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Abstract

Nanoparticles of trivalent samarium ion doped into yttrium oxide with attractive photoluminescent properties were prepared using
combustion and Pechini methods treated at low heating temperatures. Combustion technique focused on an exothermic reaction between
metal nitrates and glycine as fuel leading to the desired product where Y,03: Sm** nanophosphor was heated at 400, 500 and 600 °C. For
Pechini method, which is based upon in situ polyesterification between citric acid and ethylene glycol, the phosphor material was treated
only at 600°C. The powders were characterized by X-ray diffraction, infrared absorption spectroscopy and scanning electronic
microscopy. Photoluminescent study of Y203 Sm’** system showed the characteristic emission narrow lines containing (J + 1/2)-
manifolds of intraconfigurational 4G5/2 — °Hj transitions (J = 3,Z,3 and 1) of Smq+ ion with the *G/, — °H; , transition (4 = 609 nm)
as a prominent intensity, when excitation was monitored at 406 nm (*Hj N K, /2)- The luminescence decay curves suggest a mono-

exponential behavior.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

During the past decade many efforts have been devoted
to the design of luminescent nanoparticles for replacing the
organic dyes commonly used in biological material
labeling. The need for ultrasensitive biomolecular detection
and multilabeling led to the development of original
markers permitting to overcome the limitations of organic
dyes [1]. Signal amplification and photostability enhance-
ment are essential for improvement of efficient biological
probes.

Nanoparticles have been used extensively in bioaffinity
sensors for nucleic acids and proteins [2,3]. Nanosized
materials may provide a high reactivity and beneficial
physical properties such as electrical, electrochemical,
optical, and magnetic, which are chemically adaptable.
Therefore, Y,03; doped with rare earth ions can be used as
biomarker.
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Y,0j5 shows polymorphic forms, denoted as A, B and C
classified as being hexagonal, monoclinic and cubic,
respectively [4]. Yttrium oxide has a coordination number
equal to six and forms a cubic bixbyite structure, which
contains two non-equivalent yttrium Sg and C, symmetry
sites [5]. Owing to its centrosymmetric character in Sg
symmetry, essentially only magnetic dipole transitions can
be recorded both in absorption and emission for rare earth
ions [6]. However, for the non-centrosymmetric character,
such as C, group, the f—f transitions became partially
allowed by forced electric dipole due to odd parity terms in
the crystal field Hamiltonian.

Generally, phosphor materials have been produced by
solid state reactions [7,8]. The disadvantage of this kind of
reaction is the difficulty to obtain a homogeneous product
and to control particle size. Besides, this method is
cumbersome due to the utilization of high temperatures
(~1500°C) with sequential grinding and firing steps.
Nevertheless, combustion process is attractive owing to
direct crystallization of small-sized particles, low process
temperature and reduced time consumption [9,10]. It is an
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exothermic reaction between oxidizer (e.g., metal nitrates)
and fuel (e.g., urea or glycine). Pechini process is another
method very useful for preparing phosphor nanoparticles
as powder form using low heating temperature via citric
acid and ethylene glycol precursors [11-13].

The luminescence efficiency of trivalent rare earth ions
(RE*") doped into inorganic matrices depend on energy
transfer from host-to-RE*" ion. It has been shown an
increasing of quantum efficiency from (RE**) doped in
nanocrystals with the decreasing of crystals size [14].
Generally, the nanoscale particles are influenced by the
presence of a significant number of surface atoms, leading
to new optical properties, different from those of bulk
samples [15].

Y,0;: Eu*t nanoparticles are widely used as red
phosphor and display material and have attracted great
interest about luminescence properties for the last few
years [16-20]. On the other hand, Y>Os3: Sm®* nanomater-
ials have been rarely investigated on their photolumines-
cent properties [21,22].

The Sm*" ion has 4f° configuration and, therefore is
labeled as a Kramer ion due to its electronic states that are
at least doubly degenerated for any crystal field perturba-
tion [23]. The maximum number of the Stark components
for Sm** ion with 2s’LILJ state is (J + 1/2)-manifold for any
symmetry lower than cubic [24]. The spectroscopic
investigations of the energy levels of Sm®* ion doped in
different hosts have been reported [25,26].

