giant negative magnetoresistance near the Curie
temperature.  Superparamagnetic  behavior  of  the
magnetization curves of temperature in the compositions
Nd(SryMnO; below temperatures of 25 K was observed
from which the magnetic moment of a superparamagnetic
cluster was determined. It can be attributed as the
ferromagnetic and the ferrimagnetic ordering of the moments
of the ions Nd and Mn.

2. In the compositions near the Curie temperature
discovered high thermopower and giant negative magneto
thermopower, which are accompanied by high specific
resistance and a maximum of giant negative
magnetoresistance. It is shown that the thermopower is
determined by the level of impurities and the sample volume.

3. Thus, in doped magnetic semiconductors, which include
manganites, the value of thermopower can be significantly
increased, in comparison with undoped one, by increasing the
concentration of impurities and the volume of the sample.
Furthermore,  thermomaterials based on  magnetic

semiconductors should be characterized by specific
thermopower, that is the value of thermopower per unit
volume.
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