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Abstract Uniform spindlelike Y(OH)3 nanorod bundles

were successfully prepared for the first time via a simple

hydrothermal method at 200 �C for 12 h with the presence

of Na2H2EDTA � 2H2O (EDTA). Scanning electron

microscope (SEM) images show that the obtained Y(OH)3

spindlelike nanorod bundles have a length of about 11 lm

and a diameter of about 2 lm in the middle part. The

nanorod bundles are composed of numerous nanorods, and

all these nanorods are orientationally aligned and grow

uniformly along the bundles. The individual nanorod is

with typical width of about 100 nm, thickness of about

40 nm, and length longer than 1 lm. The effects of reac-

tion temperature, reaction time, and the concentration of

NaOH and EDTA on the sizes and morphologies of the

products have been investigated. The possible formation

mechanism of the nanorod bundles was suggested. Spin-

dlelike Y2O3 nanorod bundles were obtained after thermal

treatment of the as-obtained Y(OH)3 nanorod bundles at

700 �C for 4 h. X-ray powder diffraction (XRD) results

demonstrate that the as-prepared Y(OH)3 and Y2O3 are

attributed to hexagonal phase and cubic phase, respec-

tively. Eu3? doped Y2O3 nanorod bundles were also pre-

pared and their photoluminescence (PL) properties were

investigated.

Introduction

Rare earth oxides find wide range applications in catalysis,

optics, biological labeling, magnetism, etc. [1–3]. Among

them, Y2O3 has been intensively studied owing to its

chemical and physical properties, such as high permittivity,

high melting point, a relatively large band gap energy, etc.

It is a widely used engineering material, such as optics,

advanced ceramics [4, 5], superconductor, sensor [6, 7],

and insulator materials [8]. For example, Y2O3:Eu3? is

widely used in fluorescent lights and cathode ray tube

owing to its high luminescence quantum efficiency [9].

Moreover, it is a promising phosphor material being

developed for field emission display devices [10].

As is well known, the properties of the products depend

greatly on the morphologies and structures of the materials.

More applications of Y2O3 may emerge if shape-controlled

nanostructures could be achieved with high complexity.

Much attention has been paid to the morphology control of

Y2O3 in recent years. Untill now, Y2O3 nanostructures,

such as nanotube [11–13], nanowire [14–16], nanorod [15–

18], nanobelt [19, 20], and nanodisk [21], microprisms with

trilobal cross section [22] and nestlike structures [23] have

been reported. To the best of our knowledge, spindlelike

Y2O3 has not been reported. And there are few reports on

the management of Y2O3 nanophase. In this work, spin-

dlelike yttrium hydroxide nanorod bundles composed of

numerous nanorods were fabricated via a facile hydro-

thermal method. Y2O3 spindlelike nanorod bundles were

obtained by thermal decomposition of the Y(OH)3 pre-

cursor at 700 �C for 4 h. Spindlelike Y2O3:Eu3? nanorod

bundles were also fabricated for the first time and their

photoluminescence properties were studied. The products

are characterized by XRD, SEM, and fluorescence

spectrometer.
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Experimental section

Synthesis

All the chemical reagents used were of analytical grade and

used as received without further purification. In a typical

Experiment, 0.64 mmol Y(NO3)3 � 6H2O was dissolved in

28.8 mL deionized water under stirring. Then 0.64 mmol

EDTA was added to the Y(NO3)3 solution. After stirring for

30 min, 3.2 mL NaOH (10 M) was added to the above

solution. After being stirred for another 30 min, the mixture

was transferred into a 42 mL Teflon-lined stainless steel

autoclave and then was sealed and got heated at 200 �C for

12 h. After being cooled to room temperature naturally, the

white precipitates were centrifuged and washed with alco-

hol and deionized water for several times. Finally, the

product was dried at 80 �C for 6 h in air. The Y2O3 nanorod

bundles were obtained by thermal treatment of the corre-

sponding Y(OH)3 nanorod bundles at 700 �C for 4 h in the

air. The preparation of Y2O3:Eu3?(5%) nanorod bundles is

similar to above procedure, just replacing five molar % of

Y(NO3)3 � 6H2O with Eu(NO3)3 � 6H2O.

Characterization

The phase purity and crystalline phase of the products were

characterized on a Philips X’ Pert Pro Super X-ray dif-

fractometer equipped with graphite monochromatized Cu

Ka radiation (k = 1.541 78 Å). The morphology and size

of the samples were examined by a field-emission scanning

electron microanalyzer (JEOL JSM-6700F, 15 kV) and an

environmental scanning electron microanalyzer (QUANTA

200). The PL properties were examined on a Fluorolog3-

TAU-P fluorescence spectrometer at room temperature.

