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Abstract Y203:Eu3 T nano phosphors (about 65 nm in size)
were prepared via co-precipitation method by using co-poly-
mer NIPAM/AAc as a template with narrow size distribution.
The aim of the paper is to indicate the co-polymer influence on
size and luminescence characteristics of nano phosphors. In
this respect, phase content and morphology were character-
ized by X-ray diffraction and transmission electron micros-
copy. All the powders were well crystallized and the particles
were clearly spherical with good dispersibility. Luminescence
measurements were used to investigate the role of precursor in
powders and the utmost luminescence intensity was observed
at4 mol% of Eu®>" while the quenching concentration of Eu®"
ions has occurred at 5 mol%.

1 Introduction

Yttrium oxide is a suitable host for many lanthanide oxides
because of the resemblance between their ionic radius and
crystal structure and doping most of these oxides produce
variety of phosphors with different fluorescent spectrai.e. green
for Tb, red for Eu, Yellow for Dy, blue for Tm [1, 2]. Among
these phosphors, Y,05:Eu’" is well-known red phosphor typ-
ically used in field emission display (FED) devices, cathode ray
tubes (CRT) applications, trichromatic fluorescent lamps and
plasma display panels [3—7]. The fluorescence property of
Y,05:Eu’ " strongly depends on its structure. Commercial type
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of this phosphor has the cubic structure because the cubic
structure with space group: Ia3 (206) possesses great potential
of fluorescence intensity compare to the monoclinic structure
with space group of C2/m(12) [8—10]. The cubic lattice contains
two crystallographic sites in which the M>" ions are found as
outlined in Fig. 1, one has C, symmetry and the other S¢
symmetry; both sites are six coordinate and are present the ratio
of 3:1 [11-13]. In particular, europium (IIT) has five narrow
emission bands corresponding to the Dy — ’F; transitions
wherei = 0, 1,2, 3 and 4. The strongest transition, 5DO - 7F2
occurs at approximately 610 nm, which is characteristic of red
fluorescence of Eu’™ [14].

Some qualities including high purity level of host structure,
doping concentration of Eu and particle size have the most
important influences on industrial fabrication of nanophos-
phor Y,05:Eu’*. In order to produce a nanophosphor with
high quality, a variety of synthesis methods has been studied
such as: sol-gel [3], spray pyrolysis [9], hydrothermal
decomposition [15], chemical precipitation of precursors in
aqueous or organic solutions and addition of modifying agents
such as: EDTA and polymers as a template [16-19]. In the
present work, mono-dispersed nanophosphor Y,O05:Eu®"
particles are synthesized in urea aqueous solution by homo-
geneous precipitation method. The effect of experimental
variables, such as: presence of NIPAM/AAc co-polymer as a
template, size distribution and europium concentrations were
characterized in terms of luminescence properties.

2 Experimental procedures

2.1 Starting materials

The entire chemical materials which are used in this work
were obtained from Merck Fine Chemicals.
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Fig. 1 Two Y>" crystallographic sites in cubic Y,0;

2.2 Synthesis of europium doped yttria

Y,05:Eu" was prepared via homogeneous precipitation
method by utilizing NIPAM/AAc as a template and urea as
a precipitant while the preparation of the copolymer is
described perfectly in our previous study [20]. In order to
prepare Y,0O; phase with the copolymer a known amount
of Y(NO3);3

56.4g
l

and Eu(NOs3); (2-8 mol% with respect to Y) were prepared
by dissolving Eu,03 and Y,O;5 in dilute HNO;. Then, an
excess amount of urea is dissolved in the vessel and mixed
with the above solutions thoroughly. Then 30 ml of NI-
PAM/AAc copolymer was added to the solution at adjusted
pH of 3 to complete the precipitation reaction and the
temperature is raised up to 85 °C for 1 h. The resulting
precipitates were separated and washed with ethanol and to
dry the precipitates, it was put into oven and pre-heated at
100 °C overnight. Finally, calcinations treatment was car-
ried out in a muffle furnace for 3 h at 980 °C. Also to

compare the physico-chemical effects of the copolymer, a
sample without copolymer was prepared and the precursor
solutions containing Y(NOj3)3 and Eu,O3 (2 wt%) in dilute
HNOjwere used.

