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Abstract: We have synthesized a series of single-composition emission NasSraAlo PO, Cly:Ced T phosphor

by traditional solid state reactions and novel combustion method. Formation of compound was confirmed

by X-ray diffraction analysis. The photoluminescence (PL) emission spectra were observed at 376 nm when

excited around 322 nm for the various concentrations in both cases. The PL emission spectra of phosphors

showed strong Ce3' emission due to the 5d — 4f transition of Ce*" ions. The Ce®*' emission intensity in

NasSraAloPO4Cly:Ced T prepared by combustion was higher than that of solid state reactions.
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Introduction

The applications of phosphor materials in differ-
ent fields have resulted in its great growth. Halo-
based phosphors, such as halophosphate phosphors
have attracted tremendous attention due to their in-
tense luminescence intensities, high emission efficien-
cies, simple preparation techniques and wide applica-
tion fields in illumination and display [1-5]. The present
NaySry Al,PO4Cly:Ce3t phosphor is not studied yet for
its optical properties and application in scintillation.
Ce3t doping in phosphates results in emission spec-
tra near ultraviolet (UV) region [6]. Recently, trivalent
lanthanide dopants have received greater attention for
fast and bright scintillators. In particular, Ce3T is a
favored dopant in many scintillators due to its allowed
optical 5d—4f transition, which is relatively fast. To-
day, low temperature methods such as hydrothermal
microwave [7], co-precipitation [8,9], sol-gel [10,11] and

combustion [12] are used to prepare these phosphors.
However, we synthesized NagSroAlyPO,Clg:Ce3T phos-
phor by both traditional solid state reactions and novel
combustion method. Moreover, we investigate com-
paratively impact of synthesis method on the photo-
luminescence properties of same system. Orthophos-
phates have been extensively investigated, due to their
structural diversity. This makes them suitable as hosts
to accommodate active rare earth ions. The phos-
phate family symbolizes possibly one of the most at-
tractive kinds of novel inorganic material, largely ow-
ing to the ability of the tetrahedral POi_ group to
bond with other structural units. Recently, Dhoble and
coworker reported some phosphate phosphors prepared
by both solid state method and combustion method
Cag(PO4)2 [13], M5(PO4)3F (M:Ba, SI‘7 Ca) [14}
NagAly(PO4)3:RE (RE=Ce®**, Eu?T and Mn?T) [15],
Dy3*, Mn2?* or Gd3*t activated NaCaPO, [16], triva-
lent dysprosium activated XgAlP5099 (where X=Sr,
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Ba, Ca and Mg) [17].

The effect of rare earth ion (i.e., Ce®>) in the above
system and its effect on the luminescence behavior of
the materials were not focused by the researchers before
and hence material is considered as the main attempt
in the present investigation.

Experimental

Ce activated NasSroAlo,PO4Clghalophosphate phos-
phor was prepared via combustion method and solid
state method as well.

For Combustion Method: All starting AR grade
materials (99.99% purity) taken were in nitrates form
and urea was used as fuel for combustion. Materi-
als were prepared according to the chemical formula
NagSroAly,PO4Cly:Ce,. The mixture of reagents was
mixed together to obtain a homogeneous solution. Ce
ion was introduced in the form of (NH4)2Ce(NOg)s.
The compositions of the metal nitrates (oxidizers) and
urea (fuel) were calculated using the total oxidizing and
reducing valencies of the components, which served as
the numerical coefficients so that the equivalent ratio is
unity and the maximum heat liberated during combus-
tion. After stirring for about 15 min, precursor solution
was transferred to a furnace preheated to 500°C and the
porous products were obtained.

For Solid State Method: All starting AR
grade materials (99.99% purity) taken were in carbon-
ate/oxide form. The raw materials with stoichiomet-
rical ratio were weighed and mixed in mortar suffi-
ciently. In order to obtain the target compound with
pure phase, the mixture was heated at 900°C for 8 h
in a covered alumina crucible then cooled down to the
room temperature.

The prepared host lattice was characterized for their
phase purity and crystallinity by X-ray powder diffrac-
tion (XRD) using PAN-analytical diffractometer (Cu-
Ka radiation) at a scanning step of 0.01°, continue
time 20 s, in the 260 range from 10° to 120°, the av-
erage crystallite size was calculated from the broaden-
ing of the X-ray line (311) using Scherrer’s equation.
The morphology of the samples were investigated on
scanning electron microscopy (SEM). The photolumi-
nescence (PL) measurement of excitation and emission
were recorded on the Shimadzu RF5301PC spectroflu-
orophotometer. The same amount of sample 2 g was
used for each measurement. Emission and excitation
spectra were recorded using a spectral slit width of 1.5
nm. All the measurements were conducted at room
temperature.
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Results and discussion