Results and discussion

Table 1 lists the detailed experimental conditions of the as-

prepared products. The effects of reaction time, reaction

temperature, concentrations of EDTA, and sodium hydrox-

ide on the synthesis were studied.

Typical SEM images and XRD patterns of the products

Figure 1 displays the XRD patterns of the as-prepared

Y(OH)3 products prepared at different reaction temperature

and Y2O3 obtained after thermal treatment of sample 1 at

700 �C for 4 h. All the peaks of the XRD pattern in Fig. 1a,

b, c can be indexed as pure hexagonal phase of Y(OH)3 (Joint

Committee for Powder Diffraction Studies (JCPDS) card

No. 83-2042). It can be seen from the patterns that the

crystallinity of the sample prepared at 160 �C (Fig. 1b) is

much higher than that of the product prepared at 80 �C

(Fig. 1a). While the crystallinity of the product prepared at

200 �C (Fig. 1c) is only slightly higher than that of the

product prepared at 80 �C. From which it becomes obvious

that the crystallinity of the product increases with increase of

reaction temperature. The crystallite size of the samples is

estimated by the Scherrer equation. By using the strongest

peak (100) at 2h = 16.229�, the average size of the Y(OH)3

nanorods of the products prepared at 80, 160, and 200 �C is

calculated to be about 25, 31, and 38 nm, respectively. It is

clear that the diameters of the nanorods increase with the

increase of reaction temperature, which is in accordance with

the crystallinity of the products. The XRD pattern of the

product prepared after annealing sample 1 at 700 �C in the

air for 4 h is shown in Fig. 1d. As can be seen, all peaks are in

good agreement with cubic Y2O3 (JCPDS card No. 86-1107).

The average size of the product obtained after calcinations at

700 �C for 4 h is about 34 nm, which is a bit smaller than that

of the corresponding Y(OH)3 nanorods.

The morphology and structure of the as-synthesized

Y(OH)3 and Y2O3 powder were further investigated by

SEM. As shown in Fig. 2a, the overall morphology of the

sample 1 indicates that there exist a great deal of uniform

spindlelike structures in high yield. The microspindles are

in the length of about 11 lm and diameter about 2 lm in

the middle part. Typical nanorod bundles (Fig. 2b) reveal

that the nanorod bundles are built from Y(OH)3 nanorods

with typical widths of about 100 nm, thicknesses of about

40 nm, and lengths longer than 1 lm. The thickness of the

nanorod is similar with the value calculated from the XRD

pattern. Furthermore, the individual nanorods are straight

and smooth and the nanorods are tightly bound together.

All the nanorods are orientationally aligned, and they grow

uniformly along the bundles. Moreover, these nanorod

bundles are very dispersive and size distribution is also

very uniform. Spindlelike Y2O3 nanorod bundles were

obtained from the spindlelike Y(OH)3 nanorod bundles by

calcinations of sample 1 at 700 �C for 4 h. The general

morphology of the as-prepared Y2O3 samples is clearly

shown in Fig. 2c. Careful observation (Fig. 2d) shows that

the Y2O3 nanostructures consist of nanorods in a parallel

assembly. It is interesting that both Y2O3 and its precursor

almost possess the same morphology, even such a trans-

formation has chemical process.

Effect of reaction time

To understand the formation process of the spindlelike

nanorod bundles, time-dependent experiments were carried

out at different reaction stage. When the reaction time is

1 h, the products are mainly microspindles and many

nanoparticles with a size smaller than 100 nm are also
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found. An examination of the products showed that the

microspindles have a length of about 6 lm and a diameter

of about 1.2 lm in the middle part (Fig. 3a). Prolonging

the reaction time to 6 h, the microspindles have a length of

about 8 lm and a diameter of about 1.7 lm in the middle

part (Fig. 3b). At this stage, most of the small particles

disappear through an Ostwald ripening process and well

crystallized and longer and larger nanorod nanobundles are

obtained when the reaction time is increased to 12 h.

