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Luminescence, energy transfer, and upconversion mechanisms of nanophosphors (Y2O3 : Eu3+, Tb3+, Y2O3 : Tm3+, Y2O3 : Er3+,
Yb3+) both in particle and colloidal forms were studied. The structure, phase, and morphology of the nanopowders and nanocol-
loidal media were determined by high-resolution TEM and X-ray diffraction. It was shown that the obtained nanoparticles have
a round-spherical shape with average size in the range of 4 to 20 nm. Energy transfer was observed for Y2O3 : Eu3+, Tb3+ colloidal
and powders, upconversion transitions were observed for both Y2O3 : Er3+ and Y2O3 : Er3+, Yb3+ nanophosphors. The dependence
of photoluminescence (PL) spectra and decay times on doping concentration has been investigated. The infrared to visible con-
version of emission in Y2O3 : Er3+, Yb3+ system was analyzed and discussed aiming to be applied in the photonic technology.
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1. INTRODUCTION

Luminescent nanomaterials in the form of nanoparticles,
nanorods, nanowires, nanotubes, as well as colloidal or bulk
nanocrystals are of interest not only for basic research, but
also for interesting application [1–3]. High surface to vol-
ume ratio, local phenomena such as absorption or change
in the surface electronic state may contribute significantly to
special properties. An understanding of luminescent proper-
ties, energy transfer (ET), and upconversion could determine
how to tailor nanophores for a given application. Nanoma-
terials have potential application as efficient display phos-
phors, such as in new flat panel displays with low-energy
excitation source [2, 3]. Y2O3:Eu3+ phosphor, one of the
most promising oxides-based red phosphors, was studied for
a long time because of its efficient luminescence under ul-
traviolet (UV) and cathode-ray excitation. Y2O3:Eu3+ with
micrometer size grains was used as the red component in
three chromatic lamps and projection color television [4–6].
Numerous studies were focused on synthesis and optical
properties of nanosized Y2O3:Eu3+ phosphors [7–10]. Size-
dependence efficiency in Y2O3:Tb3+ [11] and effect of grain

size on wavelength of Y2O3:Eu3+ [12] were investigated. Dif-
ferent methods were used to prepare Y2O3:RE3+ nanocrystals
[13–19] such as chemical vapor synthesis [15], combustion
[16, 17], sol-gel [18], and aerosol pyrolysis [19]. Relation-
ship between optical properties and crystalline of nanome-
ter Y2O3:Eu3+ phosphor has been investigated [20]. The new
method of polyol-mediated synthesis of nanoscale materi-
als was presented [21, 22] and the luminescence properties
of nanocrystalline Y2O3:Eu3+ were investigated [23]. Anh
et al. studied the ET between Tb3+ and Eu3+ in Y2O3 mi-
crocrystals [4]. The role of the active center concentrations
in the ET of lanthanide ions was investigated not only for
Y2O3:Tb3+, Eu3+, but also for organic compound glutamic
acid as well as LnP5O14 laser crystals [24]. ET and relaxation
processes in Y2O3:Eu3+ were studied [25]. Preparation and
optical spectra of trivalent rare earth ions doped cubic Y2O3

nanocrystal have received our considerable attention over 10
years [10, 16, 26–33]. Not only the Eu3+-Tb3+ couple, but
also the Er3+-Yb3+one are attractive for application in visible
emission by ET and upconversion processes. Among emis-
sion properties of Y2O3 doped with rare earth ions, upcon-
version is the most attractive phenomenon not only from
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photophysic mechanism, but also for application. The en-
hancement of the red emission via upconversion in bulk and
nanocrystalline cubic Y2O3:Er3+ has been studied [34]. Red,
green, and blue upconversion luminescences of trivalent rare
earth ion doped Y2O3 nanocrystals were investigated [35].
Effect of Yb3+codoping on the upconversion luminescence
properties of Y2O3:Yb3+, Er3+ nanocrystallines and nanos-
tructures have been studied [36–38]. The absorption and
emission spectroscopy of Er3+-Yb3+ doped aluminum oxide
waveguides were reported [39].

