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at room temperature and atmosphere pressure without any surfactant and template. The influence of the
molar ratios of [OH−]/[Eu3+], reaction time, and temperature was investigated. It is demonstrated that
the size of Eu(OH)3 nanospindle can be well tuned by adjusting the [Eu3+]/[OH−] molar ratios. The pos-
sible growth mechanism of Eu(OH)3 and Eu2O3 nanostructures is also discussed. The room-temperature
photoluminescence analysis shows that Eu2O3 nanostructures have an intensive emission peak of Eu3+

ion at around 611 nm due to the 5D0–7F2 forced electric dipole transition of Eu3+ ions. It is found that the
creas
hotoluminescence relative peak intensity in

. Introduction

Nanostructured materials have been documented with excel-
ent properties in optics, electronics, magnetism, and catalysis as
ompared with their bulk counterpart due to their low dimen-
ionality [1–3]. In recent years, size control, crystallization, and
orphology of inorganic materials have attracted enormous atten-

ion in material research fields, which is of great importance for
he development of new functional devices [4,5]. Those nanostruc-
ured materials have been used as building blocks to successfully
abricate functional microdevices [2,6].

Rare earth metal oxides have been widely applied in various
elds, such as high-performance luminescence devices, biochem-

cal applications, catalysts and other functional materials, due to
he electronic, optical and chemical characteristics arising from
he electron transitions within the 4f shell [7–11]. The lumines-
ence of Eu3+ is important and interesting because the major
mission band at ∼611 nm (red) is one of the three primary col-
rs [11]. Therefore, in many host lattices, Eu3+ has been studied
ntensively as a luminescence activator, which is used widely in

uorescent lamps, projection television tubes, field emission plays
nd cathode-ray tubes [12–17]. In recent years, Eu2O3 nanostruc-
ures have received a tremendous amount of attention as they have

higher packing density and a larger percentage of active sites
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es with increasing reaction time.
© 2010 Elsevier B.V. All rights reserved.

compared with bulk materials [18]. Various Eu2O3 nanostructures,
including, nanorods, nanotubes, nanospheres and nanowires, have
also received a great amount of attention [19–24]. However, to
the best of our knowledge, there are few reports on the synthe-
sis of Eu2O3 nanospindles, except that Wang et al. reported the
synthesis of mesoporous Eu2O3 microspindles via a polyethylene
glycol assisted reflux method [25]. Most recently, Xu et al. reported
a simple method to synthesize the submicrospindles at 5 ◦C [26].
However, the synthetic strategy operating at this low temperature
is also an energy-consuming route and a long aging time of 5 days
is inevitably required. It is noted that the spindle-like nanocrystals
with nanometer or micrometer size have been reported in recent
years such as PbWO4 [27], LnVO4 (Ln = La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu) [28], CeO2 [29], YF3:Eu3+ [5], CePO4:Tb3+

[30], LnPO4 [31], �-Ga2O3, and �-Ga2O3 [32]. Most of these syn-
thetic routes are complicated, energy-consuming and/or require
surfactants and templates. The removal of the surfactant is still
a problem because of the strong force between the reagent and
favorable crystal surfaces, which produces impurities and is not
environmentally benign. Moreover, it is obvious that the complex-
ity and cost will increase mostly when a large-scale synthesis of
uniform nanostructures is needed. The room temperature (R.T.) and
ambient pressure in aqueous solution method without using tem-
plates or other additives have been considered as one of the most

promising routes because it is a green chemical approach of practi-
cal significance [33]. So it is still very significant to develop a simple
approach for large-scale synthesis of Eu(OH)3 and Eu2O3 nanos-
tructured without the assistance of any added surfactant, catalyst
or template under an ambient temperature.

dx.doi.org/10.1016/j.jallcom.2010.07.026
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:shiliyi@shu.edu.cn
mailto:chiangjf@oneonta.edu
dx.doi.org/10.1016/j.jallcom.2010.07.026
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Previously, we have synthesized Eu2O3 nanotubes, nanowires
nd carbon nanotube/Eu(OH)3 core–shell nanowires by a car-
on nanotube assisted solvothermal method [7] and a surfactant
ssisted reflux method [34]. Most recently, we have synthesized
u2O3 nanorods by a precipitation method at 60 ◦C [35]. Herein,
e report a facile method to synthesize the highly uniform and

ingle-crystalline Eu(OH)3 nanospindles (R.T. and ambient pres-
ure.) in aqueous solution with ordinary and inexpensive inorganic
eagents and without using any template or surfactant. The sim-
licity of this process, low cost, and availability of raw materials
ould favor scaled-up industrial manufacturing.

