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The photoluminescence (PL) properties of Y2O3:Eu3+ nanophosphors were systematically investigated with the goal
of improving the color quality and quantum efficiency of Y2O3:Eu3+ nanophosphors for potential applications in nano-
scale devices. The emission spectra, excitation spectra and fluorescence decay curves were employed to trace the energy
transfer process from Eu3+ at C3i site to Eu3+ at C2 site. The experimental results show that the energy transfer process
becomes more and more efficient with the increase in the Eu3+ concentration. The emission of Eu3+ at C2 site is favorable
because it has high radiative efficiency and better color quality. The successful suppress of the emission Eu3+ at C3i is
especially important for its applications in general illumination or display technology. The quantum efficiency and color
quality of Y2O3:Eu3+ can be improved by controlling the energy transfer between the Eu3+ at S6 site and Eu3+ at C2 site.
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1. Introduction
Y2O3:Eu3+ phosphor is a well-known red phosphor, that

is widely used in fluorescent lamps, projection televisions, and
field emission displays due to its high emission efficiency.[1–7]

As we know, the transitions of Eu3+ are sensitive to the crys-
tal field environment, which lead to different optical properties
of Eu3+ at different symmetry sites.[8] Eu3+ locate two sym-
metry sites in cubic Y2O3 host, C2 (noncentrosymmetric) and
C3i (centrosymmetric),[9] as illustrated in Fig. 1. One of them
consists of C2 sites only, and the other contains equal numbers
of C2 and C3i sites.[9]
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Fig. 1. (color online) Crystal structure of Y2O3 and arrangement of
the two Y3+ symmetry sites (red color represents O atoms, green color
represents Y atoms at C3i, and light blue color represents Y atoms at
C2).

In general, the intra-configurational f – f electric dipole
transitions are forbidden for centrosymmetric site because the
levels have the same parity. In this case, only magnetic dipole
transitions occur, which are much weaker than electric dipole
transitions. For noncentrosymmetric sites, the crystal-field
introduces an opposite-parity part to the potential energy of
the crystal levels, which also makes the electric dipole tran-
sitions possible.[8,10] Therefore, for the Eu3+ located at C3i

(centrosymmetric) site, only the f – f magnetic dipole transi-
tions can be observed. While for the case of Eu3+ ions at
C2 site, the electric dipole transitions are also allowed, which
means that all the intraconfigurational f – f transitions can oc-
cur. The emission from Eu3+(C3i) site is not favorable because
it only generates much lower (because of the lower probability
of the transitions[11]) emission, and this also leads to the high
probability of nonradiative relaxations, which would decrease
the total emission efficiency. Thus, we would prefer emission
from the Eu3+at C2 site for illumination purposes.

Nowadays, nanotechnology and nanoscience are emerg-
ing as leading topics in the technological revolution. The abil-
ity to engineer atoms on the nano-scale helps scientists to cre-
ate tiny devices that can bring vast benefits to industry, such
as reduced labor requirement and lower cost. To meet the re-
quirement of tiny devices, the bulk phosphor material is no
longer applicable. Thus, in the last decades, nano-sized phos-
phors have been investigated for their potential applications as
well as their fundamental properties.[12–15] These nanomateri-
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als have a high surface to volume ratio, and the atoms at the
surface have fewer neighbors than atoms in the bulk material,
which lead to a different crystal field environment for the Eu3+

in the surface than that in the bulk material. In comparison
with bulk material, the Y2O3:Eu3+ nanophosphor has differ-
ent photoluminescence (PL) properties, such as the peak posi-
tion, emission intensity, and lifetime. Therefore, it is essential
to systematically study PL properties and energy transfer pro-
cess of Y2O3:Eu3+ nanophosphors, although these properties
of Y2O3:Eu3+ bulk material have been investigated.[16]

In this work, we systematically study optical properties
of Y2O3:Eu3+ nanophosphors. The energy transfer process is
presented by measuring the PL spectrum, PL excitation spec-
trum, and fluorescence decay curves. Specifically, we inves-
tigate the energy transfer processes between the Eu3+ in C3i

site and Eu3+in C2 site with the goal of improving the light
emission efficiency and achieving better color quality.

