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Uniform NaLuF4 nanowires and LuBO3 microdisks have been successfully prepared by a designed chemical con-
version method. The lutetium precursor nanowires were first prepared through a simple hydrothermal process.
Subsequently, uniformNaLuF4 nanowires and LuBO3microdisks were synthesized at the expense of the precursor by a
hydrothermal conversion process. The whole process was carried out in aqueous condition without any organic
solvents, surfactant, or catalyst. The conversion processes from precursor to the final products have been investigated
in detail. The as-obtained Eu3þ and Tb3þ-doped LuBO3 microdisks and NaLuF4 nanowires show strong characteristic
red and green emissions under ultraviolet excitation or low-voltage electron beam excitation. Moreover, the lumine-
scence colors of the Eu3þ and Tb3þ codoped LuBO3 samples can be tuned from red, orange, yellow, and green-yellow
to green by simply adjusting the relative doping concentrations of the activator ions under a single wavelength excitation,
which might find potential applications in the fields such as light display systems and optoelectronic devices.

1. Introduction

Nano/microstructures with well-defined shapes have
attracted increasing interest, and they are expected to be very
useful in a wide range of applications, such as nanoelectro-
nics, information storage, catalysis, and biosensors. The
preparation of nano/microsized inorganic materials with
specific morphology, which may have a great influence on
their physical properties, is required to meet different scien-
tific and technological needs.1-3 A variety of materials with
different shapes and sizes have been prepared such as
nanowires,4 nanorods,5 nanotubes,6 nanocubes,7 nanopyra-
mids,8 nanotriangles,9 and nanoplates.10 Recently, a number
of synthesis techniques have been developed to synthe-
size nano/submicrocrystals with uniform morphology, such
as solvothermal technique, sol-gel route, polyol process,

chemical vapor synthesis, coprecipitation method, and sono-
chemical synthesis. Besides all these methods, a promi-
sing chemical conversion route (sacrificial precursormethod)
hasdrawnour great attention.11-14Todate, somewell-defined
nano/microcrystals, especially various hollow structures and
one-dimensional nanomaterials, have been successfully pre-
pared by this conversion route.15-27 During the reaction, the
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precursors usually not only acted as the reactants but also
controlled the shape of the products as a template.
Recently, much research attention has been paid to the

synthesis of lanthanide compounds since they can be used for
high efficient phosphors, catalysts, and other functional
materials based on their novel electronic, optical, and che-
mical properties.28-32 Controlled synthesis of well-defined
lanthanide compoundswith uniformdimensions and shape is
of extraordinary importance because the electronic structure,
bonding, surface energy, and chemical reactivity are directly
related to their size and morphology. Up to now, numerous
efforts have been devoted to the exploration of various
convenient and efficient approaches for the fabrication
of different kinds of lanthanide compounds. Among the
various synthesis techniques, hydrothermal method as
a typical solution approach has been proven to be a facile
and general process for the synthesis of nano- and micro-
sized lanthanide compounds with special morphologies and
architectures.31-34

Recently, we have synthesized the uniform lutetium
precursor [Lu4O(OH)9(NO3)] nanowires through a simple
hydrothermal process without any organic solvents or sur-
factants.35 In this paper, the as-obtained precursor has been
successfully utilized to fabricate highly uniform NaLuF4

nanowires and LuBO3 microdisks by a facile hydrothermal
conversion process. Furthermore, the formation process
and luminescence properties of the as-synthesized lutetium
compounds have been investigated in detail.

2. Experimental Section

Ln(NO3)3 (Ln = Lu and Eu) and Tb(NO3)3 aqueous
solution were obtained by dissolving Ln2O3 (99.99%) and
Tb4O7 (99.99%) in dilute HNO3 solution under heating with
agitation.

2.1. Synthesis of Precursor Nanowires. The lutetium precur-
sors were prepared according to our previous work.35 In
a typical procedure, 4 mL of 0.5 M Lu(NO3)3 aqueous solution
was added to 35 mL of deionized water. Then 25 wt % of
ammonia solutionwas introduced to the solution until pH=10.
After additional agitation for 1 h, the as-obtained white colloi-
dal suspension was transferred to a 50 mL autoclave and heated
at 200 �C for 24 h. The precursor was washed for several times
and redispersed in 10 mL of deionized water.

