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Abstract A new approach has been developed for the

preparation of Y(OH)3:Eu and Y2O3:Eu nanosheets using

the sol–gel method and hydrothermal reactions. XRD

patterns showed that the product was purely hexagonal-

phase Y(OH)3. TEM images revealed that the nanosheets

are square shaped (1 9 1 lm2) with a thickness of several

tens of nanometers. In addition, it was found that cubic-

phase Y2O3 nanosheets can be obtained by calcination of

Y(OH)3 at 900 �C for 1 h. More importantly, the thus-

prepared Y(OH)3:Eu and Y2O3:Eu nanosheet phosphors

were found to exhibit a relatively high photoluminescence

(PL) intensity.

Introduction

Phosphors are technologically important materials for dis-

play applications. The most important properties for such

applications are high luminance and long life. Activated

oxide phosphors doped by rare earth elements are investi-

gated extensively in order to make the enhancement of the

luminescence. Europium-doped yttria (Y2O3:Eu) is an

efficient red-emission phosphor and has been used in

fluorescent lights (FL) and cathode ray tubes (CRT) [1].

Recent studies show that Y2O3:Eu nanoparticles have

significant promise in field emission displays (FED) and

plasma display panels (PDP) [2, 3].

A variety of methods have been used to prepare Y2O3-

based phosphors, such as precipitation [4–6], sol–gel pro-

cessing [7], hydrothermal treatment [8], solvothermal

treatment [9], chemical vapor deposition [10], spray

pyrolysis [11, 12], and combustion synthesis [13, 14].

Laminating materials consisting of plate-like particles

have been used for various applications. For example,

scattering is suppressed and transparency improves in the

case of optical materials because the space between plate-

like particles is smaller than that between spherical parti-

cles. It is thought that plate-like particles could be used to

fabricate grain-oriented ferroelectric ceramics [15, 16].

Plate-like particles are required to enhance the shielding

capability of inorganic UV-shielding materials [17].

It is possible to produce a transparent and smooth film

by using nanosheet phosphors. In this article, we report the

preparation of yttrium hydroxide and yttrium oxide nano-

sheets doped with europium, as well as their crystalline and

fluorescent characteristics.

Experimental

Yttrium isopropoxide (YIP) (Kojundo Chemical Lab Co.,

Ltd.) was used as a source of yttrium hydroxide, europium

(III) chloride hexahydrate (EuCl3�6H2O) was used as a

source of europium, and ethylene glycol monoisopropyl

ether (EGME) (Wako Pure Chemical Industries, Ltd.) was

used as a stabilizer.

The reagent compositions and the synthesis procedure

were as follows: First, YIP and EuCl3�6H2O were added to

EGME and agitated for 12 h. Next, the solution was mixed

in water and stirred. The mixture was then added in a Teflon
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pressure vessel. The vessel was sealed and placed in an oven

at 180 �C for 6 h. After cooling, the synthesized powder

was washed three times with ethanol and water, followed by

centrifugation of the resulting solution, and then dried.

The crystalline phase analysis of the synthesized

Y(OH)3 powders was performed using X-ray diffractome-

try (XRD; Model RINT-2550/PC, Rigaku Co., Japan) with

CuKa radiation. Thermogravimetric analysis (TG) and

differential thermal analysis (DTA) were performed using

a simultaneous micro-DTA/TG apparatus (Model 2020S

MK12, MAC Science) to study the phase transition. For

this purpose, samples were accurately weighed to five

decimal places in a platinum crucible and weight losses

were recorded from 25–1,000 �C under ambient pressure at

a heating rate of 10 �C/min and by using a-alumina as a

reference. FT-IR spectra of the synthesized powders, as

KBr pellets, were taken using FTIR-8400S spectropho-

tometer (SHIMADZU) in the range of 400–4,000 cm-1.

