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Novel tube-like Y,Sn,O7:Tb** crystals with pyrochlore
structure have been successfully synthesized via a hydrothermal
route. The experimental results show that ammonia plays a key
role in the fabrication of Y,Sn,0,:Tb3* with tube-like morphol-
ogy. The photoluminescence spectra indicate that the tube-like
Y,Sn,07:Tb** crystals emit strong green light at 543 nm under UV
excitation. The growth mechanism of tube-like Y,Sn,O7:Tb3*+
crystals is proposed.

Lanthanide stannates (Ln,Sn,O;, Ln =Y and La-Lu) with
pyrochlore structure have attracted much interest in recent years
for a wide variety of properties and applications.'® As is known,
the crystallite size and morphology can influence the properties
of materials.” To date, many efforts have been devoted to the
controlled synthesis of Ln,Sn,0 with various morphologies and
sizes. Lu et al. have prepared a series of Ln,Sn,0O; nanocrystals,
which display irregular shapes and agglomerates.” Irregular
morphology is the common character of solution-synthesized
Ln,Sn,0; nanocrystals.>® Moon et al.’ and Fu et al.* have
reported a hydrothermal approach for the synthesis of
La,Sn,0-:Eu’* micrometer-sized spheres assembled with nano-
crystals, which emitted strong orange-red light under UV
excitation. Similar Y,Sn,O; crystals with sphere morphology
have been produced.'® La,Sn,0; nanorods have been fabricated
in ethanol solvent, and the emission intensity of the nanorods
was stronger than that of the phosphor with other morpholo-
gies,11 Zhu et al.'? have synthesized flower-like La,Sn,05
nanostructures assembled with nanorods. Zeng et al.’ have
successfully synthesized La,;Sn,O; nanocubes with good photo-
catalytic activities through hydrothermal route. 3D octahedral
La,Sn,O7:Eu’* crystals with high luminescent intensity have
been fabricated.!> However, to our knowledge, no reports have
been published on the synthesis of tube-like Ln,Sn,O. Herein,
the fabrication of Y,Sn,07:Tb** crystals with tube-like mor-
phology via hydrothermal process was presented. A possible
growth mechanism and photoluminescence of the tube-like
crystals were also investigated.

Y,Sn,0,:Th?* was synthesized via a hydrothermal route
using Y(NO3)3'6H20, Tb(NO3)3'6H20, and SIIC14'5H20 as
starting reagents, and the atomic ratio of Tb>*:Y?* was fixed at
5:95. The pH of the solution was adjusted to 12.5 by using
strong aqueous ammonia or 4molL~! NaOH solution. The
synthesis procedure was similar to that described in a previous
paper'? except that the starting reagents and mineralizers were
different. The as-synthesized Y,Sn,07:Tb>* sample obtained in
aqueous ammonia is denoted as S1, and the sample prepared in
NaOH solution is denoted as S2.

Figure 1a shows the XRD patterns of samples obtained
using different mineralizers. All the diffraction peaks in the
XRD patterns can be indexed as the pyrochlore structure of
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Figure 1. (a) XRD patterns of the as-prepared Y,Sn,O;:Tb>*
samples, (b—c) SEM images of S1, (d) TEM image of S1, (e) EDS
spectrum of S1, (f) SEM image of S2, and (g) schematic illustration of
the formation mechanism of tube-like Y,Sn,07:Tb** crystals.

Y,Sn,0; (JCPDS 82-0662) with space group of Fd3m
(No. 227). No peaks of impurities can be detected. The lattice
parameters were calculated as 10.3963, and 10.3975A for S1
and S2, respectively. They are slightly larger than that of the
JCPDS reference data, indicating that Tb*>* ions were introduced
into the Y,Sn,07 lattice. It can be seen from Figure 1a that the
intensity of the diffraction peaks of S1 is stronger than that of
S2, revealing a high crystallinity and grain size of S1.

