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Nanoscale materials are of great interest due to their unique
optical, electrical, and magnetic properties compared with
bulk materials [1-6]. These properties are strongly
dependent on the size and the shape of the particle, and
therefore it is very important to be able to finely control the
morphology of the nanomaterials. In recent years, the
synthesis of one-dimensional nanomaterials such as nano-
wires, nanorods, or nanofibers has became the focus of
research work because the morphological anisotropy
results in many very complex physical properties and self-
assembly behaviors compared with those of spherical
nanoparticles [7-9].

Lanthanum hydroxide (La(OH);) has been used in many
fields, such as ceramic, superconductive materials, hydro-
gen storage materials, electrode materials, etc., especially
catalyst and sorbent materials [10, 11]. For all these
applications, the particle size, the agglomerated state, the
porosity, and the specific surface area are of major impor-
tance. Generally, these features are strongly dependent on
the preparation process and the used thermal treatment
method. The study of one-dimensional La(OH); has also
been of growing interest owing to the promising application
in nanoscale optoelectronic devices. Ma et al. [12] syn-
thesized poly-crystalline La(OH); nanorods via a hydro-
thermal method and Deng et al. [13] also obtained La(OH)3
nanorods under the similar conditions. Herein, we report a
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simple solvothermal route to the synthesis of La(OH);
nanorods, whose crystal growth habit is different from that
via the hydrothermal method reported by Ma et al. [12].
From this synthesis method, the single crystalline La(OH)3
nanorods can be synthesized with longer length and larger
diameter.

In a typical synthesis, 2 g of lanthanum nitrate
(La(NO3)3) was dissolved into 40 ml of distilled water to
form a clear solution. Then 20 ml of absolute ethanol and
20 ml of ethylene glycol monomethyl ether (HO
(CH,)OCH3;) were added into the solution. After that, 5 g
of NaOH was added into the above-mentioned solution to
form white slurry. At last, the white slurry was stirred for
10 min and transferred into a 100 ml Teflon-lined auto-
clave for a solvotherml process at 240 °C for 24 h. After
the solvotherml process, the gained white precipitation was
filtrated, washed with distilled water, and then dried in
oven at 110 °C for 12 h. The as-obtained product was
denominated as A. In addition, one sample prepared with
1 g of (La(NO3);) in initial reactant was denominated as B
and another sample prepared using pure water without
ethylene glycol monomethyl ether and absolute ethanol as
solvent with 1 g of (La(NOs)3) in initial reactant was
denominated as C (Table 1).

The phase purity of the as-prepared products was evi-
denced using D/max2500 X-ray diffractometer (XRD) with
monochromatized CuKo radiation (4 = 1.5406 A). The
diffraction peaks of the samples in Fig. 1 can be indexed to
the hexagonal La(OH);, whose calculated cell constants
were numerically close to the reported values of the bulk
materials in the standard card (a = 6.529 A and
c =3.859 A, JCPDS File No. 36-1481). No other phase
was detected in the final products. From the XRD patterns,
it is observed that the peaks of the sample C were con-
sistent with that in the standard card; the strongest peak is
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Table 1 Processing conditions and the notations of the samples

No Solvents (ml) La(NOj); Diameter Length

Water Ethanol HO(CH,)OCH, & (m) - (um)
A 40 20 20 2 >100  ~10
B 40 20 20 1 50-80 1~5
c 80 - - 1 20-30 02~ 1
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Fig. 1 Power X-ray diffractogram of the samples A, B and C with
hexagonal crystallographic assignments

[101] and the [300] appears as the shoulder peak of [211].
But, for the sample B, [100] becomes the strongest peak
and the splitting of [300] and [211] peak appeared to form
an obvious double peak. With increasing the amount of
initial reactant La(NOs);, the peak intensity continued to
increase but the peak of [101] weaken (see Fig. 1a, b).
The morphology of the as-synthesized La(OH); samples
was observed using transmission electron microscopy
(TEM, Hitachi-600-2, 75 kV). The typical TEM images of
the sample A, B and C are shown in Fig. 2. It can be seen
that the as-synthesized samples are totally composed of
uniform nanorods. The length and diameter of the as-syn-
thesized nanorods varies with the reaction conditions. The
lengths and diameter of the samples A and B prepared

