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ABSTRACT

We report a hydrothermal synthesis of single-crystalline nanocubes composed of lanthanum barium manganite (La;—,Ba,MnQOs) with three
different doping levels (x = 0.3, 0.5, and 0.6). The synthesis yields clearly faceted nanocubes with a pseudo-cubic perovskite structure.
Typical nanocubes have sizes ranging between 50 and 100 nm irrespective of doping level. Magnetic measurements performed on nanocube
ensembles show that the magnetic properties depend on the doping level. The ability to synthesize nanoscale manganites of a desired doping
level should enable detailed investigations of the size-dependent evolution of magnetism, colossal magnetoresistance, and nanoscale phase
separation.

Since the discovery of colossal magnetoresistivity (CMR), and 0.6, which span three distinct regions of the LBMO phase
mixed valence manganites have received considerable atdiagram?® The synthesis yields single-crystalline nanocubes
tention from the scientific community® The interplay with clearly faceted edges whose typical sizes range from
among the spin, charge, and orbital degrees of freedom in50 to 100 nm. Measurements performed on nanocube
these materiafs® leads to a host of phenomena that are yet ensembles show that their magnetic properties depend
poorly understood, such as metaisulator transitions (MIT), strongly on chemical doping.

magnetic phase transitions, and nanoscale charge and orbital onpe important control parameter in the synthesis of mixed

ordering'~° A particularly important material parameter that  ,gjence manganites with adjustable doping levels is the
causes transitions among these distinct phases is the Variab'%verage oxidation state of the Mn ion. In the present

chemical doping of the parent manganites. . synthesis, the control over the Mn oxidation state is achieved
Nanocrystalllng materials typ!cally exh|b|t. physical and by changing the ratio of two Mn precursors, KMp@nd
Cheml'ff‘ll properties that are distinct from their bulk counter- \incy, that contain Mn ions with distinct initial oxidation
parts:*! The properties of mixed valence manganites are gae92 The synthetic procedure for b#BaMnO; nanocubes
also expected to depend on material size due to both théjg yascrined below as an example. A similar procedure can
nagos%zzl_e_ phalse mfhomogf?négl!ﬂeregt t% bulk materials,;s pe applied for other doping levels as long as the molarity
and a mona sur:_acf(_al etects= In e? ' r[])rewonrJ]s of KOH is adjusted for each composition to accommodate
|nvest|g.at|ons on thin-film mangqmte Samples Nave SNOWN i, arent differences in lanthanum and barium ion reactivity
that their properties depend sensitively on the film thickness, (see below)
leading to surface-induced phase separatiband strain- In at icall synthesis of LaBa; MnOs nanocubes, 1.11
dependent MIT2 Although advances have been made in the : 3;p y \drieh .3 03 ' I. p
preparation of nano- and microcrystalline oxides including MMo' © Mn_CI2-4HZOO(A rich, 99.99%), 0.39 mmol o
manganited’-25 detailed physical investigations of nanoc- KMnOs (Ald”d;' 99+%), 1.05 mmol of La(N@s6H0
rystalline manganites have not been possible due to the IackgAldr:'Cg'sfs'gg %), and 064'5 rgmobll OdeE;EIOZWHz? (Atl_t I
of reliable methods to prepare well-isolated manganite @"CM: IO) WerleSml)Iie TIPT OLII y distille V\(lja er (oall
nanocrystals with variable chemical doping. reaction volume~15 mL). The solution was made sotrong y
Here we report a hydrothermal preparation of a series of %;thlegeir?t{) S;tzllj;a:::_gr:;(;\;g?hgr%'—gl(ﬁle(?ln?gér?glfs?[ r/L(J?naer:tjs
lanthanum barium manganite (LBMO) nanocubes whose : - ' '
barium content is varied controllably. Specifically, we present Moline, IL). The reaction was performed by heating the cell
the synthesis of La,BaMnO; nanocubes with = 0.3, 0.5, to 300 °C under autogenous pressure for 24 h. 'Aft.er the
hydrothermal cell was cooled, the supernatant liquid was
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and dried in ambient conditions at 12C. The reaction (a)
produced a highly crystalline black powder composed of

LBMO nanocube aggregates. Isolated nanocubes were
obtained by first sonicating the reaction product in watet (

mg/mL) and then passing the solution through a 0.45-mm

filter to remove any aggregates that remain undispersed. The

size distribution of the nanocubes could be tightened by
suspending~4 mg of the reaction product in 8 mL of
o-dichlorobenzene by sonication and then adding 1 mL of
methanol to preferentially drop out larger nanocubes.

