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The tubular nanostructure has attracted much attention since the
discovery of carbon nanotubésThe potential applications of
nanotubes in the electric devices, sensors, and others due to theik_
special physical and chemical properties have been also proposed. §
Up to now, some inorganic nanotubes such as sulfides, nitrides,
and oxides have been fabricated.Rare earth compounds have
been widely used as high-performance luminescent devices,
magnets, catalysts, and other functional materials based on the
electronic, optical, and chemical characteristics arising from their |
4f electrons. Recently, some rare earth compound nanotubes have g
been produced by many researchérd2 Among the rare earth
elements, the luminescence of ¥uis particularly interesting  Figure 1. (a) Typical SEM image of EiDs nanotube arrays; inset shows
because the major emission band is centered near 612 nm, whicHN€ Z20om in view of vertical s nanotube array with a scale bar of 200
. . . nm. (b) Typical TEM image of the E®3; nanotubes.
is one of the three primary colors. Therefore3Ehas been studied
intensively as a luminescent activator in many host latfie&b03
is one of the most important oxide phosphors and has been
investigated thoroughly. E@3; nanoparticles have been prepared
by means of laser evaporatiéhsol—gel !> and colloidal chemis-
try.16 However, to the best of our knowledge, no reports on the
synthesis of ExO3; nanotube have been published to date.

Here, the EpO3z nanotube arrays were prepared successfully by
an improved scetgel method combined with porous anodic alumina
templates. In a traditional sebel template process, the templates
are usually dipped into the relevant sols directly; the only driving
force of this technique is capillary action. If a higher-concentration
sol is used, filling the pores will be difficult, especially for small-
pore diameter templates, but low concentration leads to nanoma-
terials with serious shrinkage and cracking. In recent years, the
sol—gel electrophoresis deposition has been developed to fabricate
1D nanostructureS.However, this process is usually very complex
and requires special equipment; moreover, some element oxides
cannot be obtained by this method because the suitable sols are

difficult to prepare and the relative negative redox potentials make : RS _
Figure 2. (a) Single E4Os; nanotube and its SAED pattern (inset). (b)

electrophor§SIS deposition ImpOSSIble !n aqueous solution, for HREM image of a nanotube. (c) HREM image of nanotube indicated
example, binary rare earth oxides. In this work, the method used ;, ().

to prepare ExO; nanotubes can overcome these limitations to a
certain extent. was increased to 158C and kept constantly at this temperature
The porous anodic alumina (PAA) templates used in this work for 1 h, then was increased to 70 and kept for 10 h.
were prepared by a two-step aluminum anodic oxidation process The as-synthesized sample was examined by X-ray diffraction
in a 0.3 M oxalic acid solution, which are similar to those described (XRD) measurements on a Philips X'pert PRO diffractometer with
previously!81°Nitrate of Eu was prepared via dissolved,Byin Cu Ka radiation. The diffraction peaks can be indexed to a cubic-
nitric acid, and urea used in this experiment was A.R. grade. In a structured EpOs phase with a cell constant af= 1.085 nm, which
typical experiment, an amount of nitrate of Eu was dissolved into are close to the reported values of the bulk (JCPDS File No. 86-
deionized water to form a 0.01 M aqueous solution of nitrate, the 2476).
pH value of the solution was adjusted to near neutral using The morphology of the as-synthesized sample was obtained with
ammonia, and then urea was added into the solution; the molarfield emission electron microscopy (FE-SEM). Figure 1a illustrates
ratio of Eu and urea was 1:20. The PAA template was put into a the top view image of the B®@; nanotube arrays grown within a
vessel which contained an appropriate amount of the above- PAA template. The micrograph shows that the nanotubes are
mentioned nitrate solution. Then, the temperature of the vessel wasroughly parallel to each other, vertically oriented on the PAA
kept at 80°C for 72 h. Subsequently, the PAA template was taken template to form an array, and the outer diameter of these nanotubes
out and put into a tube furnace. The temperature of the tube furnaceis about 56-80 nm, corresponding to the diameter of channels in
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Figure 3. Luminescence spectrum (excitation at 254 nm) of,@u

nanotubes at room temperature.

the PAA template. The inset of Figure la is a high-magnification
FE-SEM image showing clearly the morphology of the vertical
nanotube arrays. It is found that almost all the pores in PAA
templates are filled with EXD; nanotubes. A typical TEM image

of Ew,O3 nanotubes is depicted in Figure 1b. It can be observed
that large-scale BE@; nanotubes were produced and that the outer
diameters of the EXD; nanotubes obtained are about 70 nm with
their shapes clearly replicating the pore structure of PAA templates.
The thickness of the wall is estimated to be around 5 nm. The image
of a single EgO3 nanotube is shown in Figure 2a. The open end

Solution Sol particles Sintered Eu:0: nanotube

Figure 4. Schematic illustration of the sebel template process for making
EwO3 nanotubes.

Eut and the pH value. This process took place within the pores
and the solution simultaneously. In this experiment, the sol particles
were negatively charged; meanwhile, the pore walls of the PAA
were positively charge#l. Thus, the density of sol particles was
larger near the wall of pores, and it was reasonable that the
nanotubes first formed near wall areas of the pores and then
extended to the center area gradually. Subsequently, the template
was taken out of the sol and sintered in a tube furnace. During the
sintering process, the sol within the PAA’s nanochannels would
be changed into gel by the condensation reactions, and the gel was
further turned into ExO; nanocrystallines.

of nanotube can be seen clearly. The inset of Figure 2a presents Acknowledgment. This work was supported by the Ministry
the selected area electron diffraction (SAED) pattern taken from a of Science and Technology of China (Grant No. 1999064501).
single nanotube. While the presence of the ring pattern evidences

the formation of polycrystalline E®s, the strong (222) ring
indicates that the crystals do have preferred growth orientation.
Figure 2b shows a high-resolution electron microscopy (HREM)
image of a nanotube. Figure 2c is the enlarged image of the frame
in Figure 2b. This image reveals that the nanotube is polycrystalline
with interplanar spacing of about 0.319 nm, which corresponds to
(222) planes. It can be seen that most of the particles align to the
same direction, which is consistent with the SAED image. To further
confirm the composition of the as-prepared nanotube, the energy
dispersion X-ray (EDX) spectrum was recorded. Eu and O are
observed with an estimated atomic ratio of 2:3.

The optical property of the E®@; nanotubes was characterized
by a fluorescence spectrometer with an excitation wavelength of
254 nm. The strong emission peak at 612 nm, which is due to the
forced electric dipole transitiorP@o — 7F,) can be seen clearly
(Figure 3). It indicates that the cubic phase,@uhas been pro-
duced? The peak is obviously broadened compared with that of
bulk EwOs.

A schematic of the possible formation process of@&nano-
tubes is shown in Figure 4. In our experiments, the templates were
dipped into the mixed solution containing europium nitrate and urea.
Because the viscosity of the solution was lower than that of sol,
the solution was easier to fill into the pores of the templates. When

Supporting Information Available: X-ray diffraction pattern of
EwO3 nanotubes; EDX of the single ED; nanotube. This material is
available free of charge via the Internet at http://pubs.acs.org.
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