2.3 Physical measurements

The crystal structure of the Y,0O3 phase was identified by
X-ray diffraction (XRD, Siemens D-500; Cuke radiation at
40 kV and 30 mA). The particle size and distribution of
prepared samples were analyzed using a Malvern Zeta
Sizer after the preparation. The samples had to be diluted in
water and they were also inserted in an ultrasonic bath for
10 min. Microstructure of the samples was observed by
scanning electron microscope (SEM) Cambridge at a
voltage of 25 kV sputtered by gold. The emission and
excitation spectra were obtained using a Perkin Elmer LS-5
Luminescence spectroscopy.

3 Result and discussion
3.1 X-ray powder diffraction analysis

X-ray diffraction (XRD) patterns of Y,Os/Eu®" prepared at
980 °Cis shown in Fig. 2. As itis clear, there is no evidence
of appearing two assigned peaks of monoclinic phase at
20 = 32.1° and 29.78° and all the peaks are in good
agreement with powder data in JCPDS card No. 25-1011.
According to that, the samples are cubic crystalline
Y,05:Eu*" without impurity [21]. In addition, comparing
XRD patterns of samples (a and b) shows that cubic phase of
Y,05 is formed completely and both samples have the
similar crystallinity regardless of NIPAM/AAc copolymer.
Also, it could indicate that the doped Eu*" ions have entered
the Y> sites completely because usually, doping into space
among crystal lattice will cause lattice distortion and then
origin the change of the cell parameters.
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Fig. 2 XRD patterns of Y203/Eu34r prepared (a) with, (b) without
copolymer
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Fig. 3 TEM micrograph

of nonoparticles
Y,05:Eu’* T prepared (a) with,
(b) without copolymer

3.2 Luminescent analysis
3.2.1 Particle size effect on emission spectra

The proposed mechanism for the formation of the phosphor
precursor of Y,O5:Eu® " explains the cause of decreasing the
particle size in presence of NIPAM/AAc co-polymer [22,
23]. The carboxyl groups incorporated into the molecule of
the copolymer by adding the AAc; give it a negative surface
charge. On the other hand, decomposition of urea increases
pH and the hydrolyzed yttrium ions by water will combine
with anionic groups on the surface of the copolymer micro-
gel, meantime hydroxyl carbonate precursor forms and links
to the copolymer. The final particle is a copolymer coated by
the hydroxyl carbonate precursor of the phosphor. After
annealing treatment the copolymer decomposed and the
final Y,05:Eu’" nanophosphor formed. Thus the particle of
the sintered phosphor is more regular and the size is small
due to the presence of the copolymer. The TEM micro-
graphs (Fig. 3a, b) show the particles morphology of the
obtained Y,O5:Eu" nanoparticles with/without copolymer
precursor, respectively. It can be seen that both samples
have a non-agglomerated spherical shape with clear particle
boundaries and were nano-sized. Fig. 4a, b illustrate mean
particle size of 65 and 170 nm for both samples. It is clear
that the sample with co-polymer contains particles portion
with diameters from 55 to 65 nm while the sample without
the copolymer (Fig. 4b) owns the particles portion with
diameters from about 165 to 173 nm. It is obvious that
NIPAM/ACC co-polymer has influence on the growth sur-
roundings of the particle and the variation of particle sizes is
a direct function of that [24]. This co-polymer can prevent
the agglomeration of nanoparticles by reducing the surface
tension and also prevents particles from contacting with
each other by steric-hindrance effect. So, the particles
diameter can be restricted to less than 65 nm.

