Journal of Magnetism and Magnetic Materials 642 (2026) 173912

Journal of Magnetism and Magnetic Materials

journal homepage: www.elsevier.com/locate/jmmm

Contents lists available at ScienceDirect

Research article

The impact of bi-phasic crystal structure on the magnetic and transport

Check for
updates

properties of single crystalline NdBaMn, Oy ;
H. Fabrelli Y, C. Macchiutti*®?, J.R. Jesus ", D.A. Mayoh ‘®®, G. Balakrishnan ¢, L. Bufaical ¢,

E.M. Bittar 2"

a Centro Brasileiro de Pesquisas Fisicas, 22290-180, Rio de Janeiro, RJ, Brazil

b Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ 21941-853, Brazil

¢ Department of Physics, University of Warwick, CV4 7AL, Coventry, United Kingdom
d Instituto de Fisica, Universidade Federal de Goids, 74001-970, Goidnia, GO, Brazil

ARTICLE INFO

Keywords:

Single crystal
Manganites
Ferromagnetism
Transport proprieties

ABSTRACT

The LnBaMn,O5 (Ln = rare-earth) manganites have attracted considerable recent interest due to their potential
for use as oxygen storage materials and as solid oxide fuel cells. However, there is scarce data on the magnetic
properties of some prototypical materials. Here, we report the synthesis of a single-crystalline NdBaMn,Os, ;
compound by the floating-zone method and investigate its structural, electronic, and magnetic properties.
The structural data indicate that, at room temperature, the material consists of a mixture of a NdBaMn,O5
phase with a layered arrangement of the Nd/Ba ions (space group P4/nmm) and a NdBaMn,O4 phase with
a disordered distribution of Nd/Ba (space group Imma). Measurements of magnetization performed with the
magnetic field applied at distinct crystallographic directions reveal a rich magnetic diagram, which is compared
with that of similar rare-earth manganites. A peculiar anisotropy is observed between the ¢ axis and the ab
plane of the NdBaMn,O; phase, suggesting a G-type magnetic structure in which the Mn moments are oriented
along the ab planes. The electrical transport data show a pronounced magnetoresistance, which is discussed
in terms of the system’s crystal structure and the presence of mixed-valent Mn.

1. Introduction

The Mn-based oxides, commonly referred to as manganites, are
among the most widely investigated classes of materials, exhibiting a
plethora of interesting properties, including colossal magnetoresistance
and multiferroism, which could be applied in magnetic storage media,
magnetic sensors, and other devices [1]. From a fundamental point
of view, the study of these compounds has led to the formulation of
new physical concepts, such as double exchange and the Jahn-Teller
polaron [2]. Recently, the interest in manganites was renewed with the
discovery of a high capacity of oxygen storage on the LnBaMn,Os,;
(Ln = rare-earth) compounds, in which the reduction (§ = 0) and
oxidation (8§ = 1) processes occur efficiently and reversibly at moderate
temperatures of the order of 200-500 °C, opening the path for applica-
tions [3,4]. Among these A-site layered double perovskite-type oxides,
NdBaMn,Os, s stands as presenting potential to act as a symmetrical
electrode, i.e. it can act as both the anode and the cathode for solid
oxide fuel cells, being thus advantageous in terms of device fabrication
and operation [5,6].
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In the LnBaMn,Os,, 5 perovskites, the rare-earth’s magnetic moment
and ionic radius are determinant for the system’s physical properties.
For instance, the increased A-site average radius in GdBaMn,Os gives
rise to a layered and charge-ordered compound presenting antifer-
romagnetic (AFM) coupling between Mn?** and Mn?*. At the same
time, Gd3* couples ferromagnetically (FM) with Mn3* at low temper-
atures, resulting in an unusual ferrimagnetic (FIM) behavior where a
magnetization reversal is observed at intermediate temperatures [7].
Conversely, PrBaMn, Oy is expected to be a half-metal exhibiting FM
ordering [8]. The NdBaMn,Os system, in turn, lies at the bound-
ary between phases where the charge-ordered/orbital-ordered, charge-
disordered/orbital-ordered, and charge-disordered/orbital-disordered
phases may compete. From this, it follows that ambiguous or contradic-
tory reports may be found in the literature regarding this compound,
especially concerning its crystal structure. Early studies showed that the
annealing of disordered polycrystalline Nd, sBa, sMnOjs in a reducing
medium leads to the formation of A-site ordered NdBaMn,Os, which
was described as belonging to the tetragonal P4/mmm space group at
room temperature [9,10]. Later on, NdBaMn,Os 4 grown in argon-flow
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was described as presenting cubic Pm-3m symmetry [11], while most
recently a detailed examination employing neutron diffraction have
shown that NdBaMn,Oy belongs to tetragonal P4/nmm space group
and NdBaMn,Os 5 presents the orthorhombic Icma structure at 338
K [6]. In part, these apparently conflicting results for this compound
result from the fact that the reduction/oxidation of NdBaMn,Os ; near
room temperature is accompanied by structural transition, in addition,
some attempts to synthesize reduced LnBaMn,Os in air atmosphere
usually lead to the formation of concomitant secondary phases such
as LnBaMn, Oy and/or BaMnO; [4-6,10,12].

