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Introduction

Eu®* doped materials have attracted many interests in the
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Structural and Photoluminescence Properties of Eu®* Doped
a-Ag, WO, Synthesized by the Green Coprecipitation Methodology

Ivo M. Pinatti,” Igamira C. Nogueira,b Wyllamanney S. Pereira,’ Paula F. S. Pereira,® Rosana F.
Gongalves,” José A. Varela,” Elson Longo® and leda L. V. Rosa™*

Europium doped Silver tungstate a-Ag,.3EuWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol) were synthesized by the
coprecipitation method at 90 °C for 30 minutes. These crystals were structurally characterized by means of X-ray
diffraction (XRD), Rietveld refinement, micro-Raman (MR) and Fourier transformed infrared (FT-IR) spectroscopies. Field
emission scanning electron microscopy (FE-SEM) images were employed to observe the shape of the crystal. The optical
properties were investigated by Ultraviolet—visible (UV-vis) absorption and photoluminescence (PL) measurements. The
XRD pattern indicated structural organization at long range for all undoped and Eu-doped samples, while MR and FT-IR
revealed that the presence of the Eu® ions favors the structural organization at short range. The Rietveld refinement
showed that all the crystals are monophasic with orthorhombic structure and Pn2n as space group. The refined lattice
parameters and atomic positions were employed to model the WO and AgO,, (n = 2, 4, 6 and 7) polyhedrons in the unit
cell. FE-SEM analysis revealed nanorods-like microcrystals with growth of metallic silver on the surface. Further, the UV-vis
absorption spectra indicated the existence of intermediary energy levels within the band gap. PL spectroscopy showed a
broad band related to [WOg] group and characteristic narrow peaks due to the f-f transitions of Eu®* as a result of efficient
energy transfer from the matrix. Also, the emission line shape transitions from °Do to ’F, (J = 0-4) levels of the Eu** was
noticed. Among the samples, the most intense photoluminescence results were observed for the a-Ag,sEu,WO, (x =
0.0075) sample. Lifetime decays support that the Eu’ ions occupy at least two crystallographic sites. CIE coordinates
confirmed the colors of the emission spectra which can classifies this material as potential phosphors in the visible range.

Silver tungstate (a-Ag,WO,) emerges as a potential
material in the class of metal tungstates with great
applications including chemical fixation of CO, 4 catalyst in

. . 5 . . 6 . 7
organic chemistry °, microbial agent °, photoswitches °,

science and technology field due to their use as intrinsic probe
because of its non-degenerated ground state 7F0 and non-
overlapping 2$+1LJ multiplets. This ion is sensitive to the local
lattice symmetry and as a consequence it can be used to map
out changes in the chemical environment. These advantages
arise from its special electronic configuration ([Xe]4f6) which
also results in a pure and bright luminescence in the red region
when excited in the ultraviolet (UV) electromagnetic range. As
a consequence, Eu®* doped materials are interesting for use as
phosphors in displays, lasers, bio-medicine, magnets and
others optoelectronic nanodevices 3,
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photoluminescence 8, photocatalyses of organic pollutants 9'13,

lubricants ™, electrocatalytic  novel ozone gas sensor 18 as
well as an antimicrobial and antibacterial agents Y In addition,
a-Ag,WO, has also been studied because of the direct in situ
observation of Ag growth on its surface when it is bombarded
by accelerated electron beam from an electron microscope
under high vacuum 1821 Recently, Zhang et al 2 synthesized
Silver tungstate with good visible light photocatalytic
performance and antimicrobial ability for the hexagonal-phase
of Ag,WO,.

Direct excitation of Eu®" ions is a relatively inefficient
process due to forbidden character of the 4f transitions, but
Eu-doped inorganic materials can exhibit efficient
luminescence emissions upon ultraviolet (UV) excitation.
These materials have all the advantages of a large Stokes shift,
a sharp emission spectrum, a long lifetime, high
chemical/photochemical stability, low toxicity, and reduced
photobleaching as a result of the shielding of the 4f electrons
2 The rare earth ion Eu’* has already been used for enhance
luminescent or intrinsic properties of various tungstates
matrices 2*>!. These works focused on Eu®* content to obtain
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the maximum PL intensity, especially for those associated to
the 5DO - 7F2 transitions. Also, it was study the Eu®* influence
on structural, optical and morphological behavior of these
materials. Tungstate host lattice can act as good matrix for
rare earth ions as a consequence of their high thermal,
physical and chemical stability, good absorption coefficient
and high refraction index, which permits efficient energy
transference from lattice to the activator ion. Moreover,
tungstates have high luminescence intensity under UV and X-
ray excitations due to their tetrahedron polyhedra (WOg)
which increases the possibility of obtaining new phosphors in
the visible range. On the other hand, low Iluminescent
efficiency appears as a limitation for direct application of these
materials. Consequently, there is a significant interest to
increase the Eu®* emission intensity and develop new
europium doped tungstates for potential applications in many
technological fields.

Luminescent intensity is directly correlated to shape and
size distribution of the particles. In order to have appropriate
morphological aspects, various synthetic routes have been

used to produce silver tungstate including sonochemistry 8,
17

supersonic-assisted homogeneous precipitation ,
conventional hydrothermal % 32 33 5nd hydrothermal
microwave Apparently, most of the aforementioned

experimental procedure can be expensive, long-time lasting
and need high temperatures or pressure. In addition, these
techniques can induce the agglomeration of the particles and
clustering of the optically active lanthanide ions reducing their
luminescent intensities. So, it is necessary to overcome these
drawbacks with the use of mild-conditions synthesis. Among
the methods that have been put forward, the coprecipitation
appears as an easy one to perform, and requires neither
multisequential steps nor sophisticated equipments. This
approach is also ecofriendly (water as solvent), cheaper, does
not need high temperatures or pressure, is industrially
favorable, as well as yields materials with homogeneous shape
and size without deleterious phases. Furthermore, it lacks of
time-consuming and can be easily obtained on a large scale by
simple precipitation of the salts precursors 34,35