Since samarium compounds have narrow line emission
profile and long lifetime as well as europium compounds, it
can be used as label in multianalyte assays [27]. Besides,
using multiple luminescent labels in the same assay can
save time, labor and reagents and also reduces the amount
of sample needed [28,29]. It is interesting to use these
compounds in a nanometric size once nanoparticles of
lanthanide oxides have large Stokes shifts, narrow line-
shaped emission bands, long-lived luminescence (approxi-
mately 1-2ms) and also have inherent photostability [30].

The aim of this work is to study the photoluminescence
behavior of Y,0s3:Sm*" nanoparticles prepared via com-
bustion and Pechini methods. Nanophosphor system was
investigated by using scanning electron microscopy, X-ray
diffraction, infrared spectroscopy and luminescent spectro-
scopy. The intraconfigurational of *Gy n = SH, transitions
(J =3, 1, %and 1) of Sm™ ion provide information about
its chemical environment and depend on the preparation
method and the particle size.

2. Experimental

The starting materials for the synthesis of Y,03:Sm*"
system were yttrium and samarium nitrates (synthesized
from RE;03-99.9%, Aldrich), glycine (analytical grade,
Merck), citric acid (analytical grade, Merck) and ethylene
glycol (analytical grade, Merck).

Aqueous stock solution of Y** and Sm’" nitrates,
1 mol% Sm** with respect to Y>* were mixed (precursor

solution). In the combustion method, stoichiometric
glycine-to-nitrate ratio (G/N = 1.7) was added in the
precursor solution and evaporated on a heater plate. When
the excess of water was eliminated, spontaneous ignition
occurred at around 300°C producing a fluffy powder. A
thermal treatment was performed at 400, 500 and 600°C
during 1, 5 and 10h. For Pechini method, citric acid and
ethylene glycol compounds were added to precursor
solution and heated, under stirring at 90 °C until forming
a transparent resin. Leading this resin to 300 °C in a muffle
during 2 h, a black solid mass, which was grounded into a
powder, was acquired. Finally, this sample was heated at
600°C for 1, 5 and 10h.

Infrared absorption spectra (IR) were recorded using
Bomen MB 100 spectrometer with KBr pellets, in spectral
range from 4000 to 350cm™~".

X-ray diffraction (XRD) patterns of the samples were
conducted with a Rigaku Miniflex using FeKo radiation
(30kV and 15mA) in an interval of 3—90° (260) and 1s of
pass time, using the powder XRD method.

Scanning electronic microscopy (SEM) micrographies
were obtained in a microscope Philips XR-30 using a
sputtering technique with gold as covering contrast
material.

The excitation and emission spectra of Y,O; doped
compounds were recorded at room and liquid nitrogen
temperatures collected at an angle of 22.5° (front face)
in a spectrofluorimeter (SPEX-Fluorolog 2) with double
grating 0.22m monochromator (SPEX 1680) using a
450 W xenon lamp as excitation source. Luminescence
decay curves were recorded at 298 K wusing the phos-
phorimeter (SPEX 1934D) accessory coupled with the
spectrofluorimeter.

3. Results and discussion
3.1. Characterization of Y,03:Sm>* samples

Fig. 1 shows the XRD patterns of synthesized
Y,0;: Sm*" phosphors with characteristic peaks of stan-
dard compound with a cubic structure according to the
JCPDS card #25-1200. It was observed that there are no
differences in diffraction pattern profiles of the samples
treated at 1, 5 and 10h. For that reason, only XRD
patterns of samples prepared with 5h at different
temperatures are shown in Fig. 1. Diffraction lines of
nanocrystalline material prepared by Pechini method are
broader than lines of powders obtained via combustion
method, indicating lower crystallite size for the Pechini
method. The calculated values of crystallite average sizes
were obtained by Scherrer formula. Y,0s3: Sm*" compound
prepared by Pechini (600 °C) and combustion methods (as-
prepared, 400, 500 and 600°C) for 1h showed an
increasing of the crystallite sizes in relation to the
temperature (Table 1). In the preparation of Y,O3: Sm**
samples by combustion method, the glycine-to-nitrate
molar ratio (G/N = 1.7) was used. According to Ye et al.
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Fig. 1. XRD patterns of Y,03: Sm*" powders obtained by combustion (as

Table 1
Average particle sizes (nm) of the Y,0Os3:Sm
Pechini and combustion methods for 1 h

3+ compound prepared by

Pechini Combustion
600°C As-prepared 400°C 500°C 600°C
11.6 26.3 29.8 35.8 38.0

[9], the synthesized Y,Os:Eu’" showed that the particle
size of the material depends on the flame temperature
during reaction, which in turn depends on molar ratio
(G/N = 1.7 generating 1450 £ 20°C).