2.2. Synthesis of NaLuF4 Nanowires. 0.5 g of NaF was
dissolved in 35 mL of deionized water, and then 5 mL of the
as-prepared precursor suspension was added with continuous
stirring. After additional agitation for 30 min, the mixture was
transferred to a 50 mL autoclave and maintained at 180 �C for
24 h. The white precipitate was obtained and washed with
deionized water, centrifuged, and dried at 60 �C in air.

2.3. Synthesis of LuBO3 Microdisks. 0.13 g of H3BO3

(2 mmol) was first dissolved in 35 mL of deionized water, and
then 5 mL of the as-prepared precursor suspension was added
with continuous stirring. After additional agitation for 30 min,

the mixture was transferred to a 50 mL autoclave and main-
tained at 220 �C for 24 h. The white precipitate was washed with
deionized water, centrifuged, and dried at 60 �C in air. A similar
process was employed to prepare Eu3þ andTb3þ doped lutetium
compounds except for adding a stoichiometric amount of Eu-
(NO3)3, Tb(NO3)3 instead of Lu(NO3)3 aqueous solution at the
initial stage.

For comparison, the bulk LuBO3:Eu
3þ and LuBO3:Tb

3þ

samples were prepared by a normal solid-state reaction (SSR)
using stoichiometric amounts of Lu2O3, Eu2O3, Tb4O7, and
H3BO3 (50%excess) at 1300 �C for 2 h. TheLuBO3:Eu

3þ sample
was synthesized directly in air, and the LuBO3:Tb

3þ sample was
obtained under a reducing atmosphere of CO.

2.4. Characterization. The samples were characterized by
powder X-ray diffraction (XRD) performed on a D8 Focus
diffractometer (Bruker). Fourier transform infrared spectros-
copy (FT-IR) spectra were measured with a Perkin-Elmer
580B infrared spectrophotometer with theKBr pellet technique.
The morphology of the samples was inspected using a scanning
electron microscope (SEM; S-4800, Hitachi). Transmission
electron microscopy (TEM) images and selected area electron
diffraction (SAED) patterns were obtained using a JEOL 2010
transmission electron microscope operating at 200 kV. Photo-
luminescence (PL) excitation and emission spectra were re-
corded with a Hitachi F-4500 spectrophotometer equipped
with a 150 W xenon lamp as the excitation source. The cath-
odoluminescence (CL) measurements were carried out in an
ultrahigh-vacuum chamber (<10-8 Torr), and the spectra were
recorded on an F-4500 spectrophotometer. The luminescence
decay curves were obtained from a Lecroy Wave Runner 6100

Figure 1. XRD patterns of (a) the precursor and the hydrothermal
conversion products: (b) NaLuF4 (180 �C, 24 h), and (c) LuBO3 (220 �C,
24 h).

Figure 2. FT-IR spectra of (a) the precursor and (b) LuBO3 micro-
disks.
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DigitalOscilloscope (1GHz) using a tunable laser (pulsewidth=
4 ns, gate = 50 ns) as the excitation (Continuum Sunlite OPO).
All measurements were performed at room temperature.

3. Results and Discussion

3.1. Phase Identification and Morphology. Figure 1
shows the X-ray diffraction patterns of the precursor
and the hydrothermal conversion products. It can be
concluded from Figure 1a that the precursor has a
structure of Lu4O(OH)9(NO3),

35 which is similar to the
monoclinic phase of Y4O(OH)9NO3 (JCPDS No. 79-
1352).36,37 After reacting with the NaF, or H3BO3 at
designed hydrothermal conditions, the precursor can be
converted to the pure phase of hexagonal NaLuF4