2. Experimental details

Y2O3:Eu3+ nanophosphors with various Eu3+ concentra-
tions (0.5 mol%, 1 mol%, 3 mol%, 5 mol%, 8 mol%, 12 mol%,
and 15 mol%) were obtained by a glycine–nitrate solution
combustion method. The process is designed as follows: the
Y2O3 and Eu2O3 were dissolved in HNO3 to obtain Y(NO3)3

and Eu(NO3)3 solutions, respectively. The obtained Y(NO3)3

and Eu(NO3)3 were mixed according to (Y1−xEux)2O3 and put
into glycine (C2H5NO2) solution. The mixture was stirred
until a uniform solution was obtained. After this, the so-
lution was heated to vaporize the water. When the water
was almost dried out, the temperature roses quickly and the
mixture was ignited at about 250 ◦C. The combustion was
self-propagating until the glycine and nitrate were depleted.
Y2O3:Eu3+ nanophosphors were formed after the combustion
was completed.

The crystalline phase and the size of the Y2O3:Eu3+

nanophosphors were identified using a Rigaku D/max-2000
X-ray powder diffractometer with Cu Kα radiation (λ =

0.15405 nm). The emission and excitation spectra were mea-
sured using a Hitachi F-4500 fluorescence spectrometer with
a 150-W xenon lamp as the excitation source. In the measure-
ment of fluorescent dynamics and high resolution spectra (see
Fig. 3(a)), a fourth-harmonic generator pumped by a pulsed
Nd:YAG laser was used as an excitation source. The spectra
was recorded by a Spex-1403 double raster monochromator
with resolution of 0.005 nm, a photomultiplier, and a boxcar
integrator, and processed by a computer. All of the measure-
ments were performed at room temperature.

3. Results and discussion
3.1. XRD patterns and PL properties of Y222O333:Eu3+3+3+

Figure 2 shows the XRD patterns of synthesized
Y2O3:Eu3+ nanophosphors. All of the diffraction peaks are
well indexed to cubic Y2O3 phase (JCPDS 43-1036), which
was also plotted in Fig. 2 for comparison. No additional peaks
belonging to other phases have been found. The particle size is
22 nm, which was calculated from the half-width of the peaks
of the X-ray powder patterns by Scherrer’s equation.
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Fig. 2. (color online) The XRD patterns of (Y1−xEux)2O3. (a) x =
0.005, (b) x = 0.01, (c) x = 0.03, (d) x = 0.08, (e) x = 0.12, and (f)
x = 0.15.

Figure 3(a) is a high-resolution spectrum of the 0.5%
Eu3+-doped Y2O3 nanophosphor under the fourth harmonic
(266 nm) of Nd:YAG laser excitation. All the peaks belong to
the 5D0 →7 F j ( j = 0, 1, 2, 3, 4) transition of Eu3+. Among
them, the emission at 580 nm is assigned to the 5D0→7 F0

transition of Eu3+. The emissions at 582 nm and 592 nm are
assigned to the 5D0→7 F1 transition of Eu3+ at C3i site. The
emissions at 587 nm, 593 nm, and 600 nm are assigned to
the 5D0→7 F1 transition of Eu3+ at C2 site (see Fig. 3(c)).
The strongest emission centered at 611 nm originates from the
5D0→7 F2 transition of the Eu3+ at C2 site. The correspond-
ing PL excitation spectrum by monitoring the 611 nm emission
shows two broad bands and several sharp peaks (see Fig. 3(b)).
The band centered at 211 nm is excitonic absorption due to the
O2−→Y3+ electron transfer transition. The excitation band
centered at 250 nm is attributed to the O2−→Eu3+ charge
transfer (CT) transition.[17] The weaker absorption peaks be-
tween 300 nm and 500 nm belong to the f → f transition of
Eu3+.

3.2. Emission spectra of Y222O333:Eu3+3+3+phosphors under exci-
tation of 239 nm with various Eu3+3+3+concentrations

In order to investigate the optical properties of
Y2O3:Eu3+ nanophosphors, the emission spectra of
Y2O3:Eu3+ nanophosphors with various Eu3+ concentrations
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Fig. 3. (color online) (a) High-resolution PL emission spectrum of 0.5%
Eu3+-doped Y2O3 under 266 nm excitation. (b) The corresponding ex-
citation spectrum monitoring 611 nm emission. (c) A schematic of en-
ergy levels of Eu3+ (C2) and Eu3+ (C3i) for the lowest manifold of the
5D and 7F terms in Y2O3:Eu3+.

