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Abstract

Nanosized cubic ¥O3 samples, undoped and doped with 10 mol% Qg EwO3, GdO3, ThyO3, Ho,O3 and EpOs (Y18Lng 203,

where Ln=Nd, Eu, Gd, Tb, Ho or Er), were prepared by means of a controlled hydrolysis method in an aqueous solution containing
ammonia, Y(NQ)3 and Ln(NQ)3 as precursors, and a surface modifier. The microstrain and the average size of the diffraction domains
have been calculated from the XRD patterns and the results have been compared with those obtained by a combustion synthesis. Itis she
that the cell parameter of the CJ@; (bcc structure related to the Castructure; the M atom is 6-coordinated) structure of dopg@sy

is correlated to the ion size of the dopant. The shape of the crystallites appears to be needle-like in all cases, while the microstrains depe
on the dopant and are probably due to surface effect. XRD and Raman analysis show that, despite the heavy doping, only one phase in
Y203 powders is present. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction The luminescence efficiency of these materials is often
limited by the dynamics of the lanthanide ion, which depends
The development of new types of high resolution and on the interactions with the insulating host and therefore
high efficiency planar displays has created a need for opticalthe lanthanide dopant can be used as a sensitive probe of
phosphors with new or enhanced properties [1]. High effi- the chemistry and structure of its host. Moreover, it has
ciency phosphor materials with crystalline monodispersive been shown that the quantum efficiency of the luminescence
fine particles are the key for the development of these new of doped nanocrystals increases as the size of the crystals
devices [2,3]. decreases [10,11]. Another advantage of nanosized materials
Nanophase and nanocrystalline materials, typically de- is that the presence of the impurity transfers the dominant
fined as polycrystalline solids with particle diameter of less recombination route from the surface of the nanocrystals to
than 100 nm, offer new possibilities for advanced phosphor the dopant states, so that passivation of the surface is not
applications. In fact, the bulk properties of those materials crucial.
depend on the high percentage of grain boundaries, although In a recent communication, preliminary results have
the local atomic structure at the interfaces is not completely been reported on the synthesis, characterization and op-
understood [4-6]. In particular, lanthanide ions in insulating tical spectroscopy of nanosized dopedOg prepared by
hosts find uses in a variety of applications such as phosphorsa combustion method [12], a well-known oxide phosphor
for fluorescent lighting, display monitors, X-rays imaging, material which shows improved quantum efficiency when
scintillators and amplifiers for fiber-optics communication prepared in a nanostructured form. Moreover, the mixed
[7-9]. Besides their intrinsic interest, nanocrystalline mate- rare earth-yttrium oxides (R¥,_,03) are a novel group
rials also provide model systems for studying the effect of of diluted magnetic semiconductors [13]. In recent studies
surfaces on bulk properties. it was shown that the distribution of the magnetic ions in
the C-MyO3 (bcc structure related to the Gastructure; the
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0254-0584/00/$ — see front matter © 2000 Elsevier Science S.A. All rights reserved.
PIl: S0254-0584(00)00325-4



B. Allieri et al./Materials Chemistry and Physics 66 (2000) 164-171 165

The aim of this paper is the study of microstructure prop- 2. Experimental
erties (strain and average size of the diffraction domains) of
the lanthanide-doped cubic phaseOg depending on the Nanosized cubic ¥O3 samples, undoped and doped with
doping. In particular, we describe the synthesis by wet route 10 mol% N@O3, EwO3, Gd,03, ThO3, HopO3 or ErnO3
and the structural analysis of nanocrystalline cub©QY (Y1.8LNno203, where Lr=Nd, Eu, Gd, Tb, Ho or Er), were
doped with Nd, Eu, Gd, Tb, Ho, and Er ions, comparing the prepared by using a wet synthesis procedure reacting an
results obtained with the same set of samples synthesized byalcoholic solution containing Y(N§)s and Ln(NG)3 with a
a combustion method [16]. The structural characterization basic solution of a surface modifier at pH>10 [18]. The two
of the samples has allowed to state that, in spite of the heavysolutions were mixed and the obtained gel was centrifuged
doping, a monophasic03 powder has been obtained and for 1 h at 3000 rpm of speed. After removing the aqueous
that the rare earth ions substitute Y in the lattice of the ox- solution the powder was dried in a stove afCOor 24 h
ide. The results obtained in this paper confirmed our previ- and then heat treated at 5@for 12 h.
ous results [16] and are in agreement with those reported in ~ Structural characterization of all samples has been made
the paper by Mitric et al. [17] in which the crystal size and by using X-rays diffraction, microraman spectroscopy and
the microstrain of ¥O3 powder doped with Sm at different  scanning electron microscopy. The diffraction experiments
concentrations were evaluated. were performed on a Philips MPD 1830 automated powder