Effect of the concentration of EDTA

Here, we stress the important influence of the concentration

of EDTA on the shape formation with other experimental

conditions unchanged. Without the addition of EDTA, the

synthesized Y(OH)3 grows into microtubes with diameter in

the range of 2–4 lm, and lengths range up to around 60 lm,

which will be published elsewhere. When the EDTA con-

centration is 0.04 M, nanorod bundles have an average

length of about 10.5 lm and a diameter of about 2.5 lm in

the middle part are obtained (Fig. 4a), which is similar with

the products obtained when the EDTA concentration is

0.02 M (Fig. 2a, b). Increasing the concentration of EDTA

Table 1 Product obtained

under different hydrothermal

conditions

Sample Temperature/�C Time/h [Y(NO3)3]/mol L-1 [EDTA]/mol L-1 [NaOH]/mol L-1

1 200 12 0.02 0.02 1

2 200 1 0.02 0.02 1

3 200 6 0.02 0.02 1

4 200 12 0.02 0.04 1

5 200 12 0.02 0.10 1

6 200 12 0.02 0.02 3

7 200 12 0.02 0.02 5

8 80 12 0.02 0.02 1

9 160 12 0.02 0.02 1
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Fig. 1 XRD patterns of the product obtained after reaction for 12 h at

(a) 80 �C (sample 8); (b) 160 �C (sample 9); (c) 200 �C (sample 1),

and (d) after thermal decomposition of sample 1 at 700 �C for 4 h

Fig. 2 SEM photos of the

product. a and b sample 1; c and

d after thermal treatment sample

1 at 700 �C for 4 h
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to 0.1 M, the products are not as uniform as the products

obtained at low EDTA concentration. The nanorod bundles

are in the lengths varying from 5 to 15 lm and diameters

ranging from smaller than 2 lm to larger than 3 lm in the

middle part. Furthermore, by fine observation, some of the

nanorod bundles are not well formed (Fig. 4b). From above

it can be seen that the addition of EDTA is essential for the

formation of Y(OH)3 nanorod bundles. As is well known,

EDTA is an efficient chelator for rare earth ions. Its che-

lation constant (lgb1) for Y3? is 18.09. The presence of

EDTA is found to be helpful for the formation of several

types of ultrafine particles. For example, Yi et al. study the

role of the EDTA in the preparation of NaYF4: Yb3?/Er3?

spherical nanoparticles [24]. It is believed that the addition

of EDTA plays two roles in the formation: (1) it forms

stable Y(EDTA)- (1:1) complexes which bring about

decrease both in the nucleation process and in nuclei

growth; (2) it will be absorbed on the surface of the newly

formed products and thus prevents particle coagulation by

shielding the rare earth ions. In this case, on the one hand,

EDTA forms stable Y(EDTA)- (1:1) complexes and the

Y3? ions are presumably in a concentration zone more

favorable to produce Y(OH)3 nanorods. On the other hand,

the relaxed EDTA ions will be selectively absorbed on

some crystallographic planes of the Y(OH)3 nanorods,

which is in favor of the self-assembly of the Y(OH)3

nanorods into nanorod bundles.

Effect of the concentration of NaOH

The effect of the concentration of NaOH on the synthesis

was also investigated. When the concentration of NaOH is

3 M, the products have an average length of about 6 lm

and a diameter in the middle part of about 1 lm (Fig. 5a),

which is shorter and slimmer than those of the products

prepared when the concentration of NaOH is 1 M. Fur-

thermore, the spindlelike structures are not well formed.

Similar results were obtained when the concentration of

NaOH is 5 M (Fig. 5b). The products are with an average

length of about 10 lm and a diameter of about 1.4 lm in

the middle part. Similarly, the nanorod bundles are also not

well formed. From the experimental results, it seems that

low concentration of NaOH is in favor of the formation of

well formed nanorod bundles. It is well known that the pH

value has great effect on the morphology and size of the

final products. For example, the influence of pH value on

the morphology of the Sm(OH)3 has been investigated by

Li et al. [2]. Their results show that there exists an optimal

pH value for the growth of high-aspect-ratio nanowires.

They think this phenomenon can be explained by the

complex interaction and balance between the chemical

potential and the rate of ionic motion. In this case, when

the concentration of NaOH is low, high rate of ionic

motion and low chemical potential environment were

obtained. Maybe the solution environments are helpful for

Fig. 3 SEM photos of the

samples prepared at different

growth stages. a 1 h (sample 2)

and b 6 h (sample 3)

Fig. 4 SEM photos of the

samples prepared with different

concentration of EDTA.

a 0.04 M (sample 4) and

b 0.1 M (sample 5)
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the self-assembling of the nanorods into well formed

Y(OH)3 nanorod nanobundles.

