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Abstract

Increases of emission intensities for Eu3þ at the S6 site relative to that at the C2 site have been observed as UV excitation

wavelength decreases from 300 to 200 nm in both bulk and nanocrystalline cubic Y2O3:Eu
3þ. Analysis of excitation spectra suggests

that the energy transfer from the host prefers to the S6 site. In addition, spectral red-shift has been found in both charge transfer

bands in nanocrystalline Y2O3:Eu
3þ compared to the bulk material. The number ratio of S6 sites to C2 sites is also smaller in

nanocrystalline Y2O3:Eu
3þ than that in the bulk one.

� 2003 Elsevier B.V. All rights reserved.
1. Introduction

Trivalent europium-activated Y2O3 (Y2O3:Eu
3þ) has

attracted much attention as a red emitting phosphor for

commercial application on fluorescent lighting and dis-

playing [1,2]. With the fast development of nanotech-

nology, the optical properties of nanocrystalline (NC)
Y2O3:Eu

3þ have also been investigated extensively [3–11]

for its potential applications on high resolution imaging

and fundamental research, such as local environment

probing [4] using the high sensitivity of Eu3þ ions to their

surroundings.

It is well known that Y2O3:Eu
3þ phosphor absorbs

UV light through a charge transfer band (CTB) or host

excitation band and then yields red fluorescence peaking
at 611 nm. There exist two types of crystallographic sites

in cubic Y2O3, S6 and C2 sites. The S6 site has inversion

symmetry in which electric dipole transition is forbid-

den. Due to the absence of the inversion symmetry and

the permission of electronic dipole transition, the C2 site
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makes dominant contribution to the 611 nm emission

which corresponds to 5D0–
7F2 transition of Eu3þ ions.

Hence, the observed CTB and host excitation band in

the excitation spectra by monitoring 5D0–
7F2 transition

are mainly from the Eu3þ ions at the C2 site. Although

the S6 site has little contribution to the red fluorescence,

it could still compete with the C2 site for UV absorption.
To our knowledge, there have been no reports on the

UV excitation properties of the Eu3þ at S6 site in either

bulk or NC Y2O3:Eu
3þ. The S6 site allows the magnetic

dipole transition 5D0–
7F1 of Eu3þ, which provides the

possibility to study the UV excitation properties of the

S6 site. In this Letter, the UV excitation properties of

the CTB and host excitation band for Eu3þ at the S6 site

are investigated for both bulk and NC Y2O3:Eu
3þ

samples. Increases of emission intensities for Eu3þ at the

S6 site relative to that at the C2 site have been observed

as UV excitation wavelength decreases from 300 to

200 nm. Decomposition of excitation spectra shows that

the CTB of Eu3þ at the S6 site lies in the high-energy side

of that at the C2 site, resulting in that the energy transfer

from the host prefers to the S6 site. In addition, spectral

red-shift has been found in both charge transfer bands in
NC Y2O3:Eu

3þ compared to the bulk material. The
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number ratio of S6 sites to C2 sites is also smaller in NC

Y2O3:Eu
3þ than that in the bulk one.
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Fig. 2. Excitation spectra of the 611 nm emission in bulk sample (solid)

and NC sample (dotted).
2. Experiments

The NC Y2O3:1% Eu3þ was prepared by fast thermal

decomposition of metal nitrate solution. In the prepa-

ration, Y(NO3)3 and Eu(NO3)3 were dissolved in de-

ionized water and mixed in an appropriate ratio to form

the precursor solution. The precursor solution was then

condensed in porcelain crucible at 90 �C and was de-

composed rapidly at 500 �C followed by a heat treat-
ment at 500 �C for 1 h. The particle size was determined

to be �7 nm by transmission electron microscopy

(TEM), as shown in Fig. 1. The bulk Y2O3:1% Eu3þ

crystal powders was obtained by annealing the prepared

nanoparticles at 1250 �C in air. The crystal size was

determined to be 2–3 lm by field-emission scanning

electron microscopy (FESEM). All the samples were

identified as cubic structure by X-ray diffraction. The
optical spectra were recorded at room temperature by a

Hitachi F-4500 fluorescence spectrometer using a Xe

lamp as the excitation source.
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3. Results and discussion

Fig. 2 shows the excitation spectra of the 611 nm
emission in bulk crystal sample (solid line) and NC

sample (dotted line), respectively. Both spectra in 200–

300 nm region consist of two bands. The band peaking

around 210 nm is related to the host excitation, i.e.,

electronic transitions from O 2p valence band to the Y

(5d 6s) conduction band (Y2O3 host lattice absorption)

[12]. In comparison with bulk sample, a blue-shift of the

host excitation band in the NC Y2O3:Eu
3þ sample is

clearly observed due to the quantum confinement effects

[13]. The other band occurring around 240 nm is at-

tributed to the CTB absorption of Eu3þ at the C2 sites.

A clear red-shift of the CTB in NC Y2O3:Eu
3þ is ob-

served. It is believed to associate with the surface states
Fig. 1. TEM image of the Y2O3:Eu
3þ NC sample.
of the nanoparticles, which will be discussed in the fol-
lowing sections.