The crystal structure of fully oxidized NdBaMn, O, perovskite is also
subject to controversy. The first reports describe the samples prepared
by solid state reaction in argon atmosphere as presenting cubic sym-
metry and A-site disorder, while the annealing of the material in O,
leads to the formation of A-site ordered phase, initially ascribed to the
tetragonal P4/mmm structure [9,13-15]. Later, a neutron diffraction
study of an A-site disordered sample produced by sol-gel in air ascribed
this compound as belonging to the orthorhombic I'mma space group. In
contrast, the ordered phase was ascribed to the Pmmm symmetry [6,
16]. At the same time, polycrystalline samples prepared by solid state
reaction in air were described as belonging to triclinic P-1 [4] or
tetragonal P4/mmm [5] space groups. Recently, a polycrystal produced
by solid-state reaction, but in an Ar/H, atmosphere, was reported to
present the orthorhombic Cmmm structure at room temperature, with
a structural transition to the P2,am space group starting to develop at
280 K [17], whereas samples slightly doped with Cr, Co, Ni adopt the
Imma space group [18]. Single crystal grown by floating zone in argon
followed by annealing in O, was also initially described as belonging to
the Cmmm symmetry at room temperature [19], but following studies
of this same sample through electron diffraction and first principles
calculations ascribed it to the C2mm structure [20], and subsequently
as a mixture of C2mm and Cmmm space groups [21].

The reports make it clear that, as with other manganites [22], the
NdBaMn,Os, s system is extremely sensitive to synthesis conditions
due to its strong dependence on oxygen content [23]. Furthermore,
although rare-earth manganites have been extensively investigated over
the past decades, important details of their magnetic and transport
properties remain lacking in the literature. For instance, the mag-
netic properties of single-crystalline A-site disordered NdBaMn, O¢ have
not been reported for temperatures below the Nd-ordering, and the
magnetotransport properties of A-site ordered NdBaMn,Os are also
not available for single crystals. Also of fundamental interest is the
influence of an A-site disordered phase on the anisotropies of the A-site
ordered phase. In this context, we describe the synthesis of a single-
crystal that presents both the ordered NdBaMn,Os and disordered
NdBaMn, O, phases concomitantly, and investigate the impact of this
bi-phasic crystal structure on the magnetic and transport properties of
the system.

2. Experimental

Polycrystalline NdBaMn,Os,, ; was produced by solid-state reaction.
Stoichiometric amounts of Nd,05, BaCO;, and MnO were ground and
heated in a flow of argon gas at 1000 °C (10 h), 1200 °C (12 h),
and 1400 °C (12 h). The powder was then pressed into cylinders of
~7 mm diameter (up to 50 MPa) using rubber forms to serve as the feed
and seed rods for the production of the single-crystal, and sintered at
1400 °C in a flow of argon for 12 h. The single crystal was produced by
the floating-zone technique using a Quantum Design IR Image Furnace.
The crystal was grown in air at a rate of 2.5 mm/h, with the feed and
seed rods rotating in opposite directions at 20 rpm.