were measured. Figure 4(a) shows the emission spectra (530–
540 nm) of the Y2O3:Eu3+ with various Eu3+ concentrations
under 239-nm excitation, which were normalized by 611-nm
emission for comparison. Note that all of the spectra were off-
set by a certain number. The emissions between 530–540 nm
are assigned to radiative emission from the 5D1 of Eu3+ at C3i

site. All of the spectra are very similar and contain almost sim-
ilar features. However, the intensity ratio of these emissions to
the strongest hypersensitive 5D0 →7 F2 line at 611 nm, this
is the emission of Eu3+ occupying C2 site, which systemati-
cally decreases with the increase in Eu3+ concentration. This
indicates that the ratio of C3i site emission to that of the C2

site decreases with the increase in the Eu3+ concentration. In
the region of 575–582 nm (see Fig. 4(b)), it can be well fit-
ted with two Gaussian profiles: one is peaking at 580 nm,
which is from Eu3+ at C2 emission, and the other is center-
ing at 582 nm from Eu3+ at C3i emission. It can be seen that
the relative emission intensity ratio of C3i site to C2 site de-
creases with increasing Eu3+ concentration. That is, when the
Eu3+ concentration increases, the Eu3+(C2) luminescence in-
tensity increases with the expense of the Eu3+(C3i) emission.
This is attributed to the energy transfer from the C3i site to
the C2 site, as happened in the bulk materials. The distance
between Eu3+ decreases with the increase in the Eu3+ con-
centration which enhances the probability of energy transfer
of Eu3+(C3i)→Eu3+(C2). Therefore, the ratio of the emission
intensity of the C3i site to the C2 site decreases with increasing
Eu3+ concentration.
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Fig. 4. (color online) Emission spectra (normalized by 611 nm emis-
sion) of the Y2O3:Eu3+ with various Eu3+ concentrations (a) in the
range of 525–575 nm, and (b) in the range of 575–582 nm.

3.3. Excitation spectra of Y222O333:Eu3+3+3+ with various Eu3+3+3+

concentrations

In addition to the emission spectra, the excitation spec-
tra were also measured to investigate the optical properties of
Y2O3:Eu3+ nanophosphors. As shown in Fig. 3(c), Eu3+ oc-
cupying C3i site has higher energy levels than that of Eu3+ at
C2 sites, as illustrated. Therefore, the corresponding excita-
tion spectra should be different. Based on this consideration,
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the PL excitation spectra were also measured for Y2O3:Eu3+

with various Eu3+ concentrations by monitoring 582-nm and
611-nm emissions.

Figure 5 shows the normalized excitation spectra by mon-
itoring the 611-nm and 582-nm emissions of Y2O3:Eu3+ with
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Fig. 5. (color online) Excitation spectra of Y2O3:Eu3+ with various
Eu3+ concentrations (the red line monitors the 580-nm emission and
the black line monitors the 609-nm emission).

various Eu3+ concentrations. In the case of Y2O3:Eu3+ with
lower Eu3+ concentrations, the possible Eu3+–Eu3+ interac-
tion can be negligible due to the long distance between Eu3+.
The excitation spectra by monitoring 611-nm and 582-nm
emissions are different in CT regions (see Figs. 5(a) and 5(b)).
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Fig. 6. (color online) Fitted excitation spectra monitoring the 611-nm
emission with various Eu3+ concentrations: (a) 0.5%, (b) 1%, (c) 8%,
(d) 15%.
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For the 582-nm emission (Eu3+(C3i)), the CT band located in
higher energy region shows a peak around 239 nm. Mean-
while, for the 611-nm emission the peak was shifted toward
lower energies, peaking around 251 nm. These two bands get
closer and closer with the increase in the Eu3+ concentration.
This is attributed to the energy transfer between the Eu3+(C3i)
and Eu3+(C2). In order to trace the change of excitation spec-
tra with the increase in the Eu3+ concentration, the CT bands
by monitoring 611-nm emission were fitted using Gaussian
curve, as shown in Fig. 6. At a lower concentration (0.5%
mol Eu3+), the excitation spectrum can be fitted well with two
excitation bands: one is the excitation absorption centered at
210 nm;[18] the other is the CT band of Eu3+ (C2) peaking at
251 nm. When the Eu3+ concentration increased to 1 mol%,
it must be fitted with three Gaussian curves. In addition to
the excitation absorption centered at 210 nm and the CT band
from the Eu3+ (C2), the CT band from Eu3+ (C3i) centered
at 239 nm is also observed. The ratio of the intensity of ab-
sorption from Eu3+(C3i) to that from Eu3+(C2) increases with
increasing Eu3+ concentrations. This indicates the increasing
rate of the energy transfer from the excited Eu3+(C3i) to the
nearby located Eu3+(C2) ions.