The oxide lattice has proved to be an excellent host ma-
terial for some of the most powerful laser built. Among
them, Y2O3 is characterized by low-phonon frequencies
which make inefficient nonradiative relaxation of the excited
states. The Y2O3 host was chosen due to its high refrac-
tory properties with a melting point of about 2450◦C, a very
high thermal conductivity of 33 W m−1 K−1, and a density of
5.03 g cm3. Y2O3 is a suitable material for photonic waveg-
uide due to its high-energy band gap of 5.8 eV, a high re-
fractive index about 2, and a wide transmission region from
280 nm to 8 micrometer. Eu3+ exhibits an atomic-like transi-
tion in red region at 612 nm. Er3+ emissions lie in infrared
around 1530 nm as well as upconversion in visible ranges
of green and red. The blue emission of Tm3+ ions is one of
the three important basic colors of display. However, up to
now, few articles were devoted to Y2O3 doped with Tm3+ and
codoped with Tb3+, Eu3+ or Yb3+, Er3+ in both the nanopow-
der or nanocolloidal forms.

In this work, we report on new synthesis of Y2O3

nanophosphor in the two forms of powders and colloidal
doped with Tb3+, Eu3+, Tm3+, Er3+, and Yb3+. The concen-
tration dependence and the influence of size on the lumi-
nescent properties will be discussed. The investigation of ET
between Tb3+ and Eu3+, and the mechanism of upconversion
in Y2O3:Er3+, Yb3+ nanosize are of the main points.

2. EXPERIMENT

The powder nanophosphors Y2O3:Eu3+ (1–10 mol%),
Y2O3:Er3+ (1–15 mol%) and Y2O3:Er3+ (1 mol%), Yb3+

(5%), and Y2O3:Tm3+ (1–4 mol%) were prepared by com-
bustion reaction. Europium oxide (99.995%, CERAC),
Yttrium oxide (99.999%, ALFA), and nitric acid and urea
(99%, SIGMA-ALDRICH) were used as starting raw mate-
rials to prepare Y2O3:Eu3+. Y(NO3)3 and RE(NO3)3 stock
solutions were prepared by dissolving Y2O3, Er2O3, Yb2O3,
and Eu2O3 in nitric acid and diluting with deionized water.
The synthesis reaction is [28]

(2− 2x)Y(NO3)3 + 2x RE(NO3)3 + 5(NH2)2CO

−→ (Y1−xREx)2O3 + 5CO2 + 8N2 + 10 H2O.
(1)

Nanocolloidal samples of Y2O3, Y2O3:Eu3+, Tb3+,
Y2O3:Tm3+ with different Eu3+ concentrations of 1, 3,
5, 7, and 10 mol%, Tb3+ concentration of 1.25 mol%, and
Tm3+ concentrations of 1–4 mol% were prepared by a direct
precipitation route from high-boiling polyol solution [22].
The starting materials were YCl3, EuCl3, TbCl3, TmCl3,
NaOH, and diethylene glycol (DEG) with high purity grade.

The samples were checked by the X-ray diffractome-
ter (D5000, Siemens). The morphology and particle sizes
of Y2O3:RE3+ were observed by transmission electron mi-
croscopy (TEM, H7600, Hitachi), high-resolution trans-
mission electron microscopy HRTEM Philips CM200, 160
KV, and FE-SEM (S4800, Hitachi). Photoluminescent mea-
surements were performed using a Jobin Yvon HR 460
monochromator and a multichannel CCD detector from in-
struments SA model Spectraview-2D for the visible and near
infrared range and a Triax 320 with a PDA multichannel 256
pixels detector for the IR range. The decay time was ana-
lyzed by a PM Hamamatsu R928 and Nicolet 490 scope with
a time constant of the order of 7 nanoseconds. Kimmon He-
Cd laser (325 nm excitation), Nitrogen laser (337.1 nm), and
Diode laser or Ti-Sapphire laser were used as the excitation
sources.

3. RESULTS AND DISCUSSION

3.1. Morphology and structure of nanopowders
and nanocolloidal media

Figure 1 shows TEM and HRTEM images of Y2O3 nanocol-
loidal and electron diffraction of Y2O3 nanoparticles. One
can notice that our samples are spherical shaped, small sized
(5 nm), and with narrow distribution.

The synthesis of useful amounts of sub 5 nm size
lanthanide-doped oxides remains a challenge in optical ma-
terial research. A few weeks ago, stable colloidal was pre-
pared and has been reported in [22]. For the first time,
nanocolloidal codoped Tb3+ and Eu3+ and oxide particle
suspension were prepared in our laboratory. The transpar-
ent suspensions of particles dispersed in organic solvent
were obtained with high stability for a year. The absorp-
tion spectra of the colloids have been characterized with
a strong and broad band for Y2O3, Y2O3:Eu3+, Y2O3:Tb3+,
Y2O3:Tm3+, Y2O3:Eu3+, Tb3+ nanoparticles in the long range
from 230 nm to 380 nm with the maxima around 240–
250 nm.