. Experimental procedures

Analytical grade NaOH and Eu(NO3)3·6H2O were purchased from Sinopharm
hemical Regent Company and were used without further purification. Deionized
ater was used throughout the process.

In a typical synthetic procedure, Eu(NO3)3 solution (0.2 mol/L) was added to into
aOH solution (16 mol/L) under high speed magnetic stirring. The suspension was
aintained at R.T. for 12 h. The precipitate was collected by centrifuging and washed

epeatedly with deionized water. It was then dried in an oven at 80 ◦C for 3 h. The
xide phosphor was obtained by calcinations in air at a heating rate of 5 ◦C/min from
.T. to 600 ◦C. Then the temperature was maintained at 600 ◦C for 4 h.

The powder X-ray diffraction (XRD) measurements were performed with Rigaku
/MAX-RB X-ray diffractometer by using Cu K� (40 kV, 40 mA) radiation and a

econdary beam graphite monochromator. The morphologies were observed by

ransmission electron microscopy (TEM, JEOL JEM-200CX), high-resolution trans-

ission electron microscopy (HRTEM) (JEOL 3010 ARP) microscope and powdered
amples were dispersed in ethanol by ultrasonication for 10 min in a KQ-250B
ltrasonic bath. The morphologies were also examined by field emission scanning
lectron microscopy (SEM, JEOL JSM-6700F). Thermogravimetry and differential
canning calorimetry (TG–DSC) of the samples was carried out with a Netzsch STA

Fig. 2. (a and b) SEM images of Eu(OH)3 nanospindles; (c) TEM, (d) HRTE
Fig. 1. XRD patterns of (a) Eu(OH)3 and (b) Eu2O3 nanospindles.

409 PC analyzer at a heating rate of 10 ◦C/min from R.T. to 1000 ◦C. The photolu-
minescence measurements were taken on a Cary-Eclipse 500 spectrofluorometer
(VARIAN) with a 60 W Xenon lamp as an excitation source. The luminescence
lifetime was measured with a Fluorolog-3 spectrofluorophotometer (JOBIN YVON
Company, France) at R.T.

3. Results and discussion
3.1. Characteristics of Eu(OH)3 and Eu2O3 nanospindles

Fig. 1 shows the XRD patterns of Eu(OH)3 and Eu2O3 nanospin-
dles. All the diffraction peaks (Fig. 1a) can be indexed to a pure

M images and SAED pattern (inset of d) of Eu(OH)3 nanospindles.
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exagonal phase of Eu(OH)3 (JCPDS No. 17-0781). The ideal inten-
ity ratio of a Eu(OH)3 crystal between the (1 0 0) and (1 1 0)
eflection approaches 1.2, while the measured ratio in this exper-
ment is less than 0.97. This result may suggest that the present
u(OH)3 crystals may grow along the [1 1 0] axis, which has also
een observed for some other one-dimensional (1D) materials [36].
ig. 1b shows the XRD pattern of the products prepared by the sub-
equent calcinations of Eu(OH)3 at 600 ◦C for 4 h. After calcinations,
he diffraction peaks are observed at 20.0◦, 28.4◦, 32.9◦, 47.3◦, and
6.0◦. These peaks correspond to the (2 1 1), (2 2 2), (4 0 0), (4 4 0),
nd (6 2 2) planes, which can be indexed to the pure body-centered
ubic Eu2O3 (JCPDS No. 34-0392). It indicates that the cubic phase
u2O3 has been produced.

The morphologies of the products have been examined by
EM, TEM and HRTEM. The SEM images of Eu(OH)3 nanospin-
les (Fig. 2) are observed at different magnifications. From the low
agnification image (Fig. 2a), the products are homogeneous and
onodisperse. The medium SEM image (Fig. 2b) shows that the

roducts are entirely comprised of nanospindles with a diameter
f 80–160 nm and a length of 200–600 nm. No other morphologies
re observed in the sample. The purity of nanospindles is as high
s 90% (estimated from SEM images). It indicates that high-yield

u(OH)3 nanospindles can be easily prepared by this facile method.
oreover, as can be seen from TEM images (Fig. 2c), each spindle

hows sharp-ends and curved edges. The width of these samples
ncreases from the end to the center. The typical HRTEM image
Fig. 2d) of Eu(OH)3 nanospindles clearly shows lattice fringes with

ig. 4. (a) SEM image of Eu2O3 nanospindles; (b) TEM image and SAED pattern (inset) of
f Eu2O3 nanospindles.
Fig. 3. TG–DSC curves of Eu(OH)3 nanospindles.

