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ABSTRACT. The new layered perovskite manganites Lag sSr;sMngsCros.xFexOs (x=0.15, 0.3) have been prepared by stan-
dard ceramic method. The powder X-ray diffraction studies show that the phases crystallize with tetragonal unit cell in the
space group /4/mmm. The electrical transport properties suggest that the phases show insulating behaviour and the electrical
conduction in the phases occurs by a 3D variable range hopping mechanism. The magnetic properties suggest that both the
phases are antiferromagnetic.
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INTRODUCTION exhibits a quasi-two-dimensional K,;NiFs-type structure
(Fig. 1), with only one layer of corner sharing BOs octa-
Layered perovskite oxides are a promising group of hedra along the ¢ direction. The nature of A and B ions
mixed-conducting materials with potential applications plays an important role in determining their physical prop-
for oxygen-separation membranes, gas sensor devices and erties. In many cases, more than one ions have been added
electrodes of intermediate-temperature solid oxide fuel at the sites A and B to look for novel physical properties
cells." In general, the layered perovskite can be repre- such as electric transport and magnetic behaviour.!"®
sented as Ruddlesden-Popper (RP) series of general for- In the past few years, the layered manganites Las.ox
mula An+1ByOsni1 or AO.(ABO3),, where A is an alkaline Sr1+2xMnO7 of Ruddlesden-Popper phases (n=2) attracted
earth/rare earth ion and B is a transition metal ion. These considerable attention due to their novel physical prop-
phases generally crystallize with tetragonal or orthorhom- erties such as the colossal magnetoresistance effect, the
bic unit cell in the space group /4/mmm or Fmmm and are tunneling magnetoresistance and fascinating magnetic
antiferromagnetic electrical insulators in physical behav- properties because of mixed valence of manganese.'*'¢ It
iour.® The crystal structure of RP phases can be described is well known that the correlation between the magnetic
by the stacking of finite » layers of perovskite ABO; and electrical properties in the mixed-valence manganites
between rock salt AO layers along the crystallographic ¢ is generally understood in terms of the double exchange
direction.”!° The corner-sharing BOs octahedra form infi- (DE) interaction mechanism.!” Besides the DE mecha-
nite sheets in the ab plane where strong electronic inter- nism, the Jahn-Teller effect, phase separation (PS)'® and
actions can occur. The n=1 member of this series (A2BO4) antiferromagnetic (AFM) superexchange and charge-orbital
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Fig. 1. Structure of A>BO4 (K:NiF4-Type).

ordering interactions also play an important role. In order
to get further understanding of this mechanism, Mn-site
doping in the layered manganites can dramatically change
the magnetic and electrical properties. Some such studies
have been undertaken during the past few years.'”* Cr
and Fe are very interesting substitution ions for Mn site.
The choice of Cr** is based on the fact that its electronic
structure is same as that of Mn*" and its ionic radius
(0.62A) is smaller than that of the Mn** (0.65 A). For the
Fe* ion, its ionic radius is close the Mn*" ionic radius.?
Fe and Cr are the nearest neighbors of Mn in the periodic
table and they are non-Jahn-Teller ions. Some reports on
the effect of Cr and Fe doping in the cubic perovskite man-
ganites have appeared, and several reports on such studies
have also appeared in case of bilayered manganites.?’"!
Some authors have proposed that there may be ferromag-
netic (FM) DE interaction between Cr** and Mn*" just as
between Mn*" and Mn®>*. On the other hand, the Fe** ion is
usually unable to participate in the double exchange inter-
action-the ferromagnetic interactions Mn*"-O-Mn*" are
destroyed and replaced by antiferromagnetic Mn*'-O-
Fe** interactions, which lead to a progressive dilution of
ferromagnetism.** Because of this, Fe and Cr dopings
on the Mn site are expected to show interesting physical
properties and should provide useful information for the

understanding of the physical mechanisms in layered
manganites.