IR spectra of Y,03:Sm>* samples are shown in Fig. 2.
Broad bands due to stretching frequency of Y—O can be
seen below 700cm~!. It was observed that Y—O absorption
bands broad as particle sizes decrease, probably because
the polarization charge induced on the particle surface by
external electromagnetic field. It is assumed that when
particle sizes decrease, surface effects will be enhanced so
that damping of surface mode absorption will increase and
Y-O absorption bands become broadened [9]. The low
intensity bands in the region from 1200 to 1700 cm™!, were
assigned to carbonate species [4] formed by coordination of
CO; molecules (probably arisen from air absorption) onto
Y,0;5 surface. According to Mokkelbost et al. [31], small
amounts of carbonate species are left behind even after
calcinations at 1000°C for 12h. In addition, bands from
spectral range of 3000—3800cm~! can be attributed to
O-H stretching of physiosorbed H,O or from surface
Y-OH groups.

SEM images of Y,Os3:Sm*" samples (Fig. 3) treated at
600°C for 5h showed different agglomerated particles in
both Pechini and combustion methods composed of very

60

70 80

-prepared, 400, 500 and 600 °C) and Pechini (600 °C) methods for 5h.

little particles. The micrographies show different agglom-
erate shapes such as sponge-like with very slender thick-
ness in three-dimensional network and tablet shape crystal-
lites obtained by combustion and Pechini methods,
respectively.

3.2. Luminescence investigation

Fig. 4 exhibits the excitation spectra of Y,03:Sm’*
samples prepared (Aem = 608 nm) by combustion and
Pechini processes heated at 400, 500 and 600°C for 5h,
considering no differences in their optical properties when
the samples were also treated at 1 and 10 h. In the range of
250-325nm, a broad low intensity band placed at around
315nm is assigned to Y,03; compound used as host
material (emission and excitation Y,O; spectra are
presented in Fig. 5). This broad band is overlaid by
narrow transitions arising from °Hj /> ground state within
4f° configuration of Sm** ion as prominent peak at 406 nm
assigned to the 6H5/2 — 4K11/2 transition [32].

These broad bands are related to Y,O3; matrix, where
excitation band shows maximum value at 315nm and an
emission peak at 360 nm. This broad band is overlaid to
narrow lines of intraconfigurational 4f transitions from
Sm®* ion and can be observed mainly in Y,03:Sm*"
samples prepared by combustion process at lower tem-
peratures.

The Sm>* samples show predominant red emission from
‘G = SH, J» transition when excited by UV radiation.
Photoluminescent behavior presents similar spectral pro-
files of emission spectra indicating that the Sm** ion is
founded in just one site of symmetry when prepared by
combustion and Pechini processes, which is corroborated
by luminescence decay data.
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Fig. 2. IR spectra of Y203:Sm>* samples obtained by combustion (as-prepared, 400, 500 and 600°C) and Pechini (600 °C) methods for 5h.
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Fig. 3. SEM micrographies of Y,03: Sm** compounds prepared by combustion and Pechini methods at 600°C during 5 h.
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Fig. 4. Excitation spectra of Y,0s3: Sm** samples under emission at 608 nm (77 K) prepared by combustion (as-prepared, 400, 500 and 600 °C) and Pechini
(600 °C) methods for 5h.
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compounds with excitation monitored at 406 nm at 77 K prepared by combustion (as-prepared, 400, 500 and

600 °C) and Pechini (600 °C) methods for Sh. Lines marked by arrows are bands originating from the upper crystal-field energy levels of excited state

‘G-

The emission spectra of Y,Os3:Sm*" samples prepared
by combustion and Pechini processes heated at different
temperatures (400, 500 and 600 OC) are shown in Fig. 6.
The emission narrow peaks of Srn 3 ion were attributed
as G5/2—> H5/2 (570 nm), G5/2—> H7/2 (610 nm),

