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COMMUNICATION

The first rare-earth fluoride
one-dimensional
nanostructures: template
synthesis of LnF3; (Lnh =Eu,
La) nanotubes

Xiaojing LU and Yin PENG (X))

Uniformly ordered crystal EuF; and LaF; nanotubes
were prepared using alumina film as a nanochannel
reactor, and characterized by scanning electron micro-
scope (SEM), transmission electron microscope (TEM),
and X-ray powder diffraction (XRD). These nanotubes
have outer diameters in the range of 200-350 nm, inner
diameters of 100-250 nm and length up to 30 pm. The
fabrication method is simple, efficient and easy to
control. It can be used to prepare a wide range of
inorganic nanomaterials.
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1 Introduction

Rare-earth fluorides are a class of materials with great
potential in optical applications. Fluoride lattices allow high
coordination numbers for the hosted rare-earth ions. On the
other hand, the high ionicity of the rare-earth-to-fluorine bond
leads to a wide bandgap and very low vibrational energies.
These two factors in particular contribute to their usability in
optical applications based on vacuum ultraviolet (VUV) and
near-infrared (NIR) excitation.

The synthesis of rare-earth fluoride (such as LaF;, CeFs,
GdF;, YF;, LaF;:Eu/Er/Nd/Ho, CeF;:Tb, GdFs;/LaFs;,
NaREF,, NaYF,;:Yb, Er/Tm) nanocrystals has drawn parti-
cular attention [1-14]. As we know, the REF3 nanocrystals are
generally prepared through some limited, wet chemical routes
involving modified precipitation [7—10], hydrothermal treat-
ment [11-13], microemulsion [6], and polyol [1] methods,
which are based on the liquid precipitation reaction between
the rare-earth nitrates/chlorides and NaF/NH4F. Recently, Sun
et al. presented the systematic synthesis of high-quality REF;
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and REOF (RE=La to Lu, Y) nanocrystals in the shape of
triangular, truncatedtriangular, hexagonal [14]. They also
synthesized polygonal nanoplates of trigonal REF;, quad-
rilateral, and zigzag-shaped nanoplates of orthorhombic
REF3;, and nanopolyhedra and nanorods of cubic REOF by
using the thermolysis of [RE (CF;COO);] in oleic acid/
oleylamine/1-octadece. However, it still remains a challenge
to develop a new route towards a general synthesis method of
high-quality REF; nanocrystals.

Ever since the discovery of carbon nanotubes by Iijima, the
synthesis of tubular nanomaterials has aroused worldwide
interest both in fundamental studies and in potential
applications such as chemical sensors, catalysts and storage
and/or release systems [15—18]. However, to our knowledge,
the synthesis of tubular structures of rare earth fluorides has
not been reported yet. Such materials would be of great
significance because of their possible novel properties due to
their reduced dimensionality. In this communication, we
reported a high-yield synthesis of EuF; and LaF; nanotubes
using porous alumina membrane channel as a reaction vessel,
a very simple, low-cost method.

2 Experimental

Porous alumina membranes (Anodise®) purchased from
Whatman Inc. (scanning electron microscope (SEM) images
revealed a pore diameter range of 200-360 nm) were cleaned
for 15 min in an ultrasonic bath using solvents of water,
methanol, acetone, chloroform and hexane, respectively. After
dried in vacuum, the alumina membrane was put in the middle
of two silica half-cells that separate the two cells. 0.02 mol- L™
of Ln*" (Ln=Eu, La) and 0.02 mol-L™' of F~ aqueous
solution of the same volume were poured into each cell. The
reaction processed for 48 h at ambient temperature. Ln** and
F~ would enter the pores of the alumina membrane and form
nanotubes. After the completion of the reaction, the resulting
LnF3/Al,05 composite was washed with de-ionized water for
six times. Then it was dipped into 2 mol-L™' NaOH aqueous
solution for 45min in order to partially remove alumina
membrane, and for 5h to remove the membrane substrate
completely. Finally the product was rinsed with de-ionized
water for ten times.

X-ray powder diffraction (XRD) was carried out on an
XRD-6000 (Japan) X-ray diffractometer with Cu-Ka radia-
tion (A= 0.154060 nm) at a scanning rate of 0.05°-s™" in the 26
range from 10° to 80°. High-resolution transmission electron
microscopy (HRTEM) was performed using JEOL 2010
microscope with an accelerating voltage of 200kV. SEM
images and energy-dispersive X-ray (EDX) spectrometry
were obtained using a LEO-1350 VP scanning electron
microanalysis instrument.
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3 Results and discussion

The phase purity of the products was examined by XRD
measurement. The peaks shown in Figure 1(a) are all in good
agreement with those of the JCPDS data of EuF; with
hexagonal and orthorhombic phases. The peaks at 26 values of
28.58°, 52.45°, 58.61° correspond to the crystal planes of
(111), (302), and (114) of EuF3 with hexagonal phase (JCPDS
32-0373). The peaks at 26 values of 42.28° and 49.41°
correspond to the crystal planes of (221) and (022) (JCPDS 33-
0542) of crystalline EuF; with orthorhombic phase. All of the
peaks of the XRD pattern in Figure 1(b) can be readily indexed
to a pure hexagonal phase of LaF; with lattice constants a =
72A, c=7.375A (JCPDS 84-0942). The peaks at 26 values
of 24.52°, 27.35°, 43.39°, 50.58°, 52.15° and 70.35°
correspond to the crystal planes of (110), (111), (300), (220),
(221), and (141) of the crystalline LaF3, respectively.

Field emission scanning electron microscopic (FE-SEM)
images of the products are shown in Figure 2. As can be seen,
the products consist of a tubular 1D nanostructure with outer
diameters of 200-350 nm, inner diameters of 100-250 nm,
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and length up to 30 pm which correspond to the thickness of
the used template membrane. The nanotubes were separated
from one another. The individual nanotubes were dense and
continuous with a uniform diameter throughout their entire
length. EDX attached to FE-SEM in Figure 3 further
confirmed that the composition of nanotubes were Ln** and
F~ with atomic ratios of ca. 1:3.

The HRTEM images shown in Figure 4 indicate that EuF;
and LaF3 have single crystal structures. There are two kinds of
fringe in Figure 4(a) spacing with 0.35 and 0.39 nm,
respectively. They correspond to the interplanar (111), (002)
distance of hexagonal EuF;. In Figure 4(b), the fringe
spacings of 0.31 and 0.34 nm correspond to the interplanar
(111), (020) distances of hexagonal LaFj, respectively. These
results are in accordance with the results of XRD.

It is noted that similar results were obtained when the
concentrations of Ln** and F~ were varied from 0.007 to
0.1mol-L™" and from 0.03 to 0.1 mol-L™', respectively, or
when lanthanide chloride was changed to lanthanide nitrate,
or when ammonium fluoride was used instead of sodium

fluoride.
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Figure 1 XRD patterns of (a) EuF; and (b) LaF; nanotubes.

Figure 2 SEM images of (a) EuF; nanotubes from the reaction of 0.02 mol-L! Eu(NO;); with 0.06 mol-L ' NH,F for 48 h; (b) LaF3
nanotubes from the reaction of 0.02 mol-L ' La(NOs); with 0.06 mol-L ™' NaF for 24 h.
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Figure 3 The energy dispersive X-ray spectra of (a) EuF; and (b) LaF; nanotubes.
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Figure 4 HRTEM images of (a) EuF; and (b) LaF; nanotubes.
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