Fig. 2 The TEM images
of the samples A, B and C
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using a mixed solvent were larger than that of the sample C
prepared using pure water. Increasing the amount of initial
reactant La(NO;); will also result in larger length and
diameter. For most nanorods from sample C, the length is
several hundred nanometers, and the diameter is
20-30 nm, as shown in Fig. 2c; for sample B, the length
several microns and diameter 50-80 nm; for sample A, the
length is tens of microns and the diameter is more than
100 nm.

Figure 3 shows high-resolution TEM (HRTEM, JEOL-
JEM-2010, 200 kV) images and the selected area electron
diffraction (SAED) patterns of the sample B and C,
respectively. HRTEM was employed to demonstrate the
crystalline structure and the growth direction of the
nanorods. It reveals that an individual La(OH); nanorod
has a uniform diameter, as shown in Fig. 3(B1) and (C1).
For the sample B, the lattice fringe spacing of 0.327 nm
is consistent with the interplanar spacing of the [110]
planes, and the growth direction of the nanorod makes an
angle of about 30° with the [110] lattice planes (see
Fig. 3B2). But, for the sample C, the lattice fringe spac-
ing is also 0.327 nm consistent with the interplanar
spacing between the [110] lattice, and the growth direc-
tion of the nanorod makes an angle of about 60° with the
[110] lattice planes (see Fig. 3C2). The HRTEM results
suggest that the change of the strongest peak in XRD
pattern is due to the preferential growth of nanorod along
different zone axis. The La(OH); nanorods prepared in
the mixed solvents grow nearly in the [100] direction, but
the La(OH); nanorods prepared in pure water grow in the
[101] direction. The HRTEM images taken from different
regions of the two single nanorods exhibit similar results,
indicating that the entire nanorods are of single crystalline
nature. The corresponding SAED patterns also prove that
the nanorods are single crystalline (see Fig. 3B3, C3).
The HRTEM results of the sample A (not shown here)
are similar to that of the sample B. The chemical com-
position of the as-prepared nanorods was analyzed by
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Fig. 3 The HRTEM images
and SAED patterns of the
samples B and C

energy-dispersive X-ray spectroscopy (EDS). The results
indicate that La and O elements of the sample A and B
are of an approximate molar ratio of 1:3, but La/O molar
ratio of the sample C is about 1:2. The reason will be
investigated in our next work.

The obtained La(OH); nanorods are of hexagonal
crystal structure, which is characteristic of highly aniso-
tropic growth. Consequently, the habit of anisotropic
growth is the inherent reason for the formation of
La(OH); nanorods. In our experimental, the resultant
La(OH); nanorods prepared using pure water as solvent at
240 °C are single crystalline nature, which is not fully
consistent with that by Ma et al. [12]. At the same time,
La(OH); nanorods prepared using the mixed solvent have
different crystal growth character comparing with that
using pure water as solvent. The growth rate of different
planes is dependent on its plane energy. In all the planes
of La(OH);, the (101) plane has the lowest plane energy,
i.e., the high growth rate, which results in the formation
of nanorod morphology in hydrothermal process. How-
ever, the reaction system used in our experimental pro-
vides an environment that changes the plane energies, i.e.,
adjusts the plane growth rate and alters the crystal growth
direction, which results in different XRD and HRTEM
results.

It was concluded that perfect La(OH); nanorods could
be obtained via a simple solvothermal method. According
to the SAED and HRTEM patterns, La(OH); nanorods are
single crystalline. Using the solvothermal methods, single
crystalline La(OH); nanorods could attained with longer
length and larger diameter than that using hydrothermal
method. A formation mechanism of the rodlike crystals is
tentatively suggested. It is our hope that this simple
aqueous solution synthetic route can be applied as a general
method for the preparation of other hydroxides with 1D
nanostructures.
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