To the best of our knowledge,
photoluminescence works related to the rare earth doping
silver tungstate using any kind of methodology. For this
reason, the overall objective of this project is to study the
structural and luminescence properties of undoped and Eu-
doped silver tungstate. Different concentrations of Eu®" in the
silver tungstate host matrix were employed to determine the
minimum concentration of this ion to promote changes in its
structural and luminescence properties. The materials were
obtained by the simple coprecipitation method at 90 °C for 30
minutes without further calcinations or treatments. X-ray
diffraction, micro-Raman and Fourier transformed infrared
were UV-vis
Photoluminescence were employed as optical techniques to
evaluate the local symmetry of the Eu®’ in the matrix and FE-
SEM was used to analyze both shape and size of these crystals.

there are no

used to structural characterization. and

2| J. Name., 2012, 00, 1-3

Experimental

Material and Method

a-Ag, 3,EuWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol)
microcrystals were prepared by the coprecipitation (CP)
method. In a typical experimental process, 1.0 mmol of
Sodium tungstate dihydrate (Na,WO0,.2H,O0 - 99%, Sigma-
Aldrich) and 2.0 mmol of Silver nitrate (AgNO; - 99.0%, Sigma-
Aldrich) were dissolved separately in 50 mL of deionised water
at 90 °C under magnetic stirring for 5 min. The Ag" solution
was transferred to WO42' solution and heated at 90 °C under
constant stirring for 30 minutes. Instantaneously, a pale yellow
suspension was formed with a temperature reduction to 70 °C.
These crystals were obtained as a fine white powder
precipitated at the bottom of the glass flask after turning off
the stirring. After that, they were naturally cooled to room
temperature, the precipitates were separated by
centrifugation, washed with deionized water and acetone in
sequence to remove any remaining sodium and nitrate ions.
Finally, the crystals were collected and then dried in an oven at
60 °C for 12 h. The Eu-doped samples preparation follows the
same procedure, except by the addition of appropriate
amounts of Eu(NOj); solution were added into the Ag’
solution. For the preparation of Eu(NOs); solution, europium
oxide (Eu,03 — 99.999%, Sigma-Aldrich) was precalcined at 900
°C for 2 h to achieve dehydration and decarbonation. Then it
was prepared through dissolution of Eu,0; powder in a hot
solution of dilute HNO3 and heated until the excess of acid was
evaporated, completed with H,0, then forming a 0.1 M
solution of europium nitrate. The following equations refer to
the procedure listed above:

Eu,03 5y + 6HNO3 oy = 2Eudfy, + 6NO3 o) + 3H20 (1)

2AgNO3 (s) ZAgz—aq) + 2Noloj(aq) 2
Na,WO0,.2H,0() — ZNazraq) + WOﬁ_(aq) + 2H,0 3)
ZAg-(Faq) + Woi_(aq) - a—Ag,WO0, ) @

2Agl g + WOLL + XEully = a— Agy_3xEuyW0,e (5)
Characterizations

Powder X-ray diffraction (XRD) measurements
performed on a Rigaku-D/max 2500 diffractometer (Japan)
with graphite-monochromatized Cu Ka radiation (A = 0.15405
nm). Scan was made from 5° to 80° with a scanning velocity of
2°/min. Rietveld refinements of the measured XRD patterns
from 5° to 110° with a scanning velocity of 1°/min were carried
out using the general structure analysis (GSAS) program 36
Micro-Raman (MR) scattering measurements were performed
using a 632.81 nm line of an He-Ne laser as excitation source.
The spectra were recorded using a T-64000 (Jobin-Yvon) triple
monochromator coupled to a CCD detector in the range of
25-1000 cm™ Fourier transformed infrared (FT-IR)
spectroscopy data were recorded on a Bomem-Michelson

spectrophotometer using KBr pellets as a reference in

were

This journal is © The Royal Society of Chemistry 20xx
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transmittance mode (model MB-102). The spectrum was taken
in the range of 250 to 1000 cm™ with resolution of 4 cm™ and
32 times scanning. UV-visible diffuse reflectance spectroscopy
(UV-vis) was measured on a UV-visible spectrometer (Varian,
model Cary 5G) and the spectra were taken in a diffuse-
reflectance mode. Photoluminescence (PL) were performed
through a Thermo Jarrell Ash monochromator (27 cms)
coupled to a visible detector (photomultiplier PMT R955,
Hamamatsu, 500V — filter L37). A Kr' Innova 200 laser
(Coherent, A = 350.7 nm) was used as the excitation source. Its
maximum output power was maintained at 500 mW. PL data
of the Eu-doped powders were obtained in a Jobin Yvon —
Fluorolog Il spectrofluorometer under excitation of a 450W
xenon lamp. Luminescence lifetime measurements were
out using a 1940D
spectrophosphorometer coupled to the spectrofluorometer.
All the PL measurements were performed at room
temperature. The shape and size of the crystals were observed
by Field emission scanning electron microscopy (FE-SEM)
through a Carl Zeiss microscope (Model Supra 35) operated at
an accelerating voltage of 30 kV and a working distance of 3.7
mm.

carried as well model

Results and Discussion

X-ray Diffraction (XRD)

In Fig. 1(A) is illustrated the diffraction pattern of the a-Ag,.
3xEU WO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol) samples
synthesized by the CP method at 90 °C for 30 minutes. The
intense and well-defined peaks is related to the orthorhombic
phase, non-centrosymetric space group Pn2n, point-group of
symmetry c%,‘; and two molecular formulas per unit cell (Z = 2)
of a-Ag,WQO,. All the diffraction peaks are well accordant with
Inorganic Crystal Structure Database (ICSD) No. 4165 pattern
and indicates the phase purity of the samples ¥ The strong
and clear peaks observed in Fig. 1 indicate the high crystallinity
of the materials which also favors a bright luminescence 2,

Analyzing this diffraction pattern, it can be concluded that
the precursor was completely converted to a-Ag, 3, Eu WO, (x
= 0, 0.0025, 0.005, 0.0075 and 0.01 mol) with the time and
temperature used. Once secondary phase or phases related to
precursors were not observed, it can be concluded that Eu’’
ions were incorporated into the lattice. Due to different
coordination number, ionic radius and electronic density
(charge) between we (0.060 nm; coordination number = 4)
and Eu*" (0.125 nm; coordination number = 8), Eutis expected
to occupy the Ag* (0.115 nm) site in this crystal.

