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LaPO,Ln3" (Ln*"= Ce®", Tb®*") and LaPO4:Ce® ", Th®"/LaPO, core/shell nanowires have been synthesized on a
large scale through a direct precipitation in a water-based system under moderate conditions without the assistance of
any surfactant, catalyst, or template. The diameters of the obtained nanowires are about 15 nm, and the lengths range
from a few hundred nanometers to several micrometers. The influences of the solution acidity, reaction time, and
proportion of ethanol to water on the final products were investigated in detail. It was found that the lengths of
nanowires can be efficiently controlled by adjusting the reaction conditions. The formation mechanism of the products
is proposed on the basis of time-dependent experiments as well as the crystal structure of the products. The lumine-
scent properties of the products were also studied. A LaPO, shell on the LaPO,:Ce®" Th®" nanowires can greatly
increase the intensity of the product, and the thickness of the shell also has an important effect on the intensity of the

product. The method is a novel and facile route for the synthesis of one-dimensional lanthanide phosphates.

1. Introduction

Recently, one-dimensional (1D) nanostructures such as
wires, rods, belts, and tubes have become the focus of inten-
sive research because they are expected to play an important
role in both interconnectors and functional units for the
fabrication of nanodevices of electronics, optoelectronics,
and biochemical sensing.'® Among the 1D nanomaterials,
nanowires have played key roles in the fabrication of these
nanodevices. >’

As an important sort of phosphors, lanthanide-doped
nanomaterials have formed a class of highly luminescent
materials that display narrow emission bands as well as long
luminescence decay times in the range of milliseconds, which
may have potential applications in transparent luminescence
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layers, luminescence fillers in transparent matrices, fluore-
scence resonance energy transfer (FRET) assays, biolabelin$,
optical imaging, biomedical applications, and so on.*™"
Among these lanthanide inorganic salts, rare earth (RE)
orthophosphates (REPO,) have been widely used in the pro-
duction of luminescence or laser materials, moisture sensors,
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heat-resistant materials, and nuclear waste disposal,”™*' due to
their hi%h chemical stability, high quantum yield, and low
toxicity. 2 At the same time, it has also been found that the
quantum yield of nanomaterials is usually lower than that of
the corresponding bulk materials because of the numerous
defects on the surface of nanomaterials. A proper shell of an
undoped material around each nanomaterial can efficiently
confine the excitation to the core and eliminate nonradiative
relaxation pathways. Recently, monazite-type CePO4Tb/
LaPO, core/shell nanoparticles with 70% PL quantum yield
have been synthesized by a liquid-phase synthesis in high-
boiling point coordinating solvents, and CePO4:Tb/LaPOy
core/shell nanowires have been synthesized using hydro-
thermal methods.***

Up to now, many synthesis methodologies have been
employed for the synthesis of nanowires including templates,
ligand control, and oriented attachment.>>*° For the synthesis
of 1D LnPO4 nanowires, hydrothermal synthesis was often
used, and few reports were focused on 1D LnPO,4 nanowires or
LnPOy core/shell nanowires prepared using direct precipitation
in a water-based system under moderate conditions.***’~%
Compared with the hydrothermal method, solution-based
direct precipitation syntheses possess some advantages, such
as inexpensive facilities, low reaction temperatures, safe reac-
tion processes, easily controllable reaction conditions, low
production cost, and a large amount of product. Furthermore,
compared with the synthesis in the organic solvents, a water-
based system would provide a relatively green chemical alter-
native to prepare various nanomaterials because it does not
involve toxic organic solvents. For these reasons, the water-
based systems as a more attractive route for the shape-
controlled synthesis of nanomaterials have recently received
more and more attention.

