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Abstract:

In this report, structure, morphology and luminescence of Y>05:Sm’" nanoparticles
prepared by self-propagating room temperature reaction are presented. This new, simple and
cost effective synthesis allows obtaining desired phase composition by mixing appropriate
amounts of yttrium and samarium nitrates together with sodium hydroxide. A set of samples is
prepared with different Sm’" concentrations (0.1, 0.2, 0.5, 1 and 2 at %) in order to observe
changes of luminescence properties. Also, effects of post synthesis annealing at several
temperatures (600 °C, 800 °C and 1100 °C) are analyzed. For all samples X-ray diffraction
showed that powders have cubic bixbyite structure (la-3), and TEM analysis showed particles
of less than 100 nm. Luminescence emission spectra clearly show peaks characteristic for
electronic spin-forbidden transition of Sm*>" ions *Gs—Hsp, °Hop and °Hy)y centered at 578,
607 and 654 nm, respectively. Emission lifetime values decrease with Sm’" ion concentration
increment, from 1.94 ms for 0.1 at% to 0.97 ms for 2 at%. In addition, enlargement of lifetime
value is observed when thermal treatment is done at the highest temperature due to the
elimination of luminescence quenching species from the surface of particles.
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1. Introduction

In a past few decades, phosphor materials have become highly significant because of
their wide application in various optoelectronic devices [1]. Particularly, there is a
considerable interest in studies of ultrafine and nanocrystalline oxide and non-oxide materials
doped with rare- earth (RE) ions in terms of fundamental research and applications in display
devices and lamps, biomedical multicolor imaging, scintillators, high-power solid-state lasers,
etc [2-4]. Among them, sesquioxides represent well-recognized host matrices because of the
good chemical stability and thermal conductivity as well as high light output [5]. Yttrium-
oxide (Y,03) is due to its low vibrational energy, optical band transparency (0.20-8 yum), large
refractive index (> 1.9), high energy band gap (5.8 eV), high melting point (2450 °C) and
high phonons frequency, which favors the radiation emission and prevents non-radiation
relaxation excitation levels, excellent choice for host material [6]. It also facilitates easy rare-
earth ion substitution and enables luminescent characteristics of a high efficiency. Trivalent
RE ions such as Eu®", Sm**, Ce*", Dy%, Er’, Tb*', Ho™ possess partially filled 4f orbitals
with characteristics energy levels from which optical transitions occurs on different energies
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getting in that way various emission colors [7]. For example, Y,0; doped with Eu®", Tb*" or
Tm®" gives red, green and blue emissions, respectively.RE ions are particularly suitable for
the photoluminescence processes, since they have long excited state lifetime and good
chemical durability and therefore Y,O; doped with RE ions represents a particularly good
combination for obtaining efficient luminescent materials.

Traditionally, oxide-based phosphors were prepared using solid-state reaction method
which includes a mechanical mixing of precursor oxides followed by a ball-milling and
calcination [8]. This kind of procedure at high processing temperature leads to the non-
homogeneity of a sample, wide size distribution and imprecise control of cation
stoichiometry. Some of these shortcomings can be overcome using soft chemical routes that
allow obtaining smaller particles e.g. in the nanometer range. Physical properties of the host
materials with nanometer dimensions are remarkably different from micron-scale materials
and, therefore, optical properties of the dopant ions may be significantly different. For
example, reduction in particle size enable modifications of emission lifetimes, control of
spatial distribution of dopant ions that results in amplification of a specific wavelength and
efficient transmission of energy. Nanomaterials can effectively reduce unwanted light
scattering when their size is far smaller than the wavelength of the incident light. Therefore,
the synthesis methods for obtaining nanoparticles with precisely defined structure and
morphology is of crucial importance for the improvement of materials functional
characteristics. Sesquioxide nanopowders are excellent starting materials for preparation of
luminescent ceramics [1, 9]. It has been shown that the reduction of the grain size of starting
powder precursor to the nano level enables production of ceramics with higher fracture
toughness and hardness [10], and also lowers the sintering temperature in comparison with
those produced from conventional precursors [11].

Yttrium-oxide is one of the most explored hosts for the preparation of up and down
conversion luminescent materials. So, methods for its production are numerous like spray
pyrolysis [12], sol-gel [13], combustion [14], hydrothermal synthesis [15], polyol method
[16], precipitation and co-precipitation [17], reverse micelle synthesis [18], etc. Depending on
the rare earth dopant both up and downconversion can be obtained using the same synthesis
procedure. One of examples is spray pyrolysis where doping with Eu’* provided down-
converted red emission [19], and Ho’" and Tm®* gave up-converted green and blue emission,
respectively [20]. Besides all of these different methods, there is no report of obtaining Y,03
by self-propagating room temperature (SPRT) method. SPRT known as very simple,
extremely time-effective and low-cost synthesis that is particularly suitable for producing
nanocrystalline materials. So, in this paper we used this method in order to prepare nanosized
powder of Y,0; doped with different Sm®* ion concentration and to examine its effects on
photoluminescence properties.