Fig. 1(B) shows a small shifting of the strongest peak (123)
position to lower angle of the samples Eu-doped compared to
undoped a-Ag,WO0,. This is because of the radius of Eu®is a
little bigger than Ag®, which results in a bigger crystal plane
spacing d, according to the Bragg equation n A = 2 d sin 6
(where n = constant, A is the wavelength of the X-ray and the
O is the angle).

This journal is © The Royal Society of Chemistry 20xx
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Fig. 1 (A) XRD of the a-Ag,.3xEuxWO, synthesized by the coprecipitationomethod

at 90 °C for 30 minutes. (B) Magnification of region between 29° and
0, (b) x =0.0025, (c) x = 0.005, (d) x = 0.0075 and (e) x = 0.01.

34°. (a) x =
This behavior indicates that Eu®" ions have been efficiently
doped into the crystal lattice of a-Ag, WO, and provoked slight
29, 38 .
. The crystalline phase
was clearly observed for all doped samples and no phase

expansion of the unit cell volume

transformation was observed with the dopant 3 These results

show order at long range and are accordant to the literature %

29

Rietveld Analysis

The Rietveld refinement method *° was employed to

understand whether there are differences in the structural
arrangements of the undoped and Eu-doped samples. In these
analyses, the refined parameters were the scale factor,
background, shift constants, profile half-width
parameters (u, v, w), isotropic thermal parameters, lattice

lattice

parameters, strain anisotropy factor, preferred orientation and
atomic functional positions. The background was corrected

J. Name., 2013, 00, 1-3 | 3
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using a Chebyschev polynomial of the first kind. The peak
profile function was modeled using a convolution of the
Thompson-Cox-Hastings pseudo-Voigt (pV-TCH) 1 with the
asymmetry function described by Finger et al. 42, which
accounts for the asymmetry due to axial divergence. To
account for the anisotropy in the half width of the reflections,
the model by Stephens “3 was used. Rietveld refinement plots
for the observed pattern versus calculated patterns of the a-
Ag,.3Eu,WO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol) are
shown in Fig. SI1 (a-e).

The measured diffraction patterns were well adjusted to
the ICSD No. 4165 *’. The difference between XRD pattern
profiles experimentally observed and theoretically calculated
data display small differences near to zero in the intensity
scale as illustrated by a line (Ygps — Ycaic)- More details about
the quality of the structural refinement are displayed in the
Table SI1. This table shows low deviations of statistical
parameters (Ryp, Rp, Reragg and )(2) which suggest that the
refinement results are quite reliable and good numerical
results. Structural refinement data confirm that all a-Ag,WO,
crystals are crystallized in a orthorhombic structure with a
symmetry space group named for Herman-Mauguin (Pn2n)

and two molecular formula per unit cell (Z = 2) 3 The
experimental lattice parameters and unit cell volumes
calculated using the Rietveld refinement method 0 are also

shown in the Table SI1. It is observed slight increase in the
lattice parameter values with the substitution of silver by
europium atoms probably due to the replacement of [AgO,] by
[EuO,] (x =2, 4, 6 and 7) polyhedrons which cause expansion in
the electron density in the Ag site and increasing the cell
volume of the orthorhombic structure.

It is interesting to note that there are some variations in
the atomic positions related to the oxygen atoms (Table SI2
and SI3) while the others atoms practically keep their positions
fixed within the structure. Therefore, we believe these
variations in the atomic positions of oxygen atoms can lead to
the formation of distortions on the [WOg], [AgO,] and [EuO,]
(n =2, 4, 6 and 7) polyhedrons present in the structure of a-
Ag, 3EUu, WO, crystals.

Moreover, in the Table SI1 were compared the values of
network parameters and cell volume obtained in this work
with those published in the literature. It was verified small
variations between these values. This may be related to the
peculiarity of each synthesis method where the experimental
variables (temperature, time processing, heating rate,
solvents, etc.) probably influence the organization of the
[WOg], [AgO,] and [EuO,] (n =2, 4, 6 and 7) polyhedrons within
the crystal lattice. Also, these variables cause the formation or
reduction of structural defects (oxygen vacancies, distortion on
the bonds, stresses and strains on the crystalline lattice) in the
materials.

4| J. Name., 2012, 00, 1-3

Unit Cell Representation

The representation for unit cells of orthorhombic a-Ag,.
3xEUWO, (x = 0.01 mol) microcrystals is illustrated in Fig. 2.
This unit cell was modeled through Visualization for Electronic
and Structural Analysis (VESTA) program 4 version 3 for
Windows". This unit cell was modeled using lattice parameters
and atomic positions obtained from the Rietveld refinement
data shown in the Table SI1 for the a-Ag,.3Eu,WO, (x = 0.01
mol) microcrystal obtained by the CP method.

Cavalcante et al ® studied pure a-Ag, WO, and conclude the
existence of distorted WOg polyhedrons with octahedral
configuration being these polyhedrons consisted of three
different W atoms, where all of them are coordinated to six O
Otherwise, Ag atoms types of
coordination: i) Ag coordinated by seven O atoms (AgO,

atoms. can have four
deltahedral polyhedrons); ii) Ag coordinated by six O atoms
(AgOg octahedral polyhedrons); iii) Ag coordinated by four O
atoms (AgO, tetrahedral polyhedrons) and iv) Ag coordinated
by two O atoms (AgO, angular polyhedrons). WOg and AgO,, (n
=2, 4, 6 and 7) polyhedrons are distorted in the crystal lattice
caused by difference in bond angles, which results in different
order-disorder levels and/or distortions in the o-Ag,WO,
crystal lattice. In addition, the presence of Eu®* can also
influence these distortions, which are confirmed by XRD and
Rietveld refinement analyses.

Micro-Raman spectroscopy (MR)

Micro-Raman (MR) spectroscopy is a powerful tool to
analyze the configuration of ceramic materials. Throughout
this technique it is possible to observe structural defects as
well as the framework organization in the short range. Raman
spectroscopy is based on the inelastic scattering of photons,
which lose energy by exciting vibrations in the sample.