X-ray diffraction of Y2O3:RE3+ samples annealed at dif-
ferent temperatures was studied. The pure polycrystalline
Y2O3 was used as standard sample for the correction of
the instrumental line broadening. The profiles of diffract-
ing peaks were fitted to the ps-voigt1 function. The grain
sizes and size distribution have been determined by the WIN-
CRYSIZE program packet [40]. The column length distri-
bution can be obtained from double differentiation of the
Fourier transform of the line profile [41]. According to this
method, the reflection intensity of the given set of lattice
planes is expressed in terms of a sum of the intensities
from all columns of lattice cells perpendicular to the planes
[42, 43].

Figure 2 exhibits X-ray diffraction (XRD) patterns of
Y2O3:Eu3+ (5%) annealed at 500, 550, 600, 700, and 900◦C.
The powder annealed at 500◦C is amorphous. The Y2O3 cu-
bic phase appears when annealed above 550◦C.

The main diffraction peaks, in agreement with the JCPDS
41-1105 reference, correspond to the [222], [400], [440], and
[622] planes. However, the widths of the diffraction lines are
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Figure 1: (a) TEM, (b) HRTEM images of Y2O3 nanocolloidal, and (c) the corresponding electron diffraction pattern of Y2O3 nanoparticles.
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Figure 2: (a) XRD diffraction pattern of Y2O3:Eu3+ (5 mol%) pow-
ders annealed at 500◦C, (b) 550◦C, (c) 600◦C, (d) 700◦C, and (e)
900◦C.

broadened because of the small size of the crystallites. Then
they get narrower and narrower at higher temperatures. This
process reflects the fact that the crystalline size is increasing
with temperature of annealing process. The peak profiles of
[222] reflection (in Figure 2, at 2θ = 29.150) were used for
starting data of Warren-Averbach method [41]. This method
was used to study nanocrystalline gold [42]. It was noted that
the results of the average column length usually differ from
crystallite sizes evaluated from Scherer equation [43]. The
main reason is due to the Warren-Averbach method which
provides a volumetric average of the crystallite size. We can
see that the size distributions for small grains <10 nm have
asymmetrical shape with small FWHM (of the size distribu-
tion), while for bigger grains they become more symmet-
rical and their FWHM are larger. The size distribution of
Y2O3:Eu3+ (5%) versus annealing temperature and time cal-
culated by Warren-Averbach method is presented in Table 1
and Figure 3.

The XRD of Y2O3:Er3+ 10 mol% nanomaterials (an-
nealed at 600◦C for 30 minutes) also shows a cubic symmetry
like the Y2O3 reference powder. The FWHM of the diffrac-
tion lines for nanomaterials is larger than that of the Y2O3

crystals. The sizes are about 7 nm and 23.4 nm, respectively,
the FWHM of the size distribution for the nanopowder is
11 nm and 20.1 nm for the sample annealed at 600◦C for 30

Table 1: Size and FWHM of Y2O3:Eu3+ particles versus annealing
temperature and time.

T (◦C) Time (min) d (nm) FWHM (nm)

550 60 4.4 7.3

600 30 5.6 6.9

700 30 15.2 9.3

900 30 46.1 20.6

900 60 72.2 22.6

minutes and at 800◦C for 30 minutes, respectively. These data
were also calculated by using the Warren-Averbach method.
For the Y2O3:Tm3+ nanophores, the mean sizes of the parti-
cle are 7.2, 7.4, and 7.7 nm, respectively, with Tm3+ concen-
trations of 0.1, 1, and 4 mol%.

3.2. Luminescent spectra

Size-dependent efficiency was reported in Tb-doped Y2O3

nanocrystalline phosphor [11]. In Y2O3:Tb3+ nanocrys-
talline, the efficiency varied as the square of the particle size
ranged from 100 to 40 Å. It could be nonradiative contri-
butions decrease with the decrease in particle size. On the
other hand, effects of grain size from 43 nm to 71 nm on
wavelength of Y2O3:Eu3+ emission spectra are investigated
in detail [12]. The blue shift effect of emission was observed
very small in Y2O3:Eu3+ nanophosphor. In contrast, we could
not find any blue shift change in the luminescent spectra of
Y2O3:Eu3+ prepared by combustion reaction.