Powder morphology was determined by using a JEOL JM-

5600N scanning electron microscope (SEM) and HITACHI

S-4300 field emission scanning electron microscope and a

JEOL JEM-2010 transmission electron microscope (TEM)

operating at 200 kV. Energy dispersive X-ray spectroscopy

(EDS) was used for compositional analyses. A HITACHI

F-4500 Spectrofluorometer equipped with a 150-W Xe arc

lamp was used for photoluminescence (PL) measurements

at room temperature. The sample loaded on the powder

holder provided by HITACHI was mounted at about 45� to

the excitation and source for PL measurement.

Results and discussion

An SEM micrograph and X-ray diffraction of the sample

synthesized with EGME are shown in Figs. 1 and 2,

respectively. It can be seen that the particles are nanosheets

and that some are thicker at the center. The nanosheets are

square shaped, 1–1.5 lm on each side, some of them

lacking corners. The nanosheets are several tens of nano-

meters thick, and some of them overlap with each other.

The crystal structure is confirmed to be hexagonal yttrium

hydroxide, and the (100) peak is more intense than the

standard peak given in the JCPDS data file (#83-2042).

This is why the particles were laminated and well oriented

in the shape of nanosheets. There is also an intense peak at

12�, which may be due to the presence of organic materials.

For comparison, a hydrothermal reaction without EGME

was also carried out. The SEM micrograph and X-ray

diffraction of the sample synthesized without EGME are

shown in Figs. 3 and 4, respectively. It can be seen that the

Y(OH)3 products are almost rods and fibers, with diameters

ranging from 50 to 800 nm, and are several micrometers

long. The observed diffraction peaks could be indexed to

Fig. 1 SEM micrograph of the sample synthesized with ethylene

glycol monoisopropyl ether (EGME)

Fig. 2 Powder XRD pattern of the sample synthesized with EGME

Fig. 3 SEM micrograph of the sample synthesized without EGME
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the hexagonal phase. In the case of the sample without

EGME, the particles have been progressing by anisotropic

growth so that rare earths have been detected frequently

[18]. Using the sol–gel method, many oriented films have

been synthesized with organic ligands. Nishide et al. [19]

reported that sol–gel processes involving a specific organic

additive produce oriented crystals in films grown on

amorphous substrates. They also reported fabricating

strongly oriented Y2O3 films by the sol–gel process using

2-(2-methoxyethoxy) ethanol (MEE). Inoue et al. [20]

found that the thermal treatment of crystalline aluminum

hydroxide in an ethylene glycol medium yielded a novel

derivative of boehmite, in which the ethylene glycol moi-

ety was incorporated into the boehmite layers. Thus, in the

case of the sample with EGME, the OH of EGME may be

used as a planar template and the particles grow flat.

Thermal analysis of the nanosheets (Fig. 5) reveals the

crystal-phase transitions. It can be seen that the first phase

transition, which is due to the loss of water molecules

bound to the particles, occurred below 200 �C. In the DTA

curve, we can observe endothermic peaks at 305 �C and

411 �C. At the same temperatures, weight loss was

observed in the TG curves. Sato et al. [21] have found that

hexagonal Y(OH)3 transformed into YOOH at 300 �C via

the reaction Y(OH)3 ? YOOH + H2O, and into Y2O3 at

450 �C via 2YOOH ? Y2O3 + H2O. In our case, the

endothermic peaks appeared at almost the same tempera-

tures, confirming that the same phase transitions took

place. These peaks can be attributed to partial dehydr-

oxylation. The dehydroxylation reaction continues up to

1,000 �C. The FTIR spectrum of the particles (Fig. 6)

shows a peak at 1,535 cm-1, which could be assigned to

stretching of the C–C bond. The appearance of peaks at

1,367 and 3,030 cm-1 is mainly attributed to bending and

stretching of the C–H bond, respectively. Thus, it can be

concluded that the sample contains residual organic matter

derived from YIP and EGME. However, no exothermic

reaction peaks could be observed in the DTA curve. The

absence of exothermic peaks could be attributed to the fact

that although an exothermic reaction occurred from 200 to

500 �C, its presence was masked by one of the endothermic

peaks associated with dehydroxylation [22].