interplanar spacing of 0.31 nm that corresponds to the (1 1 0) plane
of Eu(OH)3 phase, which implies the Eu(OH)3 nanospindles grow
along the [1 1 0] direction, and this result is in agreement with
the XRD analysis presented in this work. The selected-area elec-

tron diffraction (SAED) pattern (inset in Fig. 2d) shows crystalline
structure. The slightly elongated diffraction dots may attribute to
lattice orientation imperfections among the primary particles pre-
pared at R.T. [37]. It is noteworthy that SEM and TEM images were
obtained from randomly selected areas of the sample and, as such,

Eu2O3 nanospindles; (c) HRTEM image of Eu2O3 nanospindles and (d) EDS pattern
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re representative of the overall shapes and sizes of our as-prepared
anospindles.

The thermal behaviors of the Eu(OH)3 sample are investigated
ith TG–DSC measurement, as shown in Fig. 3. It presents three

tages of weight loss and the total weight loss is ∼18.0%. The decom-
osition starts at ∼50 ◦C and continues up to 600 ◦C. The first weight
oss step (∼4.4%) with an endothermic peak is at ∼100 ◦C, which
s attributed to the desorption of water molecules from the sur-
ace of the samples. The second decomposition occurred at ∼312 ◦C
ith a sharp endothermic peak, owning to the decomposition of the

u(OH)3 and formation of EuOOH as shown in Eq. (1). The observed

Fig. 5. TEM images of Eu(OH)3 nanspindles prepared at R.T. under different [OH
ompounds 506 (2010) 446–455 449

weight loss for the second step was about ∼7.7% as compared with
a theoretical weight loss of 8.9% for the conversion of Eu(OH)3 to
EuOOH. The weight loss observed in the last step is about 5.9% with
a small endothermic process at around 420 ◦C, which is due to the
conversion of EuOOH to Eu2O3 as shown in Eq. (2). The end prod-
ucts of TGA measurement are found to be pure Eu2O3, as inferred

from XRD results. Those results are similar to the previous reports
[35].

2Eu(OH)3 → 2EuOOH + 2H2O (1)

2EuOOH → Eu2O3 + H2O (2)

−]/[Eu3+] molar ratios: (a) 15, (b) 25, (c) 50, (d) 100, (e) 240, and (f) 300.
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On the basis of the TGA–DSC data, the Eu(OH)3 samples are cal-
ined at 600 ◦C in air to ensure their entire conversion into Eu2O3.

Fig. 4 shows the detail microscope image of Eu2O3 samples
alcined at 600 ◦C for 4 h. It can be seen that the calcined sam-
les (Fig. 4a) still maintain the spindle structure, which is similar
o Eu(OH)3 nanospindles. The products are entirely comprised of
anospindles (Fig. 4b) with a diameter of 80–120 nm and a length
f 200–600 nm. The size of Eu2O3 nanospindles is smaller than that
u(OH)3 nanospindles as the density is higher than that of the pre-
ursor materials [26]. An SAED pattern (inset in Fig. 4b) from an
ndividual nanospindle indicates that the Eu2O3 nanospindles are
ingle crystalline. The corresponding SAED pattern indicates the
2 1 1), (4 0 0), (4 4 0) planes of Eu2O3 cubic phase, which is in agree-

ent with the XRD results. The HRTEM image is shown in Fig. 4c.
he well-resolved lattice fringes indicate that the spacing is about
.31 nm corresponding to the (2 2 2) plane of the body-centered
ubic Eu2O3. The EDS pattern (Fig. 4d) demonstrates the presence
f O and Eu, and it is noted that the C and Cu peaks come from the
u grids.