The photoluminescent (PL) spectra of Y2O3:Tb3+

nanocolloidal correspond to the 5D4-7FJ transitions accord-
ing to the energy diagram and fluorescence processes of Tb3+

[5] (Figure 4(a)).
The PL spectra of Y2O3:Eu3+ nanocolloidal with differ-

ent concentrations (from 1 to 10 mol%) under 337.1 nm N2

laser excitation show narrow emission peaks corresponding
to the 5D0-7FJ (J = 0, 1, 2, 3, 4) transitions of Eu3+, with the
most intense peak at 611 nm for the case of J = 2. Figure 4(b)
presents the luminescent spectra of Y2O3-doped 1, 3, 5, 7,
and 10% Eu3+ nanocolloidal under 337.1 nm N2 laser excita-
tion. The PL spectra of Y2O3:Eu3+ nanocolloidal also indicate
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Figure 3: Size distribution calculated by W-A method of Y2O3:Eu3+ (5%) powder annealed in 30 minutes at the temperatures of 550◦C,
600◦C, 700◦C, and 900◦C.

0

5

10

15

×103

In
te

n
si

ty
(a

.u
.)

700650600550500

Wavelength (nm)

5D4−7F5

5D4−7F6

5D4−7F4
5D4−7F3

Y2O3:Tb (1.25)
λexc = 325 nm
(He-Cd laser)

(a)

0

50

100

150

200

250

×103

In
te

n
si

ty
(a

.u
.)

640620600580

Wavelength (nm)

611.5

5
D

0
−7

F 2

5D0−7F0
5D0−7F1

10% Eu

7% Eu

5% Eu

3% Eu

1% Eu

(b)

Figure 4: (a) Luminescent spectra of Y2O3:Tb3+ nanoparticles excited at 325 nm, (b) luminescent spectra of Y2O3 doped 1% Eu, 3% Eu, 5%
Eu, 7% Eu, and 10% Eu nanoparticles (from colloidal) excited by N2 laser at 337.1 nm.

that not any quenching of the PL intensity for Eu3+ concen-
tration up to 10 mol%. Y2O3 presents a cubic structure with
lattice constant a = 1.0604 Å. The primitive unit cell contains
80 atoms (48 O and 32 Y), Y atoms occupy two sites with
the C2 and S6(C3i) symmetry site. Our samples of Y2O3:Eu3+

nanopowder and nanocolloidal present a clearly dominant
typical C2 symmetry site.

For the Y2O3:Tm3+ phosphor, luminescent intensity is
stronger and synthesis temperature is lower in the case of
nanocolloidal than in the powder’s one. From excited lumi-
nescence spectra one can notice that optimal intensity was
observed when excited by 362 nm. The luminescent spectra

of Y2O3:Tm3+ nanopowder under 362 nm excited were pre-
sented in Figure 5.

The spectra of nanocolloidal and nanopowder under
337.1 nm excited are presented in the inset of Figure 5. The
position is not different, but the spectral resolution in the
nanocolloidal seems to be better in the powder.

The nanocolloidals have a narrow size distribution and
these spherical particles in the size range 5–10 nm are easy to
mix with water or polymer solution. That can explain why
the quenching concentration of Eu3+, Tm3+, and Er3+ has
been raised remarkably. This nanocolloidal media is useful
for preparing optical thin films.
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Figure 5: Luminescent spectra in dependence on Tm3+ concentra-
tion in Y2O3:Tm3+ (1, 2, 4 mol%) nanopowder under 362 nm exci-
tation. Inset: luminescent spectra of Y2O3:Tm3+ nanocolloidal (1)
and nanopowder (2) under 337.1 nm excitation.