In this paper, we present a new example of the synthesis
of highly uniform LaPO,Ln*" (Ln*" = Ce*", Tb*") and
LaPO4:Ce*", Tb>*/LaPO, core/shell nanowires. The novel-
ties of our study include mainly the following aspects: (i) Our
method is used to synthesize lanthanide phosphate nanowires
and core/shell nanowires for the first time. (ii) Our method
offers a facile, green, and low-cost route to synthesize LaPOy:
Ln*" (Ln*" = Ce*", Tb’") and LaPO,:Ce*", Tb’*/LaPO,
core/shell nanowires on a large scale without using any
surfactant, catalyst, or template during the synthesis process.

2. Experimental Section

La05(99.999%), Tb407(99.999%), and Ce(NOs);- 6H,O
were purchased from Wuxi Yiteng Rare-Earth Limited Cor-
poration. All of the other analytical grade reagents were
purchased from Beijing Chemical Corporation and used as
received without further purification.

2.1. Synthesis of LH(NO3)3'6H20. La(NO3)3 . 6H20, La0.55-
Cep.45(NO3)3-6H,0, LaggsThg,15(NO3)3-6H,0, and Lag 4Ceo 4s-
Tb0.|5(NO3)3'6H20 were obtained by dissolving L3.203, Tb407,
and Ce(INOj3);-6H,O with exact compositions (stoichiometry)
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and amounts in a dilute HNO; solution under heating with
agitation and subsequently were evaporated until the desired
products were obtained.

2.2. Synthesis of LaPO4Ln*" (Ln*"= Ce**, Th**) Nano-
wires. In a typical synthesis, 2 mmol of Lag s5Ceq45(NO3)3-
6H,0 (or Lag g5Tbo 15(NO3)3-6H,0 or Lag 4Ceg.45Tbg.15(NO3)3+
6H,0) was dissolved in deionized water. An ethanol—water
solution containing 3 mmol of (NH4),HPO,4-12H,O was then
added into the above solution (the amounts of ethanol range from
0 to 20 mL). The pH value of the obtained solution was adjusted
by using HNOj3 (the amounts of HNO; range from 2 to4 mL). The
obtained transparent solution was subsequently transferred into a
100 mL round flask and maintained at different temperatures
(30—100 °C) for a certain time (2 min to 7.5 h; reflux conditions
were used for the reaction at 100 °C). After cooling to room
temperature naturally, the precipitate was collected and washed
with deionized water and ethanol several times. The final products
were dried at 60 °C for 12 h in the air.

2.3. Synthesis of LaPO4Ce’",Th*"/LaPO, and LaPOy:
Ce>*,Th*>"[LaPO4:Ce*", Th*" Core/Shell Nanowires. The syn-
thesis of the LaPO,:Ce*", Tb>" nanowires was the same as the
above, but maintained at 90 °C for 5 h. A quarter of the obtained
LaPO4:Ce*", Tb*" product was dispersed into a La(NOs); (or
La(NO3);:Ce**, Tb>") aqueous solution by vigorous sonicating
for 15 min, and the resulting suspension changed into a cream-
colored colloidal solution. The ethanol—water solution contain-
ing (NH4)>,HPO,4 was added into the above solution under
stirring, and the pH value of the obtained suspension solution
was subsequently adjusted by using corresponding amounts of
HNO; Then, the obtained colloidal solution was transferred
into a 100 mL round flask and maintained at 90 °C for another
Sh. After cooling to room temperature naturally, the precipitate
was collected and washed with deionized water and ethanol
several times. The final products were dried at 60 °C for 12 h in
the air.

2.4. Characterizations. XRD patterns were measured by a
Rigaku-D X-ray powder diffractometer with Cu Ko radiation
(A=1.5418 A). The morphology of the samples was inspected
using a field emission scanning electron microscope (HITACHI
S-4800). TEM images were collected on a TF20 Transmission
Electron Microscope (TEM) operating at an accelerating vol-
tage of 200 kV. Excitation and emission spectra were recorded
with a HITACHI F-4500 fluorescence spectrophotometer
equipped with a 150 W xenon lamp as the excitation source.