.2. Synthesis factors and formation mechanism of Eu(OH)3
anostructures
In this process, it is found that the morphology and size of the
roducts are greatly affected by the molar ratio of [OH−]/[Eu3+],
hich can be confirmed by its dramatic effect on the morphologies

f the products. In order to investigate the effect of OH− on the
ormation of size-controlled and uniform Eu(OH)3 nanospindles in

Fig. 7. TEM images of Eu(OH)3 nanospindles prepared at R.T. for
Fig. 6. Plots of aspect ratio against the molar ratios of [OH−]/[Eu3+].

our synthetic method, the amount of NaOH was varied with the

molar ratios of [OH−]/[Eu3+] to be 15, 25, 50,100, 240, and 300 while
the other conditions were kept unchanged (Fig. 5). The Eu(OH)3
nanospindles could only be obtained under an optimized concen-
tration of OH− ion. When the [OH−]/[Eu3+] molar ratio is 10, the

various aging times: (a) 10 min, (b) 1 h, (c) 6 h and (d) 72 h.
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s-prepared samples are mainly comprised of aggregates of amor-
hous particles, coexisting with some nanorods. It is interesting to
bserve that some spindle-like nanoparticles are formed after an
ncreasing [OH−]/[Eu3+] molar ratio to 25. By careful observation,
he surfaces of those spindles are rather rough and some amor-
hous particles are absorbed. When the [OH−]/[Eu3+] molar ratio

s increased to 50, the products are mostly composed of nanospin-
les. As increasing the [OH−]/[Eu3+] molar ratio, more spindles will
ppear in the products at the expense of the amorphous particles,
ndicating that the structure is assembled from small nanoparticles
nd the size uniformity is greatly improved. When the [OH−]/[Eu3+]
olar ratio is increased to 100, the products are entirely com-

osed of nanospindles with smooth surface. All the nanospindles
re homogeneous, monodisperse and slimmer. In general, the
u(OH)3 nanospindles have an decreasing aspect ratio at higher
OH−]/[Eu3+] molar ratio: average sizes are 1228 × 96 nm for 25:1,
25 × 79 nm for 50:1, 786 × 120 nm for 100:1, 471 × 122 nm for
40:1, and 427 × 115 nm for 300:1.The plots of aspect ratio of the
anospindles versus the [OH−]/[Eu3+] molar ratios are presented

n Fig. 6. As can be seen that the aspect ratio of Eu(OH)3 nanospin-
les decreases with increasing the [OH−]/[Eu3+] molar ratio. This

mplies the growth limitation for nanospindles. As the [OH−]/[Eu3+]
olar ratio increases to 300, there is slightly size change. The above
xperiments indicate that the size of the Eu(OH)3 nanospindles
ould be tuned by simply changing the [OH−]/[Eu3+] molar ratio
f the precursor.

We also investigated the effects of reaction time on the prod-
cts. As the reaction time was reduced to 10 min, the as-prepared

ig. 9. TEM images of Eu(OH)3 nanorods prepared with the [OH−]/[Eu3+] molar ratio of 240
repared with the [OH−]/[Eu3+] molar ratio of 25 for 24 h at different temperatures: (c) 4
Fig. 8. XRD patterns of Eu(OH)3 nanospindles prepared at R.T. for various aging
times: (a) 2 h, (b) 6 h, (c) 36 h and (d) 72 h.

samples are comprised of aggregates of amorphous particles and

nanospindles (Fig. 7a). When the reaction time was increased to
1 h, the nanoparticles disappeared, and the size of nanospindles
increases (Fig. 7b). It can be concluded that the nanoparticles are
only an intermediate and will gradually form nanospindles with

for 24 h at different temperatures: (a) 40 ◦C and (b) 80 ◦C; the Eu(OH)3 nanobundles
0 ◦C and (d) 80 ◦C.
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ncreasing reaction time. The reaction time from 6 to 72 h has little
nfluence on the morphology of Eu(OH)3 nanospindles (Fig. 7c and
). But the diffraction peaks (Fig. 8) become sharper and stronger
ith increasing reaction time, which suggests that the longer reac-

ion time can improve the crystallization of Eu(OH)3 nanospindles.
To trace the growth process of the Eu(OH)3 nanospindles, we

ave investigated the effects of temperature on the products. Fig. 9a
nd b shows the representative TEM images of as-prepared Eu(OH)3
t the [OH−]/[Eu3+] molar ratio of 240 and aged at 40 and 80 ◦C . It
an be seen that the products are composed of shorter and thicker
anorods instead of the nanospindles. It is interesting to find that
he end elevation of the nanorods reveals pyramid-like ends. How-
ver, the Eu(OH)3 nanospindles have spin-like ends. The Eu(OH)3
anocrystals can easily fuse to each other by facets and grew as a
hole, and then the Eu(OH)3 nanorods formed [38]. Fig. 9c and d

hows the representative TEM images of as-prepared Eu(OH)3 at
he [OH−]/[Eu3+] molar ratio of 25 and aged at 40 and 80 ◦C. The

orphology of the corresponding products is primarily large-scale
anobundles, which are made up of nanorods. Under low con-
entration and higher temperature condition, nanorods are firstly
ormed due to the hexagonal crystal structure, and then become
ttached to each other in an oriented fashion which results in the
ormation of nanobundles.