XRD and morphology of NasSrs Al PO4Clyg

Figure 1 shows the XRD pattern of NagSroAloPO4Clg

materials prepared by both solid state and combustion
methods. The XRD patterns did not indicate pres-
ence of the starting constituents and other likely phases
which are an indirect evidence for the formation of the
desired compound. This result indicates that the fi-
nal product was formed in crystalline and homogeneous
form. The XRD spectra of prepared compounds can-
not match the existing standards JCPDs file. However,
some new diffraction peaks also emerge, which are char-
acteristic diffraction peaks for the prepared samples,
but cannot be attributed to any known compounds.
These results imply that the prepared samples are not
the simple physical mixtures of starting materials, but
a new single-host NasSroAl,PO4Clg compound. Only
intensities varies in both the cases otherwise peak po-
sition and phases are quite resemblance to each other.
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Fig. 1 X-ray diffraction (XRD) patterns of

NazSraAlo,PO4Clg host prepared by both solid state
(purple line) and combustion methods (red line).

It is clearly seen that the grains prepared by combus-
tion method are irregular in shape of particles with a
size of about 0.5-1 um. This shows that the combustion
reactions of the mixtures took place well. The typical
morphological images are presented in Fig. 2(b). The
particles possess foamy like morphology formed from
highly agglomerated crystallites, whereas, in Fig. 2(a)
an average crystallite size is in sub-micrometer range
and the particles of NaySroAloPO4Clg with agglomer-
ation prepared by solid state method were uniform in
grain size of about 2-5 um seen in SEM image.
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NaySryAl,PO4Cly:Ce3t prepared by Solid state
method

As all the results were related to PL of Ce3*, gen-
eral features of the emission are mentioned first. The
5d-level spectroscopy of Ce3t is very simple. In the ex-
cited state, the 4 f shell is empty and there is only one
single 5d electron interacting with the crystalline

Fig. 2 SEM images of NasSraAloPO4Cly prepared by (a)
solid state method and (b) combustion method.

environment. In the ground state, Ce®* ion has the
(Xe) 4f! configuration, which results in only two 4f1
energy levels, 2Fj /2 and ’F; /2- The spatially diffuse 5d
electron orbital extends outward from the ion to over-
lap the neighbouring ligand ions, and is more strongly
influenced by their motion. In consequence, the optical
properties depend strongly on the structure of the host
crystals. Both absorption and emission have a usually
broadband character, showing splitting characteristic
of 2Fj states. As the position of the 5d band itself de-
pends on the host, not only the Stoke’s shift but also the
spectral positions of both the excitation and emission
bands are host-dependent. In phosphate, the emission
is expected to be in the UV region. Figures 3 and 4
show the PL excitation and emission spectra of Ce3*t
ions in NagSroAlosPO4Clg phosphor prepared by solid
state method of different concentrations under light ex-
citation at a wavelength of 320 nm. The splitting peaks
are observed at 355 nm and 376 nm, which are assigned
to the 5d-4f transition of Ce3" ions. With increasing
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concentration of Ce?* ions, the peak intensity of both
peaks increases and maximum intensity is observed at
1 mol% of Ce®* ions (Fig. 4). This indicates that the
NaySraAl,PO4Clg lattices are more suitable for higher
concentrations of Ce3t ions. Energy transfer between
pairs of rare earth ions at dilution levels below the
self-quenching limits is known to take place generally
through multipolar interactions, such as dipole-dipole
or dipole-quadrupole interactions [18-20]. The Ce3*
ion can be used as a sensitizer as well as an activator,
depending on the splitting of 5d excited levels by the
crystal field symmetry.
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Fig. 3 PL excitation spectra of NagSraAlaPO4Clg:Ce3"
monitored at 376 nm (prepared by Solid state Method).
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Fig. 4 PL emission spectra of NasSraAlaPO4Cly:Ce®t ex-

cited at 320 nm (prepared by Solid state Method).
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The PL emission spectra of NasSraAloPO4Cly:Ce3t
(1 mol%) phosphor show Ce3* emission at 376 nm due
to 5d-4f transmission of the Ce3* ions. The Ce?* ion
can be used as a sensitizer as well as an activator, de-
pending on the splitting of 5d excited levels by the crys-
tal field symmetry.

The basic mechanism for scintillation in a Ce-doped
material is that an incident ray will produce a large
number of electron-hole (e — h) pairs in the host mate-
rial that transfer to the Ce site. The emission of light
then corresponds to a 5d-4f transition on the Ce site
from the Ce [Xe]4f05d! excited state, usually referred
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to as (Ce®t)#, to the Ce®* ground state [Xe]4f! 5d°
(see Fig. 5). Trapping mechanisms on the host, such as
self-trapped excitons, hole traps, or electron traps, can
quench or reduce the transfer of energy to the Ce site.
A necessary condition for scintillation and luminescence
is that the Ce 4 f and 5d levels must be in the gap of the
host material. If the Ce 4 f level lies in the valence band
of the host or the 5d level is in the conduction band,
there will be no Ce-activated scintillation or lumines-
cence. Our theoretical calculations for the prediction
of candidate scintillator materials are based on studies
of the Ce 4f and 5d levels relative to the valence-band
maximum and conduction-band minimum of the host
material, respectively [21].