The crystalline structural characterization was performed using
room-temperature X-ray powder diffraction (XRD) on a PANalytical
Empyrean diffractometer with Cu K, radiation. The pattern was
taken over the angular range 10° < 20 < 100°, with a 26 step size of
0.013°. Rietveld refinements were performed using GSAS software and

Journal of Magnetism and Magnetic Materials 642 (2026) 173912

25 (b)
= L0
g20 \\
c -
=1 |
3 “
=15
< 10 12 14
- 20 (°
~1.0 ©
2 | Bragg P4/nmm
é 05 | Bragg Imma
S
00 i it

321 324 327 330678 684
26 (°)

25 (c) NdBaMn,05(P4/nmm) NdBaMn,0;, (Imma)
@20 * Iobs
c
3 |
8 . calc
- ’ Iobs_lcalc
= P4/nmm
~1.0
> Imma
‘»
EO.S
L B L A
i | [ W
v t +
20 40 0 80 100

6
26 (%)

Fig. 1. (a) Laue image of the single crystal oriented along the (001) direction
of the P4/nmm space group. The highlighted areas, marked by yellow circles,
are duplicated reflections of the pattern (see main text). (b) Magnified view
of the room temperature XRD pattern encompassing Bragg reflections of the
P4/nmm and Imma symmetries, while the inset shows the 10°-14° region.
(c) Rietveld refinement fitting of the complete XRD pattern. The inset shows
schematic views of the NdBaMn,O5 (P4/nmm) and NdBaMn,Og (Imma) struc-
tures.

its graphical interface program [24]. X-ray Laue backscattering patterns
were recorded using a commercial Photonic Science Laue System to cut
and align the samples in different directions for magnetic and transport
measurements. Magnetization as a function of temperature [M(T)] and
as a function of external magnetic field [M (H)] curves were measured
in both zero field cooled (ZFC) and field cooled (FC) modes, using
a Quantum Design Physical Property Measurement System (PPMS),
model Dynacool. The electrical transport data were also collected in
the PPMS. The four-contact configuration was adopted, using platinum
wires and silver paste for the contacts.

3. Results and discussion

Fig. 1(a) shows the Laue X-ray diffraction pattern of the synthe-
sized crystal. The observed pattern could be indexed considering a
NdBaMn,Os structure of the P4/mmm space group, oriented in the
(001) direction. However, a closer inspection of the image reveals that
some reflections are duplicated. These highlighted areas, marked by
yellow circles, could be due to twinning or the presence of a second
phase whose reflection points nearly coincide with those of the P4/nmm
symmetry. To unravel this issue, we performed XRD on a powdered
piece of the single crystal, which revealed the presence of a secondary
NdBaMn, Og4 phase in the I'mma structure (see discussion below), giving
rise to the blurred reflections indicated by the yellow circles.

From the room temperature XRD patterns, attempts to refine the
material’s structure as a single phase, whether NdBaMn,Os,
NdBaMn, O, or even NdBaMn,Os 5, did not succeed for any of the
space groups previously reported for NdBaMn, Os,, s with § ranging from
0 to 1. Conversely, a good match between experiment and simulation
is achieved when a mixture of NdBaMn,Ojs (hereafter called Os) and
NdBaMn, O¢ (O¢) phases is considered, with the best refinement consist-
ing of ~70% of O in the P4/nmm space group and ~30% of Og in the
Imma symmetry, leading to a nominally NdBaMn,Os 3 compound. Fig.
1(b) shows magnified views of selected reflections to highlight some
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Table 1
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Main results obtained from the Rietveld refinement. The numbers in parentheses correspond to the standard deviations in the last digits.