Angular
[AgO,] clusters

Octahedral
[AgOg] clusters

—8-o

b
Il\ -2, =
Ag
° ) ke e
Tetrahedral . o - Ag
[AgO,] clusters e N
2 | -W
°o &/ o
‘ © -0
-Eu
Octahedral
[WOg] clusters Deltahedral

[AgO;] clusters

e W
°
°

Fig. 2 Schematic representation of crystalline unit cells of a-Ag,.xEuxWO, (x =
0.01) microcrystals.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 3 represents MR spectra of the a-Ag,3,Eu,WO, (x = 0,
0.0025, 0.005, 0.0075 and 0.01 mol) samples synthesized at 90
°C for 30 minutes. Vibrational modes detected in silver
tungstate can be separated into two parts due to the weak
coupling between the ionic group (WO42") and Ag" : i) external
modes or lattice phonons, which are related to the motion of
Ag®; and ii) internal modes, which are related to the
oscillations inside the WO, polyhedra (the mass center is in the
stationary state).

WO42" tetrahedron in free space has point symmetry Tq4
which is reduced to tetragonal S, when it is placed into the
structure. This results in the splitting of all degenerate
vibrations due to the Crystal Field (CF) effect. Moreover the
presence of two molecular groups in the primitive cell further
alters the structure of vibrational modes due to Davydov
Splitting (DS) ***°.

It is possible to see the presence of 14 Raman-active
vibrational modes for our sample. The mode at 59 cm™ s
relative to motion of heavy Ag® ions (external or lattice
phonons). This mode is intense and is not present in other
tungstates such as CaWQ,, SrWwO0,, BawO, or ZnWO,. On the
other hand, the modes higher than 800 cm™ correspond to
symmetric W-O stretching, and usually are present in any
tungstate “°.

The intense peak at around 880 cm™ is attributed to the
bending modes of the Ag-O-W unit % ltis possible to see an
increase in the intensity of this mode, which is related to Eu’*
substitution in the Ag" site, which in turn can change this
bending mode. This substitution changes energy bonding and
bonding length of AgO,, (n = 2, 4, 6 and 7) polyhedrons which
directly interfere in the WOy polyhedrons. So, as a
consequence, we can see a better definition of other modes as
the Eu®* content increases up to 0.01 mol.

+ Raman peaks T
: A,
_
<« o —
m P
— . [~}
= Symetric
S stretching | g
Y
—
L
>
—
»
< |
o |
-
E .

B e L B s E e e
75 150 225 300 375 450 525 600 675 750 825 900 975
Raman shift (cm'1)

Fig. 3 MR of the a-Ag,.3EusWO, synthesized by the coprecipitation
method at 90 °C for 30 minutes. (a) x = 0, (b) x = 0.0025, (c) x = 0.005,
(d) x =0.0075 and (e) x = 0.01.

This journal is © The Royal Society of Chemistry 20xx

Despite the increase in Eu®* concentration did not show
disorder at long range, MR analyses shows this ion facilitates
the structural organization at short range, possibly due to
vacancies that are generated in the host matrix and eventually
decreases the tensions in the material, which causes a
relaxation of the crystal lattice resulting in a better definition
of the Raman modes *’. So, we may assume that Eu® causes a
degree of short range order in the a-Ag,WO, matrix and it was
capable of modify stretching, torsion and bending vibrational
modes of the structure at short range. These peaks more
intense and well defined make this material with properly use
for laser in Stimulated Raman Scattering (SRS) -

Table 1 lists a comparison of the modes obtained in this
work related to Silver tetratungstate obtained by Turkovic a6
and theoretical values obtained by Longo et al ¥ The
theoretical Raman-active modes were calculated through the
atomic positions and lattice parameters for the optimized a-
Ag,WO, crystals using first-principles calculation and did not
consider the nonharmonic contribution to the crystal-lattice
vibration phonons.

It is possible to detect some small variations of the Raman
modes and some that have low intensity related to those
reported in this work. These changes are a result of various
interferences in the experimental procedure such as
temperature, time and methodology. Others factor which also
can influence are caused by crystal size and distortions of Ag-O
bonds as a result of Eu* substitution in the site of Ag" which
can directly alter motion of [AgO,]-[WOg]-[EuO,] polyhedrons.
The changes in intensity is a result of the rotation of the x-, y-
and z-axes of the a-Ag, WO, crystals which occurs at different
scattering of the tensors and components a6

Fourier transformed infrared spectroscopy (FT-IR)

Fourier Transformed Infrared (FT-IR) spectroscopy was
used to evaluate the degree of structural order—disorder in the
metal—oxygen bonds. This is determined by the symmetry of
the molecule and the functional groups presented. While
Raman spectroscopy selection rule requires that the molecular
polarizability changes during the Vvibration, infrared
spectroscopy requires that the dipole moment of the molecule
must change during the vibration to occur the absorption of a
photon. Fig. 4 is represented FT-IR spectra of the a-Ag,.
3xEUWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol) samples
synthesized at 90 °C for 30 minutes in the range of 200-4000
cm™. This region comprises the mid-infrared where occur
detection of molecular vibrations.

In the spectra it is possible to see two intense absorptions
at 817 and 859 cm™ which are related to antisymmetric
stretching vibrations of distorted [WOg] polyhedrons. Other
two main bands occur at 313 and 362 cm™ that represents
external torsional motion and internal symmetric bending
vibrations of distorted [WOg] polyhedrons, respectively.
Vibrational frequencies are related to bond strength and mass
of the vibrating atoms, which can splits in more components as
observed throughout the spectra of Eu-doped samples.

J. Name., 2013, 00, 1-3 | §
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Table 1 Raman modes of a-Ag,,Eu,WO, (x = 0, 0.0025, 0.005, 0.0075 and
0.01 mol) synthesized by co-precipitation method at 90 °C for 30 minutes
compared to literature.

Wavenumber (cm™)

Symbol
Turkovic®®  Theoretical ™  This work
A 44 39 -
Agg 60 57 59
Big 92 89 81
116 - 114
Azs 182 179 179
Agg 208 204 204
Big 248 246 249
Ay 306 302 301
Byg 336 332 -
Ay 366 363 365
Byg 488 485 -
510 504 -
Bas 546 - -
Agg 590 578 584
629 - -
Big 667 661 662
730 - -
Bag 754 757 755
Agg 778 774 777
Ay 800 799 801
Agg 884 878 881

This behavior is due to the influence of Eu®* in some sites of
Ag’ which causes variation in the W-0 stretching vibration 8,
These results are in agreement to theoretical calculated
modes reported to orthorrombic structure of oa-Ag,WO,
microcrystals and MR spectra 19,35 3% % gsome deviations
happens as a consequence of experimental conditions and
especially by insertion of Eu®* ions in the structure which
modifies the interactions between AgO,, (n =2, 4, 6 and 7) and
WOg polyhedrons as explained for MR analysis. Altogether,
micro-Raman and FT-IR spectroscopy indicate order at short
range with the increase of Eu®" in the host matrix of a-Ago,WO,.

