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The La—SrMnO; (LSMO) materials exhibit extensive
potential applications in many fields such as data storage,
solid oxide fuel cell (SOFC), pollution control for automotive
exhausts, etc., because of their remarkable propérties.
Devices for these applications are often fabricated using
particulate-based methods including screen-printing, slurry
or spin-coating, colloidal spray deposition and tape-casting,
followed by a ceramic sintering processor these processes,
nanoparticles free of agglomerates (micrometer-sized), es-
pecially those dispersed in water, are ideRecently, some
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Figure 1. XRD patterns of (a) the prepared LSMO nanoparticles and of

single metal oxide nanoparticles without agglomeration in elaborate scan for samples around (b) 32.5 and &)68 0, 0.3, 0.5, 0.7

water were prepared by various processdmjt those

synthetic strategies are limited in the preparation of bi- or
multi-metal oxides because of their complexity,
accurate stoichiometry, highly mixable precursors, specific

are represented as A, B, C, and D, respectively, in images.

including (EB), a shift in the hysteresis loop of ferromagnet. The EB

phenomenon is usually found in bi- or multilayer filfrend

chemistry for each phase, and high temperature of crystal-core—She” systentsbut in few crystalline nanopatrticles of

lization® For the preparation of LSMO particles, although
many methods, including sebel, coprecipitation, spray
pyrolysis, combustion synthesis, and hydrothermal reaction,
have been developédthe routes to agglomerate-free,

magnetic material®.

To prepare LSMO nanoparticles, we used the molten
NaNQ; and KNG; mixture as solvent and applied the nitrates
of La, Mn, and Sr as reagents. The resulting molten solid

homogeneous LSMO nanoparticles have never been reportedwas placed in hot 2-pyrrolidone; the precipitate was separated
In this communication, a facile molten salt synthetic route, by centrifugation and washed with ethanol. The crystalline

which was followed by dissolving the salts with the 2-pyr- LSMO with differentx usually exhibit different structures

rolidone, to aggregate-free LSMO nanoparticles dispersedbecause of their sensitivity to the internal pressure, which

in water is introduced. Furthermore, the magnetic properties changes both the MrO bond distances and MO—Mn

of LSMO nanoparticles are measured, and the interestingbond angles? The XRD patterns (Figure 1a) for the samples

finding is that the LSMO nanopatrticles exhibit exchange bias
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indicate the formation of a highly crystalline perovskite
phase. All peaks fox = 0 can be indexed to the cubic phase,
and the calculated lattice constantis= 3.876 A, which is

in good agreement with the literature result of 3.880 A (JCPD
75-0440). With the increasing content of doped Sr, the peaks
appear to right shift (Figure 1b), indicating the contraction
of the crystal cell, which is due to the changed oxidation
state of Mn. However, for the Sr doping samples, the (211)
peak gradually splits into (042) and (240) peaks (Figure 1c),
illustrating the structural transition from cubic to ortho-
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Figure 3. XPS spectra of the as-prepared LaMm@noparticles for (a) O
1s and (b) N 1s.
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Figure 4. The dsorption of organic molecules on the nanoparticles

HR-TEM ((e, f)x = 0) images of LSMO samples. The scale bars in Figure weight loss of ca. 16.9%, which hardly changes with the
2a—d are 100 nm, and the insets in Figure—2hare the corresponding ~ doped Sr content. The IR spectrum of LaMn@ee the
SAED patterns. Supporting Information) shows two peaks at 1559 and 1408
cm 1, corresponding to the stretching vibrations &8 and
C—N=O bonds of the N@ group. A weak absorption
centered at 2900 cm is assigned to €H stretching
vibrations, and the sharp peak at 1461 ¢éris brought by
the bending vibrations of €H. However, both they-y band

at 3241 cm!® and thevc—o band at 1690 cnit that are
attributed to 2-pyrrolidone vanish. Thus, the organic com-
position on the LSMO particles is the nitryl compound
(CsH7NOg), indicating that 2-pyrrolidone decomposes during
the refluxing process.

rhombic (space groupbnm structure, which is different
from those of the corresponding bulk materials. The LSMO
bulks usually exhibit as hexagonal (&:1x < 0.4) and
orthorhombic (0.5 x < 0.8) phase&®*this difference might

be due to the small size of LSMO nanopatrticles and a large
surface strain affecting the crystal lattice distortion. In
addition, a small peak at c29° appears in the XRD pattern
of the sample fox = 0.7, indicating the formation of a small
amount of LaOs impurity (JCPDS 83-1350), which is due
to the higher nucleation energy barrier for LSMO crystals
with the increasing Sr content. Furthermore, the average sizes The coordination of organic compounds with the nano-
of the samples fox = 0, 0.3, 0.5, and 0.7 are calculated to Particles can be proved by XPS character (Figure 3) for
be 19.5, 20.0, 19.0, and 25.3 nm, respectively, using theelements N and O, as shown in Figure 4. As is well-known,
Scherrer formula according to the full width at half-maximum the binding energy will shift to lower values as N or O atoms
(fwhm) of (110) & = 0) or (121) & > 0) reflections. bind to metals because of a transfer of electron density from