(JCPDS No. 27-0726) and hexagonal LuBO3 (JCPDS
No. 74-1938), respectively (Figure 1b,c). No impurity
peaks are observed, indicating the high purity of the final
products. It can also be seen that the diffraction peaks of
the NaLuF4 and LuBO3 samples are very sharp and
strong, indicating that the products with high crystallinity
can be synthesized by this method. This is important for
phosphors, because high crystallinity generallymeans less
traps and stronger luminescence.
Figure 2a shows the FT-IR spectrum of the as-ob-

tained lutetium precursor. The absorption bands at about
724, 832, 1065, and 1367 cm-1 confirm the existence of the
NO3

- groups. The sharp bands in the range of 3450-
3700 cm-1 are attributed to the stretching vibration of
OH- groups in the precursor. These results can support
the structure [Lu4O(OH)9(NO3)] of the precursor.35

Figure 2b shows the FT-IR spectra of the as-obtained
LuBO3 sample prepared at 220 �C for 24 h. It can be seen
that the characteristic bands of the NO3

- and OH-

groups of the precursor disappear after the hydro-
thermal conversion process. Instead, some intense bands
in the range of 800-1200 cm-1 (centered at 860, 920, and
1179 cm-1) appear (Figure 2b). The intense absorption
bands can be attributed to the characteristic vibrational
mode of the polyborate groupB3O9

9-. The IR absorption
bands at 860 and 920 cm-1 are assigned to ring-stretching

vibrationmodes, and the peak at 1179 cm-1 is assigned to
terminal stretching vibration modes.38,39 A small peak
near 575 cm-1 can be distinguished as an in-plane blend-
ing of the BO4 group or the BO3 group in vaterite-type
borates.39 The result provides additional evidence that
the precursor has completely converted to the LuBO3

sample after the hydrothermal process.
Figure 3 shows the SEM and TEM images observed

from the as-formed hydrothermal precursor, clearly in-
dicating that the lutetium precursor consists of uniform
nanowires in 100% morphological yield. The result
agrees well with the previous literature.35 The uniform
NaLuF4 nanowires can be obtained by the conversion
reaction of the wirelike lutetium precursor in the presence
of NaF solution under the hydrothermal condition at
180 �C for 24 h. Figure 4a,b shows the SEM images of the
NaLuF4 sample, which indicate that the product consists
of nanowires with diameters of 40-50 nm and lengths up
to several micrometers in 100%morphological yield. The
TEM images (Figure 4c,d) of the product are consistent
with the SEM observations. In addition, it can be ob-
served clearly from the TEM images that the uniform
nanowires are very straight. As shown by the above
results, one can see that both the precursor and NaLuF4

nanowires have uniform size along each nanowire as well
as a very smooth surface.
When the precursor reacted with H3BO3 under the

hydrothermal condition at 220 �C for 24 h, the LuBO3

product can be obtained (Figure 1). The SEM image with
a low magnification (Figure 5a) reveals that the as-pre-
pared LuBO3 sample is entirely comprised of microdisks
with a uniform size and well-defined round shape. As can
be seen from themagnified SEM images (Figure 5b,c), the
average diameter of the disks is about 2 μm. In addition, it
can be clearly seen that the as-prepared LuBO3 sample is
composed of some thinner microdisks, and these thinner
microdisks may be self-assembled into an integrated
structure along the longitudinal axis direction through
face-by-face attachment. TEM image (Figure 5d) further
confirms the perfect round shape of the sample, which

Figure 3. (a) SEM and (b) TEM images of the precursor.
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agrees well with the SEM observations. The SAED
pattern (inset in Figure 5d) of a single disk shows the
regular diffraction spots and confirms the single crystal-
line nature of the uniform microdisks.

3.2. Possible Formation Processes. On the basis of the
results mentioned above, it can be seen that the uniform
NaLuF4 nanowires andLuBO3microdisks can be prepared
by this simple hydrothermal conversion route from one
single precursor. The possible formation mechanisms
of the NaLuF4 nanowires and LuBO3 microdisks were

investigated indetail.Generally, there are twopossibleways
to explain the formation process of the products prepared
by the chemical conversion route. A possible explanation is
the ordinary template-aided nucleation and subsequent
crystal growth procedure. During the process, the reactant
deposits on the surface of the precursor and gradually re-
acts with the inner core to form the products.23,40,41

Figure 4. (a, b) SEM and (c, d) TEM images of the NaLuF4 nanowires.