Diffused reflectance in Ultraviolet visible spectroscopy (UV-vis)

In general, the optical absorption energy of the host lattice
can be obtained by the diffused reflectance spectra. Fig. 5(A)
shows the UV-visible diffuse reflectance spectra of the a-Ag,.
3xEUWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol) samples
synthesized by the CP method at 90 °C for 30 minutes. It is
possible to see a broad absorption band range from 250 to 400
nm for all samples, which is related to the electron transfer
from the hybridized band of Ag 4d and O 2p to W 5d orbital.
This defined absorption edge is related to the intrinsic
transition of semiconductors and is not related to

6 | J. Name., 2012, 00, 1-3

Anti-symmetric
stretching

4300, 313, 325

Transmittance (arb. units)

I':"I.' Lk I.' | I ': I:':| "I.':l.' I'
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Fig. 4 FT-IR of the a-Ag,sEu,WO, synthesized by the coprecipitation method at
90 °C for 30 minutes. (a) x = 0, (b) x = 0.0025, (c) x = 0.005, (d) x = 0.0075 and (e)
x=0.01.

. . 2,12
impurity levels

The electronic structure of the samples was verified
through calculation of band gap using the method of Kubelka
& Munk-Aussig This methodology is based on the
transformation of diffuse reflectance measurements to
estimate Eg,, values with good accuracy within the limits of

. . . . 51

assumptions when modeled in three dimensions .

It is particularly useful in limited cases of an infinitely thick

sample layer. The Kubelka—Munk equation (6) for any
wavelength is described as

K_oO0-R)  pr) ©)

S~ 2R, *

where F(R..) is the Kubelka—Munk function or absolute
reflectance of the sample. Magnesium oxide (MgO) was the
standard sample in reflectance measurements. R.. =
Rsample/Rmgo (R is the reflectance when the sample is infinitely
thick), k is the molar absorption coefficient and “s” is the
scattering coefficient.

In a parabolic band structure, the optical band gap and
absorption coefficient of semiconductor oxides 2
calculated by the following equation (7):

can be

ahv = Cy(hv - Eggp)™ @)

where a is the linear absorption coefficient of the material, hv
is the photon energy, C, is a proportionality constant, Eg,, is
the optical band gap and n is a constant associated with the
different kinds of electronic transitions that for this material is
n = 1/2 (direct allowed transitions 12 53). Finally, using the
remission function described in equation (6) and with the term
k = 2o and C, as a proportionality constant, we obtain the
modified Kubelka—Munk equation (8):

This journal is © The Royal Society of Chemistry 20xx
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[F(Ro)hv]? = Co(hv — Egap) (8)

Therefore, plotting a graph of [F(R.,(,)hv]2 against hv and
finding the value of F(R..), the Eg,, values of the samples were
determined, which is plotted in Fig. 5(B)-(F).

The band gap of the samples were calculated being the
values 3.23, 3.25, 3.21, 3.24 and 3.21 eV for a-Ag,_3,Eu,WO, (x
= 0, 0.0025, 0.005, 0.0075 and 0.01 mol), respectively. The
maximum energy gap value is related to the higher structure
symmetry.The band gap energy values show deviations due to
Eu® insertion. This is an evidence that 4f orbitals of Eu* ions
inserted in the matrix contributed to the creation of new
intermediary energy levels in the region of valence band (VB)
and the conduction band (CB) % It is also known that the
creation of intermediary levels in the band gap can be related
to other factors such as particle shape, size, annealing
temperature, processing time, preparation method and the
kind of material (thin films or powders). Once these factors
cited were maintained almost constant, little deviation on E
values is ascribed to the doping.

gap

(&) —(B)
—— Linear fit
ion of Linear fit

Reflectance (arb. units)
[F(R)hv]? (arb. units)

N
300 320 340 360 380 400 420 440 460 480 500 28 30 32 34 36 38 40
Wavelength (nm) Photon energy (eV)

©) —(0)
—— Linear fit —— Linear fit
Extrapolation of Linear fit Extrapolation of Linear fit

Egap=325eV
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.
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Fig. 5 (A) Diffuse reflectance spectra of the a-Ag,sEu,WO, synthesized by the
coprecipitation method at 90 °C for 30 minutes. (a) x = 0, (b) x = 0.0025, (c) x =
0.005, (d) x = 0.0075 and (e) x = 0.01. Absorbance of the samples (B) x =0, (C) x =
0.0025, (D) x = 0.005, (E) x = 0.0075 and (F) x = 0.01.

This journal is © The Royal Society of Chemistry 20xx

Photoluminescence (PL)

Fig. 6 show the PL spectra recorded at room temperature
of the a-Ag,3,Eu,WO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01
mol) samples excited by a 350.7 nm line of a krypton ion laser.

In the Fig. 6, it is clearly seen a prominent band with
maximum emission in the visible electromagnetic spectrum. It
covers a broad range of wavelength centered at 450 nm for all
the samples and is related to Charge Transfer Band (CTB)
within the [WOg] polyhedra. In the red region there is also a
small intensity broad band which is related to AgO,, (n =2, 4, 6
and 7) polyhedrons 9

This PL behavior can be explained through complex
polyhedra model based on Kroger-Vink notation > 1t is well
known that the concentration of different intrinsic
(bulk/surface) and extrinsic (interface) defects (structural
order—disorder) are responsible for the modifications of
intermediary energy states within the band gap. These
structural defects in the a-Ag,WO, microcrystal lattice are
responsible for the appearance of intermediate levels between
the valence and conduction bands and favor the PL emission.
In these energy states, after the photon absorption process,
the recombination of electron-hole (e'-he) pairs directly
involves a CTB. Therefore, these structural defects promote a
symmetry break, causing a polarization in the structure by the
electronic charge transfer from ordered (o) to disordered (d)
polyhedras (formation of e’-he pairs) > This phenomenon can
be explained by the equations (9)-(13).In these equations, the
superscript x indicates neutral polyhedra, ¢ the polyhedra with
one hole — positive charge (he), and ' the polyhedra with one
electron — negative charge (e').