3. Results and Discussion

Figure 1 shows the XRD patterns of the LaPO,:Ce’"
samples obtained at different temperatures for 7.5 h. When
the reaction temperature was lower than 90 °C, all the
diffraction peaks could be readily indexed to the hexagonal
phase of LaPO, (JCPDS card 75-1881); no additional peaks
of other phases have been found. As the temperature was
increased to 100 °C, the peaks of monoclinic phase of LaPO,
could be observed. All of the diffraction peaks are apparently
broadened because of the small size of the nanowires.

Figure 2 shows the SEM images of the LaPO,:Ce*"
samples obtained at different temperatures for 7.5 h. It can
be found that the reaction temperature has an important
effect on the length of the nanowires. When the reaction
temperature was lower than 90 °C, the length of the obtained
nanowires increased with the temperature. When the reaction
temperature was controlled at 90 °C, the products were
composed of superlong nanowires. Their diameters are about
10 nm, and their lengths range from a few hundred nano-
meters to several micrometers. However, as the reaction
temperature was increased to 100 °C, the length of the
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Figure 1. XRD patterns of the LaPO,:Ce®" nanowires obtained at
different temperatures for 7.5 h.

Figure 2. SEM images of the LaPO,:Ce*" samples obtained at different
temperatures for 7.5 h. (a, 30 °C; b, 60 °C; ¢, 90 °C; d, 100 °C).

nanowires became short and nonuniform due to the phase
conversion.

The introduction of different lanthanide ions has little
effect on the phase structures of the g)roducts. The XRD
patterns of the LaPO,:Ce’", LaPO4Tb*", and LaPO4:Ce’ ™,
TbTobtained at 90 °C for 7.5 h (Figure S1) illustrate that all
of the diffraction peaks can be readily indexed to the
hexagonal phase of LaPQy, indicating that the other lantha-
nide ions have been effectively doped into the hexagonal
phase of the LaPOy host lattice. The corresponding SEM
images illustrate that all of the products are composed of
superlong nanowires, their diameters are about 10 nm, and
the lengths range from a few hundred nanometers to several
micrometers (Figure 3). At the same time, it is noted that the
lengths of these nanowires change with the variation of the
doped lanthanide ions. Figure 3d exhibits the energy dis-
persive X-ray spectrum (EDX) of LaPO4:Ce’", Tb*", con-
firming the presence of La, Ce, Tb, P, and O in the product
(Si from the Si substrate).

The outgrowth of a LaPO, shell on the LaPO4:Ce® ", Tb*"
core nanowires also has little effect on the phase structure of
the products. The XRD patterns of the LaPO,:Ce**, Tb**
and LaPO,:Ce*", Tb>*/LaPO, core/shell nanowires obtained
with different concentrations of LaPQ, indicate that these
products also have the same hexagonal phase of LaPO,
(Figure S2, Supporting Information). This result reveals no
qualitative difference in structure between the nanowires and
the core/shell nanowires. However, the narrowed XRD peaks

Yang et al.

Figure 3. SEM images of the different lanthanide-ion -doped LaPOy:
Ln*" nanowires prepared at 90 °C for 7.5 h (a, LaPO,:Ce*"; b, LaPOy:
Tb*"; ¢, LaPO,:Ce® ", Tb*") and EDX pattern of LaPO4:Ce** Tb** (d).