The representative TEM images (Figure 2) reveal that the N or O to metals? Figure 3a shows the peak features related
LSMO particles have a size of ¢80 + 5 nm, which is to four distinct environments of O atoms. The peak at 530.9
roughly close to the calculated results from the XRD patterns. €V is the O1s of inorganic compouritithat at 531.6 eV is
All the samples appear to be almost-aggregate-free sphericaihe O1s coordinated to the metals with two O atoms in the
particles in water. The SAED patterns (the insets in Figure Nitryl together (shown as O1 in Figure 4), the peak at 532.3
2a—d) confirm their crystalline nature, but the HR-TEM €V is the Ols that one O atom in the nitryl coordinates to
images (Figure 2e,f) show an organic layer coating on the the metals alone (shown as O2 in Figure 4), the peak at 533.0
nanoparticle’s surface. The lattice spacing accorded with the€V is the Ols that one O atom in the nitryl does not
{110 plane of cubic LaMn@is ca. 2.85 A (Figure 2g). ~ coordinate to the metals (shown as O3 in Figure'34).
The EDX analyses (see the Supporting Information) indicate Furthermore, Figure 3a shows that the peak area of the O2
that all samples are consistent with their element signals andatom is nearly same as that of O3, which illustrates that their
stoichiometry as expected within the error. The LSMO molar ratio is 1:1. Itis calculated that the molar ratio of two
nanoparticles are dispersed in water to form a clear solutioncoordinated molecules | and Il is c2.2. However, the
and do not deposit even after standing for several weeks,
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. V. Russian J. Inorg. e A .
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50 surface spin disorder enhancment caused by the decreasing
:g //— particle sizet> and the coercivity would approach zero under
204 | a short thermal fluctuation (so-called super-paramagnetism)
2 1] f/g/’; if the crystal size is small enough. On the other hand, the
é _It’]_ 0 m\/f hyst_eresis qups become more and more asymmetric w?th
s g . the increase in Sr doping content, meaning exchange bias
307 :"".m“""/ 1330 occurs. The enlarged magnetization curve of $S% MnOs
;‘g et 'llm"n{?lmm nanoparticlestsb K (the inset of Figure 5) clearly illustrates
311 1=os=te ok =2A1111 =2 the asymmetric hysteresis loop. Bo+ 0, 0.3, 0.5, and 0.7,
H (kOe) the Hc values are 400, 225, 310, and 450 Oe, andHke

Figure 5. Magnetization as a function of the applied magnetic field forall  values (the distance of loop shifts) are 0, 25, 40, and 120
samples &5 K between+3 kOe and—3 kOe.x = 0, 0.3, 0.5, 0.7 are (g, respectively. Although the mechanism for the EB
ﬁggﬁﬁgﬁ?ﬁ et L 1 fespectively. The inset is the enlarged phenomenon of pure nanoparticle is elusive, it is believed
to be related to the surface layer of the particles, because
number of O atoms in the inorganic compound is less than the change in the atomic coordination forms a layer of
that in organic compound because the XPS detects onlydisordered spins and the particles behave as two magnetic
inorganic compounds on the surface of nanoparticles andsystems? The LSMO nanoparticles have an organic shell,
not all of the the inorganic compound. On the other hand, Which leads to their surface layer being different from the
Figure 3b shows the peak features related to two distinct interior and induces the spin disordeér.
environments of N atoms. The peaks at 399.8 and 398.8 eV  In summary, a series of crystalline LSMO nanoparticles
correspond to the N1 and N2 of the nitryl, respectively, in without agglomeration in water have been prepared through
Figure 413 and their molar ratio (equal to the ratio of the molten salt method following reaction in 2-pyrrolidone.
molecules | and 1) is about 2.3:1 calculated from the peak Because many oxides nanoparticles could be synthesized by
areas, similar to the above result. The results are differentthe molten salts methddthe process described in this article
from those in Gao’s report, who reported the organic should be a general route to the aggregate-free oxide
composition was amin®:f This difference might be caused nanoparticles dispersed in water. The EB phenomenon found
by the different reaction conditions; in the present work, the in LSMO nanoparticles offers rich insight inti their properties
atmosphere was air, and that in Gao’s work wasflbiw. and may be useful in controlling their magnetization in
Thus, the XPS analysis indicates that the nitryl compound devices where the EB might help to overcome the super-
is coordinated to the nanoparticles by O atoms to form a paramagnetic limit?
stable organic shell and prevents them from aggregating.
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