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Using a sol-gel method, Laj_;Ca;MnOgz (0 < z < 0.5) nanoparticles with nearly the
same average grain size of about 21 nm and different Ca contents, Lag.gsCag.2MnOs3
nanoparticles with various average grain sizes were prepared. Crystal structure was in-
vestigated by X-ray diffraction. Increasing Ca content and decreasing grain size can lead
to the average Mn—O bond lengths decrease and Mn—O-Mn bond angles increase. The
crystal symmetry changes from orthorhombic to cubic as > 0.3 for the Laj_;Ca;MnOs3
(0 <z < 0.5) nanoparticles with nearly the same average grain size and D ~ 16 nm for
the Lag.gsCap.2MnO3 nanoparticles with various grain sizes. Small-size effect and surface
effect may be the reasons of the lattice distortion and structure transition.
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1. Introduction

Perovskites A;_, A/ MnO3 (A = rare-earth, A’ = alkaline-earth) compounds have
been systematically investigated for single crystals, thin films and polycrys-
talline samples, due to their importance for fundamental research and potential
applications. ™ For example, the structure and physical properties of this kind of
compounds have been studied by changing temperature, applied pressure, doping
level (z) and A-site average ionic radius ((ra)).*”7 Recently, attention has been
drawn towards nanocrystalline perovskite manganites. Mahesh et al.® investigated
the effects of particle size on the electron transport and magnetic properties of
Lag.7Cap.sMnO3 and found that the T, and metal-insulator transition tempera-
ture decrease with the particle size decreases. Surface spin-glass behavior has been
observed in Lag g7Sr0.33MnOs nanoparticles.” However, these researches are not
enough, more detailed investigation is still required. In this report, we synthe-
size La;_,Ca,MnO3 (0 < z < 0.5) nanoparticles and study its crystal structure.
The dependence of the crystal structure on grain sizes and Ca contents for the
La;_,Ca,MnOg3 nanoparticles will also be discussed.

*Corresponding author.
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2. Experimental Procedure

La;_,Ca,MnO3 (z =0, 0.1, 0.2, 0.3, 0.5) nanoparticles were prepared using sol-gel
method. LasO3, MnCO3, CaCO3 and a dispersion agent were dissolved in dilute
nitric acid to get transparent solutions. Evaporating the water in the solutions,
the viscous gels were dried and then calcined at different temperatures to get the
desired products.

Powder X-ray diffraction (XRD) data were collected using a rotating-target
X-ray diffractometer (Rigaku D/Max-2400) equipped with a graphite monochro-
mator. The average grain sizes were estimated according to Scherrer equation and
the diffraction peak widths. In order to gain the structure information at room
temperature, the crystal structure of the La;_,Ca,MnQOg3 nanoparticles were re-
fined by the Rietveld refinement. The X-ray powder diffraction datas were recorded
at 20° ~ 100° with a step of 0.02° and a counting time of 3 s per step. The rietveld
refinement was performed using the program DBWS-9807a.'°

3. Results and Discussion

The X-ray powder diffraction patterns of the La;_,Ca,MnO3 nanoparticles show
that all the samples are single-phase. The broad diffraction peaks are indicative
of the ultrafine particles prepared. Analysis of the full patterns and of individ-
ual reflections reveals that the La;_,Ca,MnQO3 nanoparticles are orthorhombic
symmetry and the intensity of some small diffraction peaks belonging to the or-
thorhombic structure weakens gradually with Ca contents increase and grain sizes
decrease. In spite of this, the information of the crystallographic structure of the
La;_,Ca;MnO3 nanoparticles were obtained using the Pnma space group and the
Rietveld refinement. The top panel of Fig. 1 shows a typical example of a fitted
diffraction pattern for the Lag gCag2MnOs nanoparticles with average grain size
of about 21 nm. An agreement between the observed and calculated patterns is
very good. The calculated average Mn—O bond length and Mn-O-Mn bond angle
in variation with the Ca content x and grain size D are shown in Figs. 2 and 3.
From Figs. 2 and 3, we can see the tendency of the structure parameters in
variation with the Ca content x and grain size D. By increasing z, the average Mn—
O bond length becomes shorter and Mn—-O-Mn bond angle becomes larger. Due
to the slight difference between the ionic radii of La3* and Ca?*, the substitution
of Ca?* for La®" may decrease the average ionic size at the La®t /Ca2?" site. The
substitution of the Ca?t ions also may lead to formation of Mn** and increase
the covalence between the Mn and O ions. These two factors made the Mn-O bond
length decrease. As the deviation of the Mn—O—Mn bond angles from the ideal value
of 180° in the cubic perovskite is related with the tilting of the MnOg octahedra,
the tilting angle w of the MnOg octahedra can be defined as w = (7 —6)/2, where 6
is the Mn—O-Mn bond angle. Hence, increasing Ca contents can decrease deviation
of the Mn—O—Mn bond angle from the ideal value of 180° and the tilting of the
MnOg octahedra. For the Lag.gCag.oMnOg3 nanoparticles with the various average
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Fig. 1. Rietveld plots of X-ray diffraction patterns of the Lag.gCag.2MnO3z (top panel) and
Lag.7Cag.3MnO3 (bottom panel) nanoparticles with the average grain size of about 21 nm at
300 K. The solid line is the observed profile. The dot line is the calculated profile. The vertical
marks below the profile show the position of allowed reflections. A difference curve (observed
minus calculated) is plotted at the bottom.

