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Abstract. The information about the local neighborhood of Eu Mdssbauer isotope
locating in yttrium vanadate nanoparticles was obtained by the room temperature
measurements, in transmission and electron backscattering geometry. The Eu has the
valence state 3+ and two different quadrupole elementary patterns can be distinguished
up to around T, = 700°C. At higher temperatures, the Mdssbauer spectra consist in a
single quadrupole pattern. Electron-backscattering spectra revealed a tendency to
change T; and a higher distortion of the Eu neighborhood.
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1. INTRODUCTION

YVO,:Eu’" is a strong luminescent material, largely used as red phosphor [1]
in colour television cathode ray tube displays and high pressure mercury lamps [2].
The recent studies show that nanosized YVO,:Eu’" is a significant promise for
plasma display panels (PDP) [3]. Eu’" ion substitues the Y -site (point symmetry
D,q) in zircon type structure of YVO, [4] (space group 14,/amd, lattice parameters
a=71183 A, ¢ = 6.2893 A [5]). Droping dimension from bulk to nanocrystals
changes the metal-lygand covalency and the splitting of the energy levels.

One of the useful structural techniques to study bulk-crystalline or
nanocrystalline powders is the Mossbauer effect spectroscopy technique, in
transmission or electron backscattering geometry. The main advantage of the
Maossbauer spectroscopy compared with other techniques consists in the possibility
to non-destructively detect the valence state of Maossbauer hosting ion, the
paramagnetic and ordered magnetic phases in a simple way. In the present work
the advantage of Mossbauer effect consists especially to mark off the different
ionic vicinities around the Mdssbauer probe, by means of the hyperfine interactions
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between the local electric and magnetic crystalline fields and the Mossbauer
isotope. Using Eu as sensitive probe for Mossbauer spectroscopy, the local changes
induced by the thermal treatments of YVO, nanocrystals are evidenced. The
present work continue the previous investigation of optical interesting crystalline
media doped with the rear earth ions [6, 7].

2. EXPERIMENTAL

YVO,:Eu’"-nanocrystals (with nominal 5 at.% Eu) have been obtained by the
precipitation procedure. Two solutions, Y(NO3); and Eu(NO;); were prepared and
added to a solution of NH,VO; adjusted to pH 12.5 with NaOH. The obtained
colloid was heated at 60°C for one hour under magnetic stirring. The nanocrystals
of YVO4Eu®" were extracted from the resulted suspension by filtering and then
heating for one our at 60°C. The resulting nanopowders were annealed in air at
various temperatures Te [300 + 1300°C] for four hours. More experimental
detailes are given in ref. [8, 9].

X-ray diffraction (XRD) measurements were carried out on a DRON-2
diffractometer, using Cug, radiation (1.54051A). For all samples the scan
parameters included an angular resolution of 0.04 degrees and a scan speed of
2 degrees/minute.

Madssbauer measurements were performed in the velocity range ve[-21 mm/s
+ +21 mm/s], at room temperature by standard transmission (ME) and electron
backscattering (CEMS) techniques, using AME-20, AME-50 Elscint conventional
constant-acceleration spectrometers with a °'Sm source in samarium oxide matrix.
The velocity calibration has been performed using o-Fe,O; standard. The
backscattering measurements used the detection of Auger [10] electrons with
energies around 7 keV. The measurements were conducted at a high degree of
accuracy with a new detector, gas-flow proportional detector with a 99% He + 1%
CsHyp mixture [11]. The CEMS spectra were recorded in perpendicular
backscattering geometry, i.e. with the incident y-ray direction perpendicular to the
sample plane. The powder samples for CEMS were fixed on a support with a
solution of 5% colloidon in amyl acetate. The parameters of the Mossbauer spectra
were calculated using a computer fitting program, in the hypothesis of Lorentzian
line shape [12]. A background correction and a smoothing procedure of the spectra
were performed before the fitting runs.

3. RESULTS AND DISCUSSION

XRD patterns of YVO, nanopowders annealed in air at three temperatures
(60, 600 and 1200°C) are shown in Fig. 1. The diffractograms revealed the YVO,
powder pattern and have been indexed as a single phase. The results of the Rietveld



1014 I. Bibicu et al. 3

structure refinements indicated an increase of crystallite size with the annealing
temperature: 12 nm, 48 nm and 60 nm respectively.