/
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Fig. 1. SEM micrographs of the )03 samples doped with Tb and prepared by combustion (a) and wet synthesis (b).
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Fig. 2. XRD patterns of the pure and rare earths doped samples. The reflections used for the profile analysis are indicated together with two peaks
the aluminum powders added to the sample as interfiakefrence.

diffractometer with graphite-monochromated Cu Kadia- structure is clearly seen, while the wet synthesized samples
tion in the Bragg—Brentano parafocusing geometry. Diffrac- appear to be powdery.
tion patterns have been collected for pure and rare earths In Fig. 2, the diffraction patterns of the pure and rare earth
doped (about 10%) XO3 nanopowders. Aluminum pow- doped samples are shown and the most intense reflections
der has been added to the samples as intetha¢f2rence. of the Y203 are indicated (C-MOg structure [21]). The cell
The profile of the diffraction peaks were Fourier analyzed parameter of the ¥O3 cubic cell, calculated by considering
by means of a program developed by Lutterotti and Scardi five reflections, increases with the ionic radius of the dopant
[19] and based on algorithms derived by Nandi et al. [20]. almost following a linear behavior (Table 1 and Fig. 3). We
The instrumental function, to be deconvoluted from the ob- obtained comparable results analyzing the same set of sam-
served profile, was determined by measuring the diffraction ples synthesized by a combustion method [16]. These results
pattern of a standard KCI powder and the microstructural show that the trend of the cell parameter mainly depends on
parametergM) (average size of the diffraction domains) the doping and it is not a function of the synthesis route,
and (¢2)1/2 (mean-square root microstrain) were evaluated. while for the same dopant, the synthesis strongly influences
Moreover, the structural parameteof the Y,Og3 cubic cell the microstrain.
was calculated by using the NDSU (Least Square Unit Cell The cell parameters calculated for the doped samples
Refinement) program, version 86.2. made by both synthesis routes have been fitted against the
Microraman measurements were carried out with a Dilor ionic radius of the dopant [22] by linear function and the
Labram spectrograph equipped with 1800 | mingratings errors on the parameters has been evaluated (Fig. 3). For a
and a CCD detector cooled at about 230 K. The microscopegiven dopant, the powders made by the wet synthesis show
was confocally coupled to the spectrograph. A He-Ne laser a larger cell parameter than that of the samples made by
with a power at the sample of less than 10 mW was used ascombustion, while the average size of crystallites is smaller.
exciting source X=632.8 nm). The highery? factor obtained in the linear fitting of the wet
SEM images have been collected with a Cambridge Stere-samples set may be due to a difficulty in controlling this
oscan 260 Microscope equipped with a Link Analytical synthesis.
probe for Energy Dispersion X-ray Spectroscopy (EDXS)

analysis. Table 1
Sample Cell parameter Raman shift Rare earth ionic
. . A cmt radius (A) [22
3. Results and discussion @) (cm™) ) [22]
Y 203:Nd 10.681:0.0025 370 0.980
. i , . Y203Eu 10.659-0.0022 371 0.947
EDXS analysis confirms t_he yttrium/rare earth ratio v,o,:Gd 10.647-0.0030 374 0.938
(10 mol%) and the homogeneity of the samples. As shown Y,05:Tb 10.635:0.0036 373 0.923
in Fig. 1, the two methods of synthesis determine a very Y203:Ho 10.63@:0.0044 - 0.901
different morphology of the powders. In particular for all Y203:Er 10.626-0.0008 N 0.890
Pure 203  10.616+:0.0033 377

the samples made by the combustion route a spongy-like
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Fig. 3. Calculated cell parameter of dopedO4 samples synthesized by wet and combustion methods as a function of the ionic radius of the rare earth.
The data have been fitted by a linear function.

