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Abstract.Magnetic properties of La0.8K0.2MnO3have been studied on nanoparticles prepared by glycine – 
nitrate method. As prepared nanoparticles and samples annealed at 300oC/2 hours adopt orthorhombic crystal 
structure (space group Pbnm). Crystal structure and particles size were modified by heat treatment. The 
exchange bias effect was observed on samples with particles size smaller than 50 nm.Cooling in magnetic field 
Hcf≠ 0 through the Curie temperature TCshifts hysteresis loop in horizontal and vertical direction. The values of 
exchange bias field HE, coercive field Hc, remnant asymmetry μE and coercive magnetization μc increase with 
increasing value of cooling field Hcf. In addition the training effect was studied. Basic magnetic properties like 
the Curie temperature TC and the saturated magnetization μsincrease and HE or μE decrease with heat treatment. 
Heat treatment at 600 oC/2 hours increases the average size of nanoparticles to about 60 nm, crystal structure 
changes to rhombohedral structure (space group cR3 ) and EB effect vanishes. 

1 Introduction 

The exchange bias (EB) was discovered more than 55 
years ago, by Meiklejohn and Bean on Co/CoO core–
shell nanoparticles [1], and its characteristic signature is 
the horizontal shift of the centre of magnetic hysteresis 
loop from its normal position at H = 0 to HE≠ 0 and 
vertical shift which can be characterised by remnant 
asymmetry μE. EB usually occurs in systems which are 
composed by an antiferromagnet (AFM) that is in atomic 
contact with a ferromagnet (FM) after the system is 
cooled, below the respective Néel and Curie temperatures 
TN and TC, in an external cooling field Hcf. EB 
phenomena were observed in various materials like Laves 
phases, intermetallic compounds and alloys, binary 
alloys, Heusler alloys [2] or on layered bulk 
fluorometallo complex [3] where different aspects of 
magnetism were focused from the EB effect. The first 
evidence of the EB effect in mixed-valent manganites 
having perovskite structure was reported in a 
spontaneously phase separated system Pr1/3Ca2/3MnO3[4] 
which stimulated new interest for study of the EB effect 
in structurally single-phase compounds. The EB 
phenomena attributed to the spontaneous phase 
separation are very often observed in manganites with 
different perovskite structures.  In the case of a fine 

particle system the surface to volume ratio becomes 
significantly large compared to the bulk counterpart. In 
such a case the surface effect dominates over the core 
part quite often, leading to a variety of magnetism and 
core-shell model can provide good interpretation of 
observed phenomena. Both concepts were frequently 
used for interpretation of EB effects in the La1-

xCaxMnO3[5-10], Nd0.5Ca0.5MnO3 [11] and 
Pr0.5Ca0.5MnO3 [12] nanoparticles. Among manganites, 
the manganites doped with univalent metals, such as Ag, 
K, and Na,are of greatest interest, because their physical 
properties are very sensitive to a magnetic field at room 
temperature. Group of La1-xKxMnO3manganites provides 
a series of new oxides to study magnetocaloric effect [13, 
14] and insulator-to-metal transition [15] at room 
temperature. In our paper we study effect of annealing on 
magnetic properties of La0.8K0.2MnO3 nanoparticles. 

2 Experimental 
Preparation of La0.8K0.2MnO3nanopowders followed the 
glycine-nitrate method, which use glycine as fuel and 
nitrates as oxidants [16, 17].  Within this procedure, the 
aqueous solutions of the starting compounds were stirred 
and heated to dehydrate. Afterwards the solutions became 
viscous gel which underwent an auto ignition after some 
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time. After short combustion of only few seconds, black 
porous ashes of La0.8K0.2MnO3-δ were formed. A part of 
as-cast samples were annealed at 300 °C and 600 °C for 2 
hours in air atmosphere by a muffle furnace. The oxygen  
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Fig. 1.X-ray powder diffraction patterns for all samples; arrows 
point to contribution from sample holder. 

