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Highly ordered LaTbey:Eu3+ nanowire arrays have been synthesised in anodic aluminium oxide template by chemical co-deposition at
negative pressure suction, it is amorphous and with homogeneous morphologies. There are two peaks at 619 and 704 nm with excitation
wavelength of 394 nm, which have red shift slightly relative to the Dy—°F, and *Do—'F, energy level transition of Eu®*, and Tb**
exhibits strong fluorescence enhancement and sensitisation in LaTbey:Eu3+ nanowire arrays with the existence of La**. The fluorescence
intensity of LaTbey:Eu3+ nanowire arrays is related to the doping concentration of Eu®* ion. When the doping concentration of Eu*" is
8%, the fluorescence intensity reaches a maximum, and remarkably decreases at higher concentrations.

1. Introduction: Recently, rare earth(RE) nanostructured materials
have been intensively studied due to their potential applications in
many fields such as optical display [1-5], medical imaging [6—11],
gaseous sensor [12—16], bio-labelling [17-21] etc., all these come
from the 4f electronic structure of RE element. It is well known
that RE elements possess narrow bandgap between 4f and S5d
orbits, and the 4f electrons can easily transfer to 5d orbit, which
leads to various oxidation states and plentiful luminescent
performances for RE elements. As a result, RE elements or RE
compounds are usually qualified as luminescent host materials or
luminescent material activators. Nowadays, RE oxide and doped
RE oxide nanostructured materials have been widely studied due
to their excellent bio-compatibility and non-poisonous advantage.
As a result, RE oxide nanostructured materials can be used in
medical optical display, biomedical engineering, and targeted
drug deliver [22-33]. To make them applicable to the fields
mentioned above, it is critical to construct the RE oxide
nanostructures with highly ordered and homogeneous structure in
precise dimensions. In fact, controllable synthesis is still the first
goal for nanostructured materials and the prerequisite for
applications in nanodevices.

In this Letter, highly ordered LaTbey:Eu3 * nanowire arrays have
been synthesised in anodic aluminium oxide (AAQO) template by
chemical co-deposition at negative pressure suction, and the synthe-
sis process is discussed. The fluorescent performances of LaTb,O,:
Eu®" nanowire arrays are investigated, and the results show it pos-
sesses the fluorescence emission in red light area, which is useful in
medical imaging or cell labelling.

2. Experimental

2.1. Fabrication: An AAO template with nanopore diameter
of 100 nm was first installed to a decompression pumping
device and the gas tightness was checked. RE(NO;);(RE=Tb,
La, and Eu) solution and sodium hydroxide (NaOH) solution
were prepared at 0.05, 0.05, 0.05, and 0.1 M. The mixed solution
(in proportion) of Tb(NO;);, La(NOjz);, Eu(NO;); and the
NaOH solution were alternately dropped on the AAO template,
and were immediately adhered to the nanopore walls of the AAO
template by Coanda effect under the action of negative pressure.
The nanopores of AAO template serve as nanoreactors. The
precursor of hydroxide composed of terbium, lanthanum, and
europium was obtained by the chemical co-deposition, which
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was annealed in a muffle furnace. The temperature was raised to
300°C at a heating rate of 1°C/min, maintained for 2 h, and
then, naturally cooled to room temperature. The samples of
LaTbey:Eu3+ nanowire arrays wrapped up in AAO template
were fabricated.

2.2. Characterisation: The samples of LaTbey:Eu3+ nanowire
arrays wrapped up in AAO template were first etched by 5 wt%
NaOH solution for 5 min at room temperature to remove the
partially AAO template, and washed by distilled water several
times, then, dried in air and sprayed with gold for scanning
electron microscopy (SEM) (S4800). Similarly, the samples were
etched by 5wt% NaOH solution for 10 min to isolate the
LaTbXOy:Eu3+ nanowire arrays from the AAO template, washed
with distilled water, and then, dispersed in alcohol for transmission
electron microscopy (TEM) (JEM-2100) characterisation. The
structure and chemical composition of LaTbey:Eu3+ nanowire
arrays were characterised by X-ray diffraction (XRD)
(MXP18AHF, Cu Ka, 1=1.5406 A) and energy dispersive X-ray
analysis (EDS) (JEOL-2010), respectively. The fluorescence prop-
erties of the LaTbXOy:Eu3+ nanowire arrays were measured by fluor-
escence spectrometer (PerkinElmer LS-55), xenon discharge lamp
was used as the excitation light source and the excitation wave-
length was 394 nm.