[AgOn]§ + [AgO04]5 — [AgOnl§ + [AgOnlo C))
[WOeI§ + [WOgI§ — [WOgl3 + [WOglo (10)
[AgOnJ% + [EuOy], — [EuO,]3 + [AgO, ]} (11)
[AgO, ], + [EuOy]; - [Ag0,]% + [EuOy]Z (12)
[woﬁ];,+[13uoy]:1 - [WOgl% + [Euoy]’; (13)

n=2,4,6and/or7 y=1

Equation (9) shows formation of e’-he pairs in the a-
Ag,WO0, lattice due to the interaction of ordered [Ag0,]¥ and
disordered [AgO,]§ polyhedrons (neutral polyhedrons). The
same interaction occurs in the ordered [WOg]¥ and disordered
[WOg]4 polyhedrons as shown in equation (10). Equation (11)
shows the influence that Eu®" ions have on the polyhedron
interactions process. PL suppression occurs in equation (12), in
which the [AgO,], polyhedra (donor) transfer their electrons
to [EuOy]g polyhedra (acceptor), resulting in neutral
polyhedra. PL intensity also decreases due to the interaction
involving [WOg], and [EuO,]3 polyhedrons, which results in
an electronic transfer from one polyhedra to another as shown
in equation (13). As e’-he pairs are not formed in equation

J. Name., 2013, 00, 1-3 | 7
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(11)-(13), PL intensity decreases, which confirms Eu* ions as a
matrix PL suppressor.

For Eu-doped samples, the blue-green emission is gradually
quenched, and the narrow lines ascribed to Eu’* emission are
intensified. Probably, this behavior is accompanied by an
increase in the intermediary energy levels within the band gap,
as indicated by the decrease in the band gap values. It is
possible to see a series of well-defined and narrow
characteristic f-f transitions of Eu"
as an efficient host which can sensitize europium
It can be proved because the absorption cross

, which confirms tungstate
red
emissions.
section of rare earth ions is small due to the parity forbidden f-
f transitions, which means Eu®* cannot be efficiently excited by
the wavelength used. So, this host material seems to possess a
higher absorption coefficient which not only acted to hold the
Eu’t ions tightly but also lead to an efficient energy transfer to
this ion. The spectra show four main emission bands peaking
at 587 nm, 619 nm, 652 nm and 697 nm, assigned to 5D097FJ
(J= 1-4) transitions, respectively.

The energy level diagram of a-Ag,.sEu,WO, (x = 0, 0.0025,
0.005, 0.0075 and 0.01 mol) samples and possible energy
transfer process are schematically represented in Fig. 7. Upon
350.7 nm excitation, a-Ag,3EuWO, is excited from the
ground to the excited state. Because of the excited state of a-
Ag,.3EuWO0, and the SLS level of Eu®" ions are energetically
close to each other, energy transfer from a-Ag,.;Eu,WQO, to
Eu’* jons occurred. An excited state of a-Ag,.3,Eu, WO, relaxes
from the excited to the ground state radiatively emitting in the
blue region and nonradiatatively transfers the excitation
energy (ET) to a neighboring Eu’ ion, promoting it from 7Fo
ground state to the SLS level. Finally, Eu’
SLS level undergo multi-phonon relaxation to luminescent 5DO
level that radiatively relax to 7FJ (J = 1-4) levels, resulting in the
characteristic emissions of Eu®

Fig. 8 shows the excitation spectra recorded in the 270—
500 nm range with the emission monitored at 616 nm (the
hypersensitive 5D097F2 transition of Eu3+).

ions in the populated

+ .
ons.
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Fig. 7 Energy level diagram and proposed energy transfer mechanisms under
350.7 nm laser excitation in a-Ag,.3Eu,W0O, samples.

These spectra consist of one broad band around 270 nm
and several sharp peaks in the 300-550 nm region. The former
part results from charge transfer band (CTB) and may have
different contributions. One of them is due to energy transfer
between the Eu®* ions and the surrounding oxygen anions
(02_—Eu3+). There is also charge (electron) transfer from o>
ligand to W ions in WO42’ groups of the host lattice, which is
also evidenced in the UV-vis spectra (Fig. 5). Finally, the last
contribution is due to intervalence charge transfer (IVCT)
states as a consequence of electron transition from the ground
4f state of Eu®* to W® *. The latter part of the spectra is
related to f-f transitions of Eu®* ions and presents seven main
absorption bands peaking at 306 nm, 382 nm, 393 nm, 414
nm, 464 nm, 524 nm and 532 nm, assigned to 7F095H3,
"Fo>°Ly, 'Fo>°Ls, 'Fo>°Ds, 'Fo>°D, and 'Fy>°D,, transitions,
respectively. The position of the bands and the corresponding
bandwidths do not change with increasing concentration,
indicating that the dopants are homogeneously distributed
into the matrix.

Furthermore, it is important to notice that all samples can
strongly absorb not only in short (~270 nm) and lower (393
nm) UV ranges, but also in the visible (464, 524 and 532 nm)
energy range. The main peaks located around at 393 and 464
nm, correspond to 'Fo>°Lg and 'Fo=>°D, transitions of Eu®’,
respectively. These two excitation peaks agree well with the
characteristic emission from the commercially available near-
UV and blue LED chips 2

The emission spectra recorded in the 500—750 nm range
with the excitation at 393 nm (7F095L5 electric dipole
") are shown in the Fig. 9. The spectra show
five main emission bands peaking at 580 nm, 593 nm, 614 nm,
651 nm and 701 nm, assigned to 5D097FJ (J= 0-4) transitions,
respectively. No apparent changes of peak positions in
emission spectra ascribing to Eu" ions were observed, because
the 4f energy levels of Eu’" are little affected by the crystal
field due to the shielding effect of the 5s° Sp6 electrons °°
When powders are excited at 393 nm, only, the characteristic

transition of Eu®

This journal is © The Royal Society of Chemistry 20xx
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Fig. 8 Excitation spectra of the a-Ag,3Eu,WO, synthesized by the coprecipitation
?gj)ethod at 90 °C for 30 minutes. (a) x = 0.0025, (b) x = 0.005, (c) x = 0.0075 and
x=0.01.

