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Abstract

Cubic Y2O3:Eu
3þ nanoparticles with a size about 32 nm were synthesized using a facile hydrothermal method followed by an annealing

process. As expected, the Y2O3:Eu
3þ nanoparticles had a broad Eu–O excitation band ranging from 200 nm to 285 nm peaking at about 260 nm.

The Y2O3:Eu
3þ nanoparticles were then used to fabricate the inorganic–organic hybrid nanostructures with thenoyltrifluoroacetone (TTA). The

Y2O3:Eu
3þ

–TTA hybrid nanostructures exhibited a new strong excitation band ranging from 280 nm to 390 nm peaking at about 368 nm. This
new excitation band was attributed to the energy transfer mechanism of the Y2O3:Eu

3þ
–TTA hybrid system. It is interesting to note that this

energy transfer mechanism had a close interaction with the Eu–O excitation of Y2O3:Eu
3þ nanoparticles. The phase structures, chemical bonding

information, microstructural characteristics and luminescence properties were investigated.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Rare earth (RE) doped oxide nanoparticles have attracted
intensive interest due to their unique luminescent properties, and
have important applications in the areas of light-emitting device
[1], laser [2], biological label [3] and many others. In particular,
Eu3þ -doped Y2O3 phosphor has been paid much attention because
of its high refractory property and chemical stability [4]. The
Eu3þ -doped Y2O3 phosphor has been widely used in fluorescent
lamps. Until now, much research work has been conducted to
synthesize Eu3þ -doped Y2O3 (Y2O3:Eu

3þ ) nanoparticles [5–7]
and especially to improve their luminescence properties [8,9]. It has
been shown that nanocrystalline Y2O3:Eu

3þ exhibit stronger
luminescence than its bulk counterpart [10].

One of the most effective methods for improving the lumines-
cence intensity of RE doped nanocrystalline phosphors is to
e front matter & 2013 Elsevier Ltd and Techna Group S.r.l. All ri
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decorate their surfaces with organic ligands. It has been shown
that organic ligands can sensitize RE ions, especially the Eu3þ

ions, via the “antenna effect”. In this process, the organic ligand
with a strong optical absorption ability is first excited by the
excitation wavelength, and then the absorbed energy is transferred
to the associated RE ions and results in efficient emission via the
RE ions [11,12]. Organic ligands, such as benzoic acid [13],
1,2,4,5-benzenetetracarboxylic acid [14], and β–diketonates
[15,16] have been reported to be able to effectively sensitize RE
ions in flourides can greatly enhance their luminescence proper-
ties. Up to now, however, little research has been done on the
effect of organic ligand sensitization on the luminescence of the
Y2O3:Eu

3þ nanoparticles.
In this paper, Y2O3:Eu

3þ nanoparticles were synthesized
using a hydrothermal method followed by an annealing
process. These Y2O3:Eu

3þ nanoparticles were decorated
with thenoyltrifluoroacetone (TTA) to form a kind of inor-
ganic–organic hybrid nanostructures. A broad excitation band
ranging from 280 nm to 390 nm was observed due to the
sensitization mechanism via TTA. The effects of TTA content
and synthesis conditions on the luminescent properties of the
ghts reserved.
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Y2O3:Eu
3þ

–TTA hybrid nanostructures were investigated in
detail.

2. Experimental

2.1. Materials

Yttrium nitrate (Y(NO3)3 � 6H2O) and europium nitrate (Eu
(NO3)3 � 6H2O) with a purity of 99.99% were used for the
synthesis of Y2O3:Eu

3þ nanoparticles. Urea, TTA and ethanol
were of analytical grade and used without further purification.

