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Structure, electric and magnetoresistance properties of on the lower (f4) level are coupled by the strong internal

(Lai—yNdy)1—2SrzMnO3 (y = 0+ 1; z = 0.15 + 0.3)
polycrystalline specimens are studied. Electric measurements are
performed in the temperature range 77—370 K, magnetoresistance
is measured in fields up to 15 kOe. It is revealed that a substitution
of neodymium for lanthanum leads to a substantial increase in
magnetoresistance and a decrease in the temperature, at which
magnetoresistance displays a maximum. The principal changes
in positions of the peaks on the temperature dependences of
electro- and magnetoresistance are shown to occur within the
range 0 < y < 0.25, which correlates with the character of
a change of structural parameters. The evidence is presented
that the peculiarities of the behavior of (Laj_,Ndy)1—2Sr;MnO3
specimens near y = 0.25 are associated with the appearance of a
structurally and magnetically inhomogeneous state.

Introduction

An intense interest to Laj;_,M,MnOj3 (M-alkaline-
earth elements) doped manganites with the distorted
perovskite structure is associated with a strong sen-
sitivity of their electric properties to a magnetic field
(the colossal magnetoresistance effect), which ma-
kes such materials prospective for the application
in magnetoelectronic devices [1,2]. However, in most
cases, the considerable changes of magnetoresistance are
achieved only in strong fields or at low temperatures,
and this seriously limits the abilities of their application.
As results from the recent studies, substitutions in lan-
thanum or manganese sublattices can serve as an effec-
tive tool to govern both the magnetoresistance and the
temperature range within which its value is maximal
[3,4].

The magnetoresistance effect in La; _,M,MnO3 com-
pounds results from a competition between the different
types of interaction among manganese ions. The parent
compound LaMnQOs; is an antiferromagnetic insulator
with the triply ionized manganese ions which have the

t3 ge}] electron configuration [5,6]. Three electrons located
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(correlation) exchange interaction and behave as a single
localized spin (S = 3/2). Unlike to the lower level, the
eg-level of manganese is strongly hybridized with the 2p
level of oxygen. For this reason, the electrons located
on it can move between the neighboring manganese
sites. A deviation of the filling of eg-level from 1 (as
a result of the substitution of La by one- or divalent
elements, or a change in the oxygen content) leads to a
drastic transformation of both the magnetic state and
conductivity of doped manganites — these materials
become highly conductive ferromagnets [1, 2, 5, 6].

A theoretical consideration of the reasons underlying
the strong correlation between magnetism and
conductivity in doped manganites was first carried
out by Zener [7]. He considered the transfer of an eg-
electron between manganese ions in a Mn** —O—Mn*+
chain with either parallel or antiparallel orientation of
their spins, and showed that, in the first case (parallel
orientation), the realization of such a process can lead
to a decrease in the free energy of the system, but it
is energetically unfavorable in the second one. Such a
conclusion is based on the assumption of conservation of
the electron spin orientation during the electron transfer
from one cation to another, as well as on the requirement
of the existence of a strong correlation interaction which
stabilizes the spin orientation of a transferred electron
relative to the cation spins, in accordance with the
Hund’s rules. As a result, the effective coupling appears
between the magnetic moments of both cations, which
is equivalent to the magnetic interaction. Since the
electron transfer is a sequence of two processes, of
which the first one corresponds to the transfer of the
oxygen p-electron to Mn*t ion, and the second one —
the transfer of Mn®* d-electron on its site, the resulting
coupling is called double exchange. The domination
of double exchange over other types of interactions

905



A.I. TOVSTOLYTKIN, O.I. V’YUNOV, DANIL’CHENKO, A.G. BELOUS

peculiar to manganites (electron-phonon interaction,
antiferromagnetic superexchange, charge ordering etc.)
favors the delocalization of charge carriers and the
establishment of ferromagnetic ordering [5, 6, 8.

The presence of structural deformations in
La; _M,MnO3 not only influences the effective transfer
integral of egy-electrons, changing thus the double
exchange energy, but also modifies a hierarchy of
other interactions, and this can result in a considerable
complication of the magnetic structure [3—6]. Hwang
et al. [3], and Sun et al. [4] studied the influence of a
substitution of lanthanum by other rare-earth elements
and revealed that a decrease in the average ion radius
in the lanthanum sublattice leads to a reduction of
the magnetic transition temperature as well as to a
considerable increase in the magnetoresistance value.
More recent works have shown that local distortions of
the crystalline lattice near the ions with different radii
also play an important role in the above-mentioned
effects [6, 9, 10]. To date, the study of an influence
of the substitution of lanthanum by neodymium on
the structure, magnetism, and electric conductivity
has mainly been limited to that for compounds of
the Lal_mCaanog [4, 10*12], Lal_mBaxMHO:g [13]
systems, and only few papers have been devoted to the
investigation of the La;_,Sr,MnOj3 system [13—16].