3. Results and discussion: Fig. 1 shows the SEM images of
LaTbey:Eu3+ nanowire arrays, front view in Fig. la and side
view in Fig. 15. These SEM images show that LaTbXOy:Eu3 " nano-
wire arrays are highly ordered, uniform in size, and homogeneous
structure in morphology, which could supply nanostructured
material for biomedical engineering or nanodevice. Fig. 2 is TEM
image of a single LaTbey:Eu3+ nanowire, and the selected area
electron diffraction (SAED) is inserted. The length of a single nano-
wire is about 5 um and the diameter of LaTbey:Eu3+ nanowire
arrays are around 100 nm. To obtain uniform morphologies of
LaTbey:Eu3+ nanowire arrays, many influencing factors have to
be taken into account such as concentration of reactants, suction
pressure of decompression, heating rate, and thermal decomposition
temperature etc. In fact, the concentrations of reactants should be
much higher than that of the equilibrium concentration for solubil-
ity product constant (Kg,), which will ensure the precursor of
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Fig. 1 SEM image of LaTl b,COy:Eu3+ nanowire arrays
a Front view
b Side view
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Fig. 2 TEM image of LaTbh,0,: Eu’™ nanowire, the inset image is SAED of
LaTb,0,: Eu’* nanowire
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Fig. 3 XRD spectrum of LaTb,0,: Eu’" nanowire arrays
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hydroxide in amorphous structure, the aim of preparing amorphous
LaTbey:Eu3+ nanowire arrays. However, if the concentrations
of reactants are too large, the precursor of hydroxide will
accumulate immediately in the surface of AAO template due
to the fast reaction of chemical co-deposition, which blocked
the reactants into the nanopores of AAO template, and the
chemical co-deposition in nanopores will stop. For the suction pres-
sure, 0.01 MPa suction pressure is suitable according to our experi-
ments. If the vacuum degree is too high, the solution of reactants
will quickly overflow the nanopores of AAO template, and no pre-
cursor of hydroxide was formed in the AAO template. To form a
uniform and homogeneous nanostructure, the decomposition tem-
perature and heating rate for the precursor of hydroxide should be
carefully controlled, because there will be amount of H,O to
release during the process of thermal decomposition for the precur-
sor. If the H,O is released too fast, many defects will be left in the
surface morphology of LaTb,(Oy:Eu3 " nanowires. The XRD spec-
trum of LaTbey:Eu3+ nanowire arrays is shown in Fig. 3, which
is consistent with the SAED inserted in Fig. 2. The amorphous
structure will ensure the uniformity of LaTbey:Eu3+ nanowire
arrays in physical properties and avoid defects for anisotropy of
crystal structure in optical display, which could extend their
scope of applications. Fig. 4 is the EDS spectrum of LaTb,0,:
Eu®" nanowire arrays, which confirms the existence of terbium,
lanthanum, and europium elements. The peaks of aluminium,
oxygen, and platinum are from AAO template and the process of
metal spraying.

The fluorescent spectra of LaTbey:Eu3+ nanowire arrays are
shown in Fig. 5a. There are two emission peaks at 619 and
704 nm with excitation wavelength of 394 nm, which have red
shift relative to the peaks of 615 and 702 nm corresponding
to the Do—F, and *Dy—"F, energy level transition of Eu*". Tb*>"
exhibits strong fluorescence enhancement and sensitisation in
LaTb,0,:Eu’" nanowire arrays with the existence of La’". To
study the fluorescence enhancement and sensitisation of Tb>*, the
fluorescent spectra of LaxOy:Eu3 " nanowire arrays are investigated
and shown in Fig. 5. Compared to Figs. 5a and b, the fluorescence
intensity of LaTb,0,:Eu’" nanowire arrays is much stronger than
that of the La,O,:Eu *, the fluorescence enhancement and sensitisa-
tion of Tb>" are obvious in LaTbXOy:Eu3+ nanowire arrays.
Meanwhile, lanthanum, as a matrix, plays a key role of stabilising
the luminescent properties in LaTbey:Eu3+ nanowire arrays. In
addition, the fluorescence intensity of LaTbey:Eu3+ nanowire
arrays is related to the doping concentration of Eu®*. When the
doping concentration of Eu®’ is 8%, the fluorescence intensity
reaches a maximum, and remarkably decreases at higher concentra-
tions. It may be a result of fluorescence quenching related to the
lattice deformation, which in turn is determined by the concentra-
tion of Eu®" ions in the lattice.
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Fig. 4 EDS spectrum of LaTb,0,: Eu’" nanowire arrays
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Fig. 5 Fluorescence spectra
a LaTb,0,: Eu*" nanowire arrays
b La,0,: Eu®" nanowire arrays

4. Conclusions: Highly ordered LaTbey:Eu3+ nanowire arrays
have been synthesised in AAO template by chemical
co-deposition at negative pressure suction, which are amorphous,
and possess precise dimension and homogeneous morphologies.
There are two emission peaks at 619 and 704 nm with excitation
wavelength of 394 nm, which have red shift relative to the peaks
of 615 and 702 nm corresponding to the SDy—2F, and *Dy—"F,
energy level transition of Eu®". Tb*" exhibits strong fluorescence
enhancement and sensitisation in LaTbXOy:Eu3+ nanowire arrays
with the existence of La®>". The doping concentration of Eu*"
influences the fluorescence intensity of LaTbXOy:Eu3+ nanowire
arrays, which reaches a maximum with doping concentration of
Eu®* at 8%, and remarkably decreases at higher doping
concentrations.
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