2.2. Synthesis of Y2O3:Eu
3þ nanoparticles

Y2O3:Eu
3þ nanoparticles were synthesized using a hydro-

thermal and annealing method. In a typical procedure,
1.8 mmol Y(NO3)3 � 6H2O, 0.2 mmol Eu(NO3)3 � 6H2O and
0.1802 g urea were dissolved in 2 ml deionized water with
vigorous stirring. After stirring for 30 min, the mixture was
heated in a water bath at 80 1C for 3 h to achieve a colloidal
solution. The resulting solution was poured into a 50 ml
Teflon-lined autoclave with a stainless-steel vessel, sealed,
and heated at 120 1C for 16 h to obtain Y2O3:Eu

3þ precursors.
The precursors were then washed with ethanol and dried in an
oven with an air atmosphere. The resulting powders were
annealed at 850 1C in air for 2 h, 3 h, 4 h, and 5 h. After
annealing, the powders were grinded with ethanol for 30 min
to obtain the well-dispersed Y2O3:Eu

3þ nanoparticles.

2.3. Synthesis of Y2O3:Eu
3þ

–TTA hybrid nanostructures

Appropriate amounts of Y2O3:Eu
3þ nanoparticles and TTA

were dissolved in 10 ml deionized water and 10 ml ethanol,
respectively, followed by ultrasonic processing for 45 min.
Mix the above two solutions together and stir for 2 h. The final
mixture was kept at rest for 12 h. The precipitated powders
were then washed with ethanol for three times to remove any
residual TTA and dried in an oven with an air atmosphere. The
chemical reaction between Y2O3:Eu

3þ and TTA is illustrated
in Fig. 1.

2.4. Characterization techniques

The crystal structure of the samples was investigated using the
X-ray diffraction (XRD, Bruker D8 Focus) technique in
the scanning range from 101 to 701 using Cu Kα radiation
(λ¼0.15406 nm). Fourier transform infrared (FTIR) spectra were
recorded on a FTIR spectrometer (Nicolet 380). The micro-
structures of the samples were studied using a field emission
scanning electron microscope (FESEM, Hitachi S4800). The
Fig. 1. The chemical reaction between Eu3þ ions on Y2O3:Eu
3þ and TTA.
photoluminescence excitation and emission spectra were mea-
sured with a Hitachi F-4600 fluorescence spectrophotometer with
a xenon lamp as the light source. All measurements were taken
at room temperatures.
3. Results and discussion

3.1. Phase structure analysis

Fig. 2 shows the XRD pattern of the Y2O3:Eu
3þ precursors

annealed in air at 850 1C for 2 h, 3 h, 4 h, and 5 h. All of the
XRD diffraction peaks in Fig. 1 can be readily indexed
according to the cubic Y2O3 crystal structure (JCPDS: 41-
1105), and no secondary phase was observed. This suggests
that cubic Y2O3:Eu

3þ particles were successful synthesized by
the hydrothermal method followed by an annealing process.
The average crystallite size can be calculated by the Scherrer

equation [17],

d¼ 0:89λ=β cos θ ð1Þ
where d is the crystallite size, 0.89 is the Scherrer constant, λ is
the X-ray wavelength, β is the full width at half maximum of a
diffraction peak, and θ is the diffraction angle. Table 1 shows
the calculated average crystallite size of the Y2O3:Eu

3þ

particles after annealing at 850 1C for 2 h, 3 h, 4 h, and 5 h.
All Y2O3:Eu

3þ particles were found to nanocrystalline. As
expected, longer annealing time resulted in relatively larger
crystallite size of Y2O3:Eu

3þ .
Fig. 3a shows the FESEM image of the Y2O3:Eu

3þ

nanoparticles which were obtained after annealing for 2 h.
The TEM image of the Y2O3:Eu

3þ nanoparticles were shown
in Fig. 3b. It can be clearly seen that these Y2O3:Eu

3þ

nanoparticles had a near-spheroidal morphology. The HRTEM
image (Fig. 3c) shows that the Y2O3:Eu

3þ nanoparticles were
monocrystals with an average particle size of about 32 nm,
which is comparable to the average crystallite size calculated
from the Scherrer equation (Table 1).
Fig. 2. XRD patterns for the samples annealed for 2 h, 3 h, 4 h and 5 h.
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3.2. FTIR analysis of Y2O3:Eu
3þ