Figure 5. SEM images (a, b, c) and TEM image (d) of LuBO3 microdisks. Inset in (d) is the corresponding SAED pattern taken from a single disk.
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Another possible explanation is the dissolution-renuclea-
tion mechanism. In this process, the precursor dissolves
gradually in solution and then reacts with the reactants to
form new crystals of the products.26,42,43

In the present study, we hypothesize that the formation
process of the NaLuF4 nanowires can be expressed as an
interface chemical transformation mechanism (the former
mechanism). Up to now, some one-dimensional (1D)
inorganic materials, such as GdVO4 nanorods,23 CdTe
nanotubes,24 and CePO4 nanotubes,

44 have been success-
fully obtained by the interface chemical transformation
process from their corresponding 1D precursors. During
the conversion process, the precursors are employed as
both the physical and chemical templates, which not only
cast the morphology of the precursors but also afford a
reactant source to initiate an interface reaction. In the
formation process of the NaLuF4 nanowires, the as-
obtained products were formed by a surface deposition
with a subsequent crystal growth procedure, during which
the F- and Naþ ions in solution were deposited onto
the surface of the lutetium precursor nanowires and
then reacted gradually with the Lu3þ from the precursor
to generate NaLuF4. Furthermore, because in the hexago-
nal NaLuF4 crystals Naþ ions are randomly dispersed in
different sites, they canbe easily trapped into the crystals to
form a more stable hexagonal phase of NaLuF4 under the
thermodynamic driving force effect.41 Subsequently, the
interface chemical transformation gradually continued to
occur with the inner core in the hydrothermal conditions,
resulting in the pure hexagonal NaLuF4 nanowires.

The reaction time-dependent experiments were per-
formed to investigate the conversion process of LuBO3

microdisks. When the reaction was carried out at 220 �C
for 1 h, the precursor was kept unchanged, and no LuBO3

sample can be found (Figure 6a). By increasing the
reaction time to 2 h, a large amount of LuBO3microdisks
appeared immediately, and only a small quantity of the
precursor existed, which adhered to the surfaces of
LuBO3 microcrystals (Figure 6b). It indicates that the
formation process of the LuBO3 sample is very fast. With
the extension of the reaction time to 3 h or longer, the
precursor disappeared completely and converted to pure
LuBO3 microdisks (Figure 6c,d). The result is in good
accordance with the XRD results (Figure S1 in the
Supporting Information). When the reaction was carried
out for 6 h (Figure 6d), the diameters of the microdisks
have no obvious change, but some single microdisks are
stacked face to face (inset in Figure 6d). By increasing the
reaction time to 24 h, the uniform and well-dispersed
multilayered LuBO3 microdisks are obtained (Figure 5).
On the basis of the SEM results and analysis, it can be
assumed that the original thinner microdisks are self-
assembled into an integrated structure along the long-
itudinal axis direction through face-by-face attachment
driven by the minimization of the total surface energy of
the system (Figures 5 and 6). It indicates that the forma-
tion of the final thicker microdisks is the result of self-
assembly of the round thinner microdisks via the oriented
aggregation mechanism.45-47 Moreover, the thinner mi-
crodisks that are assembled the multilayered microstruc-
ture are uniform in diameter. This phenomenon can also

Figure 6. SEM images of the samples prepared at 220 �C for (a) 1 h, (b) 2 h, (c) 3 h, and (d) 6 h by using H3BO3 as reactant after the hydrothermal
conversion process. Insets in (c) and (d) are the corresponding enlarged SEM images.
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occur in the formation of LaF3 and EuF3 plate-built
cylinders which are assembled by uniform LaF3 and
EuF3 nanodisks.48,49 On the basis of the reaction time-
dependent evolution evidence, we can conclude that the
conversion process from precursor nanowires to LuBO3

microdisks can be rationally expressed as a dissolution-
renucleation mechanism (the latter mechanism). A sche-
matic illustration of the possible detailed conversion
processes from the precursor nanowires to the final
products is presented in Scheme 1.