2. Experimental details
2.1. Sample preparation

Yttrium oxide powders doped with different concentration of Sm** (0.1, 0.2, 0.5, 1
and 2 at %) were synthesized via self-propagating room temperature reaction. Starting
chemicals Y(NO;);-6H,0 and Sm(NOs);-6H,0 (both Alfa Aesar, 99.9% purity) previously
stoichiometry calculated were mixed with sodium hydroxide (NaOH). Reaction proceeds at
room temperature after the mixture of reactants are mechanically activated by hand mixing in
alumina mortar for 5-7 min. After being exposed to air for 3h the mixture is washed in a
centrifuge at 3800 rpm for 10 min. This procedure was performed five times with distilled
water and two times with ethanol in order to eliminate NaNOs. After that, material was dried
in a hothouse for 12h at 70°C. In order to achieve target crystal structure powder was
thermally treated at 600, 800 and 1100 °C for 1 h. Procedure is schematically shown at Fig 1.
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2.2. Instruments and measurements

Crystal structure was identified by X-ray powder diffraction on a Rigaku SmartLab
system operating with Cu K, radiation at 40 mA and 30 kV. Data were taken in the 20
range from 15° to 100° using continuous scan of 0.7°/s. The microstructure of powders was
investigated with transmission electron microscopy JEOL-JEM 2100 LaB6 operated at 200
kV. Photoluminescence measurements including excitation and emission spectra and lifetime
were recorded on the Fluorolog-3 Model FL3-221 (Horiba Jobin-Yvon), under excitation light
of'a 450W Xenon lamp.

Y(NO,),*6H,0
Sm(N03)3*6H20

+NaOH

Mixing |
J

Centrifugation |

J

Drying 70 °C/12h |

Y

Annealing 600,800,1100°C/1h

Fig. 1. Schematic procedure of SPRT method

3. Results and discussion
3.1. X-ray diffraction analysis (XRD)

The powders obtain via SPRT method exhibit cubic crystal structure, with space
group la-3, that corresponds to the Y,0; (PDF 00-025-1200). This structure has two
crystallographically non-equivalent sites for Y ions that can be substituted with Sm>* dopant
ions: non-centrosymmetric C, and centrosymmetric S¢ (C;;). Due to their lower symmetry
and greater abundance in the structure, lanthanoide ions preferably accommodates in the C,
site. One representative XRD spectrum is shown in Fig. 2 and corresponds to the Y,0s: 2 at%
Sm®" sample that is calcined at 1100 °C for 1h.
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Fig. 2. XRD pattern of Y,0s: 2 at% Sm** calcined at 1100 °C for 1 h
3.2. Transmission electron microscopy (TEM)

TEM micrographs of Y,0; doped with 2 at% Sm’* thermally treated at 1100 °C for 1
h are shown in Fig. 3. It can be clearly observed presence of agglomerates that are consisted
of primary particles having the size around 100 nm (Fig. 3a). The selected-area electron
diffraction (SAED) pattern presented in Fig. 3b confirmed that powder possesses
polycrystalline nature.

a)

Fig. 3. TEM micrographs of Y,0s: 2 at% Sm’" calcined at 1100 °C for 1 h
3.3. Luminescence properties

The Sm®" ion with 4/° configuration has many energy levels that under the excitation,
exhibit a red luminescence. Independently of Sm’" concentration electronic transitions were
the same for all samples. Photoluminescent excitation and emission spectra of sample Y,O3
doped with 0.1 at% Sm’" are presented in Fig 4 (a) and (b), and they are consisting from
spectral features that are characteristic for Sm*” emission from sesquioxides [5]. It can be seen
that excitation spectra recorded in the range from 300—500 nm consist of lines at 363, 378 and
407 nm which can be assigned to the transition from the ground Hs), level to ‘D, 52, *L,7 and
*Kiin levels, respectively. The emission spectrum is obtained by excitation of 406 nm at room
temperature. Three emission bands in the visible region are observed which are assigned to
the intra-4f-shell “Gs, — °H, transitions (J = 5/2, 7/2, 9/2). The transition ‘Gs, — °Hj),
includes three peaks at 568, 575 and 584 nm, *Gsj, — °H;,, transition have peaks positioned at
596, 606, 616, 623 nm while *Gs, — °Hy, transition correspond peaks at 643, 654, 660, 667,