3.3. Energy transfer and upconversion mechanisms

The role of concentration, temperature, solvents as well as
upconversion, and ET mechanism were investigated in de-
tail for Y2O3 nanophores containing Eu3+, Tb3+, Er3+, and
Yb3+ rare earth ions [34]. ET between Tb3+ and Eu3+ in
nanopowder has been elucidated from the luminescent spec-
tra of (Y0.95EuxTby)2O3 (with x/y = 8/2, 9/1, 7/3) by Anh
et al. in our previous paper [28]. In Y2O3:Tb3+, Eu3+ sam-
ple, the spectra exhibits the well-known 5D0-7FJ line emis-
sions (J = 0, 1, 2, . . .) of the Eu3+ ion with the strongest line
for J = 2 at 612 nm in the red region. The peak at 546 nm
assigned to the 5D4-7F5 transition of Tb3+ ions is also ob-
served. But the intensity of this peak is much lower than the
peak corresponding to the 5D0-7F2 transition of Eu3+. The
peak at 546 nm was also lower for the Eu3+ and Tb3+ codoped
sample than the Tb3+ doped one. One can notice that the
emission spectra of Tb3+ in Y2O3 nanocrystal are slightly
quenched by Eu3+ ions due to energy transfer from Tb3+ to
Eu3+. The luminescent spectra of Y2O3:Tb3+ (1.25%), Eu3+

(5%), and Y2O3:Tb3+ (1.25%) nanocolloidals are shown in
Figure 6. The intensity of the Eu3+ emission based on energy
transfer from Tb3+ was analyzed in previous papers [28, 32].

Under 980 nm irradiation, upconversion spectra in the
visible range from 500 nm–700 nm of Y2O3 : Er3+ (dash
dot line) and Y2O3:Er3+, Yb3+ (solid line) are presented in
Figure 7(a). The Er3+-Er3+ upconversion mechanism is ex-
plained in accordance with the energy schema (Figure 7(b),
right). There is a great interest in the use of upconversion
materials for efficient conversion of infrared radiation to
visible light. This phenomenon has applications in several
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areas, such as upconversion lasing, and two photons fluo-
rescence imaging, cathodoluminescence, and other applica-
tions. The Er3+ ion finds uses in laser materials and opti-
cal amplifiers under ground- and excited-state transitions
near 800 and 980 nm, where high-power diodes are available
[5]. In Y2O3:Er3+ nanophosphor, the green and red fluores-
cence lines are observed in our samples after 800 nm excita-
tion, owing to the transitions (2H11/2,4 S3/2) → 4I15/2 (515–
575 nm) and 4F9/2 → 4I15/2 (640–690 nm) [26, 34]. Under
980 nm irradiation, the Er3+ ion is excited to the 4F7/2 state
via two successive energy transfers. An NIR photon from the
pump beam will excite an Er+3 ion from the 4I15/2 ground
state to the 4I11/2 state. Another Er3+ ion also in the 4I11/2

state and in close proximity will transfer its energy to the
initial ion, thereby exciting it to the 4F7/2 state. The lower
emitting levels are then populated via multiphonon relax-
ation and green and red emissions are then observed.

Interactions between two Er3+ ions cannot be ignored.
Following the addition of Yb3+ ions, this process is greatly
diminished due to the large absorption cross-section of the
Yb3+ ions. The Er3+ absorption cross-section at this 980 nm
wavelength is not very high. By the addition of Yb3+, pump-
ing promotes an electron from the 2F7/2 ground state to the
2F7/2 manifold of Yb3+; the excited Yb3+ ion then transfers its
energy to the Er3+ 4I11/2 level (Figure 7(b)).

Since the population of the 4I13/2 level was increased, the
lifetime was also increased. Two deleterious processes can
also occur: via back energy transfer from Er3+ to Yb3+ ions,
or double energy transfer, where a second excited Yb3+ ion
transfers its energy to the Er3+ ion and promotes one electron
from the 4I11/2 to the 4F7/2. When the Yb3+ concentration is
enhanced, the Er3+ ions start to “see” Yb3+ ions and delete-
rious Er3+↔Er3+ energy exchanges are progressively replaced
by the beneficial Yb3+↔Er3+ transfers.



6 Journal of Nanomaterials

In
te

n
si

ty
(a

.u
.)

680640600560520

Wavelength (nm)

Y2O3:Er (1%)
Y2O3:Er (1%), Yb (5%)

2H11/2, 4S3/2 → 4I15/2

4F9/2 → 4I15/2

(a)

0

5

10

15

20

E
(×

10
3

cm
−1

)

Er3+Yb3+

2F5/2

2F7/2 4I15/2

4I13/2

4I11/2

4I9/2

4F9/2

4S3/2

2H11/2

4F7/2

∼ 550 nm

∼ 650 nm

∼ 1550 nm

(b)

Figure 7: (a) Upconversion spectra in the visible range from 500 nm to 700 nm of Y2O3:Er3+ (dash doted line) Y2O3:Er3+, Yb3+ (solid line)
following 980 nm irradiation, (b) energy schema presented the upconversion fluorescence interacted between Er-activator and Yb-sensitizer.