In Fig. 4, the average sizé\)) of the diffraction domains  the doped samples. The similarity between Er and Y ionic
of all samples are plotted in polar coordinates as a function of radii may justify the low microstrain obtained in the Er and
the angles between the [1 0 0] directions, taken as referenceHo doped samples. A monotonic behavior of the micros-
and the [111], [311], and [211] directions (Fig. 2). The trains with the ionic radii is shown, with the exception of the
average sizes are in agreement with those obtained by MitricY 203:Gd sample. In the hypothesis of a random distribution
et al. [17] in which Y203 powder samples doped with Sm of the doped ions in the two non equivalent cation sites of the

at different concentrations were studied. C-M,0s3 structure, a larger difference in the ionic radii may
The angles between the planes have been calculated bynduce higher microstrain in the structure. The maximum
using the following expression: microstrains are obtained for,®3:Nd sample. It is worth to
note that differently from the other doping cation forming
cosp = Ty C-M»0s structure as ¥Oz, Nd»Oz at room temperature has
T o a A-M>03 (bcc structure related to the Cabtructure. The
M atom is 7-coordinated) type of structure [20]. A striking
where the vector of the reciprocal lattieg,, = h.a* + feature of the A-MOs is the unusual 7-coordination of the
k,b*+I,c* is normal to the family of lattice planebK]) [23]. metal atoms, that may be the origin of the large microstrain
In this way it is possible to have a rough idea of the shape of present in the ¥O3:Nd sample.
the crystallites. All samples show a needle-like shaé) ( In the case of Gd dopedyDs it has been shown evidence

varies in a range from 4 to 12 nm) that actually is not corre- of cation ordering in the two non equivalent sites of the

lated to the morphology as seen by SEM analysis. Similar structure [14], that may justify in our results the minimum

behavior has been observed in the samples synthesized byn the microstrains found for the 03:Gd sample.

combustion method. In Fig. 6, the linear correlation betweds?)/2(M) and
Furthermore, in Fig. 5 the microstrains of doped and pure (M) calculated by considering only the reflection 6629

Y203 synthesized by wet method are shown. The micros- of all doped samples is shown. All the points corresponding

train of pure %03 is about one third than that obtained for to both the combustion and wet series of samples have been
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Fig. 4. Polar plot of the average sizéM()) of the diffraction domains of all samples as a function of the angles between a [100] directions, taken as
reference, and the [111], [311] and [21 1] directions.

fitted by a straight line. A similar behavior has been pointed good fitting supports the hypothesis that microstrains depend
out in a previous work for rutile and anatase phases of puremainly on the surface, since no microstrains are expected in
and doped Ti@ nanopowders [24]. In that case, even though the case of infinite size crystallites.

the trend is similar, only for the rutile samples the correlation  Even if a good linearity is detected for the®s; doped

is truly linear. For .03 nanopowders as in the case of 3jO  samples, the angular coefficient of the straight line is higher
the constant term of the straight line is fixed to zero. The than that found for TiQ phases. It can be thus suggested
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Fig. 5. Mean square root microstrains of the dopey samples made by wet synthesis and calculated by using the 111 refleieR92, as a
function of the ionic radius. The value of the pure®5 is shown as reference.

that in the %203 structure higher microstrains are induced In Fig. 7, a shift of the ¥O3 signal towards smaller

by the surface. wavenumbers as the ionic radius and the mass of the dopant
Finally, the microraman spectra of the doped as well as the increases (Table 1) can be seen. This may be explained by

pure Y203 powders confirm the homogeneity of the samples. considering that the wavenumber is inversely proportional

In agreement with the XRD analysis, only one phase (i.e. to the square root of the mass, while the elastic constant is

one single band of the Raman spectrum) is observed despitaegligibly influenced by the substitution of yttrium. Indeed,

the heavy doping of the O3 matrix. in this set of samples the value of the Raman shift of the
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Fig. 6. (¢2)¥2(M) as a function of(M). The values refer to a 111 reflectiord229°) and have been fitted by a straight line shown in the figure.
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Fig. 7. Raman shift of pure and Nd, Eu, Gd and Tb dope®s nanopowders. The Raman shift for Ho and Er dope®y samples could not be
determined because of the strong luminescence present in the same spectral region. The labeisiraliaate the contribution of the Eu and Th
luminescence, respectively.

one doped with Th is unexpectedly high; by the way, a shift e A consistent shift of the ¥O3 Raman signal with the mass
of this signal may be due to the high background. of the dopant is shown, confirming that in all samples the
Ln substitutes the Y ion in the 203 structure.
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