The aim of this work is a study of the correlation
between the structural, electric and magnetoresistance
properties of specimens of the (Laj_yNd;)1—5;Sr;MnO3
system in a wide range of the strontium (z = 0.15+0.3)
and neodymium (y = 0 + 1) concentrations.

Experiment

The specimens for this investigation were prepared by
solid-state reactions, using chemically pure SrCOjs
and high-purity LayO3z, Nd20O3, and MnyO3 as raw

T a b 1 e 1. Chemical composition of synthesized
specimens of the (La;_yNdy);_SrMnO3 series

Specimen | Chemical composition
Ndo1 (Lao.75Ndo.25)0.855r0.15 MnO3
Ndo2 (Lap.5Ndo.5)0.855r0.15MnO3
Ndos (Lao.25Ndo.75)0.855r0.15 MnO3
Ndo4 (LagNd1)o.85Sr0.15MnO3
Ndos (Lao.75Ndo.25)0.85r0.2MnO3
Ndos (Lao.5Ndo.5)0.8Sr0.2MnO3
Ndo7 (Lap.25Ndo.75)0.8Sr0.2MnO3
Ndos (LaoNdl)o_gSI‘o_QMnOg,
Ndopg (Lap.75Ndo.25)0.75r0.3MnO3
Ndio (Lao.5Ndo.5)0.7Sr0.3MnO3
Ndi (Lap.25Ndo.75)0.7Sr0.3MnO3
Ndis (LaoNd1)0_7Sr0_3Mn03
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materials. The starting mixtures were homogenized by
ball milling with bidistilled water. After evaporating the
residual water, the mixtures were dried at 370—390 K,
passed through a capron sieve, and then fired at 1050 °C
for 2 h. The resultant powder was pressed into disks 12
mm in diameter and 3—4 mm in thickness, which were
then sintered at Ts = 1300 °C for 2 h. In the present
work, the properties of 3 series of specimens (with
z = 0.15, 0.2, and 0.3) with the chemical composition
presented in Table 1 were studied.

X-ray diffraction (XRD) measurements were made
on a DRON 3M powder diffractometer (CuK, radiation,
40 kV, 18 mA). Structural parameters and the phase
composition were determined by the Rietveld profile
analysis method, using the FullProf program and
JCPDS Powder Diffraction File data. XRD patterns
were run in the angular range 20 = 10 + 150° in
a step-scan mode with a step size of 0.02° and a
counting time of 10 s per data point. As the external
standards, SiO2 (26 calibration) and Al,Os (NIST
SRM1976 intensity standard) were used. Measurements
of electric resistance were carried out by the four-
probe method in the temperature range 77—370 K. The
specimens were rectangular in shape, 2x3x10 mm in
dimensions. Electric contacts were made by applying
and annealing a silver paste. Magnetoresistance (MR)
was measured in fields up to 15 kOe and is defined as
(R — Rp)/R, where R is the electric resistance of the
specimen in zero field and Ry — in the external magnetic
field H.

Results and Discussion

X-ray diffraction measurements have shown that
(Lai—yNdy)1-¢Sr;MnO3 specimens studied in the
present work have the rhombohedrally distorted
perovskite structure (R3c space group). Structural
parameters refined with the use of the full-profile
Rietveld analysis are presented in Table 2. For each of
the series of the specimens, the volume of the elementary
cell, V', decreases with an increase in y, as could be
expected at the substitution of larger lanthanum ions by
smaller neodymium ones (for the nearest environment
with the coordination number 6, the ion radii of
lanthanum, R{_, and neodymium, Rf\ld, are 1.061 and
0.995 A, respectively). The V(y) dependence is almost
linear (Fig. 1), which agrees with the results obtained
at the substitution of neodymium for lanthanum in the
Lay/3Ca; ;3MnO3 compound [10]. The shift of the oxygen
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Fig. 1. Volume of the elementary cell vs neodymium content for
(Lal_yNdy)l_ESrmMn03

coordinate zo monotonically changes with a decrease of
y. However, this change is non-uniform as a function of
Nd concentration: first, a sharp drop occurs upon the
increase of y from 0 to 0.25, then the change becomes
more slower (Fig. 2,a). Sharper changes at low levels
of Nd doping (0 < y < 0.25) are also characteristic
of the concentration dependence of c¢/a (Fig. 2,b) —
the parameter, which characterizes a degree of the
rhombohedral distortion of the perovskite structure [17].
Here, ¢ and a are the room-temperature lattice constants
of the specimens.