S. Culubrk et al./Science of Sintering, 45 (2013) 323-329 327

674 nm. The splitting of the emission manifolds and observed peak maxima are consequence
of crystal field that acts on dopant ion located in the host matrix [21].
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Fig.4. Excitation (a) and emission (b) spectra of Y,05:0.1 at% Sm®" sample (Aexe= 406 nm)

The fluorescence decay curves along with lifetime values for *Gs), level of Y,05:Sm’*
doped with different concentrations (0.1, 0.2, 0.5, 1 and 2 at %) are presented in Fig 5 (a and
b, respectively). It can be observed that increasing concentration of dopant ions resulted in
lower values of life time, so the greatest value (1.94 ms) was obtained for 0.1 at% Sm and the
lowest value of lifetime (0.97 ms) for 2 at% Sm. Since the some of the fluorescence decay
curves showed complex behavior (1 at%, 2 at% Sm) it was more appropriate to calculate an
average lifetime values for all samples, using the following equation:

S (L n

wg = L Hnat
where I(t) represent the luminescence intensity at time ¢ corrected for the background and the
integrals are evaluated on a range 0 < ¢ <t,, where f,, » T4g.
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Fig. 5. The fluorescence decay curves (a) and lifetime values (b) of Y,05:Sm’"

Luminescence efficiency is also observed in the function of various thermal treatment
temperatures (600, 800 and 1100 °C) for sample Y,0s: 2 at% Sm’". One can see that lifetime
values are increased with elevation of temperature, so at 600 °C 1,,, is 1 ms while at 1100 °C
Tavg18 1.22 ms.
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Fig. 6. The fluorescence decay curves (a) and lifetime values (b) of Y,0s: 2 at% Sm**
thermally treated at 600, 800 and 1100 °C for 1 h.

4. Conclusion

Powders of yttrium oxide doped with different Sm*" concentration and thermally
treated at various temperatures were successfully prepared by SPRT method. All samples
possess appropriate phase composition and structure which is confirmed through XRD
measurements. TEM micrographs showed that SPRT synthesis method ensure obtaining
nanoparticles with polycrystalline nature with size below 100 nm. Emission spectra of all
samples showed typical transitions of Sm’" ion and that lifetime values decrease with
increasing it concentration. Influence of thermal treatment implies that a higher annealing
temperature leads to the rising of lifetime values.
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Caopicaj: 'Y 08om pady npuxazawna cy CMpYKmMypHa, mopgorowka u JAyMuHecyeHmuda
ceojcmea  Hanouecmuya UMpUjymM-okcuoa OONUPAHO2 CaMapujymom, Koje cy Oobujene
camocmanno-nponazujpajyhom peaxyujom na coonoj memnepamypu. Osa Ho8a, jeOHOCMABHA
U eKOHOMUYHa cuumesa omoeyhasa Oobujare uwecmuya cemeHe aze, Meularbem
00206apajyhiux KoauvuHa umpujym- u camapujym-wumpama ca Hampujym-xuopoxcuoom. Cem
V30paKa NpunpemM/ber je ca paziiunumum Konyeumpayujama camapujyma (0,1, 0,2, 0,5, 1 u
2 am%) xako b6u ce nocmampane npomeHe IYMUHMeCyeHmHux kapaxkmepucmuxa. Taxobhe,
AHATUBUPAHU CY U epeKmU HAKHAOHO2 MepMuuKoe Jcaperpa na memnepamypama 600, 800 u
1100 °C. 3a cee ysopke penozeHcka ougppaxyuja nokazaia je 0a npaxosu noceoyjy Kyowny
ouxcoumny cmpykmypy (la-3), a TEM ananuza je noxasana da wecmuye umajy eiuduny
ucnoo 100 nm. Emucuonu cnekmpu noxkasyjy Kapakmepucmuyne nuKose 3a joHe camapujyma
'Gs—Hsp °Hyp u Hop Koju cy yewmpupanu na 578, 607 u 654 nm, pecnexmugHo.
Bpeonocmu epemena srcusoma nosehasajy ce ca cmarbersem KoHyeHmpayuje camapujyma 0o
1,94 nm 3a 0,1 am% oo 0,97 nm 3a 2 am%. [loped moea, nogehamwe epemena dcugoma
npumehieno je Ha Hajeuwioj memnepamypu 3602 erumMuHayuje epyna ca NosepuluHe y30pKa
Koje 2ace IyMuHecyeHyujy.

Kuwyune peuu: nymunecyenyuja, Y05, Sm’*, Camocmanno-nponacupajyha peaxyuja na
CcoOHOj memnepamypu