3.3. Luminescence Properties. It is well-known that the
lanthanide orthoborates and fluorides are very excellent
host lattice for the luminescence of various optically
active lanthanide ions.38,39,41,50-52 However, for the
study of luminescence, the lutetium compounds have
been rarely studied.53,54 Here, the luminescence proper-
ties of the Eu3þ and Tb3þ ions doped LuBO3 microdisks
and NaLuF4 nanowires were investigated.
The XRD patterns of Eu3þ and Tb3þ doped LuBO3

samples with different relative doping concentrations
(Figure S2 in the Supporting Information) exhibit the
peaks of pure hexagonal LuBO3 (JCPDS No. 74-1938),
indicating that the activator ions have been effectively
doped into the LuBO3 host lattice. Under short-wave-
length UV light excitation, the as-obtained LuBO3:Eu

3þ

and LuBO3:Tb
3þ samples exhibit strong red and green

emissions, respectively. The photoluminescence (PL) ex-
citation spectrum of the LuBO3:5%Eu3þ sample consists
of a strong absorption band centered at 235 nm and some
weak lines, which are due to the charge transfer band
between the O2- and Eu3þ ions and the f-f transitions of
the Eu3þ ions, respectively (Figure S3a in the Supporting
Information). Upon excitation at 235 nm, the emission
spectrum of LuBO3:Eu

3þ is composed of a group of lines
at about 579, 591, 609 (627), 650 nm, which can be
attributed to 5D0-7FJ (J = 0, 1, 2, 3) transition lines of
the Eu3þ ions, respectively (Figure 7a).53 For compari-
son, the emission spectrum of bulk LuBO3:5%Eu3þ

sample prepared by solid-state reaction (SSR) is shown
in Figure 7b. It can be clearly seen that the main peak
positions in the emission spectra of the two samples are

identical, but the relative intensity of 5D0-7F1 and
5D0-7F2 transitions of Eu

3þ ions differ to some extent.
The LuBO3:5%Eu3þ sample prepared by the hydrother-
mal conversion method has a better chromaticity than
that of the bulk sample, which can be confirmed by the
CIE (Commission Internationale de I’Eclairage 1931)
chromaticity diagram (points a and g in Figure 9). This
improvement is especially important for a red phosphor-
like LuBO3:Eu

3þ, whose application has always been
restricted by its relatively poor chromaticity. The im-
provement of the color chromaticity can be attributed
to the distinct microstructure of the assembly. The multi-
layered microdisks possess especially large surface areas
and high surface energies, whichwould not only provide a
driving force for the self-assembly but also result in a high
degree of disorder near the surface and corresponding
lower symmetry of crystal field around Eu3þ ions than
in the bulk materials.50,55 According to the Judd-Ofelt
theory,56 a lower symmetry of crystal field around
Eu3þ ions would result in a higher R/O value (R = red,
5D0-

7F2; O = orange, 5D0-
7F1) and a higher color

chromaticity.
The excitation spectrum of the LuBO3:5%Tb3þ sample

is mainly composed of two intense bands. The bands
centered at 243 and 286 nm can be attributed to the spin-
allowed transition (ΔS = 0) with higher energy and the
spin-forbidden transition (ΔS = 1) with lower energy
from the 4f to 5d of the Tb3þ ions, respectively (Figure
S3b in the Supporting Information). Under excitation at
243 nm, the emission spectrum of LuBO3:5%Tb3þ con-
sists of a group of lines centered at about 488, 542, 582,
and618nm,whichcorresponds to the 5D4-7FJ (J=6,5,4, 3)
transitions of the Tb3þ ions, respectively (Figure 7c).
From the emission spectrumofLuBO3:5%Tb3þprepared
by the solid-state reaction (Figure 7d), we can see that the
two emission spectra are basically identical. It is well-
known that the Tb3þ ions can be easily oxidized during
the calcination process in air, so the Tb3þ doped LuBO3

sample should be synthesized in a reducing atmosphere at
high temperature, which involves a complicated reaction
process. In this case, the green-emitting LuBO3:Tb