Phase Fraction (%) a (A) b (A) ¢ (A) Mn,-0, (A)

Mn,-0, (A)

Mn,-O, (A) Mn,-0, (A) Mn-O,-Mn (°) Mn-O,-Mn (°) Reliability (%)

P4/nmm 67 5.5019(1) 5.5019(1) 7.7664(1)
I'mma 33 5.5082(2) 7.7979(1) 5.5026(1)

2.153(3)
1.956(4)

1.507(1)
1.953(2)

1.703(3)
1.956(4)

2.399(1)
1.953(2)

180.0(0)
170.3(5)

169.4(1)
170.7(4)

R,, = 6.2

wp

R, =38

regions that could not be well fitted within a single crystallographic
phase. Previous study of thermal cycles under distinct atmospheres in
polycrystalline NdBaMn,Os, s showed a complete reduction of the Og
phase to O5 at ~200 °C when the material is heated and cooled in
air. In contrast, the presence of both Os; and Oy phases is observed
at room temperature when it is thermal-cycled in 5% H,/He [6].
In the case of our single-crystal, the presence of some amount of
Oy at room temperature is consistent with a scenario of incomplete
oxygen reduction after the thermal cycling that occurs during the
material’s production at the floating zone furnace, thereby attesting
that NdBaMn,Os, ; is extremely sensitive to the synthesis conditions.
Here, it is worth noting that a similar level of refinement was achieved
when the Nd/Ba layered Cmmm space group was considered for the
O¢ phase. However, as will be discussed later, the magnetic properties
suggest the presence of disorder at the A-site for the O4 phase, from
which we conclude that a mixture of ordered and disordered phases is
most plausible.

Fig. 1(c) shows the Rietveld refinement fitting of the complete XRD
pattern as a mixture of P4/nmm and I mma space groups for respectively
the Os; and Og phases, which resulted in R,, = 6.2%, R, = 3.8%
reliability factors. The main parameters obtained from the refinement
are depicted in Table 1. While the P4/nmm symmetry corresponds to a
layered arrangement of the Nd and Ba ions, for Imma the Nd and Ba
share the same site, meaning a disordered distribution of these ions.
The Laue pattern indicates that both phases are in the same crystallo-
graphic orientation along the crystalline rod, which significantly affects
the magnetic and transport data. While the formation of Nd/Ba layers
leads to a roughly bi-dimensional system on the Os phase, for which
the most relevant magnetic couplings and electronic transport occur
in-between the planes, for the disordered O¢ phase a tridimensional
magnetic structure is expected. The layered Nd/Ba arrangement is ex-
pected to be manifested by the presence of a small (001) peak at ~ 11.5°
in the XRD pattern. As the inset of Fig. 1(b) shows, such a peak is not
clearly observed in our data. At first glance, this could be interpreted
as a complete breaking of the bi-dimensional character due to a fully
disordered arrangement of Nd/Ba at the A-site. However, noticeable
anisotropy is observed in our magnetic and transport measurements,
suggesting that some layered ordering is present. Still, the disordered
O, phase and the background could mask its expected manifestation as
a weak (001) peak. In any case, the absence of such a peak prevents a
reliable estimate of the degree of Nd/Ba ordering at the A-site.

The ZFC-FC M (T) measurements were performed with H = 0.01
T pointing parallel as well as perpendicular to the crystal’s ¢ axis
(respectively, || and L to 001). Fig. 2(a) shows an FM-like behavior
for the FC curves, with a first transition at T, ~ 131 K, followed by an
anomaly at approximately 65 K. The observed magnetic irreversibility
can be ascribed to domain-wall depinning, a mechanism also observed
in other single-crystalline double perovskites [25]. Previous studies
have shown that in the layered NdBaMn,O5 system, the Mn?**-Mn**
magnetic ordering starts to develop around 130 K [10,19], whereas for
NdBaMn,O, the Mn**-Mn** FM ordering is reported to occur above
235 K for the A-site ordered and below ~90 K for the A-site disordered
samples [10,15,17,19,26].