The Madssbauer experimental spectra of YVO, nanopowders annealed in air
at different temperatures and fitting patterns are plotted in Fig. 2 (transmission
spectra) and 3 (backscattering spectra). The Mossbauer fit parameters are given in
Table 1.

600 -,
1 Sample YVO4:Eu(5%) annealed at 60°C
400 "y :
T o £ X A
201 g it Sraormpatrosio i
0 L I B B A EE L A AL I A |
— i 20 30 40 50 60 70
-'g 2000 - : Sample YVO4:Eu(5%) annealed at600° C
3 . '
O . s
g 1000 K : ?.
) . b+
S o ‘;-.%‘“‘Jw. ‘J, At s
€ 2000+ 20 30 40 50 60 . 70
(200): Sample YVO4:Eu(5%) annealed at 1200" C
1000 (112) (3j2) (303)
T H . (004) (323)
. :(220) (301) (321)s (400)
1 . (202) (103) 2, (420) (332)(204)
\.—wav
0__I_I_'_I_I_I_I_'_l T I_I_|' T T T T T T T T T T 1
20 30 40 50 60 70

2 0 [degrees]

Fig. 1 — The X-ray diffraction patterns on YVO, nanopowders annealed in air at various temperatures.

Up to 700°C, the Mossbauer spectra consist in two main contributions: a
central broad (~ 8§ mm/s + 9 mm/s) as preponderant (~ 65%) line-resonance (A)
and a less large (~4 mm/s +~ 5 mm/s) and less intense (~ 35%), resonance (B), at
around ve[5 mm/s + 7 mm/s]. This behaviour can be ascribed to the presence of Eu
ions in different possible micro-environments in YVOg4:Eu structure. So, the
spectra of the “as prepared” samples and of the samples annealed up 700°C were
fitted with two superimposed quadrupole '*'Eu-clementary patterns (17/2, + M>
—>15/2, + M, >" [13], called A and respectively B patterns, characterised by the
following hyperfine parameters: the isomer shift & relative to the source
Sm,O;-matrix, quadrupole parameter €Q;,V,, resonance line width Iy, and
relative areas. The main constraints of the fit procedure have been the same line-
widths and theoretical intensities of the pattern’s resonances. Generally, one can
observe that ['oys 4 values are different in comparison with Iopsp (Iobs.a<Iobsp fOr
T > 60°C), but the half line widths of the elementary patterns resonances are in the
theoretical limits, I'op/2 € [1.12 = 1.69] mm/s, corresponding to well-defined
micro-environments B and A. The two different micro-environments of "'Eu,
correspond to different distorted oxygen polyhedrons (/€Q7,V s/ < /€Q7,V 8/) of
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trivalent Eu-ions. One can remarks the low values of 8 (~ 0.0 mm/s) for A-pattern,
suggesting an Eu-O chemical bond similar to that observed in Eu,0s3. The central
shifts of both elementary patterns correspond to trivalent europium [14, 15]; the
values for A patterns indicate a more ionic chemical bonding Eu-O than for B
patterns. A pattern can be assigned to symmetric oxygen-surrounding of '*'Eu and
B pattern corresponds to a very asymmetric one, coming from particle surface
contribution. As the annealing temperature increases, the feature of the spectra
changes too. The intensity of the B doublet decreases up to its disappearance and A
doublet becomes more symmetric at 7, ~700°C. The observed differences between
the parameters given by transmission and backscattering spectra could be explained
by the differences of information obtained in the utilised geometries. The
transmission geometry gives mainly a volume information and backscattering
geometry give mainly a surface information. For our samples, the backscattering
spectra suggest a higher distortion of the Eu neighborhood at surface.
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Fig. 2 — The experimental transmission spectra of the YVO,4:Eu powders annealed at various
temperatures and fitting patterns.
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Fig. 3 — The experimental backscattering spectra of the YVO,:Eu powders annealed at various
temperatures and fitting patterns.

