Indonesian Journal of Physics
Vol 20 No. 3, July 2009

Effect of Alkali Compound on Morphology and Luminescence Intensity
of Europium-doped Yttria

Astuti, Mikrajuddin Abdullah®, and Khairurrijal
Physics of Electronic Materials Research Division,
Faculty of Mathematics and Natural Sciences,
Institut Teknologi Bandung
®@Correspondence author: e-mail: din@fi.itb.ac.id

Abstract

Luminescent particles of europium-doped yttria (Y,03:Eu) have been synthesized by heating nitrous precursors in a
solution of polyethylene glycol (PEG) matrix containing alkali compound (LiOH, NaCl, KCI, and CacCl,). High
luminescence intensity at around 612 nm contributed by electron transitions in Eu** (*Dy — 'Fo, °Dg — 'F1, °Dy —
F,,and °Dy — F3) were observed. The highest intensity was observed in samples prepared using Li compound, but
the smallest particle size was observed in samples prepared using Ca compound. This approach is promising for
production of submicrometer down to nanometer-sized Y,Os:Eu particles that have both small in particle sizes and
high luminescence intensity which is potential for use in development of luminescence ink that can be adapted to

the current ink jet printing technology.
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1. Introduction

We have reported previously the synthesis of
europium-doped yttria (Y,03:Eu) particles by heating
the nitrous metals in a solution of polyethylene glycol.
The role of polymer is to reduce the size of particles.
We have reported the production of various oxide
particles using this method'™?. Some of the particles,
especially luminescent particles, have been used to
develop luminescent ink for wvarious security
applications'®*?. However, we still face some
problems with these particles, such as the particle
sizes are still larger (mostly in submicrometer) even
the crystalline size could be less than 100 nm. This
large in size caused the problem of making
luminescent ink using the present ink jet printer to
developed security codes.

Reducing in the particle sizes is strictly
important for development of compatible ink for the
present ink jet printing technology. In this work, we
try to reduce further the size of particles by adding
relatively large amount of alkali compounds in the
polymer solution. The large amount of alkali
compound might prevent agglomeration of born-
nucleis. Therefore each nuclei will be surrounded by
alkali compound to reduce the tendency of making
contacts with another nuclei. By heating, each particle
is still separated from the others so that the
uncontrolled size growth can be avoided. After
heating, the material is then washed with water several
times (by using ultrasonic bath) to remove the alkali
compound and resulting alkali compound-free
Y,03:Eu particles.

In addition, adding alkali in the precursor
might increase the photoluminescence intensity. There
are some reports on the enhancement of the
luminescence intensity in a lithium-doped Y,03:Eu
particles™*®. Therefore, using the present method we
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expect to achieve two goals, i.e., to reduce the particle
sizes (due to avoiding agglomeration of born nuclei by
compound) and to improve the luminescence
intensity.

2. Experiment

Similar to that have been reported by Astuti et
al'®™, Eu(NO,);.6H,0 (Kanto Chemicals, Japan) 0.1
g and Y(NO3)3.6H,O (Kanto Chemicals, Japan) 2 ¢
were dissolved in 100 mL of a distiled water. The
molar fraction of Eu/Y was fixed at 4% mol/mol. This
is the the optimum doping level of europium in a
yttrium oxide host reported previously to obtain the
highest photoluminescence (PL) intensity’®?. After
completely disolving these of two nitrous metals, 8 g
of polyethylene glycol (PEG, Wako pure chemical,
Japan) was added into the solution and then stirred
with heating at 100 °C.

Alkali compounds (NaCl, KCI, and CaCl, or
LiOH.2H,0, Bratachem, Indonesia) of 0.5 g was
dissolved in 10 mL of a distiled water. Two mixtures
were then mixed for 2 hours at 100 °C. Then the
mixture was then heated in a furnace at 1000 °C for
one hour. Another mixture of Y/EU/PEG (without
alkali compound) was also made for a comparison.
The scheme of sample preparation is illustrated in Fig.
1. A fraction of samples made with alkali compounds
were then washed with distilled water in an ultrasonic
bath to remove alkali compound. Finally the samples
were then dried and characterized.