In the present work, two new RP type n=1 manganites
Lag sSr; sMng sCro sxFexO4 (x=0.15, 03) have been syn-
thesized by standard ceramic method where two/three
ions are substituted at A and B sites to look for novel phys-
ical properties. Their crystal structure has been determined
by powder X-ray diffractometry. The electric transport
and magnetic properties have been studied as a function of
temperature.

EXPERIMENTAL

The samples of LagsSri sMngsCrossFeo 1504 and Lags
Sr1.sMng sCro2Feo 304 were synthesized by the following
procedure. The powders of La>Os (Aldrich 99.9%), MnO,
(Aldrich 99.9%), Cr,O; (Aldrich 99.9%), Fe,Os (Aldrich
99.9%) and SrCOs (Aldrich 99.9%) were weighed in the
ratios corresponding to the stoichiometry of the desired
phases. Prior to use, La>Os was heated at 1000 °C to remove
moisture. The powders were mixed and homogenized by
grinding with an alumina mortar and pestle. The mixtures
were then pressed into pellets 10 mm in diameter and 1
mm thick by hydraulic press under 20 MPa, and then cal-
cined at 1200 K in static air atmosphere in an electric tube
furnace for about 36 hours. The calcined pellets were
ground, and again pressed into pellets by hydraulic press
under 20 MPa, and then calcined at 1563 K for about 72
hours in static air atmosphere with a number of interme-
diate grindings and pelletizings. The samples were then
cooled down slowly to room temperature in the electric
furnace.

Room temperature X-ray diffraction data of the phases
were recorded on Bruker AXS diffractometer-D8 (D76181
Kurlsruhe, Germany) using CuK,, radiations at a scan-
ning speed of 1°/minute. The experimental XRD data are
given in Tables 1 and 2, while the pattern is plotted in Fig.
2. The total amount of various constituent cations was
estimated by Perkin Elmer atomic absorption spectrom-
eter 700. The oxygen content in the samples was deter-
mined by modified iodometric technique within error
limits of £0.01. The samples were dissolved in concen-
trated HCl and the resulted chlorine was absorbed by a KI
solution. The titration was made by using 0.005 N stan-
dard sodium thiosulphate solution. The details of the
method have been described elsewhere.’” The precise
chemical composition of the phases was determined to be
LapsSr1sMng sCro3sFe0.1503.081 and Lao sSr1 sMno sCro2Feo303.984.

The electrical resistivity of the sintered pellets of the
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Table 1. Powder X-ray diffraction data of LagsSrisMngsCross
Feo.1504(Space group: I4/mmm) [a=3.8679(3) A; c=12.6714(3) A]

h k 1 dobs(A) dea(A) Lobs Leal
0 0 2 6.333 6.331 19 28
1 0 1 3.694 3.696 26 24
0 0 4 3.167 3.165 2 27
1 0 3 2.846 2.850 100 100
1 1 0 2.732 2.733 87 83
1 0 5 2.115 2.118 23 30
1 1 4 2.068 2.069 37 46
2 0 0 1.931 1.932 39 55
1 1 6 1.668 1.670 16 34
1 0o 7 1.639 1.638 15 18
2 1 3 1.598 1.599 31 46
0 0 8 1.584 1.583 21 14
2 1 5 1425 1.427 17 18
2 20 1371 1.366 16 23
3 1 0 1221 1222 15 19

Table 2. Powder X-ray diffraction data of LagsSr; sMngsCro2Fe 304
(Space group: I4/mmm)[a=3.8763(3) A; c=12.6737(3) A]

h k 1 dobs(A) dea(A) Tobs Leal
0 0 2 6.348 6.332 20 28
1 0 1 3.696 3.704 21 24
0 0 4 3.177 3.166 18 27
1 0 3 2.851 2.854 100 100
1 1 0 2.739 2739 73 83

