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Synthesis and photoluminescence of nano/
microstructured Y, 9sEUq 0sPO4 Via hydrothermal process
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The nano/microstructured Yg.95Eug.0sPO4 have been hydrothermally synthesized by changing the pH value and PO4/RE
molar ratio. The structures and morphologies of the as-synthesized Yo.95EU0.0sPO4 have been investigated by X-ray
powder diffraction (XRD), thermogravimetric analysis (TGA) and field-emission scanning electron microscopy
(FE-SEM). The results indicate that the small nanoparticals formed at lower pH value and the microparticals obtained at
higher pH value. A possible formation mechanism of the products was also proposed. The luminescent properties of
the products prepared with different pH values have been studied. When the pH value from 1.0 to 8.0, the products of

luminescence intensity was decreased.
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1. Introduction

Rare earth orthophosphates (REPO,), a family of
important phosphate compounds, have been studied
intensively based on their special physical and chemical
properties from their 4f electrons [1-5]. Rare earth
orthophosphates REPO, have a variety of potentially
beneficial properties, including high thermal stability with
melting points up to 2300 °C [6], high index of refraction,
high concentration of lasing ions [7], low toxicity, high
luminescence quantum vyield, and sharp emission bands.
These properties provide the basis for their use in a wide
range of applications such as luminescence or laser
materials, moisture sensors, heat-resistant materials, and
nuclear waste disposal [8-10].

Very recently, rare earth compounds and
lanthanide-doped compounds nanowires with interesting
optical properties have been successfully prepared
[2,11,12]. By using the surfactant-assisted process, the
CePO, and CePO,:Tb nanowires with a narrow diameter
distribution and uniform  morphology could be
hydrothermally synthesized [13]. Furthermore, REPO, and
REPO,:Ln* nanocrystal with narrow size dispersion and
good optical properties have been obtained by using a
high-boiling-solvent  technique [14,15]. Luminescent
LaPO,:Ce, Th nanoparticles with high quantum yield were
recently prepared using a microwave-assisted synthesis
method with some ionic liquids as the reaction media [16].

Controlling the shape and size of phosphor particles
are fundamental to fulfill their various applications. For
example, uniform  spherical  particles in the
sub-micrometer size range are preferred in the applications

of fluorescent lamps and PDP (please define PDP at its
first use) devices [17,18]. It has been also established that
the nanowires with smooth, highly uniform morphologies
and high aspect ratio may lead to significant
photoluminnescent enhancement [19]. The controllability
in synthezing phosphors with uniform morphology and
tunable particle size and shape is also highly desired for
fundamental studies dealing with the effects of these
morphological characteristics on the luminescence
efficiency, which still remains unclear [20,21]. Different
kinds of YPO, nano/microcrystals have been synthesized
by chemical methods [2,11,12,16,22-26]. However, there
are few reports on controlled synthesizing YPO, particles
with narrow size distribution from nanometer to
micrometer, which limited the understanding and
investigating on optimum size of YPO, particles in the
applications of luminescence lamps and PDP devices.
Herein, we developed a simple hydrothermal route to
synthesize uniform nano/microstructured Y gsEuggsPOs.
The products YggsEUgesPO, crystal particles are from
nanometer to micrometer by adjusting the solutions pH
value and PO,/RE molar ratio. The dependence of the
photoluminescent properties on the sizes of the products
and pH value was investigated.

2. Experimental section
All the chemicals (AR grade) were purchased from

Beijing Chemical Reagent Company. They were used
without any further treatment. Europium nitrate stock
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solutions were prepared by dissolving Eu,O; in dilute
HNO; solution at elevated temperature with agitation. .

In a typical synthesis, 0.95 moL Y(NO,); and 0.05
moL Eu(NO3); mixed solution was added slowly to 1
mol/L phosphoric acid (10 mL) solution under stirring and
keeping PO4/RE molar ratio was 10. Then the pH value of
as-obtained transparent solution was adjusted from 1.0 to
8.0, respectively, by adding ammonia (25 %), and was
quickly transferred into a stainless steel autoclave with
inner Teflon vessel (volume, 50 mL). The autoclave was
sealed and maintained at 180 °C for 12 h. Then the
autoclave was naturally cooled to room temperature. The
resulting white solid precipitates were filtered, washed
three times with deionized water. At last, the products
were washed with absolute alcohol before drying at 60 °C
for 8 h. For clarity, Yq9sEUq05sPO, products synthesized at
pH value of 1.0, 4.0, 6.0, 8.0 were described in this paper.