The molarity of KOH affects the chemical composition
as well as morphology of the reaction prodéct’ The
optimum [KOH] that yields pure LBMO samples decreases
with increasing barium content of LBMO: specifically, the
optimum [KOH] values are found to be [KOHF 18, 12,
and 8 M forx = 0.3, 0.5, and 0.6, respectively. When [KOH]
< 18 M for x = 0.3, the reaction produced a mixture of
LBMO nanocubes and La(Oklhanorods’ Forx = 0.5 and
0.6, the reaction yielded a mixture of LBMO nanocubes and
BaMnQ; particles when the [KOH] deviated from the optimal
values appreciably. It is important to note that the synthesis
of LapsBapsMnOz; nanowires that were reported previ-
ously?>25 could not be reproduced in our laboratory despite
the similarity of the reaction conditions: indeed, the only
nanostructures with nanowire morphology generated in the

reaction were La(OH)nanorods (see Supporting Informa- Figure 1. (a) Transmission electron microscopy (TEM) image of
tion).2’ Lap sBag sMnO3 nanocubes, illustrating that the reaction produces

R . . | . TEM isolated nanocubes ranging from 20 to 500 nm in size. Low-
epresentative transmission electron microscope ( ) resolution TEM images for other doping levels are indistinguishable.

and scanning electron microscope images of the reaction(p) High-resolution TEM image of a 30-nm b#BaMnOs
product are shown in Figure 1 and Supporting Information. nanocube along with a selected area diffraction pattern shown in

These images clearly reveal that the products are nanometerthe inset.
sized cubes for all doping levels, with typical sizes of
50~100 nm. The size distribution is rather broad, however,
and nanocubes as small as 20 nm or as big~-880 nm
could be found in nascent reaction products. High-resolution
TEM (HRTEM) and selected area diffraction analyses were
performed on many cubes of each composition. These studies
indicate that, irrespective of doping level, individual nanocubes
are single crystalline and possess sHapG} faceted edges,

as illustrated in Figure 1b. Analysis of electron-diffraction
from individual nanocubes and powder X-ray diffraction
(XRD) patterns from nanocube ensembles, such as those (200) @11)

shown in Figure 2, indicates that manganite nanocubes of i -
all three compositions are highly crystalline and share the (100) I 10 20
pseudo-cubic perovskite structure. The lattice parameters of .__,A___J A_
1 L) 1
40 50 60 70

La;—xBaiMnO; nanocubes determined from XRD analyses 20 30

are 3.89, 3.95, and 3.95 A fax = 0.3, 0.5, and 0.6,

respectively, in agreement with the lattice parameters of bulk

materials with the same doping levéfdt should be noted  Figure 2. Powder X-ray diffractogram of the LaBaMnOs (x

that the small rhombohedral distortions seen in bulk materials = 0.3) nanocubes with pseudo-cubic crystallographic assignments.

are not discernible in any of the nanocube samples reportedThe diffractogram shows that the nanocubes have the same

here. The rhombohedral distortion in these nanocube sample H%tfg'ir&?ascmﬁfgk?o?liu(eh?a%qaémo%rgﬁm ggr‘:“’;’zgng s

may be obscurgd by a broadening ,Of the_XRI_D peaks cause x = 0.3, 0.5, and 0.6), illustrating the slight gradual increase in

by surface strain, although further investigations are neces-jattice parameter observed as a function of barium doping.

sary to clarify this issue (see Supporting Information for full

XRD analysis). La; ,BaMnO; nanocubes using a high-resolution TEM
To assess the stoichiometry of nanocube samples, energyeperating in a scanning TEM mode. In every nanocube

dispersive X-ray spectrometry was performed on individual analyzed, La, Ba, Mn, and O were present in the correct
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(a) 60 Figure 3b shows plots d¥l versus applied magnetic field
(H) at T = 10 K obtained from nanocube ensembles of all
three compositions. All nanocube samples exhibited clear
ferromagnetic switching characteristics. It should be noted
that the samples in all three compositions exhibit a slight
reduction in saturation magnetization as well as a suppression
of the phase transition temperature compared to their bulk
counterparts. This result may originate from the enhanced
surface-to-volume ratio in these nanocrystalline samples or
the presence of a superparamagnetic phase in these nanoc-
rystalline samples, although further investigations are neces-

100 200 300 sary to clarify the issu& 6 We note that previous results

T (K) have indicated that perovskite manganites exhibit signifi-

(b) cantly reduced magnetization at the surface in comparison

50— (,r:"- _____ ——— to the bulk materidf due to spin disorder at the surfaces in
— x=03 r-—-—‘- La;—xBaMnOs.16

ToxEDs The present study demonstrates that single-crystalline
o La;—xBaMnOs nanocubes with an adjustable Ba doping level

can be synthesized via hydrothermal methods. The synthesis
of these nanocubes should enable the detailed investigation
of the size-dependent evolution of nanoscale phase separa-
tion, magnetism, and CMR in mixed valence manganites.
50 cemmommo T The synthetic methods presented here may also be adapted
to other classes of manganites and perovskite oxides by
-40 0 40 selecting appropriate precursors.
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