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Magnetic properties of La0.8K0.2MnO3 have been studied on nanoparticles prepared by glycine-nitrate method.

Crystal structure and particles size were modi�ed by heat treatment. Crystal structure changes from orthorhombic
(space group Pbma) to rhombohedral (space group R-3c) after annealing at 600 ◦C/2 hours. The average size
of particle varies with annealing from about 30 nm to 135 nm. The Curie temperature TC and the saturated
magnetization µs increase with annealing. The exchange bias e�ect was observed on samples with particles size
smaller than 60 nm.
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The mixed-valence manganese oxides of the general
formula La1−xAxMnO3 (A is a divalent ion like Ca, Sr,
Ba and Pb) are a subject of interest due to a desire
to understand and exploit the large negative magneto-
resistance and magnetocaloric e�ects [1]. Among man-
ganites, the manganites doped with univalent metals,
such as Ag, K, and Na are of greatest interest, because
their physical properties are very sensitive to magnetic
�eld at room temperature. Group of La1−xKxMnO3

manganites provides a series of new oxides to study
magnetocaloric e�ect [2, 3] and insulator-to-metal tran-
sition [4] at room temperature. In our paper we
study the e�ect of annealing on magnetic properties of
La0.8K0.2MnO3 nanoparticles.
The preparation of nanoparticles followed the glycine-

nitrate method, where glycine was used as a fuel and
nitrates as oxidants [5]. The as prepared samples were
annealed for 2 hours in air atmosphere at 300 ◦C, 600 ◦C
and 900 ◦C.

Fig. 1. X-ray powder di�raction patterns for all sam-
ples; arrows point to the contribution from sample
holder.
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Fig. 2. Magnetization measurements in ZFC and FC
regimes for all samples.

The X-ray powder di�raction (XRD) measurements
have been carried out on the X'Pert PRO di�ractometer
with Cu-Kα radiation (λ1 = 1.54056 Å, λ2 = 1.54440 Å)
and the XRD patterns were evaluated with the FullProf
program based on the Rietveld method [6]. The as pre-
pared sample and sample annealed at 300 ◦C adopt or-
thorhombic crystal structure (space group Pnma) with
lattice parameters a = 0.5570(5) nm; b = 0.7773(9) nm;
c = 0.5525(1) nm. The crystal structure changes to
rhombohedral (space group R-3c) with annealing, a =
0.5512(6) nm; c = 1.3385(2) nm for the sample annealed
at 900 ◦C. MnO6 � the building blocks of the crystal
structures are distorted and tilted. The average size of
nanoparticles depends on annealing and varies between
30 nm and 135 nm. The morphology of nanoparticles
and their size distribution was studied on powders by
scanning electron microscope (SEM) MIRA3 TESCAN.
Magnetization and AC susceptibility measurements were
performed by a SQUID (MPMS XL−5) or in a VSM
(PPMS) magnetometer in the temperature range from
1.8 K to 380 K and in magnetic �eld up to 9 T.
Hysteretic behaviour (see Fig. 2) between ZFC and FC

magnetization is a characteristic feature of the system.
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Fig. 3. The inverse susceptibility for all samples, lines
represent �ts to the Curie-Weiss law.

Fig. 4. In phase and out of phase AC susceptibility for
the sample annealed at 900 ◦C.

The increase of ferromagnetic interactions with anneal-
ing is evident from all measurements. The Curie tem-
perature increases from TC = 112.0 K to 295.0 K after
annealing. The magnetic susceptibility obeys the Curie-
Weiss law (Fig. 3) for all samples. The paramagnetic
Curie temperature θ and the e�ective magnetic moment
µeff increase with annealing, indicating the increase of
ferromagnetic interactions.
The magnetic phase transition is accompanied with an

anomaly in both the real part χ′, and the imaginary part
χ′′ of AC susceptibility, which are frequency dependent
in the case of sample annealed at 900 ◦C (Fig. 4). In
this case two maxima are seen in the susceptibility at
the magnetic phase transition (Fig. 4) at TC1 = 288 K
and TC2 = 302 K, indicating magnetic inhomogenities
in the material. Double transition was observed also in
magnetization measurements.
The increase of ferromagnetic correlations in material

is seen also from magnetic hysteresis loops measurements.

The saturated magnetization µs increases with anneal-
ing from 1.54µB for sample annealed at 300 ◦C to 3.29µB
for sample annealed at 900 ◦C. The exchange bias e�ect
(EB) was observed on as prepared sample and sample
annealed at 300 ◦C (Fig. 5). In these cases the average
particle size is less than 50 nm and core shell model can
be applied to explain such behaviour. Cooling down in
magnetic �eld µ0Hcf = 1 T gives rise to displacement of
the magnetic hysteresis loop, which is the typical mani-
festation of the EB e�ect. The loop is pinned on vertex
in the region of negative magnetization, it is tilted and
shifted in horizontal and vertical direction. The horizon-
tal shift of the loop is usually expressed by the exchange
bias �eld µ0HE = µ0(Hc+ − Hc−)/2 = 1165 mT; Hc+

and Hc− are the coercive �elds on positive and negative
axis, respectively. The vertical shift is expressed by the
remnant asymmetry µE = (µr+−µr−)/2 = 0.517µB ; µr+
and µr− are the remnant magnetizations on the positive
or the negative axis, respectively.

Fig. 5. Exchange bias phenomenon for the sample an-
nealed at 300 ◦C. The insert shows the training e�ect
after 4 cycles.
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