Effect of reaction temperature

To investigate the effect of reaction temperature on the

synthesis, experiments were carried out at 80 and 160 �C,

while the other experimental conditions were kept

unchanged. Figure 6a shows the SEM image of the product

obtained at 80 �C. The obtained Y(OH)3 nanorod bundles

have an average length of about 7 lm and a diameter of

about 1.4 lm in the middle part. Moreover, many small

particles smaller than 100 nm are found in the product

which implying that the products are not well crystallized.

Increasing the reaction temperature to 160 �C, nanorod

bundles are the main products. Compared with the sample

prepared at 80 �C, the nanorod bundles become longer and

larger. The nanorod bundles have an average length of

about 8 lm and a diameter of about 1.6 lm in the middle

part. However, the microspindle is not well crystallized

either, many small particles are also found on the surface of

the nanorod bundles. Compared with the products prepared

at 200 �C, it can be seen that the crystallinity of the product

increases with the increase of the reaction temperature,

which also can be verified by the XRD results.

Formation mechanism for the Y(OH)3 nanorod bundles

Based on above results, a mechanism for the formation of

Y(OH)3 nanorod bundles is suggested, as shown in Fig. 7.

First, with the addition of EDTA, it can slow down the

nucleation and subsequent crystal growth of the Y(OH)3

particles, because EDTA forms strong complex with Y3?

through coordination interaction. With the addition of

NaOH, it reacts with Y(EDTA)- to produce Y(OH)3

nanoparticles and nanorods. At the same time, the dissoci-

ated EDTA ions enter into the solution again. The freshly

formed nonorods self-assemble to form nanobundles with

the assistance of EDTA ions, offering lower surface energy.

During the reaction, the dissociated EDTA may act as a

capping reagent to kinetically control the growth rate of

different crystal faces through selective absorption and

desorption. The length changes of the nanorod are probably

Fig. 5 SEM photos of the

samples prepared at different

concentration of NaOH. a 3 M

(sample 6) and b 5 M

(sample 7)

Fig. 6 SEM photos of samples

prepared at different

temperatures. a 80 �C (sample

8); b 160 �C (sample 9)

Fig. 7 Illustration for the formation of Y(OH)3 microspindles under

hydrothermal conditions
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due to differences in the chemical potential of the rod ends

versus the solution and it is the nucleation delays which are

responsible for the length differences with the surrounding

rods compared to the core nanorod which was the initial

one. During the formation, the formed nanoparticles con-

sume through an Ostwald ripening process because of

curvature radius differences between them and nanorods

parts (the ends probably). Finally, Y(OH)3 nanorod bundles

which are composed of nanorods are obtained.

Photoluminescence properties of the Y2O3:Eu3?

nanorod bundles

The Y2O3:Eu3? nanorod bundles exhibit a strong red

emission under under 393 nm excitation, and the spectral

properties are typical of the well-known Y2O3:Eu3? [25],

as shown in Fig. 8. The emission spectrum is composed of
5D0 ? 7FJ transitions (J = 0, 1, 2, 3, and 4), with
5D0 ? 7F2 (613 nm) transition being the most prominent

group (Fig. 8a). All the other peaks at 582, 594, 632, and

709 nm can be assigned to the 5D0–7F0, 5D0–7F1, 5D1–7F4,

and 5D0–7F4 transitions, respectively. The corresponding

emission peaks at 535 nm are attributed to the 5D1–7F1.

The strongest peak at 613 nm indicates that Eu3? occupies

a site without an inverse center in Y2O3 matrix. Figure 8b

presents the room-temperature excitation spectrum of

Y2O3:Eu3? nanorod bundles, which shows the double

excitation peaks at 393 and 465 nm, and the strongest peak

is at 393 nm, so we select it as the excited light.

Conclusion

In summary, spindlelike Y(OH)3 nanorod bundles com-

posed of numerous nanorods have been synthesized via a

facile hydrothermal method with the presence of EDTA.

The effects of the reaction temperature, reaction time, and

the concentration of EDTA and NaOH have been investi-

gated. Results show that EDTA acting as shape modifier

for the formation of spindlelike nanorod bundles. It can

modulate the growth rate of different crystallographic facets

to govern the final morphology. Y2O3:Eu3? with similar

morphology was obtained after thermal treatment of the

Y(OH)3:Eu3? nanorod bundles at 700 �C for 4 h. A possi-

ble mechanism for the formation of Y(OH)3 nanorod

bundles is briefly suggested. Strong red emission centering

at 613 nm is realized in the Eu3? doped Y2O3 nanorod

bundles which may find potential application in the field of

color display and solid-state lasers.
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