3.4. Fluorescence dynamics of Y222O333:Eu3+3+3+nanophosphors
with various Eu3+3+3+concentrations

The fluorescence decay curves were also measured
to further understand the optical properties of Y2O3:Eu3+

nanophosphors. Florescence decay curves of 5D0 energy level
were measured for both 582-nm emission and 611-nm emis-
sion, corresponding to 5D0 →7 F1 of Eu3+ at C3i site and
5D0 →7 F2 of Eu3+ at C2 site, respectively. Figure 7(a) is
the normalized fluorescence decay curves of the emissions of
5D0 which is measured by monitoring the 582 nm emission,
which belongs to the 5D0 →7 F1 transition of Eu3+(C3i), in
the Y2O3:Eu3+ with various Eu3+ concentrations. As we can
see, the lifetime of Eu3+ occupying the C3i site is 5.51 ms,
4.65 ms, 3.08 ms, 1.43 ms, and 1.18 for the Eu3+ concentra-
tions of 0.5%, 1%, 3%, 8%, and 12%, respectively. The fluo-
rescence lifetime decreases with the increase in Eu3+ concen-
tration and dramatically drops when the Eu3+ concentration
increases to 8 mol% (see Fig. 7(c)). The lifetimes of Eu3+

in the C2 site are 1.94 ms, 1.93 ms, 1.90 ms, 1.72 ms, and
1.38 ms for the Eu3+ concentration of 0.5%, 1%, 3%, 8%,
and 12%, respectively. Compared to the lifetime of Eu3+at
C3i site, there are only small changes for the lifetime of 611
nm emission. Only when the Eu3+ concentration increases
to 8 mol% is a relatively dramatical drop observed. This is
attributed to the increased energy transfer between Eu3+(C2)
and Eu3+(C2) in Y2O3 nanoparticles (see Figs. 7(b) and 7(c)).
To understand the underlying mechanism, we should also re-
call that the Eu3+at two symmetry sites have different life-

times. When the concentration of Eu3+ is 0.5% mole, the dis-
tance between the Eu3+ is very large. Therefore, there is al-
most no interaction between the Eu3+ ions, thus the lifetime of
Eu3+ at the C3i site is long. However, the distances between
the Eu3+ ions becomes shorter and shorter with the increase
in Eu3+ concentrations and the interaction between the Eu3+

ions became stronger and stronger. This increases the energy
transfer chance between Eu3+(C3i) and Eu3+(C2). This also
confirms that the energy of excited ions of Eu3+ located at the
C3i site can be transferred into the Eu3+(C2) ions that are lo-
cated nearby. This process becomes more and more efficient
as the Eu3+ concentration increases.
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Fig. 7. (color online) (a) Normalized fluorescence decay curves of the
5D0 emission by monitoring 582-nm emission in the Y2O3:Eu3+ phos-
phors with various Eu3+ concentrations under 266-nm excitation. (b)
Normalized fluorescence decay curves of the 5D0 emission by monitor-
ing 611-nm emission in the Y2O3:Eu3+ phosphors with various Eu3+

concentrations under 266-nm excitation. (c) Concentration dependence
of fluorescence lifetime derived from the analytical fits to the decay
curves of 582-nm and 611-nm emissions.
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Another point to be emphasized is that when the Eu3+

concentration is lower, the lifetime of 582-nm emission is
longer than that of 611-nm emission. However, the fluo-
rescence lifetime of 582-nm emission is shorter than that of
611-nm emission when the Eu3+ concentration increases to
8 mol% (see Fig. 7(c)). This also relates to the energy trans-
fer between Eu3+ in two symmetry sites. As previously men-
tioned, the 582-nm and 612-nm emissions are attributed to
emissions from Eu3+(C3i) and Eu3+(C2) sites, respectively.

4. Conclusion
Cubic Y2O3:Eu3+ nanophosphors with various Eu3+ con-

centrations were synthesized by a simple combustion method.
The spectroscopic measurements were employed to trace the
energy transfer between Eu3+ ions at C3i site and C2 site.
The energy transfer was confirmed by measuring the emission
spectrum, excitation spectrum, and fluorescence decay curves.
The ratio of 582-nm (Eu3+(C3i)) emission to 5D0→7 F2 emis-
sion systematically decreases with the increase in the Eu3+

concentration. The changes of emission spectra are attributed
to the energy transfer from the Eu3+(C3i) to Eu3+(C2). The
excitation spectra of lower Eu3+-doped samples demonstrate
that the energy level of Eu3+ (C3i) is higher than that of the
Eu3+(C2). The changes of excitation spectra with the Eu3+

concentration also indicate that there is an energy transfer from
the Eu3+(C3i) to the Eu3+(C2). The energy transfer of Eu3+

from C3i site to C2 site is especially important because the

Eu3+ at C2 has much higher radiative efficiency and better
color quality for a variety of applications, such as illumination
and display technology.
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