Figures 1b—1d show SEM and TEM images of S1. The
images in Figures 1b—1d clearly reveal that S1 exhibits
hexagonal tubular structure with high yield (Figure 1c).
Furthermore, the block region at the center of tubular structures
can be observed (Figure 1d). However, when the sample was
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synthesized in NaOH solution, the morphology of products
dramatically changes to irregular 3D octahedron, as shown in
Figure 1f. Besides, Figure le shows the EDS spectrum of S1,
revealing that the Tb** ions have entered into Y,Sn,O; crystals.
This is in agreement with the result of the lattice constants
measurements. Therefore, it can be inferred that ammonia plays
an important role in the fabrication of Y,Sn,07:Tb3* with tube-
like morphology.

Base on the above results, a formation mechanism of the
tube-like crystals is proposed, as shown in Figure 1g. When
Y(NO3); and SnCly were mixed with aqueous ammonia in the
initial stage, they reacted with OH™ groups to form Y(OH); and
amorphous Sn(OH), precipitations respectively, forming highly
disordered colloidal precursor. Meanwhile, NH4sNO;3;/NH4Cl
would also occur in solution. As seeds, Y(OH); clusters with
hexagonal structure were first obtained while in a hydrothermal
process with temperature elevated. In our case, the amorphous
Y(OH); precipitations could dissolve in boiling NH4Cl/
NH,;NO; solutions.’* Due to the high pH, some of the Y3+
ions were precipitated as Y(OH); again. Such dissolution and
precipitation would allow a dynamic equilibrium to be estab-
lished. Similarly, under strong alkaline (pH 12.5) and high
temperature conditions, parts of amorphous Sn(OH), precipita-
tions could dissolve gently to form soluble Sn(OH)¢>~ species.
Subsequently, the Y3 ions in solution would react with
Sn(OH)s>~ species and further form the growth units of
Y,Sn,07. These growth unit clusters with critical sizes used as
Y,Sn,0; nucleus located preferentially at the circumferential
edges of each regular shape seed due to the high density of
nucleation sites on it. The sufficient Y3+ and Sn(OH)s>~ in bulk
solution were favorable for the nucleation and retained the
hexagonal shape of seed. Subsequently, the growth units of
Y,Sn,07 could quickly aggregate at the circumferential edges of
seeds, and then further grew into crystallites'” along the (111)
orientation.!® The continuous feeding of growth units on the
edges of the crystallite could diffuse and grow into two
directions: inner diffusion and diffusion parallel to the (111)
orientation. A high concentration of growth units on the diffusion
layer will facilitate a rapid diffusion and growth at the two ends
rather than at inner. Therefore, the tubular structures could be
easily formed. In the present case, ammonia plays the predom-
inant role in the formation of Y,Sn,O7:Tb** tubes. The formation
mechanism is similar to others reports.!”!8

The photoluminescence spectra of the samples are illus-
trated in Figure 2. The excitation spectra reveal a group of
excitation bands in the wavelength region from 300 to 420 nm,
which correspond to the f—f transitions of the 4f electronic shell
of Tb**, as shown in Figure 2a. And a weak peak was also
observed at 284 nm, ascribed to the 4f8—4f75d! absorption band
of Tb>*. The prominent peak was centered at 379 nm, which is
in agreement with a previous report.!” The emission spectra of
Tb-activated phosphors are shown in Figure 2b. It is noted that
the peak at 543 nm originating from D,~Fs transition has the
strongest intensity. Meanwhile, the weak bands at 451 and
469 nm were observed which are attributed to surface oxygen
vacancies and defects of the Y,Sn,O7:Tb>* crystals.?’ From
Figure 2, it can be seen that the photoluminescence intensity of
S1 is somewhat stronger compared with that of S2, which may
be attributed to the regular tube-like shape and larger size of
stn207:Tb3+.
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Figure 2. The excitation (a) and emission (b) spectra of the as-
synthesized Y,Sn,07:Tb>* samples.

In summary, novel tube-like Y,Sn,07:Tb3* crystals have
been successfully synthesized via a hydrothermal route. It was
found that ammonia played a crucial role in the fabrication of
Y,Sn,07:Tb** with tube-like morphology. The possible forma-
tion mechanism of tube-like Y,Sn,O7:Tb*>* was discussed. The
novel tube-like Y,Sn,O7:Tb** displays characteristic typical
green emission, which would be a promising green phosphor for
applications in lamps and displays.
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