1 0 5 2.120 2.120 24 29
1 1 4 2.070 2.071 29 46
2 0 0 1.937 1.937 41 55

1 1 6 1.672 1.672 16 34
1 0 7 1.645 1.645 15 17
2 1 3 1.598 1.602 26 46
0 0 8 1.584 1.583 27 14
2 1 5 1.427 1.430 19 17
2 2 0 1370 1369 20 24
3 1 0 1.227 1.225 18 21

phases was measured by four probe method in the tem-
perature range 150-300 K. Thin copper wires were attached
to the surface of pellets with silver paste for the purpose of
electrodes. The magnetic susceptibility of the powdered
samples was measured by Faraday magnetic balance
under constant magnetic field of 3,700 gauss in the tem-
perature range 100-300 K. The magnetic susceptibility of
the samples was calculated after diamagnetic correction
for the constituent ions in the phase.

RESULTS AND DISCUSSION

All the peaks of X-ray diffraction pattern of polycrys-
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Fig. 2. X-ray diffraction patterns of Lag sSri sMng sCro2Feo 304 (I)
and Lao‘55r1,5Mno,5Cr0‘35Feo‘1504 (H).

talline samples were successfully indexed on the tetrag-
onal unit cell in the space group /4/mmm. The unit cell
parameters and space group were determined and tested
by using program “Checkcell”® and are listed in the
Tables 1 and 2. The atomic positions of La/Sr, Mn/Cr/Fe
and O for LaosSr1 sMng sCro35Feo.1504 and Lag sSr1sMng s
Cro2Feo304 have been estimated from analogy with Sr,VO4
without refinement.”® The theoretical diffraction intensi-
ties of the phases (Tables 1 and 2) were determined by
using programs ‘“Diamond” (Method of Klaus Branden-
burg 1998) and “Mercury 2.3” based on the atomic posi-
tions, cell parameters and space group I4/mmm. The
agreement between the experimental and theoretical
intensities is in general satisfactory considering that
atomic positions are not refined and that any preferred ori-
entation effects are neglected. The XRD results con-
firmed the formation of RP type (n=1) LagsSrisMngs
Cro3sFeo.1504 and Lag sSri sMng sCro2Feo304 phases.

Analysis of the cell parameters shows that increase in
iron content leads to slight increase in ¢ parameter while
the corresponding increase in a parameter is much larger.
In particular a would be expected to be affected by the
transition metal as the pervoskite slabs in the K;NiF-type
structure linked through corner sharing in the ab plane.
The c axis, on the other hand, should be strongly domi-
nated by the La/Sr-O bonds. The partial replacement of
Cr’* (ionic radius=0.62A) by larger Fe** (ionic radius=0.65A)
might therefore be expected to increase cell parameter a
more significantly than c.

The temperature dependence of electrical resistivity is
given in Fig. 3, where log p is plotted against temperature
(T). The plot shows that the temperature coefficient of
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Fig. 3. Plots of log p versus Temperature (K) for LagsSr;.sMngs
Cro2Fe304(I) and LagsSrisMngsCrossFeo.1s04 (11).

resistivity of both the phases is negative suggesting that
materials are insulators in the temperature range 150-
300K. The insulator behavior in both the phases is attrib-
uted to the super exchange coupling of electrons. The sim-
ilar results have also been reported earlier in such RP-type
phases containing Mn, Fe and Cr ions at B site.**** The
results suggest that the electrical resistivity increases with
decreasing iron content, which could be attributed to
enhancement of the 3D-character along c-axis because of
the coming closer of (Mn/Cr/Fe)O, and (La,Sr)O layers
along the c-axis as a result of replacement of Fe*" ion by
smaller Cr*" ion. Various equations based upon different
mechanisms of conduction, such as those applicable in
case of Arrhenius model, polaron hopping model and
variable range hopping model have been applied to the
data of electrical resistivity of the phases. It was observed
that the equation based on variable range hopping mech-
anism defined by the relation, p=p, exp(BT""*) was appli-
cable to the data. The linearity of plot between log p and T
(Fig. 4) shows that the electrical conduction in these
phases occurs by a 3D variable range hopping mechanism
which is generally observed in such perovskite-related
phases.*** The characteristic energy of hopping (B), cal-
culated from the slopes of log p versus T plots, is equal
to 5.5 and 3.5 K'"* for Lag sSr1.sMno sCrossFep 1504 and
Lag 5Sr1 sMng sCro2Fe 304, respectively. The comparatively
large value of B for Lao_ssrl‘5Mno_5CI’o_35Feo,1504 phase
suggests that insulator behavior is more pronounced in this
phase.