@ Springer

As shown in Fig. 5 the emissions spectrum patterns
under 254 nm excitation for the prepared samples with/
without copolymer were analogous to each other and there
is no position change of the emission peaks for both
powders, but the intensity is appeared to be dissimilar
according to two different type of synthesis media. The
spectra are composed of notable peaks at 582, 587, 592,
598 and 610 nm. The transitions ranging from 582 to
598 nm are assigned to the site selection of europium in
host matrix and occupancy of the symmetric S6 site by the
Eu®* ion [25-30], while the strongest one at 610 nm is
attributed to °Dy — 'F, transition in the C, site of Y,Os
[27, 31]. It was reported that among two Y>7 sites in cubic
Y,03; 75 % of these have C, symmetry and 25 % are sites
with S¢ inversion symmetry [13, 32]. The emission spectra
clearly shows that precipitation process with the NIPAM/
AAc co-polymer alike traditional synthesis method, leads
the europium cations to occupy C, sites too. Furthermore,
synthesised sample has higher intensity than sample with-
out co-polymer, because Eu®" ions enter the Y,O; crystal
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Fig. 4 Size distribution diagram of nanoparticles Y,O5:Eu" pre-
pared (a) with, (b) without copolymer
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Fig. 5 Emission spectra of the nanophosphors Y,05:Eu*t prepared
(a) with, (b) without copolymer

lattice more easily in the presence of NIPAM/AAc co-
polymer due to decrease of particle size. Thus, the activator
concentration is higher although the same amount of Eu®"
is doped in the Y,Oj3 host in both methods.

3.2.2 Europium concentration effect on emission spectra

In order to determine the effect of the Eu*™ concentration on
luminescence intensity, different concentrations (Eu3+/Y3+
mol ratio: 0.02, 0.03, 0.04, 0.05, 0.06, 0.07 and 0.08) of Eu>"
doped Y,O3 nanoparticles were synthesized via NIPAM/
AAc co-polymer route. The emission intensity of Y,03:Eu®"
with respect to the doping concentration of the Eu ions is

Fig. 6 Emission spectra of 600 4
samples prepared with
copolymer in different Eu**
concentration. The inset shows
the effect of Eu mol% on the 500 4
emission intensity. All samples
were excited using a wavelength
of 254 nm -
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shown in Fig. 6. Initially, the emission intensity increased
with increasing Eu/Y up to Ew/Y = 0.04 mol ratio, and then
started reducing with increasing Eu** concentration which is
due to critical quenching concentration of Eu®". The critical
quenching concentration is defined as the concentration at
which the emission intensity begins to decrease during the
increase of Eu®" concentration [33]. The quenching effect
occurs since the interaction between activator ions increases
[34]. As stated in Sect. 3.2.1, there is an excellent probability
of entering Eu’™" in both sites of Se¢ and C, which generates
strong interaction among activator sites. It means, by
increasing Eu®" concentration from 0.02 to 0.08 mol and
enhancing the number of activator centers, the emission from
one Eu center will be quenched by transferring excitation
energy to another Eu center. This transformation between the
centers would proceed till the excitation energy quenches, so
the luminescence intensity would decrease. Thus, the critical
quenching concentration of Eu’" in prepared Y,O5:Eu®"
with co-polymer nanophosphor is 0.05 mol.

4 Conclusions

In conclusion, Y,O5:Eu*" nano phosphor is prepared via a
precipitation method using a NIPAM/AAc co-polymer
successfully. This process proves to be very useful, simple
and whilst pure cubic Y,05:Eu*" nano-powder with high
homogeneity can be obtained. The results reveal that
NIPAM/AAc copolymer has remarkably diminished the
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particle size from 165 to 65 nm while all the particles
shaped clearly spherical and non-agglomerated. In com-
parison with the phosphors prepared by a conventional
method, the emission intensity of Y,O5:Eu’"nanopowder
revealed that the nature of co-polymer influences the
luminescence characteristics of nano phosphors and doping
Eu’" ions at a suitable content (4 mol%) can greatly
improve the luminescence intensity. In contrast, emission
intensity reduced in the case of increasing Eu®"concen-
tration and the quenching effect was observed at the con-
centration 5 mol% of Eu’". All the results indicate that
Y,05:Eu®™ nanopowder prepared by using co-polymer
NIPAM/AAc template is a promising red phosphor with
high luminescence intensity.
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