500

transitions of the Eu®* ions are present; the lines are thinner
and more defined possible because at 393 nm the excitation is
directly of the SLG level of the Eu®* ion, as observed in the
excitation spectra.lt is also observed that there are no bands
arising from the SDJ (J = 1-3) emitting levels because the low-
lying charge-transfer states skips the higher-lying 5D, levels
during the relaxation process.

The characteristic emission peaks of Eu® transition at
*D>’F, and °Dy>’F; are due to forced magnetic dipole
transitions, while the transitions at >Dy=>’F, and “Dy>’F, are
due to forced electric dipole transitions. Accordingly to Judd-
Ofelt theory, magnetic dipole transition is permitted and the
electric dipole transition is only allowed when an ion occupies
a site without an inversion center. Also, the electric dipole
transition 5D097F2 is sensitive to local symmetry and is more
intense (hypersensitive) while the 5D097F1 is little affected by
the environment. Once 5D097F2 (electric dipole) transition is
more intense than 5D097F1 (magnetic dipole), it can be
concluded Eu®' occupies a site that lacks inversion symmetry
57-59

Moreover, the area ratio of °Dy>’F, and °Dy>’F,
transitions gives valuable information about the local
symmetry of Eu®". The relative area of (°Dy=>"F,)/(*Do>"F4)
transitions for all a-Ag,_3Eu, WO, samples were calculated and
the values obtained are 15.5, 25.9, 35.1 and 26.4 for x =
0.0025, x = 0.005, x = 0.0075 and x = 0.01, respectively. These
results indicate that Eu®* ions occupy sites having a less
symmetry to the host matrix with an increased concentration
since the relative area of (°Dy>’F,)/(*Do>"F,) transitions
increases in all cases, with exception to a-Ag,sEuW0O, (x =
0.01) sample that PL intensity decreases because of
quenching. The presence of a band at 580 nm (5D097F0
transition) indicates that the Eu® ions should occupy sites of
symmetry of the type C,, C, or C,,. It suggests that one of the
polyhedra that Eu® is localized is AgO, (C,, site symmetry). In
addition, if Eu® is in a site with inversion symmetry, optical
transitions inside the 4f° configuration are strictly forbidden as
electric dipole transition. As a result, Eu® ions are not located
in a site with inversion symmetry in the a-Ag,WO, sample 2.

The puntual groups for AgO, (n = 2, 4, 6 and 7) are C,,, Ty,
Oy and Dgy,, respectively, and for WOg is O;,. Once Oy, puntual
group has center of inversion, we can assume Eu®* occupies
Ag’ sites of the polyhedrons AgO, (n = 2, 4 and 7), which

This journal is © The Royal Society of Chemistry 20xx
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Fig. 9 Emission spectra of the a-Ag, 3Eu, WO, synthesized by the coprecipitation
?gj)ethod at 90 °C for 30 minutes. (a) x = 0.0025, (b) x = 0.005, (c) x = 0.0075 and
x=0.01.

with XRD analyses 30

As Eu** doping concentration increased, enhancement of
the photoluminescence intensity was observed up to 0.0075
mol and then decrease. So, when x = 0.0075, self-quenching
concentration into the host matrix is observed. For x values of
x = 0.0025 and x = 0.005, the lower doping concentration
causes weak luminescence. This phenomenon appears
because of nearest neighboring excited ions and the rise in the
number of non-radiative decays. Actually, interaction between
Eu® jons causes energy lost by cross-relaxation. Energy
transfer processes between excited and unexcited Eu®* ions
were caused by a decrease in the number of optically active
Eu’” Once all the spectra were taken at room
temperature, it is not possible to affirm if quenching observed
was because of thermal phonons. So, optimum concentration
for this matrix is 0.0075 mol *7.

Fig. 10 depicts the PL decay curves of the 5D097F2
transition for Eu®" in the a-Ag, 3,EuWO0O, powders using
emission and excitation wavelengths fixed at 614 and 393 nm,
respectively. The decay curves are well fitted through a second
order exponential decay as shown in equation (14):

ions.

It) =1, + ale(_t/fl) + aze(_t/fz) (a4

where o; and o, represent the pre-exponential factor
(amplitude) and t; and T, are the corresponding decay times
(R2 ~ 0.999). The average lifetime (1), which is proportional to
the total area under the fluorescence decay curve, is defined
by equation (15).

_ % ait}

i Ty

(15)

T

The amplitudes, decay times and average lifetime values
are shown in Table 2. Once the profiles of the curves are fitted
by this equation, it indicates that two processes govern the
luminescence. It is possible to observe a tendency for

. . 3+ . .
monoexponential behavior as the Eu™ concentration is
increased. This is an indication that the coordination
environment of the rare earth ions tends to become more

homogeneous in the a-Ag, WO, matrix.

J. Name., 2013, 00, 1-3 | 9
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Fig. 10 PL decays curves of the Eu®* emission of the a-Ag,.3Eu, WO, synthesized
by the coprecipitation method at 90 °C for 30 minutes. (a) x = 0.0025, (b) x =
0.005, (c) x =0.0075 and (d) x = 0.01.

CIE chromacity

Measurement of color that the human eye perceives was
evaluated by the Commission internationale de I’éclairage (CIE)
chromaticity diagram.Luminescence colors coordinates of a-
Ag, 5 EuWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol)
crystals synthesized by CP method at 90 °C for 30 minutes and
excited at 350.7 nm were plotted in the CIE chromaticity
diagram shown in Fig. 11.

Table 3 lists the chromaticity coordinates x and y for a-Ag,.
3xEUWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol) crystals.
When Eu®" is absent, a broad band in the blue region and a less
intense band of red contribution due to AgO, (n=2, 4, 6 and 7)
polyhedrons is observed, which results in a purplish pink color
(Fig. 11(a)). Addition of just 0.0025 mol of Eu®* ions is sufficient
to result in a pale pink color due to the sum of both blue and
intense red emissions (Fig. 11(b)). When Eu®* content reaches
0.005 mol, a pale orange color is obtained because of blue
emission begins to disappear and Eu®* peaks increase in
intensity (Fig. 11(c)).

Table 2 Lifetime, amplitude and average lifetime of the PL decay curves for
a-Agy3Eu, WO, synthesized by the coprecipitation method at 90 °C for 30
minutes.