content (together with mean oxidation state of manganese 
atoms) in prepared compounds (both as prepared and 
annealed) was estimated by iodometric titration analysis. 
The average valence of manganese varies between 3.14 
and 3.44. The X-ray powder diffraction (XRD) 
measurements have been carried out on the X'Pert PRO 
diffractometer with Cu-Kα radiation (λ1=1.54056 Å, 
λ2=1.54440 Å) and the XRD patterns were identified with 
the FullProf program [18] based on the Rietveld method 
[19]. As prepared and annealed samples at 300 °C 
crystalize in orthorhombic crystal structure (space group 
Pnma) with lattice parameters a = 0.5570(5) nm, b = 
0.7773(9)nm, c = 0.�������nm for sample annealed at 
300 °C. Crystal structure changes to rhombohedral (space 
group R-3c) with annealing obtaining lattice a = 
0.5512(6) nm, c = 1.3385(2)nm for sample annealed at 
900 °C. MnO6 - building blocks of crystal structure 
aredistorted and tilted. An average size of nanoparticles 
depends on annealing and varies between30 and 135 nm. 
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 
 

 
 

Fig. 2. SEM image for as prepared sample (left) and sample 
annealed at 900oC/2 hours (right). 
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Fig. 3.Magnetization measurements in ZFC and FC regimes are 
shown for all samples. 

magnetometer (MPMS XL−5) in temperature range from 
1.8 K to 380 K and in magnetic field up to 5 T. 

3 Results and discussion  
Our measurements revealed that all samples undergo a 
paramagnetic (PM) to ferromagnetic (FM) transition at 
the Curie temperature TC. The temperature dependences 
of magnetization in zero field cooled (ZFC) and field 
cooled (FC) regimes are shown in Fig.3 for all 
La0.8K0.2MnO3-δsamples. The hysteresis behavior between 
magnetization measurements performed in ZFC and FC 
regimes for low applied magnetic fields is typical feature 
of all samples. Bifurcation temperature Tb is comparable 
with the Curie temperature TC. The Curie temperaturewas 
determined as a minimum on dμ/dT(T) dependence. The 
increase of ferromagnetic interactions with annealing is 
evident from all measurements. The Curie temperature 
increases from TC = 112.0 K to 295.0 K by annealing. 
The magnetic susceptibility obeys the Curie Weiss law χ 
= C/(T – θ) for all samples in the 
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Fig. 4.The inverse susceptibility for all samples, lines represent 
fits to the Curie Weis law. 
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Fig. 5.Sharp peaks in both components of AC susceptibility 
indicate frequency independent magnetic phase transition. 

temperature region high enough above  TC (C is the Curie 
constant and θ is paramagnetic Curie-Weiss 
temperature)(Fig.4.). The paramagnetic Curie 
temperature θ increases with annealing indicating the 
increase of ferromagnetic interactions in the sample. 
Simultaneously the effective magnetic moment μeff 
increases with annealing. The  
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

Fig. 6.Two maxima, which are moving to higher temperature 
with frequency, are observed in both components of AC 
susceptibility. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.Ferromagnetic character of hysteresis loops becomes 
more evident with annealing. The insert shows that hysteresis is 
typical for all samples. 

increase of μeff cannot be understood assuming oxidation 
resulting in higher content of Mn4+ in samples because 
the combination of magnetic moments of Mn3+ (4.90 μB) 
and Mn4+ (3.87 μB) in high spin state will result in 
reduction of μeff. One possible explanation is that a part 
of Mn3+ in as prepared sample is in low spin state having 
two unpaired electrons in comparison with high spin state 
having four unpaired electrons. Annealing will result in 
the increase of Mn3+ in high spin state, which can be 
connected with gradual change of crystal structure from 
Pnma to cR3 . Evidence for enhanced oxidation was 
provided by iodometric titration measurements.   