–TTA hybrid nanostructures

Fig. 4 shows the FTIR spectra of the Y2O3:Eu
3þ nanopar-

ticles, TTA, and Y2O3:Eu
3þ

–TTA hybrid nanostructures
processed with different contents of TTA. The peaks at
559 cm�1 are assigned to the characteristic absorption peaks
of Y2O3 [18]. This further confirms that the Y2O3 nanocrystals
were synthesized. The new band at 1541 cm�1 for the Y2O3:
Eu3þ–TTA samples is associated with the carbon–carbon
double bond, which suggests (see Fig. 1) that ΤΤΑ formed
complexes with Y2O3:Eu

3þ nanoparticles in the form of
enolate anion [19]. The band centered at 1638 cm�1 is
assigned to the H–O–H bending vibration of adsorbed water
[20]. However, the ketone group also has an absorption peak at
about 1638 cm�1. With the increasing of TTA content, the
peak assigned to the ketone group was weakened and the
stretching vibrations of chelating carbonyl group (1618 cm�1)
[19] increased at the same time. It can be seen in Fig. 4 that the
Table 1
The calculated crystallite sizes of Y2O3:Eu

3þ

nanoparticles.

Sample Annealing time (h) Size (nm)

1 2 31.2
2 3 32.1
3 4 33.5
4 5 34.5

Fig. 3. SEM (a), TEM (b) and HRTEM (c)
ketone group and chelating carbonyl group had an overlapped
wide absorption band. The change in their intensity is a result
of the blue shift of the ketone group. Such a blue shift
indicated that the ketone group of TTA had reacted with the
Eu3þ ions on the surface of Y2O3:Eu

3þ nanoparticles and
formed a chelating carbonyl group.
images of the Y2O3:Eu
3þ nanoparticles.

Fig. 4. FTIR spectra of the Y2O3:Eu
3þ nanoparticles capped with different

contents of TTA.
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The band at 3448 cm�1 for all the samples can be ascribed
to the stretching vibrations of –OH [21]. The –OH functional
group, which can lead to luminescence quenching of Eu3þ

[22], became weaker with the increasing of TTA. This implies
that the coordination of TTA with Eu3þ ions on the surface of
Y2O3:Eu

3þ can eliminate the –OH groups on the surface.
Such elimination of –OH groups is beneficial to the improve-
ment of luminescence for the Y2O3:Eu

3þ nanoparticles.

3.3. Luminescence properties

Fig. 5 shows the excitation and emission spectra of the
Y2O3:Eu

3þ nanoparticles and Y2O3:Eu
3þ

–TTA hybrid nanos-
tructures. As indicated in Fig. 5b, all the emission peaks are
characteristic emission of Eu3þ , and they are related to the
5D0-

7FJ (J¼1, 2, 3, 4) transitions of Eu3þ .
For the Y2O3:Eu

3þ nanoparticles, the broad excitation band
ranging from 200 nm to 285 nm peaking at about 260 nm
(Fig. 5a) is attributed to the O2�-Eu3þ charge transferring
(CT), and the characteristic excitation peaks of Eu3þ ion can also
be clearly seen and are similar to other published results [23,24].

For the Y2O3:Eu
3þ

–TTA hybrid nanostructures, a strong
broad excitation band which centered at about 368 nm
(Fig. 5a) was observed, which is similar to other Eu(TTA)3
Fig. 5. Excitation (a) and emission (b) spectra of the Y2O

Fig. 6. The sensitization process of Y2O
complexes as reported by others [25–27]. This broad excitation
band is attributed to the strong absorption of TTA in this
wavelength range [28]. TTA ligands absorb excitation photons
and then transfer their excited electrons to the chelated Eu3þ

ions for strong emission at 614 nm (Fig. 5b). The strong broad
excitation band indicated that TTA effectively sensitized the
emission of Eu3þ on the surface of Y2O3:Eu