The morphology of samples were recorded
using a field emission scanning electron microscopy
(FE-SEM Hitachi S-5000) instrument. The X-ray
diffraction spectra were recorded by a P1710 Philips
Analytical instrument. The photoluminescence spectra
were recorded using a Shimadzu RF-5301 PC
instrument.
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Figure 1 The scheme of samples preparation

3. Results and Discussion
3.1 Photoluminescence

Figures 2 (a), (b), (c), (d), (e), show the
photoluminescence spectra of Li-doped, Ca-doped, K-
doped, Na-doped Y,Oz:Eu and a pure Y,0s:Eu
detected at room temperature. All samples were
prepared at the same conditions. The spectra was
dominated by the red emission peak at 612 nm,
resulted by °Dy — 'F, transition in Eu** ions. The Li-
doped Y,0s:Eu sample shows the highest
photoluminescence intensity compared to other
samples. The luminescence results show that the
photoluminescence intensity of Li-doped Y,0s:Eu is
about 2 times higher than that of alkali-free Y,03:Eu.
The improvement in the photoluminescence intensity
in the Li-doped samples may result not only from
improved crystallinity that leading to higher
oscillating strengths for the optical transitions, but also
to reduced internal reflections caused by rougher
surfaces. The increase in the Y,03:Eu crystallinity by
Li doping would also be expected to yield the
improvement of PL brightness.

3.2 X-ray diffraction

The increase in Y,03:Eu crystallinity by Li
doping is clear from the XRD patterns as shown in
Fig. 3. The crystallinity of samples containing Li is
the highest, the factor that responsible for enhancing
the luminescence intensity. Many authors have
reported the Y,0s:Eu having better crystallinity emit
intense  luminescence.  Improvement of the
crystallinity can be obtained by preparing samples at
higher temperatures or sintering the samples at longer
times.

The XRD patterns of all samples show the
occurrence of yttria peaks. The compounds did not
change the crystal structure of the samples, but only
affect the crystallinity.
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Figure 2. Photoluminescence spectra of Y,0s:Eu
samples prepared using different alkali: (a) LiOH, (b)
CaCl2, (c) KCI, (d) NaCl, and (e) Y,0z:Eu without
addition of any compounds.
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Figure 3. XRD patterns of Y,03:Eu samples prepared
using different alkali: (a) LiOH, (b) CaCl2, (c) KCI,
(d) NaCl, and (e) Y,0s:Eu without addition of any
alkali compounds.
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3.3 Morphology

Figure 4 shows SEM pictures of sample
prepared with alkali compound before (left) and after
washing from alkali compound (right). We can clearly
distinguish the morphology of samples before washing
(contain large amount of alkali compound) and after
washing (the alkali compounds have been removed).
Smaller grain size were obtained in the washed
samples because the alkali compounds have been
dissolved during washing and removed by filtering.

Fig 4(a) shows that sample prepared using
NaCl still have large granular, which is similar to
sample sample prepared with KCI (Fig. 4(b)). This
size is still not suitable for use in developing
luminescence ink.

Figure 4. SEM images of samples prepared with
addition (a) NaCl, (b) KCI, (c) CaCl,, and (d) LiOH.
Left sides are images of samples before removing of
the compound and right sides are images of samples
after removing f the compound.

The better (smaller) size after washing was
obtained in samples prepared by addition of CaCl,
compound, as shown in Fig. 4(c). The particle sizes

are less that 100 nm, some are less than 50 nm, and
likely separated each other.

Sample prepared using LiOH is shown in Fig.
4(d). The sizes of granular after washing are very
larger, mostly are larger that 5 um. This size is larger
that the granular size of samples prepared without
addition of any alkali compounds, as shown in Fig. 5.
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Figure 5. SEM images of samples prepared without
addition of any alkali compound.

4. Conclusion

Samples of Y,O3Eu than emit red
luminescence have been produced in a solution of
polyethylene glycol with addition of large amount of
different alkali. We observed that the better
luminescence intensity was obtained in sample
prepared by the addition of LiOH. This intensity is
about twice of that of sample prepared at the same
condition without addition of any alkali. This sample
also shown the best crystalinity (indicated by the
highest XRD peaks). This suggests that the
crystalinity is responsible for the enhancement of
luminescence intensity. However, sample prepared by
addition of CaCl, compound shows the smallest
granular size and also the second in the luminescent
intensity. The grain sizes in this sample might be less
than 50 nm.
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