The magnetic phase transition is accompanied with an 
anomaly in both the real part 	’ and the  imaginary 
part	’’ of AC susceptibility (Fig.5.), which are 
frequencydependent in the case of sample annealed at 
900oC (Fig.6.). In this case two maxima are seen in the 
susceptibility at the magnetic phase transition at TC1 = 
288 K and TC2 = 302 K indicating presence of magnetic  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

Fig. 8.Ferromagnetic character of hysteresis loops becomes 
more evident with annealing. The insert shows that hysteresis is 
typical for all samples. 
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Inhomogenities in the material. Double transition was 
observed also in magnetization measurements. 

The saturated magnetization μs increases with 
annealing from 1.54μB for sample annealed at 300oC to 
3.29 μB for sample annealed at 900oC (Fig.7). The 
increase of μs can be fully attributed to the increase of 
ferromagnetic interaction in sample. The remnant 
magnetization μrem is increasing and the coercive force Hc 
is decreasing with annealing (see insert of Fig.7). 

The exchange bias effect (EB) was observed on as 
prepared sample and sample annealed at 300oC (Fig.8.). 
In these cases the average particle size is less than 50 nm 
and core shell model can be applied to explain such 
behaviour. First hysteresis loop (Fig.8.) was measured 
after cooling down in the zeromagneticfield and before 
measurement of second loop the sample was exposed to 
static magnetic field Hcfand cooled from 150 K through 
TC down to 5K. Cooling down in magnetic field μ0Hcf  = 
1 T gives rise to displacement of the magnetic hysteresis 
loop, which is the typical manifestation of the EB effect. 
The loop is pinned on vertex in the region of negative 
magnetization, is tilt and shifted in horizontal and vertical 
direction. The horizontal shift of the loop is usually 
expressed by exchange bias field μ0HE = μ0(Hc+ - Hc-)/2 = 
1165 mT; Hc+ and Hc- is coercivefield on positive and 
negative axes and vertical shift is expressed by the 
remnant asymmetry μE= (μr+ - μr-)/2 = 0.517 μB; μr+ and μr- 
is remnant magnetization on positive or negative axis. 
The difference between subsequent magnetization 
reversal loops which were measured after cooling in 
μ0Hcf = 1 T, the training effect, is shown in the insert of 
Fig.8. Measurement of magnetization reversal loop was 
repeated 4 times at 5 K. Both parameters HE and μE 
describing the horizontal and vertical shift of loop 
decrease with consecutive number of cycles and reach 
stable values. 

In conclusion, La0.8K0.2MnO3 nanoparticles have 
been prepared by glycine – nitrate method with very well 
developed crystal structure even in as prepared sample. 
Crystal structure and particles size were modified by heat 
treatment.  As prepared nanoparticles and samples 
annealed at 300oC/2 hours adopt orthorhombic crystal 
structure (space group Pbnm) and the average particles 
size is less than 50 nm. Heat treatment at 600 oC/2 hours 
and at 900 oC/2 increases the average size of 
nanoparticles from 60 nm to 135 nm, crystal structure 
changes to rhombohedral structure (space group cR3 ). 
The annealing increases TC, θ and μs mainly due to the 
enhancement of ferromagnetic exchange interaction given 
by the double – exchange interaction. The increase of μeff 
with annealing we attribute to population of high spin 
state of Mn3+ which can be related to change of crystal 
structure.EB phenomena were observed on nanoparticles  
with average size less than50 nm. All parameters 
describing EB effect have tendency of saturation in 
relatively low field of about μ0Hcf = 0.1 T. The heat 
treatment at 300oC leads to reduction of coercive force Hc 
and bias field HE, on the other hand the coercive 
magnetization μc and remnant asymmetry μE increase. 
Both parameters HE and μE describing the horizontal and 
vertical shift of loop decrease with consecutive number of 
cycles in training effect. Heat treatment at 600 oC/2 hours 

increases the average size of nanoparticles to 60 nm, 
crystal structure changes to rhombohedral structure 
(space group cR3 ) and EB effect vanishes.Our results 
suggest that surface effects and core shell model can 
explain EB phenomena in this case because it is well 
known that surface effect is important on particle with 
average size smaller than 50 nm. On the other hand 
magnetic phase separation in single crystalline phase 
cannot be completely excluded, too. 
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