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Over the past decade one-dimensional chemical nanostruétures, G2 -_'
including carbon nanotub&st and inorganic nanorods and B o 1)
nanowire$ 14 have received considerable attention from the
scientific community. Much effort has been directed toward
understanding the electrorfict magnetict2 and optical® properties

of these nanostructures because they exhibit physical and chemica|
properties different from their bulk counterpattshese one- ) A
dimensional nanostructures are also promising candidates for| 26 {degree)
realizing nanoscale electroriigpptical ®> and mechanicaldevices
because they retain wire-like connectivity despite their nanoscale|
radial dimension. To date, most synthetic efforts have been directed|
toward carbon nanotub®&® and semiconductdr;® metallic10-12

and binary oxide nanowirég.4In this communication, we report
the first solution-based synthesis of nanorods composed of ternary
perovskite oxides.

Transition metal oxides with a cubic-perovskite structure rep-
resent a particularly interesting class of materials that exhibit a _ . i . )
variety of unique electronic, magnetic, and optical properties, such Figure 1. - Transmission electron microscopy (TEM) image of Bagio

! ! ! nanorods, showing that the reaction produces mostly nanorods and minor

as ferroelectricity;’ piezoelectricity}’ colossal magnetoresistivity, quantities ¢-10%) of nanoparticle aggregates. The TEM image of S§TiO

and large nonlinear optical coefficiertfsPrevious investigations  nanorods is essentially indistinguishable. Inset: Powder X-ray diffractogram

of thin-film and nanocrystalline samples have shown that their Of the reaction product composed of randomly oriented BaTignorod

physical properties are critically dependent on their dimeniigh?? ensembles.

Despite intensive experimental efforts, however neral meth . . . .
espite t_e s ee_ perimental e _ots, owever, a general met .Odfollowmg the procedures reported in the literaté#€2The reaction

to synthesize well-isolated crystalline nanostructures of perovskite

ides has b lacki hich has hindered detailed - ¢ Imixture was subsequently heated to 280for 6 h, resulting in a
oxides has been lacking, which has hindered detaried expenmentay, ;o precipitate composed of nanorod aggregates. Anisotropic
investigations on the size-dependent properties of these dXidfes.

Th thesis of lisolated kit tals is iust nanorod growth is most likely due to precursor decomposition and
€ synthesis of welisolaled perovskile nanocrystals 1S jus crystallization in a structured inverse micelle medium formed by
beginning to emerg&:2*

. ) i . . precursors and oleic acid under these reaction conditig#éwell-
The synthesis of BaTi9and SrTiQ nanorods is accomplished

; " : ) . isolated nanorods were obtained by sonication of the reaction
by solution-phase decomposition of bimetallic alkoxide precursors product followed by fractionation between water and hexane.

in the presence of coordinating ligands, similar to the methods usedanorods were collected from the hexane layer for further analysis.

i i 242 i . . . .
to prepare inorganic nanocrystals and nanofgd$:>+2" This Representative transmission electron microscope (TEM) images
reaction yields well-isolated nanorods with diameters ranging from BaTiO; and SrTiQ nanorods obtained from the syntheses are
5 to 60 nm and lengths reaching up *d.0 «m. These nanorods  presented in Figures 1 and 2. Analysis of these images reveals that
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are composed of single-crystalline cubic perovskite BaTadd the diameters of the BaTiand SrTiQ nanorods range from 5 to
SrTiO; with a principal axis of the unit cell preferentially aligned 60 nm. Nanorod lengths vary from a few hundred nanometers to
along the wire length. Nanorods of BaBi@nd SrTiQ provide tens of microns, and they increase with reaction time. Elemental

promising materials for fundamental investigations on nanoscale analysis indicates that these nanorods have stoichiometric propor-
ferroelectricity, piezoelectricity, and paraelectricity. The present tions of Ba (or Sr) and Ti. Analysis of the powder X-ray (Figure
synthetic method based on the solution-phase decomposition of1 inset) and electron diffraction patterns (Figure 2) demonstrates
bimetallic alkoxides may also provide a general route to synthesize that these nanorods are composed of crystalline Badi@ SrTiQ
other cubic perovskite materials into a nanorod féfm. with a cubic perovskite structure. The unit cell parameters for
In a typical reaction, a 10-fold molar excess of 30%Ok BaTiO; and SrTiQ are determined to be 4.03 and 3.90 A,
(Aldrich) was added at 100C to 10 mL of a heptadecane (Alfa  respectively, which are identical with those of the bulk cubic
Aesar, 99%) solution containing 10 mmol of bimetallic alkoxide materials3®
precursors and 1 mmol of oleic acid (Aldrich, -8%). The Convergent beam electron diffraction (CBED) patterns obtained
precursors, barium titanium isopropoxide (BaTi[OCHEE#) and from representative BaTiand SrTiQ nanorods are presented in
strontium titanium isopropoxide (SrTi[OCH(G}]¢), were prepared Figure 2, panels a and b, respectively. These CBED patterns exhibit
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Figure 2. (a) TEM image of a 30-nm diameter BaTi®anorod. Left
inset: Convergent beam electron diffraction (CBED) pattern obtained from
the same nanorod. Right inset: A high-resolution TEM image of the nanorod
that shows lattice fringes perpendicular to the [100] direction. (b) TEM
image of a 55-nm diameter SrTi@anorod. Left inset: Convergent beam
electron diffraction (CBED) pattern obtained from the same nanorod. Right
inset: A high-resolution TEM image of the nanorod that shows lattice
fringes perpendicular to the [100] direction.

sharp diffraction spots characteristic of crystalline Bag@nd
SrTiO;, in agreement with X-ray diffraction results obtained from
randomly oriented nanowire ensembles in Figure 1. Moreover, the
CBED patterns taken from different positions along the nanorod
are found to be identical within experimental accuracy, indicating
that the entire nanorod is a single crystal. Representative high-
resolution TEM (HRTEM) images of respective nanorods in Figure
2 (panels a and b) also confirm the single-crystalline nature of these
nanorods. Both the electron-diffraction patterns and the HRTEM
image in Figure 2 show that the principal axes of the BaTaéd
SrTiO; unit cells are aligned along the wire axis. Essentially all
BaTiO; and SrTiQ nanorods prepared from over 30 independent
synthesis runs exhibited identical crystalline behavior.

The present study shows that single-crystalline nanorods com-
posed of BaTi@and SrTiQ with a cubic perovskite structure can
be synthesized by a solution-based decomposition of bimetallic

alkoxide precursors. These nanorods should provide an ideal
candidate for fundamental studies of nanoscale ferroelectricity,
piezoelectricity, and paraelectricity. The synthetic strategy presented
here may be extended to other cubic perovskite nanorods with
different chemical compositions by choosing the appropriate
bimetallic alkoxide precursors.
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