Fig. 5 Schematic diagram for a Ce-activated scintillator
showing the positions of the Ce 5d and 4f levels relative to
the conduction and valence band of the host material.

NaySryAl,PO4Clyg:Ce3t prepared by combus-
tion method

Ce3t is a very good candidate as activator as well
as sensitizer, for studying the behavior of 5d elec-
trons. Ce®t has only one outer electron and only two
spin- orbital splitting 4f states (2F5/2, 7/2). Thus,
its excited state energy structure is simpler than
that of the other trivalent rare-earth ions. Pho-
toluminescence excitation and emission spectrum of
NaySryAl,PO4Cly:Ce®t phosphor shown in Figs. 6 and
7 respectively. Figure 7 shows the PL emission spec-
tra of NagSraAloPO,4Cly:Ce3t phosphor with different
concentrations under the same excitation (i.e., 322 nm)
wavelengths of light. Two emission peaks are observed
from 350 to 376 nm, which are assigned to the 5d-4f
transition of Ce®* ions. The highest intensity observed
at 376 nm due to 2D(5d) —? F;5(4f)) transition be-
tween two peaks. The concentration of Ce®* ion in-
creases the corresponding intensity of all peaks and at
higher concentration (1 mol %) of Ce3* ion. This in-
dicates a change of the surrounding of the Ce®* ions
at higher concentration in the NagSraAloPO,4Cly:Ce3t
lattice. The emission intensity is related to the con-
centration of the Ce?t activator ions. With the in-
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crease of the concentration of the activator ion, the lu-
minescent centre increases and the emission intensity is
enhanced. The highest luminescent intensity was ob-
tained at a cerium concentration of 1 mol%, and lower
or higher cerium contents result in a substantial de-
crease in emission intensity. The luminescence spec-
tra depict the concentration of the activated elements,
which increases as a result of the concentration quench-
ing effect. At high concentration the clustering of acti-
vator atoms may change a fraction of the activator into
quenches, and may induce the quenching effect; this de-
creases the emission intensity. The quenching concen-
tration is about 1 mol%. The oxygen vacancies might
serve as a sensitizer for the energy transfer to the rare
earth ion, due to the strong mixing of charge transfer
states, resulting in highly enhanced luminescence [22].
However, excess oxygen vacancies in the host would in-
evitably destroy the crystallinity, leading to quenching
of luminescence [22]. There is no PL observed in the
host material. This signifies that the incorporation of
Ce?t jon into the NagSroAl,PO4Cly lattice causes a
significant change to the PL properties compared with
the host matrix.
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Fig. 6 PL excitation spectra of NagSraAlaPO4Clg:Ce"

monitored at 376 nm (prepared by combustion Method).
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Fig. 7 PL emission spectra of NasSraAloPO4Cly:Ced T ex-
cited at 322 nm (prepared by combustion Method).

Above both results report the Ce?t PL spec-
tra of NagSroAlsPO4Cly very similar to each other.
The positions of emission and excitation bands
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are very close. We have also observed excita-
tion spectrum for NagSraAlaPO,4Cly:Ce®t prepared
by solid state method (Fig.3) that is almost iden-
tical to that for NagSraAlyPO,4Clg:Ce3T prepared
by combustion method. The emission band for
NagSraAloPO4Cly:Cet (Fig. 6) is located at slightly
longer wavelength of 322 nm. A shoulder around 290
nm is observable. The changes may be due to different
synthesis method consequently local higher concentra-
tion or different local environment in the precipitated
powders.

Conclusions

From  the results presented here novel
NaySraAloPO4Cly:Ce3t phosphor involving as many
as three constituents can be prepared by both tradi-
tional solid state and novel combustion method de-
scribed here and formation of compound is confirmed
by XRD. Strong luminescence of Ce?* can be observed
in the as prepared powders without any further heat
treatment. Peak position (at 376 nm) is not influ-
enced by different concentrations of Ce** and only
relative intensities vary when excited around 322 nm.
Only intensity varies may be due to different synthesis
method. Present phosphor shows the near UV emission
for development of energy transfer based co-activated
advanced phosphors for lamp industry and scintilla-
tion. Besides, full understanding of the nature of the
competing processes and the dynamics of holes trap-
ping by Ce37 is still one of the challenging subjects in
scintillation mechanism research.
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