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We present the preparation and magnetostructural correlations of binary NdMnO3 oxide prepared by four
di�erent procedures. Nano-size particle were prepared by simple precipitation of hydroxides (PH), nitrate-glycine
synthesis (NG) and self-combustion high-temperature synthesis (SHS), while sol-gel method (SG) produced parti-
cles with size of about 2 µm. The as prepared PH and SG particles exhibit amorphous structure, the orthorhombic
crystal structure was observed for NG and SHS particles. As prepared PH, NG and SHS are magnetically ordered,
annealing leads to magnetic ordering of SG particles.
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PACS: 75.50.�y, 75.47.Lx, 75.30.�m, 75.75.�c, 68.37.Hk, 61.05.cp

Binary oxides of general ABO3 composition (A and
B are metal cations) usually crystallize in two exemplar
structural models. These models are based on the struc-
ture of two minerals: ilmenite-FeTiO3 and perovskite-
CaTiO3. They di�er between each other in the ionic
radii of A and B cations. When the radii are nearly the
same, the ilmenite-like structure could be observed and
when the radii are of very di�erent sizes, the perovskite-
like structure could be expected. Manganites (atom B
is manganese) are frequently studied for their interesting
magnetic properties and a particular interest is paid to
study of nano-sized particles [1]. In our paper we present
the preparation and characterization of NdMnO3 com-
pound prepared by four di�erent procedures.

NdMnO3 adopts the perovskite-like orthorhombic
structure (space group Pnma) [2]. Magnetic properties
of NdMnO3 are mostly determined by Mn-Mn and Mn-
Nd magnetic interactions. The Mn sublattice orders an-
tiferromagnetically at TN = 82 K with magnetic mo-
ments parallel to b-axis. This ordering is ascribed to
the superexchange between Mn ions mediated by oxy-
gen atoms [3]. Magnetic interaction of Nd-Mn sublattice
leads to ferromagnetic ordering (moments parallel to c-
axis) only at temperatures lower than 20 K [2, 4], as a
consequence of the polarization of Nd3+ ions by the man-
ganese ions.

NdMnO3 samples were prepared in a wet way by dif-
ferent procedures: 1. simple precipitation of hydroxides
(PH), 2. sol-gel method (SG) [5], 3. nitrate-glycine syn-
thesis (NG) [1] or 4. self-combustion high-temperature
synthesis (SHS) [6]. The as prepared samples were an-
nealed at 600 ◦C for 2 hours. Scanning electron mi-
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croscope (SEM) photos were taken by MIRA3 TES-
CAN, X-ray powder di�raction pattern, by a BRUKER
di�ractometer in Bragg-Brentano con�guration using Cu
Kα1,α2 doublet radiation. Magnetization measurements
were performed by MPMS in the range from 2 K to 350 K
and in magnetic �elds up to 5 T.

Fig. 1. SEM photos taken from as prepared samples,
which were synthetized by a) sol-gel, b) precipitation,
c) nitrate-glycine and d) SHS methods.

Nano-size particles were prepared by PH synthesis
and by NG or SHS high-temperature synthesis, while
the as prepared SG particles have average size of about
2 µm (Fig. 1). The as prepared PH and SG particles
exhibit amorphous structure. The orthorhombic crys-
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Fig. 2. X-ray powder di�raction pattern was taken
from as prepared sample, which was synthetized by SHS
method.

Fig. 3. ZFC and FC magnetization curves of SHS sam-
ples.

tal structure (space group Pnma) was observed for NG
(a = 0.5679 nm, b = 0.7670 nm, c = 0.5429 nm) and SHS
particles (a = 0.6411 nm, b = 0.7617 nm, c = 0.4827 nm).
Nanoparticles have a wide size distribution (Fig. 1) and
an amorphous background (Fig. 2). Annealing reduces
volume of elementary cell e.g. from 0.23648 nm3 to
0.23069 nm3 in the case of NG particles.

Fig. 4. Fit to the Curie-Weiss law for SHS samples.

The as prepared PH, NG and SHS particles undergo
magnetic phase transition at 42.3 K, 36.1 K and 71.1 K

respectively, while SG particles are paramagnetic down
to the lowest temperatures. Hysteretic behavior between
magnetization measured in zero-�eld cooled and �eld
cooled regimes is typical feature of all samples (Fig. 3).
Temperature of the magnetic phase transition increases
with annealing (Fig. 3) to 66 K, 63 K and 86 K for PH,
NG and SHS particles respectively, while the magnetic
transitions at 12.1 K and 29.5 K were observed in SG
sample. The susceptibility data obey the Curie-Weiss
law above 200 K, with the e�ective magnetic moment
µeff = 5.33µB and the paramagnetic Curie temperature
θ = 38.7 K for SHS as prepared particles.
Both parameters increase with annealing to µeff =

8.93µB and θ = 61.4 K. Di�erent magnetic behavior of
the SG sample can be explained by the di�erent prepa-
ration, because only SG sample has been isolated from
reductive environment of DL-malic acid [5].
Annealing expands hysteresis loop and increases satu-

rated magnetization as it is demonstrated for NG parti-
cles (Fig. 5).

Fig. 5. Hysteresis loops were taken from the NG sam-
ples.
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