To investigate the role of vigorous agitation in the formation of
he nanospindles, the control reaction employed without vigorous
gitation is conducted with other conditions unchanged. The typi-

al TEM images of the nanobundles are shown in Fig. 10. No regular
anospindles are obtained. But the irregular nanobundles coexist
ith some nanorods.

It is concluded that the vigorous agitation, temperature, and the
OH−]/[Eu3+] molar ratio in the reaction system are the key factors

Fig. 10. TEM images of Eu(OH)3 nanospindles prepared at R.T. without agitation u
ompounds 506 (2010) 446–455

for the formation of Eu(OH)3 nanospindles. The optimum condi-
tions of forming Eu(OH)3 nanospindles are of lower temperature
with vigorous agitation and higher the [OH−]/[Eu3+] molar ratio.

Based on the above experimental results and analyses, it is pro-
posed that the formation of Eu(OH)3 nanospindles at R.T. can be
suggested as follows. It is well known that the crystal growth and
crystal morphology are controlled by the extrinsic and intrinsic fac-
tors, such as diffusion of the reaction, the degree of supersaturation,
surface energy, crystal structure and etc. in the solution reaction
system [39,40]. Two growth processes of the formation of Eu(OH)3
nanospindles are involved: nucleation/growth of primary particles,
and the aggregation growth process of the nanospindles by pri-
mary particles aggregation [25]. A large number of small nuclei are
rapidly formed in the supersaturated solution at the beginning of
the reaction because of the fast reaction between Eu(NO3)3 and
NaOH aqueous solution. Nanospindles growth is at the expense of
the primary particles. In our experiment, NaOH not only is a source
of hydroxyl ions to form Eu(OH)3 nanospindles, but also plays an
important role similar to a capping agent for promoting Eu(OH)3
nanospindles, which is the same as the formation of the brush-like
ZnO hierarchical nanostructures reported by Zhang et al. [41]. The
low OH− concentration has a small effect on the intrinsic growth
habit of Eu(OH)3. In general, materials with a hexagonal structure,
the anisotropic growth along the c axis is available to form the 1D
nanostructure, as the large polar surface is generally energetically
unfavorable unless the surface charges are compensated by capping

agents [42]. At a high OH− concentration, OH− ions are preferably
adsorbed on the {0 0 1} and {1 0 0} plane of Eu(OH)3 as compared
with {1 1 0} crystal planes [43], resulting in different growth rates of
different planes to form Eu(OH)3 nanospindles. The absorbed OH−

ions not only passivate the surface of nanocrystals but also prevent

nder different [OH−]/[Eu3+] molar ratios: (a) 25, (b) 50, (c) 250, and (d) 300.
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ig. 11. (a) The room-temperature emission spectrum of Eu2O3 nanospindles (exc
hown as an inset. (b) The emission spectrum of the as-prepared nanospindles agin

he agglomeration. So the uniform and monodisperse nanospin-

les are obtained. Earlier studies indicate that adsorbed ions can
hange the growth kinetics and the surface energies of different
rystal faces, which can ultimately lead to anisotropic growth of
ow symmetry nanostructures [44]. When the capping ability of
he OH− ions increase significantly with the increase of its amount,

ig. 12. Room-temperature decay curves of Eu3+ luminescence (∼611 nm) of Eu2O3 nan
ex = ∼611 nm: (a) R.T. for 2 h, (b) R.T. for 6 h, (c) R.T. for 24 h, (d) R.T. for 72 h, (e) 40 ◦C for
at 254 nm). Corresponding excitation spectrum monitored at 611 nm emission is
ifferent times.

some OH− ions are adsorbed on the {1 1 0} crystal planes as a sur-

face termination reagent, which suppresses the growth of crystal
face {1 1 0}.