Figs. 3 and 4 show 5D0–
7FJ ðJ ¼ 0; 1; 2; 3Þ emission

spectra (solid) for bulk and NC samples, respectively,

upon excitation of UV light with different wavelengths

within 200 and 300 nm. The two emission lines located

at 580 and 582 nm are focused, which originate from
5D0–

7F0 transition of Eu3þ at C2 site and 5D0–
7F1

transition at S6 site, respectively [5]. It is found that the
intensity ratio of 5D0–

7F1 (S6) to
5D0–

7F0 (C2) emission

line increases remarkably as the excitation wavelength

decreases. This result suggests that the CTB of Eu3þ at

the S6 site locates at the high-energy side of Eu3þ at the

C2 site and the host prefers transferring excitation to the

S6 site. In fact, the different excitation wavelengths

change the composition of the S6 and C2 spectral com-
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Fig. 3. Emission spectra of bulk sample excited by UV light with dif-

ferent wavelengths.
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Fig. 4. Emission spectra of NC sample excited by UV light with dif-

ferent wavelengths.
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ponents, which are deconvoluted and plotted on the

bottom (dashed) in Figs. 3 and 4.

In order to obtain the excitation spectra of Eu3þ at S6
site in UV region, excitation spectra were measured

within 200 and 300 nm by collectively monitoring the
5D0–

7F1 (S6) and
5D0–

7F0 (C2) emissions. Fig. 5 depicts
the excitation spectra for both bulk sample (curve 1,

Fig. 5a) and NC sample (curve 1, Fig. 5b). As expected,

the profiles of the excitation spectra are different from
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Fig. 5. Excitation spectra (curve 1) in UV region by collectively

monitoring both 580 (5D0–
7F0) and 582 nm (5D0–

7F0) emissions for

bulk sample (a) and NC sample (b), respectively. The spectral com-

ponents for the S6 and C2 sites are resolved and presented below the

curve 1 for each figure.
the ones presented in Fig. 2 for both bulk and NC

samples, where the spectra correspond to the pure C2

site only. It indicates that S6 sites make an important

contribution to the spectra. The spectral compositions

from S6 site, x, and from C2 site, ð1� xÞ, can be deter-
mined by deconvoluting the overlapped 580 (C2) and

582 nm (S6) emissions presented in Fig. 3 or Fig. 4.

Using the profile of the excitation spectra in Fig. 2 as of

pure C2 site and scaling it to ð1� xÞ, the excitation

spectra of pure S6 site in UV region is obtained by

subtracting the rescaled excitation spectra of pure C2

site from the curve 1.

The solid triangles (Fig. 5) indicate the change of
spectral composition of S6 site as a function of excita-

tion wavelength. The open circles give the intensity of S6
site obtained by multiplying curve 1 and the composi-

tion x. The open squares indicate the intensity of C2 site

obtained by multiplying curve 1 and ð1� xÞ. Spectral
deconvolution demonstrates that the CTB of the Eu3þ at

the S6 site lies in high-energy side of that at the C2 site.

This result might be related to the fact that S6 site has
inversion symmetry and shorter Y–O bond than C2 site.

The similar results have been reported in other Eu3þ-
doped oxide hosts [14], where CTB positions exhibited a

shift toward higher energy for VIII and XII coordina-

tion numbers of Eu3þ as bond length decreases. In our

case, the cation Y3þ has VI coordination numbers in a

pure phased cubic Y2O3. It is also shown in Fig. 5 that

CTBs of Eu3þ at both S6 and C2 sites have a spectral
red-shift in NC Y2O3:Eu

3þ, which has been observed by

other investigators [5,10,11] and has been attributed to

the larger Eu–O distance in nanomaterials [14]. The

charge transfer state is related to stability of the elec-

trons of the surrounding O2�. In bulk materials, an O2�

ion is stabilized by surrounding positive ions. However,

as particle size decreases to nanoscale, the surface-to-

volume ratio of the particle increases and the degree of
periodical disorder due to the surface structure in-

creases, causing the electrons in O2� less stable. As a

result, it requires less energy to remove an electron from

an O2� ion; therefore, the energy levels of CTB are

lowered.

In addition, as shown in Fig. 5, the intensity ratio of

the host excitation band to the CTB of the S6 site is

greater than that of the C2 site in both bulk and NC
Y2O3:Eu

3þ. It suggests that the host prefers transferring
the excitation to the Eu3þ at S6 site. The result could be

attributed to the fact that the peak of the CTB of the S6
site is closer to the host excitation band than that of the

C2 site. Moreover, in comparison with bulk Y2O3:Eu
3þ,

the integrated intensity of the S6 site to that of the C2

site decreases remarkably in NC sample, corresponding

to the decrease of number ratio of the S6 sites to the
C2sites. It indicates that the local symmetry of Y2O3

lowers in NC material, i.e., more Eu3þ ions locate in or

near the particle surface, where exists a large number of
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dangling bonds and disorder structures. This is also

consistent with the disorder effect discussed above.
4. Conclusions

In conclusion, the energy of the charge transfer state

of Eu3þ at the S6 site is slightly higher than that at the

C2 site in both bulk and NC Y2O3:Eu
3þ. CTBs of Eu3þ

at both S6 and C2 sites are shifted toward lower energy

in NC sample. The host prefers transferring the excita-

tion to the Eu3þ ions at S6 site, instead of C2 site.

Comparing with the bulk one, the number ratio of the S6
sites to the C2 sites in NC is decreased remarkably. It is

attributed to the increase of disorder on the surface of

the nanoparticles.
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