Figure 4. SEM images of the LaPO,:Ce’" Tb*" nanowires (a) and
LaPO4:Ce3+,Tb3+/LaPO4 core/shell nanowires with different concentra-
tions of LaPOy (b, 0.1 mol/L; ¢, 0.2 mol/L; d, 0.3 mol/L).

with the increase of the concentration of LaPO, may indicate
the formation of LaPO,4:Ce**, Tb*"/LaPOy core/shell nano-
structures in a certain way. To further confirm the formation
of LaPO4:Ce® ", Tb*"/LaPO, core/shell nanostructures, the
SEM images were acquired. Figure 4 shows the SEM images
of the LaPO,Ce*",Tb’" and LaPO,:Ce*",Tb’*/LaPO,
core/shell nanowires obtained with different concentrations
of LaPQ,. It can be observed from the images that the
diameter of the products increases with the increase of the
concentration of LaPO,. When the concentration of LaPOy,
was increased to 0.3 mol/L, the diameter of the obtained
nanowires was about double that of the core nanowires
(Figure 4a), confirming the successful outgrowth of a shell
on the core nanowires of the LaPO,:Ce**, Tb**.

The LaPO,:Ce*" nanowires obtained at 90 °C for 5 h and
LaPO4:Ce’", Tb*"/LaPO, core/shell nanowires with 0.3 mol/
L LaPQ, are further characterized by TEM, HRTEM, and a
fast Fourier transform pattern (FFT), as shown in Figure 5.
The TEM image of the LaPO,:Ce** nanowires further con-
firms the observation in the above SEM image (Figure 5a). A
typical HRTEM image of LaPO4:Ce®" nanowires shows
resolved (001) and (100) planes (Figure 5b). The (001) planes
are oriented perpendicular to the nanowire growth axis,
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Figure 5. TEM (a), HRTEM images and FFT patterns of the LaPO,:
Ce’", Tb** nanowires obtained at 90 °C for 5 h (b) and LaPO,:Ce**, Tb>*/
LaPO, core/shell nanowires with 0.3 mol/L LaPOy (c).

indicating the direction of nanowire growth is along the
¢ axis. The HRTEM image of LaPO,:Ce*", Tb’*/LaPO,
core/shell nanowires (Figure 5¢) confirms the successfully
outgrowth of a shell on the core nanowires, as indicated by
the black arrow. From the image, it can be found that the
distribution of the thickness of the shell is not uniform. The
thickness is about 2 nm at the top of the nanorods, but it
becomes thin at the other parts, which can be explained by the
preferred growth direction along the ¢ axis. The lattice fringes
are continuous from the core to the shell, indicating that the
growth of the LaPQy, shell on the surface of the LaPO,:Ce’",
Tb’core nanowires appears to be epitaxially coherent. The
corresponding fast Fourier transform (FFT) pattern (inset
Figure 5b,c) further demonstrates that the as-synthesized
nanowires are of a well-crystallized hexagonal LnPO, single
crystal.

In order to understand the formation of different lengths of
the LaPO,:Ln*" (Ln*" = Ce*", Tb>") nanowires, the nano-
wires of LaPQO,, CePO,, and TbPO,4 were prepared under the
same reaction conditions. Their XRD patterns (Figure S3,
Supporting Information) indicate that they possess the same
hexagonal phase of LnPO,4. The SEM images of the products
(Figure 6) exhibit that their diameters are similar, but their
lengths are obviously different. Among the three samples, the
length of the CePO4 nanowires is longest, while that of the
TbPO,4 nanowires is shortest. This result is consistent with the
length variation tendency of the LaPO,:Ce®", LaPO, Tb> ",
and LaPO,:Ce*", Tb>" nanowires, indicating that the intro-
duction of different rare earth ions can affect the crystal
growth.

The influential factors on the growth of the LaPO,:Ln*"
nanowires were also investigated in detail. First, the solution
acidity has an important effect on the morphology of the
products. The XRD patterns of the products obtained with

Inorganic Chemistry, Vol. 49, No. 11,2010 4999

Figure 7. SEM images of the LaPO,:Ce** samples obtained at 90 °C for
7.5 h with different amounts of concentrated HNOj3 (a,2mL; b, 2.5mL; c,
3.5mL;d, 4 mL.).

different amounts of HNO; (Figure S4, Supporting In-
formation) indicate that the phase structure of the products
has no change with the variations of the amounts of HNO;.
The SEM images (Figure 7) display that the change of the
amount of HNO; has an important influence on the length
as well as the aggregation morphology of nanowires. When
the content of HNO; was 2 mL, the length of the obtained
nanowires was nonuniform (Figure 7a). With an increase
of the amount of HNOs, the lengths of the nanowires in-
creased and became uniform (Figure 7b,c). As the content of
HNO; was further increased to 4 mL, the length of the
nanowires increased dramatically and assembled together
(Figure 7d).