As the reaction temperature increases, Eu(OH)3 nanorods are
obtained (Fig. 9a and b) due to the decrease of the absorption force
between OH− ions and the surface of Eu(OH)3 nanoparticles. The

ospindles prepared at various conditions recorded with fixed �ex = ∼263 nm and
24 h, and (f) 80 ◦C for 24 h.
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uropium hydroxides have a strong tendency toward 1D growth
long the [0 0 1] direction, so nanorods are formed.

In this investigation, such nanospindles are formed without the
nfluence of any surfactant. Although the exact growth mecha-
ism of the Eu(OH)3 nanospindles is not very clear, we believe that
aOH plays an important role similar to the so-called soft tem-
late for promoting the anisotropic growth and their self-assemble
o nanospindles. Rare earth metal hydroxides have a similar crystal
tructure. The spindle-like Gd(OH)3 and Sm(OH)3 were also synthe-
ized in this method, as shown in Fig. 1S (supporting information).
o this method might be extended to other rare earth metal hydrox-
des and oxides.

.3. Photoluminescence property of Eu2O3 nanospindles

Fig. 11a (inset) shows the excitation spectra of Eu2O3 nanospin-
les at R.T. by monitoring the emission wavelength at 611 nm. Two
ets of lines have been observed. The strong band at ∼251 nm is
ssigned to the charge transfer transition between O2− and Eu3+,
hich is related to the covalence between O2− and Eu3+ and the

oordination environment around Eu3+ [45]. Other weaker bands
re assigned to the direct excitation of the f–f shell transition of
u3+.

Fig. 11a shows the room-temperature emission spectra of
u2O3 nanospindles. The sample is measured under an excita-
ion wavelength of 254 nm. The emission peaks are composed of
he characteristic emission lines of Eu3+, corresponding to 5D0–7FJ

J = 0, 1, 2, 3). Among these emission peaks, the 5D0–7F2 peak is
ominant in comparison with any other peaks, which is a hyper-
ensitive forced electric dipole transition [46]. It is known that the
–f transition arising from a forced electric dipole is forbidden but
ecomes partially allowed when the rare earth ion is situated at a

ow symmetry site [47].
Fig. 11b shows the photoluminescence spectra of the nanospin-

les aging for different times. The relative peak intensity increases
s the reaction time increased. As can be seen from XRD patterns
hat the diffraction peaks (Fig. 8) become sharper and stronger with
ncreasing the reaction time. It is suggested that the high crys-
allinity may improve the photoluminescence intensity, which is
imilar to the previous reports [17,35,48]. Wang et al. reported that
high degree of crystallinity and a larger crystallite are considered

o be the reason for improved photoluminescence intensity [48].
imilarly, Zhang et al. reported that the emission intensity of YF3:Eu
anospindles increases when the reaction time was increased [5].

Fig. 12 shows the room-temperature decay curves of Eu3+ lumi-
escence (∼611 nm) of Eu2O3 nanospindles prepared at various
onditions. These decay curves can be well fitted by a single expo-
ential function as I = I0 exp(−t/�), where I0 is the initial emission

ntensity at t = 0 and � is the 1/e lifetime of the emission center. The
ifetime of Eu2O3 nanospindles prepared at various aging tempera-
ures and times is as follows: 6.92 �s (R.T. for 2 h), 6.68 �s (R.T. for
h), 7.74 �s ((R.T. for 24 h), 8.01 �s ((R.T. for 72 h), 7.93 �s (40 ◦C

or 24 h), and 7.54 �s (80 ◦C for 24 h). The lifetime of those sam-
les is quite close in the same microsecond scale, which is much
horter than that of Eu-doped systems. The short lifetime is due to
igh Eu3+ concentration in which the non-radiative mechanisms
overn the processes [49]. This result indicates that the reaction
emperature and time affecting the photoluminescence intensity
ave little effect on the lifetime of the samples.
. Conclusions

In summary, the uniform and single-crystalline Eu(OH)3 with
ifferent morphologies have been successfully prepared in high
ield by a liquid deposition method. Our results show that a soft

[

[
[
[
[
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chemical route is promising for rational and structural design
of nanostructured materials. The R.T. photoluminescence analy-
sis shows that Eu2O3 nanostructures have a strong red emission
peak of Eu3+ ion at around 611 nm due to the 5D0–7F2 forced elec-
tric dipole transition of Eu3+ ions. It is believed that these Eu2O3
nanospindles, nanorods and nanobundles possess the potential and
diverse applications, such as laser materials, phosphors, field emit-
ters, and nanometer-scale optoelectronic devices.
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