3þ

phosphor could be prepared by the hydrothermal con-
version method without reducing atmosphere.
In order to investigate the tunable PL properties of the

LuBO3microdisks, we have codoped Eu3þ and Tb3þ ions
with different relative concentrations into LuBO3 host
lattice (total concentration: 5 mol %). The emission

Scheme 1. Schematic Illustration for the Possible Conversion Processes of NaLuF4 Nanowires and LuBO3 Microdisks
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spectra of the Eu3þ and Tb3þ codoped LuBO3 samples
under the excitation at 241 nm are shown in Figure 8. It
can be seen that the as-obtained pure Eu3þ doped LuBO3

sample shows strong red emission under UV light excita-
tion.When the Tb3þ ionswere doped into the LuBO3 host
lattice, the characteristic emission of the Tb3þ ions can be
observed besides the Eu3þ emission. With increasing the

relative concentration ratio of Tb3þ/Eu3þ, the lumine-
scence of the Eu3þ ions gradually decreases, and that of
Tb3þ increases obviously. Finally, the pure Tb3þ doped
LuBO3 sample shows bright green emission. As a result,
the photoluminescence color can be tuned from red,
orange, yellow, and green-yellow, to green by simply
adjusting the relative doping concentrations of the Tb3þ

and Eu3þ ions. The result can be confirmed by the
corresponding CIE chromaticity diagram for the emis-
sion spectra of the Eu3þand Tb3þ codoped LuBO3 sam-
ples (Figure 9). This result indicates that the as-obtained
phosphors could show merits of multicolor emissions in
the visible region when excited by a single wavelength
light, which might find potential applications in the fields
such as light display systems and optoelectronic devices.
The photoluminescence properties of Eu3þ and Tb3þ

dopedNaLuF4 nanowires were investigated (Figure S4 in
the Supporting Information). The emission spectrum of
the NaLuF4:Eu

3þ sample consists of the characteristic
emission lines associated with the Eu3þ transitions from
the excited 5D0 levels to the 7FJ (J = 1, 2, 3, 4) levels
(Figure S4a in the Supporting Information). Upon ex-
citation at 357 nm, the emission spectrum of the NaLuF4:
Tb3þ sample exhibits four obvious lines centered at 489,
546, 583, and 620 nm, originating from the transitions
from the 5D4 excited state to the

7FJ (J=6, 5, 4, 3) ground
states of the Tb3þ ions, respectively (Figure S4b in the
Supporting Information). The results agree well with the
previous literature.54

The photoluminescence decay curves of the as-
obtained phosphors were also investigated. The decay
curves of the LuBO3:Eu

3þ, LuBO3:Tb
3þ, NaLuF4:Eu

3þ,
andNaLuF4:Tb

3þ samples indicate that all the curves can

Figure 7. PL emission spectra of the as-prepared LuBO3:5%Eu3þ (a, b) and LuBO3:5%Tb3þ (c, d) samples prepared by the hydrothermal conversion
method and solid-state reaction (SSR).

Figure 8. PL emission spectra of the Eu3þ and Tb3þ codoped LuBO3

samples under the excitation at 241 nm (total concentration: 5 mol %).
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bewell fitted into a single exponential function as I(t)= I0
exp(-t/τ), in which τ is the decay lifetime. The lifetimes are
determined to be 1.990, 5.037, 0.514, and 1.496 ms for
LuBO3:Eu

3þ, LuBO3:Tb
3þ, NaLuF4:Eu

3þ, andNaLuF4:
Tb3þ samples, respectively (Figure S5 in the Supporting
Information).
Figure 10 shows the typical cathodoluminescence