G52—> Hg/2 (660nm) and G5/2—> H11 (730 nm)
[21, 22] The emission spectra of Y,Os: Sm systems
present similar profiles for combustion and Pechini
techniques at several temperatures with more prominent
red emlssron from *G; N SH, /> transition than hyper-
sensitive G5/2 — H9/2trans1t10n Table 2 presents the
energy levels of G5/2—> SH, transitions (J = =3 1 3
and 1) observed in the emission spectra of the
Y,05: sz’Jr based on Fig. 6, 1n an interval of 570.6 +
1.8 x 107* to 7432+ 1.3 x 10~*nm. Moreover, it 1is
observed that the intraconfigurational transitions of Sm>*
ion split in a maximum number of (J + 1/2)-manifolds are
3, 4, 5 and 6 energy levels, indicating that Sm** ion

occupies a local site with C, symmetry [33,34]. In the
emission spectra of samarium samples there are no
emission lines shorter than 550 nm (figure not shown).

Photoluminescent behavior shows that Y% can be
replaced by Sm>* species in the Y,O; crystalline lattice
once the ionic radii (Sm** = 0.104nm, Y** = 0.093 nm)
[35] as well as the precursor composition are favorable to
the formation of the emission centers.

The emission spectra of Y,03: Sm** samples recorded at
room temperature showed low intensity sidebands accom-
panying the stronger crystal field lines always observed at
higher energies [36]. Fig. 6 illustrates the behavior of the
compound prepared by Pechini technique at 600 °C for 5h,
registered at 77 and 298 K. Lines marked by arrows are
band transitions originated by the upper crystal field
energy levels of excited state 4G5 /20 which may be more
populated at 298 K than at 77K, once in the vibrational
spectra these lines are not present. However, these
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Table 2

621

Energy Transitions of the 4G5/2 — 6HJ manifolds (in cm™') observed in the emission spectra of the Y,03: Sm** compound prepared by Pechini and

combustion methods heated at different temperatures for 5Sh

“G5 n— 6HJ transitions As-prepared Combustion Pechini
400°C 500°C 600°C 600°C

4(}5/2 N 6]{5/2 17518 17520 17524 17520 17515
17319 17319 17323 17315 17319

17060 17061 17063 17058 17060

4G5/2 > 61—17/2 16427 16425 16429 16421 16421
16 180 16 180 16187 16200 16401

16035 16029 16169 16173 16176

15999 15997 15999 15994 15996

4G5/2 N 61—19/2 15222 15225 15225 15221 15222
15085 15082 15086 15081 15082

14990 14992 14997 14988 14990

14938 14938 14938 14935 14936

14783 14783 14787 14783 14782

405/2 — GH“/2 13906 13903 13906 13905 13905
13805 13804 13804 13805 13802

13753 13755 13757 13755 13753

13719 13723 13725 13723 13721

13571 13569 13573 13571 13568

13459 13460 13461 13456 13459

sidebands are not observed in their emission spectra
recorded at liquid nitrogen temperature.

Luminescence decay curves of *Gy /> emitter level of
Sm** doped in Y,03 matrix were recorded monitoring the
hypersensitive *Gs,, — °H,, transition at 608.8 nm mea-
sured following the 406.0 nm excitation (figure not shown)
presenting lifetime values around 1.0ms at 298K for
samples prepared by both techniques, while Vetrone et al.
[22] observed lifetime of 1.6ms for 1% Y,03:Sm’**
compound prepared by combustion method. The mono-
exponential behavior observed from the luminescence
decay curves of samarium samples confirm the single
chemical environment site of Sm>" ion agreeing with
ng—i—' 1/2?Imanifold for the 4G5/2 — ®H; transition (J =3,
5 5 and 3).

4. Conclusion

The Y,Os: Sm** phosphor was prepared by combustion
and Pechini methods and thermally treated at different
temperatures. XRD patterns showed that the compound is
C-form with a cubic structure. IR spectra showed that Y-O
absorption bands broad as particle size decreases, probably
because the polarization charge induced on the particle
surface by external electromagnetic field. The Sm’*
samples show predominant red emission from *Gj n—
SH, /o transition when excited by UV radiation. Photo-
Iuminescent behavior presents similar spectral profiles of
emission spectra indicating that the Sm>* jon is found in
just one site of symmetry when prepared by combustion

and Pechini processes, which is corroborated by lumines-
cence decay data. The crystal field splitting of Sm*>* ion has
a maximum number of (J 4+ 1/2)-manifolds indicating that
this ion occupies a C, symmetry.
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