grain sizes, a decrease of the average Mn—O bond length and an increase of the
average Mn—-O-Mn bond angle with decreasing grain sizes can be seen in Fig. 3.
It indicates that decreasing grain sizes can decrease the lattice distortion and the
tilting of the MnOg octahedra.

Analyzing the tilting angle w, we find that w ~ 0 as z > 0.3 for the
La;_,Ca,MnO;3 (0 <z <0.5) and D = 16 nm for the Lag sCag.2MnOs nanoparti-
cles, which is the character of cubic perovskite. In order to prove it clearly, we will
study lattice constants of the La;_,Ca,MnQO3 nanoparticles.
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Fig. 2. Variations of the average Mn—O bond length and Mn—O-Mn bond angle versus Ca content
z in Laj—;CazMnO3 (0 < z < 0.5) nanoparticles.
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Fig. 3. Variations of the average Mn—O bond length and Mn—O—-Mn bond angle versus the average
grain size D in Lag.gCag.2MnO3 nanoparticles.

The lattice constants as a function of the Ca content x for the La;_,Ca,MnQO3
nanoparticles and of the grain size D for the Lag.gCap.oMnOg nanoparticles are
shown in Figs. 4 and 5. From Figs. 4 and 5, we see that a, b and c decrease linearly
with increasing Ca content x and grain size D, and satisfy the relationship a =
c = b/\/§ as x > 0.3 for the La;_,Ca,MnOs (0 < z < 0.5) and D = 16 nm
for the Lag sCagoMnO3 nanoparticles, which is the character of cubic symmetry.
So we refined the crystal structure of the La;_,Ca,MnOs (0.3 < z < 0.5) and
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Fig. 4. Variations of the lattice constants a, b and ¢ versus Ca content z in Laj_,Ca;MnO3
(0 < z < 0.5) nanoparticles.
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Fig. 5. Variations of the lattice constants a, b and c¢ versus the average grain size D in
Lag.gCap.2MnO3 nanoparticles.

Lap.sCag oMnO3 (D = 16 nm) nanoparticles using the Pm3m space group and the
Rietveld refinement. The bottom panel of Fig. 1 shows a typical example of a fitted
diffraction pattern for the Lag 7Cag.3sMnOs nanoparticles with the average grain
size of about 21 nm.

The coarse-grained La;_,Ca,MnOgz (0 < z < 0.5) polycrystals are orthorhom-
bic structure,'! but their nanoparticles have two phase structures. Perhaps inter-
nal pressure produced by surface stress and small grain diameter can explain it,
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namely,'? Ap = 40,/D, where Ap is the difference between external and internal
pressure, o is the surface stress and D is the grain diameter. If surface stress of
a grain size D ~ 20 nm is 10 N/m, the corresponding internal pressure is about

2 GPa, this value is rather large and can cause phase transition just like applied

pressure.'?

From Fig. 5, we also see that decreasing grain size can cause cell volume ex-
pansion, this can be explained by surface effect of the nanoscale particles, i.e. with
decreasing particle sizes, the number of surface atoms increases, the atomic disorder
and reduced coordination of the surface atoms can cause the lattice distortion of
the surface atoms.

4. Conclusion

The La;_,Ca,MnOs (0 < z < 0.5) nanoparticles with nearly the same average
grain size and different Ca contents, and the Lag gsCag.oMnO3 nanoparticles with
various average grain sizes have structure transition at z ~ 0.3 and D ~ 16 nm,
respectively. Increasing Ca content x and decreasing grain size D can decrease the
average Mn—O bond length and the tilting of the MnOg octahedra.
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