It is known that the perovskite cell, being quite
compact, puts rather strict restrictions on the ionic
radii of the elements it consists of [5, 6]. Though the
range of the stability of the perovskite structure with
chemical formula ABOj is determined by the ratio
between the average values of RY, and R, the presence
of the elements with different ionic radii in A or B
sublattice leads to the appearance of considerable local
distortions. Taking into consideration that Rf\I gs+ differs
from R} 3, and even more from R .4, an increase in the
neodymium content should lead to an enhancement of
the inhomogeneity on a local level. Accounting for the
strong sensitivity of the electric and magnetic properties
of manganites to the average values of structural
parameters as well as to the level of local distortions
and strains [3—6], the essential changes are expected
to occur in the electric and magnetoresistive behavior
of the specimens with a change of the neodymium
concentration, especially upon the increase of y from 0
to 0.25.

One of the key parameters that determines the
physical properties and the type of magnetic ordering in
the doped lanthanum manganites is the concentration
of a divalent element, namely Sr in La; ,Sr,MnOsj
compound. In accordance with the literature data |6,
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Fig. 2. Oxygen coordinate zo (a) and the ratio between the

parameters of the rhombohedral lattice ¢/a (b) vs neodymium
content for (Laj_yNdy)1—zSr MnO3 specimens

19], for 0.15 < z < 0.30, the ground (low temperature)
state of Laj _,Sr,MnQj3 is ferromagnetic with a metallic
character of conductivity (dR/dT > 0). For the high-
temperature (paramagnetic) state, the conductivity of
this compound is of activating character (dR/dT <
0). Therefore, R(T) curve displays a maximum near
the temperature of the magnetic transition. The
temperature of the paramagnetic to ferromagnetic
transition, T¢, depends on the strontium concentration
and changes from 230 to 370 K as z grows from 0.15
to 0.30 [6]. The application of an external magnetic
field H significantly decreases the electric resistance,
leading to the appearance of the magnetoresistance
effect. Magnetoresistance MR, of the single crystalline
specimens of doped manganites displays a maximum

Table 2. Structural parameters of
(La;_yNdy)1_Sr2MnO3 compounds

Specimen | Parameters of the elementary cell | Agreement factors

a, A | c, A | Vv, A3 Ry, %| Ry, %
Ndo1 5.4881(7) 13.390(2) 349.26(7) 7.5 8.3
Ndo2 5.4745(9) 13.398(2) 347.8(1) 8.5 9.9
Ndos 5.451(1) 13.350(3) 343.5(1) 8.8 10.85
Ndo4 5.434(1) 13.338(3) 341.1(1) 10.95 10.45
Ndos 5.4881(7) 13.358(1) 348.42(8) 7.05 7.4
Ndos 5.4602(9) 13.402(3) 346.0(1) 8.0 8.55
Ndoy  5.4594(9) 13.368(2) 345.1(1) 8.0 10.1
Ndos 5.436(1) 13.318(3) 340.8(1) 10.35 10.5
Ndog 5.4341(8) 13.318(3) 347.71(9) 10.7 10.9
Ndio 5.463(1) 13.342(4) 344.8(2) 8.0 7.25
Ndi: 5.4475(9) 13.308(3) 342.0(1) 9.9 10.45
Ndi» 5.438(1) 13.309(3) 340.9(1) 8.75 10.75
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Fig. 3. Normalized electric resistance vs temperature for

(Lai—yNdy)1-2Sr: MnOg3 specimens

near the Curie temperature and declines upon the
temperature deviation from T [19]. In polycrystalline
specimens, however, an additional contribution appears
in the low temperature range, which monotonically
increases with the temperature lowering. The
appearance of this contribution is associated with a
spin-dependent, scattering of charge carriers in the
intergrain area [20] or spin-polarized tunneling through
the intergrain boundaries [21].