The phase composition of the samples was identified
by X-ray diffraction (Model M21XVHF22, MAC science
Co., Ltd., Japan) using Cu Ka radiation in the range of
10-60° at room temperature. Thermogravimetric
analysis(TGA) of powders performed up to 700 °C at the
heating rate of 10 °C/min under air flow (TGA instrument,
model Q50V20.6 Build 31). Morphologic studies were
performed by field-emission scanning electron microscopy
(FE-SEM, LEO1530). The Iluminescence spectra of
powders were collected in F-4500 FL Spectrophotometer
at room temperature.

3. Results and discussion

The typical XRD patterns of the products prepared
without doped Eu®" (pH= 1.0) and 5 % Eu’" doped YPO,
with different pH value (pH= 1.0, 4.0, 6.0, 8.0) were
shown in Fig. la-e. All the powders give rise to
single-phase and well crystallized YggsEUqosPO,s as
identified by XRD analysis. The diffraction peaks agree
well with a tetragonal structure YPO, [space group 141
(140), PDF card no 74-2429]. No additional peaks were
detected, implying that a doping with Eu®* ions did not
lead to the modification of the YPO, host crystal structure.
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Fig. 1. XRD patterns of products (a) YPO, prepared with
pH=1.0 and (b-e) Yq.sEU00sPO4 prepared with different
pH values (pH=1.0, 4.0, 6.0, 8.0).

Typical TGA plots further confirmed the hydrated
nature of the derived as-synthesized Ygo5EUqosPO4
products (Fig. 2). All the TGA plots of these samples show
a weight loss occur in two steps from 40 to 600 °C. The
first one occurs in the temperature range 60 ~ 150 °C,
and is associated with the release of residual water and
chemical adsorbed water adsorbed on the powder surface
in air condition. The two weight loss process is slower up
to 600 °C, which is attributed to the decrease or removal
of the synthesis residuals and adsorptions such as NOj
and OH'[24]. The weight losses were 4.58%, 5.68%, and
5.97% for the products prepared with pH values of 1.0,
4.0, and 6.0, respectively.
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Fig. 2. TG plots of as-synthesized Yg g5sEUg 0sPO,4 With
different pH values of: (a) pH=1.0, (b) pH=4.0, (c) pH=6.0.

Fig. 3.
Yo.95EUg0sPO4  with different pH values of: (a) pH=1.0,
(b) pH=4.0, (c) pH=6.0, (d) pH=8.0.

FE-SEM images of the as-synthesized

Morphological studies by FE-SEM demonstrate that
the pH value plays an important role in both modulating
the morphology and particle size of the YggsEUgsPO4
crystal (Fig. 3). As shown in Fig. 3a, when the pH value is
1.0, the formed Y 95EUq osPO4 consists of nanodishes with
a homogeneous thickness 50 nm ~ 60 nm and diameter
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300 nm ~ 400 nm distribution. With the pH value
increasing to 4.0, sphere-like particles were obtained,
which are about 100 nm in diameters (Fig. 3b). As
increasing the pH value to 6.0, the as-synthesized
Yo.05EU05PO4 exhibits a quasi-shuttle like morphology
with an average diameter of about 200 nm ~ 300 nm
(Fig. 3c). When the pH value was further increased to 8.0,
the product was uniform shuttle-like with lengths about 1
um and diameters about 300 nm~400 nm (Fig. 3d).

Fig. 4. FE-SEM images of the products prepared with
different reactant PO,/RE molar ratios of: (a) 1.0, (b)
10, (c) 60, (d) 120.