3þ nanoparticles.
It is interesting to note in Fig. 5a that the O2�-Eu3þ CT

band intensity for the Y2O3:Eu
3þ

–TTA hybrid nanoparticles
was largely weakened by TTA. This can be explained as
follows. Both the O2�-Eu3þ and TTA-Eu3þ excitation
bands are established by the mechanism of charge transfer.
They function simultaneously, but they compete against each
other. This is reasonable because when TTA transfers an
excited electron to a Eu3þ ion, it cannot simultaneously accept
another excited electron from others due to the repulsive
electromagnetic force.
The TTA sensitization process of Y2O3:Eu

3þ
–TTA hybrid

nanostructures is illustrated in Fig. 6. When the Y2O3:Eu
3þ

–

TTA hybrid nanostructure is irradiated by UV-light, electrons
in the TTA ligand are excited to the first excited singlet state
S1 from the ground state S0. The excited electrons can relax
back to the ground state or the triplet state T1 via intersystem
crossing [19]. Energy can be transferred from the triplet state
3:Eu
3þ and Y2O3:Eu

3þ
–TTA hybrid nanoparticles.

3:Eu
3þ

–TTA hybrid nanoparticles.



Fig. 7. Excitation spectra of the Y2O3:Eu
3þ capped with different contents

of TTA.

Fig. 8. Excitation spectra of the Y2O3:Eu
3þ

–TTA hybrid nanostructures
(molar ratio 1:1) with different annealing time.
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T1 to the Eu3þ via the coordinate bond between TTA and
Eu3þ [29], and the excited Eu3þ ion initiates a radiative
transition between 5DJ level and

7FJ level.
Fig. 7 shows the excitation spectra of the Y2O3:Eu

3þ

capped with different contents of TTA. Similar to the result
shown in Fig. 5, the luminescence intensity of O2�-Eu3þ

CT band weakened and the position of O2�-Eu3þ CT band
blue shifted with the increase of TTA content. The lumines-
cence intensity of TTA-Eu3þ ligand excitation band
increased at first and then decreased with the TTA content.
In addition, the TTA-Eu3þ ligand excitation band broadened
and red shifted when the molar ratio of Y2O3:Eu

3þ to TTA
reached 1:3.

Fig. 8 shows the effect of annealing time on the excitation
characteristics of the Y2O3:Eu

3þ
–TTA hybrid nanostructures

(molar ratio at 1:1). The intensity of O2�-Eu3þ CT band
increased with the annealing time. It should be attributed to the
reduction of crystalline defects by the annealing for longer time
[30]. In contrast, the TTA-Eu3þ ligand excitation band became
weaker with the increase of annealing time. Annealing can
generally reduce the specific surface area of nanoparticles by
smoothening their surfaces, and therefore less Eu3þ ions will be
available for the formation of TTA–Eu3þ complexes.

4. Conclusions

Cubic Y2O3:Eu
3þ nanoparticles with a size about 32 nm

were successfully synthesized using a facile hydrothermal
method followed by an annealing process. The Y2O3:Eu

3þ

nanoparticles had a broad Eu–O excitation band ranging from
200 nm to 285 nm peaking at about 260 nm. The Y2O3:Eu

3þ

nanoparticles were used to prepare the Y2O3:Eu
3þ

–TTA
hybrid nanostructures with TTA. Their chemical bonding
information was analyzed by FTIR. The Y2O3:Eu

3þ
–TTA

hybrid nanostructures exhibited a new strong excitation band
ranging from 280 nm to 390 nm peaking at about 368 nm. This
new excitation band was attributed to the energy transfer
mechanism of the Y2O3:Eu

3þ
–TTA hybrid system. It was

found that the Eu–O excitation band became weakened with
the increase of TTA contents for the Y2O3:Eu

3þ
–TTA hybrid

nanostructures. These two excitation mechanisms worked
against each other. The phase structures, chemical bonding
information, microstructural characteristics and luminescence
properties were investigated.
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