Electric and magnetoresistance properties of
La;_;Sr,MnOg3 specimens with = 0.15, 0.20 and 0.30,
which were parent for the study of the influence of the
substitution of neodymium for lanthanum in the present
work, were in details analyzed in [17, 22]. For the whole
range of strontium concentrations, studied in the above
papers, the character of the temperature dependences of
electric resistance R(T") was shown to be similar to that
observed in La;_,Sr,MnO; single crystals [19]. R(T')
curves displayed a maximum at a certain temperature,
Tgr, which increased with z. For each value of z, Tgr
was by 10—15 K lower than the correspondent value for
the single crystalline specimens. This was supposed to
be the result of a small deviation of the oxygen content
from the stoichiometric value [22].

In Fig. 3, the temperature dependences of the
normalized electric resistance R/Rg7o(T), where Rs7g
is the electric resistance at 370 K, are presented for
(La;—yNdy)1—2Sr;MnO3 with = 0.20 and 0.30. For
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both the series of the specimens, the increase in the
neodymium content leads to a considerable decrease
in Tgr. So, the complete substitution of lanthanum by
neodymium in the specimens with z = 0.30 decreases
Tgr from 330 to 92 K, and it falls from 276 to 80 K in the
specimens with = 0.20. For the third series (x = 0.15),
the position of the peak is near 77 K at y = 0.5 and is
lower than 77 K for the specimens with y > 0.5.

In Fig. 4, we present the data on the
magnetoresistance vs temperature, MR(T"), obtained
in a field of 15 kOe for (La;_yNdy)o.705r0.30MnO3
specimens. At room temperature, the noticeable
magnetoresistance effect (MR ~ 10 %) is observed only
in the specimen which does not contain neodymium.
The substitution of 25 % lanthanum by neodymium
(here and below, the atomic percentage is implied) leads
to both a strong decrease in the magnetoresistance
peak temperature, Tyig, and to a drastic change
of the character of MR(T) curve. Whereas for
the Lag.70Srg.30MnQO3 specimen, the interval of the
temperatures, AT, within which MR changes from 0 to
its peak value as the temperature is lowered, equals 55 K,
for the specimen with y = 0.25, it is considerably greater
and equals AT & 180 K. On the further increase of the
neodymium content, AT decreases again and, upon the
complete substitution of La by Nd, equals 110 K. Such
a character of the change of magnetoresistance behavior
upon the increase in the neodymium concentration is
also characteristic of the other series of specimens.

In Fig. 5, the dependences of T\ig and the maximal
value of magnetoresistance, MR ax, as functions of the
neodymium content are showed. For each the series of
the specimens, the complete substitution of lanthanum
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by neodymium leads to a (1.5 + 2)-fold decrease in Tyg,
and a (2 + 4.5)-fold increase in MR,,,,,. The principal
growth of MRy ax occurs at y > 0.25. By contrary, Tur
scarcely depends on the neodymium concentration in the
area of large y, and strongly decreases as y changes from
0 to 0.25, which correlates with the character of the
change of structural parameters (see Fig. 2).

Similar trends in the behavior of Tyr and MR,ax
were also observed in doped manganites upon the
substitution of La by other rare-earth elements [10—
14]. As was noted above, it is manganese ions that
are magnetically active in doped manganites, and
the interaction between these ions occurs with the
participation of oxygen anions. Substitutions in the
lanthanum sublattice influences the strength of the Mn—
Mn interaction through a change of local tensions and
distortions. For the perfect perovskite ABOjs structure,
the crystalline symmetry laws put the strict restrictions
on the ionic radii and the distance between the ions:
dA—O/dB—O = \/5 [5, 6]. Here, dA_o (dB—O) is a
distance between the ions A and O (B and O). In the
imperfect perovskite lattice, to keep such a ratio near
V2, the tensions appear and the equilibrium in the
system can only be achieved through the appearance of
local deformations. The presence of such deformations
influences both the inter-ionic distance and the value
of the angle in the B—O—B chain, leading to its
deviation from 180° (for a perfect perovskite cell, the
correspondent angle is 180°). Therefore, an increase in
the degree of local distortions, caused by the substitution
of a part of lanthanum ions by neodymium, leads to
a decrease in the overlapping of the electron orbitals
of neighboring ions, and thus, to a weakening of the
exchange interaction between manganese ions. In our
case, the general character of Tyg(y) and MR,ax(y)
dependences agrees with such a point, but the details
are to be discussed separately.