Second, the amount of ethanol added into the solution also
played an important role in controlling the final morpholo-
gies of the products. Figure 8 shows the SEM images of the
LaPO,:Ce*" samples obtained at 90 °C for 7.5 h with
different amounts of ethanol. It can be found that the length
of the obtained nanowires increased with the amount of
ethanol being lower than 10 mL. As the amount of ethanol
further increased to 15 mL, the nanowires became short again
and aggregated together to form bundles. The XRD patterns
(Figure S5, Supporting Information) reveal that the phase
structures of the obtained nanowires do not change with the
variation of the amount of ethanol.
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Figure 8. SEM images of LaPO,:Ce*" samples obtained at 90 °C for 7.5 h
with different amounts of ethanol (a, 0 mL; b, SmL; ¢, 10 mL; d, 15mL.).

In order to investigate the growth mechanism of the
nanowires, the time-dependent experiments were further
performed. Figure 9 exhibits the SEM images of the nano-
wires gathered at different reaction times. When the reaction
time is only 2 min, small nanorods are obtained (Figure 9a).
The length of the nanorods increases, while their diameter
changes little with the increase of the reaction time (Figure 9b,
¢). The length of the nanowires increases to 500 nm as the
reaction time is prolonged to 30 min (Figure 9d). The length of
the nanowires increases continually to several micrometers,
while their diameters still remain at about 15—20 nm with
prolonging the reaction time (Figure 9e,f). This result indi-
cates that the length of the nanowires can be efficiently
controlled by adjusting the reaction time.

On the basis of the above experimental results and analysis,
this surfactant/ligand-free exclusive anisotropic growth of
nanowires first can be understood from the viewpoint of the
intrinsic structure of hexagonal LaPOy, which is inner 1D
infinite linear chains. Viewing along the a axis, one can find
that the crystal structure of hexagonal LaPO, can be des-
cribed as infinite linear chains parallel to the ¢ axis (Figure S6,
Supporting Information). Meanwhile, the activation energy
of the growth at the ¢ axis direction is lower than that at the
direction perpendicular to the ¢ axis direction from a thermo-
dynamic perspective.’® These imply a higher growth rate
along the ¢ axis and a lower one perpendicular to the ¢ axis. It
is the structural feature that plays an important role in the
highly preferential growth along the ¢ axis to form one-
dimensional nanowires. Furthermore, the strong pH-depen-
dent relation with the lengths and the aggregation of the
nanowires is due to the sensitive influence of the pH on the
solute concentrations ([Ln*"] and [PO,’"]), which suggests
that the 1D growth stage was rightly captured by maintaining
the solute concentrations in the correct range through the
control of the pH. This obvious 1D growth stage observed
here is also in agreement with the previous model proposed
by Yu et al. and Peng and Peng®' ** Therefore, we can
concluded that the promotion of the anisotropic growth of
nanowires in this surfactant/ligand-free system is mainly
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Figure 9. SEM images of the LaPO4:Ce*" samples obtained at 90 °C
with different reaction times (a, 2 min; b, 4 min; ¢, 8§ min; d, 30 min; e, 60
min; f, 7.5 h.).

governed by a general cooperation effect, including the intri-
nsic structure features, the local solution details, and so on.
According to the time-dependent experiments, the growth
progress of the nanowires is speculated. At the beginning
of the reaction, nuclei were produced in the solution;
these nuclei grew into nanowires in the subsequent growth
progress.