In order to get a quantitative comparison between our results and
previous reports for pure Os; and O, phases, we show in Fig. 2(b)
the plot of the average of our || and L M(T) together with a curve,
adapted from Ref. [10], consisting of weighted contributions of pure A-
site ordered O5 and pure A-site disordered O polycrystals. The curves
obtained from our sample show some similarities to those reported in
Ref. [10], in particular in their shapes at lower temperatures and in
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Fig. 2. (a) ZFC-FC M (T') curves measured with H = 0.01 T applied along (||)
and perpendicular (L) to the crystal’s (001) direction. The inset shows the y~!
curves in the paramagnetic region, where the straight lines correspond to fits
to the Curie-Weiss law. (b) Comparison between a curve produced from the
averaged || and L M(T) curves of our sample, and a curve, adapted from Ref.
[10], resulting from weighted contributions of pure A-site ordered Os phase
(70%) and pure A-site disordered O, phase (30%). The inset shows a magnified
view of the ZFC curve of pure A-site ordered Oy polycrystal, extracted from
Ref. [10].

the presence of two anomalies at ~130 K and ~60 K. Although the first
magnetic transition is not clearly visible in the curve from the early
report, the magnified ZFC curve for pure polycrystalline Oy depicted in
the inset in Fig. 2(b) attests to its presence.

One can also observe striking differences between the curves, the
most notable being the magnetization magnitude, which is approx-
imately twice as large in our sample as in the curve reported in
Ref. [10]. This may be attributed to the polycrystalline nature of the
sample investigated in the early report. While our sample exhibits clear
signals of long-range order, the anticipated isotropic distribution of the
grains’ magnetic moments within the polycrystal, and the intrinsically
defective and frustrated nature of their boundaries, may hinder the per-
colation of long-range order. Deviation from the assumed 7:3 ratio of
the 05/06 phases, as well as short-range effects at the O5-Oy interfaces,
cannot be ruled out. Nevertheless, we can conclude that 7, ~ 131 K
observed in our sample is associated with the Mn?>*-Mn3* coupling
present in the layered O5 phase, while the second anomaly below 65 K
is most likely related to the Mn**-Mn** FM coupling in the disordered
Og phase. The presence of two magnetic transitions indicates that phase
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segregation is maintained at low temperatures, i.e., there is no complete
reduction of the oxygen stoichiometry from Oy to Os. Moreover, this
further suggests that the disordered Oy phase is conducive to trapping
the “excessive” oxygen ion. This finding aligns with previous studies,
as oxygen redox below room temperature has not been reported for
disordered NdBaMn, O [9,13,15,16]

Regarding the Nd3* moment, there is no clear indication of its
ordering down to the lowest measured temperature (5 K), signaling
a decoupling of the Nd** magnetic ions from the Mn ordering, as
commonly observed for rare-earth-based manganites [7,10,27,28]. In
this scenario, the subtle increase in magnetization at low temperatures
observed on the FC curves would be attributed to a paramagnetic
component arising from Nd*>* moments. A more detailed investigation
using element-sensitive techniques, such as X-ray magnetic circular
dichroism and neutron powder diffraction, would be necessary to verify
this scenario.

Importantly, the magnetization of the L to (001) curves is signif-
icantly higher than that of the || to (001) ones, suggesting a larger
magnetic component along the ab plane. Despite the recent extensive
investigation of NdBaMn,Os, ; by neutron diffraction, these studies pri-
marily focused on the redox behavior at higher temperatures, leaving
the low-temperature magnetic structure undetermined. In any case, this
result is at the odds with those observed for similar Os rare-earth-
based manganites such as GdBaMn,Os, YBaMn,O5 and SmBaMn,Os,
on which the Mn moments form AFM arrays aligned along the c-
direction [7,29,30], resulting in larger magnetization along (001). Con-
versely, LaBaMn,Os, s exhibits a G-type AFM ordering where the Mn
spins form FM layers along the ab plane, with the adjacent planes
being AFM coupled to each other [31]. This is in agreement with
the Goodenough-Kanamori-Anderson (GKA) rules, that predict FM
coupling between occupied Mn?** and empty Mn3* d2_,» orbitals and
AFM along ¢ direction between the occupied d,» orbitals [29,32]. Here
it is crucial to stress that these GKA-derived predictions are calculated
for linear Mn-O-Mn bonds, i.e. for 180° angles. In this context, the
smaller ionic radii of Sm, Gd and Y concerning that of Nd and La [33]
result in more pronounced bending of the Mn-O,-Mn angles, being
this a possible reason for the breakdown of the GKA rules in the
(Gd,Sm,Y)BaMn,O5 compounds.