In [10], which is devoted to a study of properties of
the Lagy_.)/3Nd, 3Ca;/,3MnO3 system, the anomalous
behavior was revealed for the specimens with z ~ 1,
i.e. for those, in which 50 % of La is substituted by
Nd. The complex analysis of the structural, electric,
magnetic and magnetoresistive properties allowed the
authors to conclude that, contrary to the expectation
of the homogeneous picture, stable near z = 1 is the
structure with an inhomogeneous distribution of Nd
atoms within the specimen volume. Such specimens
consist of the areas enriched either by La or by Nd and
are structurally and magnetically inhomogeneous. In this
case, two peaks are characteristic of the temperature
dependences of magnetic susceptibility, with positions
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Fig. 5. Temperature of the MR maximum (a) and the maximal
MR value (b) as a function of the Nd content

of the peaks being close to the correspondent
temperatures of the magnetic transitions in
Nd2/3Ca1/3Mn03 (TNd) and La2/3Cal/3Mn03(TLa).
R(T) and MR(T) curves, however, display a single
broad peak in the range between Tng and Tr,. In
our opinion, a correlation of the results obtained
in the present work with those presented in [10]
indicates that a similar inhomogeneous state is typical of
(La;—yNdy)1—Sr;MnOs, in particular, near y = 0.25.
The reason for the appearance of such an inhomogeneity,
as was concluded by the authors of [10], lies in a different
character of lattice deformations near Lat and Nd3*
ions and in an interaction of the correspondent fields of
deformation between each other.

Thus, in the present work, the structural, electric,
and magnetoresistive properties of specimens of the
(Lai—yNdy)1-4Sr;MnOs3 system were studied in a wide
range of the strontium (z = 0.15 + 0.3) and neodymium
(y = 0+ 1) concentrations. It is shown that the
dependence of the volume of the elementary cell on the
neodymium concentration is close to a linear one in the
whole range of y from 0 to 1. The main changes of the
other structural characteristics, the oxygen coordinate
o and the ratio between the parameters of the
elementary cell ¢/a, occur in the range of 0 < y < 0.25.
A correlation has been established between the character
of the change of structural parameters zo and ¢/a, on
the one hand, and that of the temperatures Tr Ta T\r at
which the maximum is observed on the R(T") and MR(T")
curves, on the other hand. The data are presented, which
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suggest that the structural and magnetic state is highly
inhomogeneous in the specimens with y near 0.25.
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CTPYVKTVPA TA MATHETOPE3UCTUBHI BJTACTHIBOCTI
IMOJIIKPUCTAJITYHNX 3PA3KIB (Laj_yNdy)1—2Sr; MnO3

0.1. Toscmoaumxin, O.1. Brownos, K.II. /laniavuenko,
A.TI. Biaoyc

Peszwowme

JlocmimKeHo CTPYKTYPHI, eJIeKTPUYIHI Ta MarHeTOPe3UCTHBHI BJIa-
cruBocti nogikpucraniuanx 3paskis (Lai—yNdy)1—2SrMnO3(y =
0+1; z = 0,15+ 0,3). EnekTpuusi BUMIPIOBAHHS IPOBOJUIA Y
Temueparypuomy giamazomi 77—370 K, marmeroomip BmMiproBa-
gu B nosisix g0 15 kE. TlokazaHo, mo 3aMilneHHs JIAaHTaHY HEO-
IUMOM MOPUBOAWUTL O CYTTEBOIO IIiBUIIEHHS MATHETOONOPY i
3HIKEHHSI TeMIEePATypH, IPU SKiff MAarHeTOOmip Ma€ MAaKCHMYM.
BusBneno, mo OCHOBHI 3MiHH B MOJIO)KEHHI MiKiB Ha TeMmIepa-
TYPATyPHHX 3aJIEXKHOCTSIX €JEKTPO- Ta MArHETOOHmopy BimOysa-
oThca B iHTepBani 0 < y <0,25, m0 KOpeJIE 3 XapaKTepoM
3MiHm CTpyKTypHEX mapamerpiB. OcobiauBocTi moBemiHKm 3pa3-
kiB (Lai_yNdy)1_SrzMnO3 nobamsy y = 0,25 moB’sa3yi0ThCs 3
YTBOPEHHSM CTPYKTYPHO- i MArHiTHO-HEOJZHOPIJHOIO CTAHY.
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