Table 1

The values of the hyperfine parameters obtained from spectra

Computed Mdssbauer parameters
Annealing Spectrum

emperaiure o swiatice | 0| TR | o | o
1200° C backscattering A —0.03 —6.3 1.09 100
900° C transmission A —0.02 —-0.05 1.18 100
700°C transmission A -0.02 —-1.69 1.79 100

600° C backscattering A —0.17 1.26 1.35 83
B 0.21 70.01 1.40 17

0 .. A -0.35 5.02 1,37 70

600" C transmission B 0.88 9504 208 20
A -0.30 - 1.60 70

0 ..

550°C transmission B 0.89 26,32 178 30

o . A -0.74 10.82 1.47 68
400°C transmission B 011 6531 137 )

60° C backscattering A —0.22 9.20 1.68 71
B -1.94 23.36 1.44 29

0 .. A -0.24 -0.33 1.69 57

60°C fransmission B 0.90 69.81 1.60 43
Errors +0.05 +2.06 +0.06 +3
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The best fit of the transmission spectra for the sample annealed at 7> 700°C
was obtained considering only one pattern with hyperfine parameters values much
closed to the doublet A parameters.

The increase of the particle size diminishes the surface contribution to the
Maossbauer spectrum, consequently the volume contribution becomes dominant at
the annealing temperature of 7 > 700°C. The fit results for the annealed samples
revealed a critical temperature 7, ~ 700°C, suggesting a transition state in the
growth process of YVO4:Eu crystallite.

4. CONCLUSIONS

The analysis of the experimental '>'Eu Mdossbauer spectra revealed the
presence of two inequivalent Eu’" ions in the YVO,:Eu lattice. They are located in
two different distorted oxygen polyhedrons. The Mdssbauer backscattering spectra
exhibit different hyperfine parameters in comparison with the transmission spectra
on the same sample. These differences indicate changes arround the Mossbauer
nuclei located near particle surface. At higher temperatures Mdssbauer spectrum
consists in a single quadrupolar doublet. A critical temperature 7, =~ 700°C,
suggesting a transition state in the growth process of YVO4:Eu crystallites was
identified.

Acknowledgements. This work was supported by National Authority for Scientific Research
under Core Program Project PN09-45.

REFERENCES

. A. K Levine and F. C. Palila, Appl. Phys. Lett., 5, 118 (1964).

. F. C. Palilla and A. K. Levine, Appl. Opt., 5, 1467 (1966).

. K. Riwotzki, M. Haase, J. Phys. Chem., B 102, 10129 (1998).

. J. A. Baglio and O. J. Sovers, J. Sol. St. Chem., 3, 458 (1971).

. B. C. Chakoumakos, M. M. Abraham and L. A. Boatner, J.Solid State Chem., 109, 197 (1994).

. A. M. Voiculescu, E. Cotoi, O. Toma, S. Georgescu, S. Constantinescu and 1. Bibicu, Rom. Rep.
Phys., 62, 7, 121 (2010).

. S. Constantinescu, S. Georgescu, 1. Bibicu, A. M. Chinie, A. S. Stefan and O. Toma, Rom. J. Phys.,
52, 3-4,295 (2007).

8. Y. Liand G. Hong, J. Sol. State Chem., 178, 645 (2005).

9. A. Newport, J. Silver and A. Vecht, J. Electrochem. Soc., 147, 3944 (2000).

10. L. Bibicu, Eur. Phys. J. Appl. Phys., 62, 11302 (2013); DOI: 10.1051/epjap/2013120328.

11. IBibicu, G.Nicolescu and C.Cretu, Hyp. Int.,192, 85 (2009).

12. D. Barb, Grundlagen und anwendungen der Mdssbauerspektroskopie, Akademie-Verlag,, Berlin,

1980.

13. D. Barb, S. Constantinescu and D.Tarina, Rev. Roum. Phys., 16, 9, 1005 (1971).

14. N. N. Greenwood and T. C. Gibb, Mdssbauer Spectroscopy, Chapman and Hall Ltd., London, 1971.

15. M. Eibschultz, D. W. Murfy, S. Sunshine, L. G. van Vitert, S. M. Zahurak and W. H.

Grodkiewicz, Phys. Rev. B, 35, 8714 (1978).

AN AW —

3