The temperature dependence of inverse molar mag-
netic susceptibility is shown in Fig. 5. Linearity of plots
shows that the Curie-Weiss law is followed in the tem-
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Fig. 4. Plots of log p versus T"* for Lag sSr1 sMng sCro2Feo304(I)
and LaosSr1sMng sCro3sFeo.1504 (11).
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Fig. 5. Plots of Inverse molar susceptibility (X;nl) versus Tem-

perature (K) for LaosSri sMno sCro2Feo 304 (I) and Lag sSri.sMnos
Cro35Feo.1504 (ID).

perature range of investigation. The Weiss constant (0) is
negative for both the phases suggesting that magnetic
interactions are antiferromagnetic. The values of effec-
tive magnetic moment ([L7) estimated from the slope of
%} versus T plot comes out to be 4.14 and 3.63 B. M. for
Lay 5Sr1.5Mng sCro 35F€0.1504 and Lag sSr1 sMno sCro2Feo304,
respectively. The theoretical spin only magnetic moment
has been calculated from the relationship®

2 2 2 2
Mear = «/Xll/ll X0, X5+ X

where i, po, w3 and ps are the theoretical magnetic
moments of high spin Mn**, Mn**, Cr*", and Fe*" ions and
X1, X2, X5 and X; are their relative molar fractions. The e
values for Lag sSr; 5 (MngzﬁzMnfﬂm)CrmSFeO_ISO}gg1 and
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LagsSry s (MngzégMnggn)Cro_zFeoj03,984 comes to be
4.28 and 4.61 B.M., respectively. The decrease in pey
value compared to spin only L. value in both the phases
is attributed to antiferromagnetic interactions. The similar
results have also been reported earlier in such RP-type
phases.®#**? Generally, the magnetic interaction between
Cr’" and Mn*" is FM, and that between Cr’*" and Mn*" is
AFM.>'* Furthermore, the Fe** ions do not participate in
the double exchange interaction with the Mn*" ions.*
Thus, the antiferromagnetic behaviour of the phases could
be due to the antiferromagnetic interactions of the type
Mn*"-O-Mn*", Mn*-O-Cr*", Mn*"-O-F&**, Fe**-O-Mn*",
Cr'*-0-Cr** and Fe**-O-Fe®". As the stoichiometry of the
phases indicates the presences of some Mn®* ions, there might
be some ferromagnetic interactions of the type Mn**-O-
Mn*" and Cr’*-O-Mn*" but the antiferromagnetic interac-
tions predominates over ferromagnetic interactions because
of much higher concentration of Mn*" compared to Mn**
ions which results in the antiferromagnetic behaviour of
the phases.

CONCLUSIONS

The RP-type phases LagsSrisMngsCrossFeo 1504 and
Lag sSr1 sMng sCro2Feo 304, prepared by ceramic method,
crystallize with tetragonal unit cell in the space group /4/
mmm. The increase in unit cell volume by the replace-
ment of Cr by Fe is in accordance with ionic sizes of the
two. The Weiss constant (0) suggests that both phases are
antiferromagnetic. The electrical conduction in both the
phases occurs by variable range hopping mechanism.
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