Figure 10a shows the excitation and emission spectra of the
LaPO4:Ce*". The excitation spectrum shows a broad band
centered at 278 nm, which corresponds to the transitions
from the ground state *Fs, to excited 5d states of the Ce*
ions. The emission spectrum exhibits a strong ultraviolet
broad band centered at 344 nm, which is due to the 5d — 4f
transitions of the Ce®" ions.***> The excitation spectrum of
the LaPO,:Tb>" monitored with the D, — F5 transition
consists of two strong bands and several weak bands from the
UV to visible regions (Figure 10b). The strong band at about
225 nm is ascribed to the spin allowed transition, while the
weak band at about 260 nm is due to the spin-forbidden
transition of the Tb® " ions. The remaining weak sharp bands
are assi%ned to the intra-4f® transitions from the "Fg to °Fs 4,
5H7_4, DLO’ 5L]0_7, 5G6—29 and 5D2_4 levels of the Tijr
ions.*® The emission spectrum under 260 nm excitation
consists of four bands located at about 489, 543, 583, and
620 nm. The four bands are attributed to the Dy — "F , (J=6,
5, 4, 3) transitions of the Tb>" ions, respectively. The
excitation spectrum of the LaPO,:Ce*", Tb>" monitored at
543 nm consists of the strong excitation bands of the Ce®"
ions and weak excitation bands of the Tb*" ions (Figure 10c),
revealing that the Tb*" ions are essentially excited through

(34) Yang, M.; You, H. P.; Zheng, Y. H.; Liu, K.; Jia, G.; Song, Y. H.;
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Figure 10. Excitation and emission spectra of the LaPO4:Ln** samples
obtained at 90 °C for 7.5 h (a, LaPO,:Ce**; b, LaPO,Tb>*; ¢, LaPOy:
Ce*", Tb*"; all the measurements of the spectra were operated under the
same conditions).

the Ce** ions. In fact, several weak f—f excitation bands of
the Tb>" ions are just present in the region of the Ce’"
emission. Thus, the energy transfer from the Ce*" to Th*"
ions occurs.’” The emission spectrum of the LaPO4Ce’",
Tb*" contains both a weak emission band of the Ce’* ions
and strong green emission bands of the Tb** jons, indicating
that the energy transfer from the Ce* to Tb?* ions is highly
efficient because the emission peak of the Ce*" ions in this
host matches well with the f—f absorptions of the Tb> " ions.
This result is similar to that observed in the bulk powder
materials. ™’ Comparing with the emission intensity of the
LaPO,:Tb*", one can find that the emission intensity of the
LaPO,:Ce*", Tb*" increases dramatically.

Figure 11 shows the emission sPectra of the LaPO,:Ce’*,
Tb*" nanowires and LaPO,Ce’", Tb*"/LaPO, core/shell
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Figure 11. Emission spectra of the LaPO4:Ce*", Tb>" nanowires and
LaPO4:Ce3+,Tb3+/LaPO4 core/shell nanowires obtained with different
concentrations of LaPO, (all the measurements of the spectra were
operated under the same conditions).