Inset of Fig. 2(a) shows the reciprocal magnetic susceptibility (y~!)
curves. A fit of the paramagnetic region of the || to (001) curve within
the Curie-Weiss law results in an effective magnetic moment 4, , = 8.2
upg/f.u. The paramagnetic moment expected for a system consisting of
respectively ~70% and ~30% of the O5 and O4 phases can be computed
assuming the standard values for Mn?+, Mn?*, Mn** and Nd3* [34]

12 AJOTUpgy20 )2+ (pgye)? +03tpgie P + (g )

= v0.7(5.9)% + (4.9)2 + 0.3(3.9? + (3.6)% = 8.1up,

(€8]

which is fairly close to the experimental result.

The Curie-Weiss temperature obtained from the fit is 6., = 194
K. The positive value can be attributed to the FM contribution from
the Oq phase and the FM layers in the ab planes of the Os phase. Its
magnitude, however, is relatively higher than T.. In this context, it is
essential to notice a significant divergence between the || to (001) and
the L to (001) curves, with the Curie-Weiss-fit of the latter resulting
in 6cy, = 188 K and y,,, = 9.2 up/f.u. These discrepancies, as well
as the nonlinear behavior observed for a large temperature interval
above T, suggest deviation from the Curie-Weiss law. A possible
source for this discrepancy is the low dimensionality of the O5 phase,
where the ordered Nd/Ba layers and the absence of oxygen ions linking
two successive MnOs tetrahedra along ¢ lead to a quasi-2-dimensional
structure along ab [see the inset of Fig. 1(b)]. Furthermore, we recall
that the redox of NdBaMn,Os, s starts to develop relatively close to
room temperature, altering the Mn formal valence and, consequently,
its magnetic moments. Finally, as will be discussed later, our transport
data indicate some degree of electron delocalization, in line with other
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Fig. 3. ZFC M(H) curves measured at 5 K with H applied || and L to (001).
The inset shows a magnified view of the region close to H = 0.

Nd-based manganites [35]. All these features are expected to contribute
to deviations from Curie-Weiss behavior [36].

Fig. 3 shows the M(H) measurements performed at 5 K with H
applied || and L to (001). The curves exhibit FM-like character and
roughly the same coercive field, as highlighted in the inset [H- = 250
and 220 Oe for H applied || and L to (001), respectively]. However,
a significant difference in the curves’ magnitudes is observed at high
fields. Furthermore, the saturation is incomplete even at H = 9 T, with
a nearly linear increase in magnetization in the high-H region. The
“saturation” magnetization (M), here approximated as the magnetiza-
tion value at 9 T, cannot be explained by simple collinear FM or AFM
interactions. Particularly, the Mg = 8.3 up/f.u. obtained from the L
to (001) curve can be accounted by the FM coupling between Mn** (S
= 5/2) and Mn** (S = 4/2) in the O5 phase and between Mn>* and
Mn*t (S = 3/2) in the Og, and assuming that the contribution from
the paramagnetic Nd+ is small in comparison with that of ordered Mn
moments:

MJ_ o~ 0.7(MMn2+ + MM,,3+)
+ 0.3(M 3+ + Mypa4) = 8.4up,

(2)

The discrepancy between the expected and observed results can be
attributed to Mn"*-O-Mn"* AFM interactions induced by anti-site dis-
order, as well as to the progressive contribution of paramagnetic Nd
ions. For the || to (001) curve, a comparison between the Mg =
7.1 ug/f.u. experimentally observed and theoretical values are more
difficult due to the H-induced inclination (canting) of the magnetic
moments along c. In any case, the differences between the M (H)
curves give further evidence of a significant magnetic anisotropy in our
sample.