Comparing codoped Y2O3:Er3+, Yb3+ nanophosphors
with Er3+ concentration varying from 0.1 to 5 mol% and
5 mol% Yb3+, the optimal content for the luminescent inten-
sity at 1538 nm ( 4I13/2-4I15/2 transition) is 1 mol% Er3+. The
upconversion in the red region 640–675 nm presents also a
maximum for 1 mol% Er3+. The effect of Er3+ concentration
on upconversion luminescence of Y2O3:Er3+, Yb3+ is com-
plicated depending on the power of the excitation laser. Red
upconversion luminescence is caused by a two-photon pro-
cess, when excitation power is high enough, as to the samples
with lower concentration of Er3+ the intensity of green light
is weaker than that of red light because more ions will non-
radiatively decay from higher levels to 2H11/2 and 4S3/2 levels
[30].

An advantage offered by our nanophosphors over the
two-photon excitable organic dye is that the upconversion
process in the Y2O3:Er3+, Yb3+ nanophosphor occurs by se-
quential multistep absorption through real states and is thus
considerably stronger. One can use a low-power continuous
wave diode laser in the near infrared region to excite the
upconverted emission. By contrast, the two photon absorp-
tion in organic dyes that is directed (simultaneous) requires
a high-peak power pulse laser source for two-photon absorp-
tion through a virtual state. Figure 8 shows the luminescent
intensities of the band at 564 nm and 1538 nm versus the ex-
citation power at 803.7 nm of a diode laser.

3.4. Study energy transfer based on the
decay times of fluorescence

The decay curves of Eu3+ and Tb3+ of Y2O3:Eu3+, Tb3+

nanopowders for Eu3+/Tb3+ = 9/1, 8/2, and 7/3, respectively,
(for 5 mol% rare earth ions) are presented in Figure 9(a)
(Eu3+ emission at 612 nm) and Figure 9(b) (Tb3+ emission
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Figure 8: Luminescent intensities of the band at 564 nm and
1538 nm versus the excitation power at 803.7 nm.

at 546 nm). The decay curves being nonexponential, we have
considered the normalized area SN under the decay curve.
The lifetimes of Eu3+ are 940, 360, and 650 microseconds for
the case Eu3+/Tb3+ = 9/1, 8/2, and 7/3, respectively. The life-
times of Tb3+ decreased from 400 microseconds to 175 mi-
croseconds for the case Eu3+/Tb3+ = 9/1, 8/2, respectively, by
ET process.

The results have indicated that the ratio between
Eu3+/Tb3+ plays an important role in the ET process. The
most effective ET is clearly for the sample with Eu3+/Tb3+

ratio of 8/2. The ET between Tb3+ and Eu3+ has been also
investigated in Y2O3 crystals [4] and in Tb1−xEuxP5O14 crys-
tals [44]. Site-selective spectra and time-resolved spectra
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Figure 9: Decay curves at wavelength of 611 nm for Eu3+ (a) and of 545 nm for Tb3+ (b) in Y2O3:Eu3+, Tb3+ (5%) nanophosphor, annealed
at 600◦C, in 30 minutes.
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Figure 10: Decay curves for the band at 1535 nm of Y2O3:Er3+

nanophosphor versus Er3+-concentration, under excitation at
970 nm.

of Y2O3:Eu3+ nanocrystal were investigated [45]. Recently,
Hongei Song studies the dependence of photoluminescent
properties of cubic Y2O3:Tb3+ nanocrystal on particles size
and temperature [46]. Up to now, our group is the only
group which has studied energy transfer between Tb3+-Eu3+

in nanophosphors (powder and colloidal) of Y2O3 codoped
with Tb3+-Eu3+.

In studying the decay behavior of the infrared emission
of the 4I13/2-4I15/2, transitions of Er3+ at 1535 nm depend-
ing on the Er-concentration from 1, 2.5, 5, 7, 5, 10, up to
15 mol% have been measured for Y2O3:Er3+ phosphor and
presented in Figure 10. Under 970 nm excitation, the decay

times are not purely exponential. There are two kinds of life-
times: the short lifetimes are 250, 150, 35, and 15 microsec-
onds in the case of 1%, 2.5%, 7.5%, and 15% Er; the sec-
ond long lifetime decreases from 1300, 620, and 110 mi-
croseconds to 80 microseconds, respectively. The lifetime of
the emission IR increases as the concentration decreases. As
for luminescence, it would be interesting to obtain a series
of samples prepared under the same conditions and hav-
ing undergone more significant temperatures of annealing,
one could then determine the temperature from which one
observes effects extinction. Lastly, let us note that the re-
sults of the spectra and the decays are coherent between
them.