nanowires with different concentrations of LaPQO,. From
the spectra, it can be found that the growth of a LaPO, shell
on the LaPO,:Ce*", Tb>* nanowires can efficiently increase
the emission intensity of the products. In general, radiative
mechanisms compete with nonradiative mechanisms. Lumi-
nescence of nanomaterials often depends on radiative relaxa-
tion from a higher state excited to a ground state of rare earth
ions, while the surface is most often associated with non-
radiative recombination and quenching of the luminescent
mechanisms because it deviates from the typically ordered
crystal structure including atomic arrangement, composition,
surface topography, adsorbed gas, defects, and so on. These
changes can greatly decrease the emission intensity of the
nanophosg)hors by nonradiative mechanisms in luminescence
processes.*””* In our case, the Ce*™ and Tb>* ions in the La-
PO,:Ce**,Tb>" nanowires can be divided into two types: one
is at the surface of the nanowires, and the other is in the
“bulk”. The structures of these surface Ce*" and Tb*" ions
deviate from the typically ordered crystal structure. This
change gives rise to the formation of different kinds of defects
surrounding the Ce** and Tb*>" ions, which generate lumine-
scent quenching centers. When the LaPOy shell was out-
grown on the LaPO4:Ce*", Tb*" nanowires, the LaPO,:Ce*
Tb** core nanowires increased, some surface Ce** and Tb**
ions went into the “bulk” of the nanowires, and the defects
of the surrounding Ce*" and Tb*" ions decreased. These
changes reduce the nonradiative pathways and suppress the
luminescence quenching in the energy-transfer process. As a
result, the emission intensity of the LaPO,:Ce*", Tb>*/LaPO,
core/shell nanowires increases. From the spectra, it also can
be observed that the thickness of the shell also has an
important influence on the intensity of the products. When
the thickness of the shell was kept in a certain range, the
emission intensity of the LaPO,:Ce*", Tb*" increased with
the thickness of the shell, but when the thickness was out of
this range, the emission intensity decreased again, due to the
shell of the LaPO, inhabiting the absorption of the inner
LaPO,:Ce*", Tb*".

Figure 12 gives the emission spectra of the LaPQ4:Ce’",
Tb*"/LaPO, core/shell nanowire and LaPO,:Ce’" Tb*"/
LaPO,:Ce*", Tb>" core/shell nanowires. One can note that
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Figure 12. Emission spectra of the LaPO,:Ce*", Tb>*/LaPOy core/shell
nanowires (a) and LaPO4:Ce*t, Tb*"/ LaPO4Ce*t, Tb>" nanowires (b)
obtained under the same reaction conditions (all the measurements of the
spectra were operated under the same conditions).

the luminescent intensity of LaPO,:Ce*", Tb*"/LaPO, core/
shell nanowires is indeed higher than that of LaPO,:Ce’",
Tb*"/ LaPO,:Ce*", Tb>" core/shell nanowires. This result
further supports that the LaPOy shell grew on the LaPOy:
Ce** Tb** core nanowires, as the surface Ce** and Tb>* ions
can go into the “bulk” of the LaPO,:Ce*", Tb**/LaPO, core/
shell nanowire when the shell of LaPOy is outgrown.

4. Conclusion

In summary, we have successfully synthesized super-long
LaPO,Ln*" (Ln*t= Ce**, Tb>") nanowires and LaPO,:
Ce** Tb>*/LaPO, core/shell nanowires through a direct
precipitation in a water-based system under moderate condi-
tions without any surfactant, catalyst, or template. The
diameters of the nanowires are about 15 nm. The lengths of
nanowires can be efficiently controlled by adjusting the
reaction times, which range from a few hundred nanometers

Yang et al.

to several micrometers. The HRTEM image of LaPO,:Ce*",
Tb*"/LaPO, core/shell nanowires confirms the successful
outgrowth of the shell on the core nanowires. The influences
of the solution acidity, reaction time, and proportion of
ethanol to water on the final products have been explored.
The formation mechanism of the products is due to the inner
crystal structure of the hexagonal LaPO, and high chemical
potential of unique facets. The emission intensity of the
LaPO,:Ce*", Tb>" nanowires is stronger than that of the La-
PO, Tb*" nanowires, due to the efficient energy transfer
from the Ce*™ to Tb*" ions. The obtained LaPO,:Ce*",
Tb>* nanowires show strong green luminescence. Moreover,
the growth of the LaPO, shell on LaPO4:Ce’ ", Tb*" nano-
wires can further increase the emission intensity, which may
have a potential application in nanodevices of electronics,
optoelectronics, and biochemical sensing.
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