In order to further understand the formation process of
the products morphologies and sizes, controlled
experiments were carried out to investigate the influence
the reactant PO,/RE molar ratio and the pH value on the
synthesis of Y gsEUposPO4 samples. When the reactant
PO4/RE molar ratio is 1.0, without ammonia (25 %), an
inhomogeneous nanoparticals were obtained (Fig. 4a),
which are about 50 ~ 60 nm in diameter. When the
reactant PO,/RE molar ratio increased to 10, the product is
composed of nanodishes with thickness 50 nm ~ 60 nm
and diameter 300 nm ~ 400 nm (Fig. 4b). The reactant
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PO,/RE molar ratio is 60, the majority morphologies were
octahedron-like microstructures and dishes-like particles
(Fig 4c). Furthermore, when the reactant molar ratio
PO4/RE increasing to 120, the corresponding morphology
dramatically appears as uniform octahedron-like
microstructures with a width of about 2 ~ 3 um (Fig.
4d). When the reactant PO,/RE molar ratio is 10, and the
pH values were adjusted from 1.0 to 8.0 by adding
ammonia (25 %), YPO, nano/microparticals was obtained
(Fig. 3). Generally, hexagonal LnPO, tend to grow as 1D
nanowires, which is possibly due to the 1D characteristics
of the infinite linear chains of hexagonal structured LnPO,
(Ln = La-Dy). On the contrary, tetragonal (Ho-Lu, Y)PO,
has no preferred growth direction in the crystalline phase
based on their crystal structure. Therefore, the resulting
irregularly shaped particle morphology can also be
obtained [11]. In our case, phosphoric acid is excessive.
With the reactant PO,/RE molar ratio increasing, the
supersaturation of the solution was increase. It is quite
possible that excessive PO,* are absorbed on the surface
of the initially formed tiny REPO, particles at the early
stage of the reactions, due to the strong interactions
between the RE*" and the PO,> on the particle surface
[27,28]. When phosphoric acid is excessive, the
electrostatic potential on the crystal surfaces of initial
REPQ, particles will increase [29,30]. To minimize
surface energy [31], these nanoparticles might assembly
and crystallize into octahedron-like microstructures. When
the PO,/RE molar ratio was 10, ammonia (25 %) are used
to adjust the pH value, the ammonia reacts with the
excessive HsPO, to form NH4H,PO, at early stage of the
reaction, which will then react with Y**(Eu**) to form
Yo95EUgosPOs. The formation of NH;H,PO, could
decrease crystallization velocity of the product, and might
be useful in controlling the growth and aggregation of
Yo9sEUg0sPO, particles. Moreover, considering the
different morphologies maybe the different cation ions
(H*, NH,") in the reaction solution correspond to it [32].

Wavelength (nm)

(b)
CTB _— —a
.......... b
--------- c
------ d
S
S
=2
wn
c
b5
=
250 300 350 400 450 500 500 550 600 650 700 750

Wavelength (nm)

Fig. 5. (a) Excitation spectrum and (b) emission spectrum of the solid products obtained at different pH value of:
a pH=1.0, b pH=4.0, ¢ pH=6.0, d pH=8.0.
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The room-temperature luminescence spectra were
recorded for solid products of different pH values (Fig. 5).
The excitation spectra of the products centered at 233 nm,
which is assigned to the oxygen-europium charge transfer
process (Fig. 5(a)). In addition, a broad peak extending
from 300 to 475 nm due to the direct excitation of the Eu**
ground state into higher levels of the 4f-manifold such as
"F-SLg at 395 nm was also exhibited. The emission
spectrum excited at 233 nm was also recorded as shown in
Fig. 5(b). The emission spectra consist of sharp peaks at
about 592, 617, 650, 696 nm, which are assigned to the
transitions of °Dy—'F;, °Dy—'F,, °Dg—'Fs, °Dy—'Fa,
respectively [33]. Although the major peaks in the
emission spectrum are identical for YggsEUgsPO,
products synthesized at different pH value, the
luminescence intensity are different. Interestingly, the
nanodishes of Y;g¢sEUy0sPO4 Synthesized at pH of 1.0
exhibit the strongest emission intensity. With the pH value
increasing, the emission intensity of products was
decreased. The difference in luminescence properties is
possibly ascribed to the sizes of the products and hydroxyl
quenching due to the presence of some adsorbate during
the synthesis of the products [34]. This hydroxyl
quenching result is also in agreement with the TG results.
As described in the above, the different amount of surface
adsorbed water and OH  will result in different
luminescence properties.

4. Conclusions

In summary, nano/microsized YgsEUy0sPO4 With
controlled morphology and size can be synthesized by
adjusting the PO,/RE molar ratio and pH value with
ammonia. The reactant PO,/RE molar ratio is one of the
most important factors in our experiment. We proposed
that the in-situ-formed NH4H,PO, played an important
role in the formation of Y,g¢sEUgesPO4 crystal by
decreasing crystallization velocity. The Y gsEUgosPO4
crystals with controlled morphology and size exhibited
different luminescence intensity, which might relate to the
sizes and the surface hydroxyl effect. This facile
hydrothermal approach may provide a feasible approach
for manipulating various uniform nano/microstructures
with controlled morphologies and interesting optical
properties.
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