The electrical resistivity as a function of temperature [p(T)] mea-
surements performed with distinct H applied || to (001) are displayed
in Fig. 4(a). Qualitatively, the overall increase of p with decreasing
temperature suggests an insulating- or semiconducting-like character
for this system, with p ~ 0.62-cm at room temperature for the H = 0
curve. However, the gentle increase of p with decreasing temperature
down to below T, contrasts with the logarithmic behavior usually
observed in semiconducting and insulating compounds. Furthermore,
fitting the high-temperature region with the power law equation of the
thermally activated mechanism [inset of Fig. 4(a)] yields an activation
energy, E; ~ 0.1 eV, which is smaller than the values commonly
found for semiconductors. These findings, together with the apparent
change in the slope of the curve around T, indicate a strong correlation
between the magnetic and transport properties in this system, and
further signal to FM couplings on Mn**-Mn3* and Mn**-Mn** via
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the double-exchange mechanism. At lower temperatures, a more pro-
nounced increase of p is noticed, possibly associated with interdomain
regions, which are known for their defective and frustrated charac-
ter. Furthermore, the presence of Mn"t*-Mn"" interactions brought by
disorder may also contribute to the increase of p with decreasing
temperature.

As Fig. 4(a) also shows, a significant magnetoresistance (MR) starts
to develop as the temperature decreases, in special around and below
Tc, favoring the picture of double-exchange on the Mn?**-Mn?* cou-
pling, although one cannot rule out the possibility of charge-ordering
on Mn ions of the O5 phase, with the most contribution to the electrical
transport coming from the Mn**-Mn** coupling of the O, phase. Fig.
4(b) shows the evolution of MR = 100x[p(H) - p(0)]/p(0) calculated
from the H = 9 T and 0 p(T) curves, where a maximum of the order of
—300% at T makes of this a colossal magnetoresistive manganite [37].
Fig. 4(c) compares p(T) curves measured with H = 1 T applied || and
L1 to (001). As can be seen, the curves start to bifurcate below T,
with the L to (001) lying below the | to (001) one. This provides
further evidence of a G-type magnetic structure in the Os; phase, on
which the Mn spins are FM coupled along ab. This result also signals
at least partial Nd/Ba ordering in the Os phase, where the Nd layers
and the absence of intermediate oxygen ions linking adjacent Mn layers
along the ¢ axis lead to a larger resistance in this direction. Here, it is
important to note that, for these measurements, the electrical field and
H were not necessarily applied in the same direction. If, instead, both
H and the electrical field were applied in the same direction for the
|| and L to (001) measurements, one could expect a larger divergence
between the curves.

4. Conclusion
In summary, our single-crystalline sample of NdBaMn,Os,; syn-

thesized by the floating zone technique is found to consist of, at
room temperature, approximately 70% of a Og phase in the P4/nmm
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SG, on which the Nd and Ba ions form alternating layers, and 30%
of a Og belonging to the I'mma SG, where the Nd and Ba ions are
disorderedly arranged at the A-site. The magnetometry measurements
revealed a significant anisotropy, most likely associated with a G-type
AFM magnetic structure on the Mn ions belonging to the Og phase,
with its moments coupled FM along the ab planes and AFM along
c. For the disordered Oy phase, the expected FM coupling between
Mn3*+ and Mn** is observed. The M(T) curves also evidence that the
Og phase persists down to low temperatures. The electrical transport
measurements carried out at distinct temperatures and H revealed a
colossal magnetoresistance below T, consistent with Mn?*-Mn** and
Mn?*-Mn*+ double-exchange mechanism.
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