(CL) spectra of LuBO3:Eu
3þ and LuBO3:Tb

3þ micro-
disks under the excitation of a low-voltage electron
beam. It can be observed that the Eu3þ- and Tb3þ-doped
LuBO3 phosphors show strong red and green emissions
under the excitation of low-voltage electron beam, and
the CL spectra are basically identical with their corre-
sponding PL emission spectra (Figure 7). However, the
relative intensity of the emission peaks in photolumines-
cence and cathodoluminescence spectra varies, which
may be caused by the different excitation mechanisms.
The CL emission intensities for LuBO3:5%Eu3þ and
LuBO3:5%Tb3þ phosphors were investigated as a func-
tion of the accelerating voltage and the filament current
(Figure S6 in the Supporting Information). Under a
101 mA electron beam excitation, the CL intensities
increase with rising the accelerating voltage from 2.5 to
4.5 kV (Figure S6a in the Supporting Information).
Similarly, the CL intensities increase with increasing
the filament current from 94 to 102 mA (Figure S6b in
the Supporting Information) when the accelerating vol-
tage is fixed at 3 kV. The increase in CL brightness with
an increase in electron energy and filament current are
attributed to a deeper penetration of electrons into the
phosphor’s body and the larger electron beam current
density. For cathodoluminescence, the Eu3þ and Tb3þ

ions are excited by the plasma produced by the incident
electrons. With the increase of accelerating voltage or
filament current, more plasma will be produced by the
incident electrons, resulting in more excited activa-
tor ions and higher CL emission intensities. Due to the

strong low voltage CL intensity and excellent disper-
sing properties of the phosphors, the Eu3þ and Tb3þ

doped LuBO3 microdisks are potentially applied in field
emission display devices.

4. Conclusions

In summary, we highlight a general and facile chemical
conversion method to fabricate uniform NaLuF4 nanowires
and LuBO3 microdisks. The morphology, crystal structure,
and luminescence properties were characterized by XRD,
FT-IR, SEM, TEM, PL, CL, and kinetic decays, respec-
tively. The possiblemechanisms of the conversion process for
the products have been discussed in detail. Under ultraviolet
or low-voltage electron beam excitation, the Eu3þ and Tb3þ

doped lutetium compounds show strong emissions with red
and green colors, respectively. Moreover, the PL emission
colors of the Eu3þ and Tb3þ codoped LuBO3microdisks can
be tuned from red, orange, yellow, and green-yellow to green
by adjusting the relative doping concentrations of the acti-
vator ions, which indicates that the as-obtained phosphors
could show merits of multicolor emissions in the visible
region when excited by a single wavelength excitation.
Furthermore, this general and facile route may be of much
significance in the synthesis of many other lanthanide com-
pounds with various shapes.
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Figure 10. Typical CL spectra of (a) LuBO3:5%Eu3þ and (b) LuBO3:
5%Tb3þ microdisks (accelerating voltage: 3 kV; filament current:
98 mA).

Figure 9. CIE chromaticity diagram for the emission spectra of the
as-obtained Eu3þ and Tb3þ codoped LuBO3 samples: (a) 5% Eu3þ;
(b) 4% Eu3þ, 1% Tb3þ; (c) 3% Eu3þ, 2% Tb3þ; (d) 2% Eu3þ, 3%
Tb3þ; (e) 1% Eu3þ, 4% Tb3þ; (f) 5% Tb3þ; and (g) the bulk LuBO3:5%
Eu3þ sample prepared by solid-state reaction (SSR).
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Supporting Information Available: XRD patterns of the as-
obtained samples prepared at 220 �C for different reaction times
by usingH3BO3 as reactants (Figure S1); XRDpatterns of Eu3þ

and Tb3þ doped LuBO3 samples with different relative doping
concentrations (Figure S2); excitation spectra of the LuBO3:
5%Eu3þ and LuBO3:5%Tb3þ microdisks (Figure S3); emission

spectra of NaLuF4:Eu
3þ and NaLuF4:Tb

3þ nanowires (Figure
S4); decay curves of the as-obtained phosphors (Figure S5);
and CL emission intensities for LuBO3:5%Eu3þ and LuBO3:
5%Tb3þ as a function of the accelerating voltage and the
filament current (Figure S6). This material is available free of
charge via the Internet at http://pubs.acs.org.