3.5. Application potential

Flat panel displays (FPDs) are thinner, lighter, and con-
sume less than the conventional cathode-ray tube (CRT)
displays. The field emission displays (FEDs) are the most
promising FPDs technology. Rare earth-yttrium oxide is
one of the important materials for application not only for
FEDs, but also for waveguide and laser host. Enhancement
of cathodoluminescent and photoluminescent properties of
Y2O3:Eu3+ luminescent films by vacuum cooling were ob-
served [47], structural and optical properties of rare-earth-
doped Y2O3 waveguides grown by pulsed-laser deposition
were studied [48]. Growth of rare earth (RE-) doped con-
centration gradient crystal fibers and analysis of dynamical
processes of laser resonant transitions in RE-doped Y2O3

(RE = Yb3+, Er3+, Ho3+) were also studied [49]. Nanos-
tructured ZnO/Y2O3:Eu3+ for use as in luminescent poly-
mer electrolyte composites was presented [50]. Thin films
were prepared [51, 52] in order to apply for FPDs. The
upconverting nanophores for bioimaging were presented in
detail by Prasad [53]. The lifetimes of the nanophosphors
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contained rare-earth ions in the range of millisecond and
microsecond are compared to organic dye fluorescence with
a lifetime typically in nanosecond. Specially, in our insti-
tute infrared cards were successfully proposed by mixing
Y2O3:Er3+, Yb3+, or Y2O3:Er3+ with polymethylmethacry-
late (PMMA) with active imaging area of 20×20 mm2. These
cards allow to detect a diode laser emitting at 980 nm with
power of 7 mW/cm2. The red (655 nm–675 nm) or the green
(520 nm–570 nm) emissions could be observed in depend-
ing on the concentration of Er-Yb couple. They are stable
under 980 nm irradiation in the tropical conditions with
humidity near to 90%. The optical coding systems based
on the nanophosphors with ET luminescent and upconver-
sion effect contained Eu3+-Tb3+ (excitedby UV light at 370,
365, 337.1, and 325 nm) and Er3+-Yb3+ activators (excited
by diode laser at 800 nm, 980 nm) have been successfully
developed for examination of commercial products, ban-
knote [28, 54, 55], nanobarcodes [53], or planar waveguide
[56].

4. CONCLUSIONS

In this paper, we have presented two simple and efficient
methods to prepare highly luminescent Y2O3 nanophosphor
doped with Eu3+, Tb3+, Tm3+, Er3+, and Yb3+. The average
size and its distribution of the nanophosphor can be tailored
sharply in nanoscale.

The optical properties and photophysic process, espe-
cially ET in Y2O3 host matrix, have been investigated and
elucidated for improving the luminescence and upconver-
sion processes.

Y2O3 nanophosphor in colloidal media with averaged
size of 5 nm, narrow distribution, and spherical shape was
successfully prepared. The colloidal are transparent and well
stable at the concentration of 10%. The luminescence was
strong and energy transfer was observed in Y2O3:Tb3+,
Eu3+. The upconversion emission from Y2O3:Er3+, Yb3+

nanophosphor is remarkable for developing an infrared dis-
play card. Y2O3:Tm3+ together with both Y2O3:Tb3+, Eu3+

and Y2O3:Er3+, Yb3+ is good candidate for interesting appli-
cation such as infrared cards and coding cards or biosensors.
The transparent colloidal could be a promising approach for
fabricating an optoelectronic thin film with higher optical
quality.

ACKNOWLEDGMENTS

The authors would like to thank Professor Nguyen Van
Hieu for his help, National Project for Advanced Materials
Science and Technology, no. KC.02.14, National Nanopro-
gram 810304, the Basis research state projects of CB20 and
Program for application of nanophosphors of Vietnamese
Academy of Science and Technology 2007-2008 KHCN (fi-
nancially supported this work). A part of the authors work
was done in the National Key Laboratory of Electronic Ma-
terials and Devices, Institute of Materials Science, and Viet-
namese Academy of Science and Technology.

REFERENCES
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