The SEM micrograph and X-ray diffraction pattern of

the samples heated at 900 �C for 1 h are shown in Figs. 7

and 8, respectively. The heat-treated particles retained their

nanosheet structure. It can be seen that Y2O3 are in the

form of rods and fibers, which have slightly shrunk in

diameter compared to the hydroxide. The size of the heat-

treated particles is comparable to that of the particles

before heating. During the decomposition process, hexag-

onal Y(OH)3 gradually transforms into cubic Y2O3.

However, the phase transformation into the cubic phase

does not result in the collapse of the nanosheets into par-

ticles. A similar phenomenon has been observed in other

Fig. 4 Powder XRD pattern of the sample synthesized without

EGME
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Fig. 6 FTIR spectrum of the sample synthesized with EGME

1216 J Mater Sci (2008) 43:1214–1219

123



studies [23, 24], e.g., Tang reported that such a transfor-

mation was common for rare earth compound

decomposition. The crystal structure is cubic Y2O3. TEM

observation (Fig. 9) indicates that these particles consist of

randomly oriented, very fine nanocrystallites. The micro-

graph reveals the presence of lattice defects, such as

dislocations and twin boundaries, in the nanosheets. The

nanosheet content, as determined by EDX analysis, shows

that Y:Eu = 87.8:11.2 wt.%. This content is almost the

same as that of the addition content (YIP 0.25 mol/L,

EuCl3�6H2O 0.018 mol/L).

The SEM micrograph of the sample synthesized under a

YIP concentration of 3.75 mol/L is shown in Fig. 10. In the

case of the more concentrated yttrium solution, some sheets

grew to 5 lm. In the ordinary hydrothermal reaction, the

particle size was small because the rate of nucleation was

higher than that of grain growth, and thus, the number of

nuclei increased with increasing source concentration. It is

thought that this may be an instance of heterogeneous

concentration distribution, where small particles disap-

peared and large particles grew as a result of Oswald

ripening.

Figure 11 shows the room temperature emission spectra

of Y(OH)3:Eu samples with and without EGME under 397-

nm excitation. The peak at 592 nm is due to the allowed

magnetic dipole transition (5D0–7F1), while the peak at

615 nm is due to the forced electric dipole transition

(5D0–7F2). The peaks at 651 and 697 nm are attributable to
5D0–7F3 and 5D0–7F4 transitions. It can be observed that the

Fig. 7 SEM micrograph of the sample obtained by heat treatment at

900 �C for 1 h in air

Fig. 8 Powder XRD pattern of the Y2O3 nanosheets obtained by heat

treatment at 900 �C for 1 h in air

Fig. 9 TEM micrograph of the Y2O3 nanosheets obtained by heat

treatment at 900 �C for 1 h in air

Fig. 10 SEM micrograph of the sample synthesized under a YIP

concentration of 3.75 mol/L
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main emission intensity was greater than that of the sample

without EGME. Figure 12 shows the room temperature

emission spectra of Y2O3:Eu samples with and without

EGME under 467-nm excitation. The strongest peak

appearing at 611 nm was attributed to the forced electric

dipole transition (5D0–7F2). Highly forbidden transition

peaks can be seen at 580 nm, and the peaks at 587, 592 and

599 nm are due to the magnetic dipole transition (5D0–7F1).

The main emission intensity is greater than that of the

sample without EGME. This is presumably because the

yttrium compounds were doped with a higher concentra-

tion of Eu ions during the reaction in the solution than the

sample without EGME. Another reason was that the sur-

face area of the nanosheets was lower than that of the

nanoparticles. The nanosheets become depleted in hydro-

xyl groups in the immediate vicinity of the Eu3+ ions. This

reveals the sensitivity of Eu3+ fluorescence to the envi-

ronment, which is attributed to the higher non-radiative

path [25]. Thus, the luminescence intensity of the sample

with EGME was increased.

Conclusions

We have successfully developed a route based on EGME

acting as template for the hydrothermal synthesis of

Y(OH)3 nanosheets. By heat treatment of the Y(OH)3 at

900 �C for 1 h, cubic Y2O3 nanosheet particles with a

thickness of several tens of nanometers and a size of 1 lm

could be obtained. More importantly, luminescence inten-

sity from these nanosheets was greater than the rod-like

particles synthesized without EGME.
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