Lifetime (ms) Amplitude
a-Agz-3xEuyWO,
T L) T oy o
x =0.0025 0.24 1.66 0.77 768 66
x =0.005 0.17 0.44 0.77 6950 1086
x =0.0075 0.14 0.33 0.77 16172 8203
x=0.01 0.38 0.16 0.77 5879 19576

10 | J. Name., 2012, 00, 1-3

When Eu®' quantity of 0.0075 mol was used, a more
pronounced orange color appears because the blue emission is
almost negligible (Fig. 11(d)). For 0.01 mol, an intense pink
color appears because f-f intense emission from Eu®*
dominates over W042" blue emission (Fig. 11(e)).

Fig. SI2 shows the CIE diagram coordinates of the a-Ag,.
3xEU,WO, synthesized by the CP method at 90 °C for 30
minutes, using Xe lamp as excitation source. Table SI4 shows
the correspondent Chromatic coordinates x and y for theses
samples. The results show that all samples has predominantly
the color orange-red because there is no matrix PL band when
using Xe lamp as source. So, just the bands corresponding to
the f-f transition of Eu®" contributes to the color of the
material.

For rare earth doped materials, emission color output can
be tuned through sorts and levels of doping ions, introduction
of non-rare earth ions, new host, experiment condition,
particle size, crystallinity and phase 3,

In this work, small amounts of only one rare earth were
enough to tune different colors due to the combination of
intrinsic visible luminescence of tungstate in blue region and
characteristic luminescence of Eu* in the red region. These
results confirm these materials as suitable for application in
several visible lamps, displays and other optical devices.

Morphological analysis

Scanning Electron Microscopy was used to evaluate
particle size, homogeneity and shape of the crystals. In the
field of optoelectronic it is important to consider the
morphology of the materials for efficiency application in
nanodevices.

CIE 1931

Fig. 11 CIE diagram coordinates of the a-Ag,.3Eu,WO, synthesized by the
coprecipitation method at 90 °C for 30 minutes. (a) x = 0, (b) x = 0.0025, (c) x =
0.005, (d) x = 0.0075 and (e) x = 0.01.

This journal is © The Royal Society of Chemistry 20xx
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Table 3 Chromatic coordinates x and y for a-Ag,sEu,WO, (x = 0, 0.0025,
0.005, 0.0075 and 0.01 mol) synthesized by the coprecipitation method at
90 °C for 30 minutes.

Chromatic coordinate
a-Ag,.3EuyWO,

x y
x=0 0.440 0.298
x=0.0025 0.452 0.318
x =0.005 0.459 0.336
x =0.0075 0.474 0.337
x=0.01 0.430 0.314

One dimensional (1D) structure such as rods, tubes and belts
are practical examples with unique properties for this purpose
60

Fig. 12 shows the FE-SEM images of a-Ag, 3 Eu,WO, (x = 0,
0.0025, 0.005, 0.0075 and 0.01 mol) crystals obtained by the
CP method at 90 °C for 30 minutes. Fig. 12(a) depicts
hexagonal nanorod-like a-Ag,.sEu,WO, (x = 0) crystals with
average lengths of around 1 pm and diameters of around 50
nm. The image shows uniformly size distributed and
agglomerated nature through lateral of hexagonal nanorod-
like shape elongated in the y-axis along the [010] direction o1
This indicates the formation of nanorods morphology for the
a-Ag,WO,. Increasing temperature favors the increase of
diameters of 1D structure, but the synthesis was made
maintaining the temperature of 90 °C, so this factor did not
influence the sample sizes 3 The small structures on the
superficial of nanorods are related to Ag growing and were
well explained previously by our research group 18

Fig. 12(b)-(e) shows the a-Ag,.sEu,W0O, (x = 0.0025, 0.005,
0.0075 and 0.01 mol) crystals. Overall, the typical shape of the
samples was the same once the content of europium was
small to promote changes in the shape of nanorods. Moreover,
it was verified that the agglomerate nature still persists in this
system. However, Fig. 12(e) shows that for 0.01 mol, the Eu’?
incorporation into the lattice promoted the reduction of length
and maintenance of diameter for some nanocrystals. At the
moment, we cannot affirm any influence that Eu®* has on Ag
growing process.Regular 1-D nanorods of mean size of 1 um in
width were achieved without any kind of template, capping
agents, surfactants or catalyst as a result of favorable
conditions of the CP methodology 32,

A semi-quantitative analysis of the powders obtained was
performed using EDS data. Fig. SI3 shows the EDS spectra of a-
Ag, 5 EuWO, (x = 0, 0.0025, 0.005, 0.0075 and 0.01 mol)
crystals obtained by the CP method at 90 °C for 30 minutes.
The results clearly indicate that the samples are composed of
Ag (Ko = 23.173 eV, Ly = 3.133 eV), W (L, = 8.398 eV, M, = 1.775
eV) and O (K, = 0.525 eV) since their peaks were observed as
expected. The presence of the Eu (L, = 5.849 eV, M, = 1.131
eV) peak was also observed and the content was estimated in
0.33, 0.48, 0.94 and 1.33 wt% for a-Ag,_3Eu,WO,

This journal is © The Royal Society of Chemistry 20xx
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Fig. 12 FE-SEM images of the a-A z.nguxWOASynthsized by the coprecipitation
method at 90 °C for 30 minutes. ((a) x = 0, (b) x = 0.0025, (c) x = 0.005, (d) x =
0.0075 and (e) x = 0.01.

(x = 0.0025, 0.005, 0.0075 and 0.01 mol) samples, respectively.
These values are close to the content theoretical calculated.

Conclusion

Functional europium doped silver tungstates
synthesized effectively by the coprecipitation methodology
using low temperature and short annealing time. The Eu®
content used here was introduced in the silver tungstate
lattice with no undesirable phase segregation. XRD and
Rietveld refinement revealed that a-Ag,_;,Eu, WO, nanocrystals
samples are ordered at long range. MR and FT-IR analysis
revealed more defined bands as Eu®* content increases, which
indicate structural order at short range due to the insertion of
this rare earth ion. UV-vis showed that Eu®* content was
sufficient to create new energy levels within the band gap. FE-
SEM revealed hexagonal nanorods for all crystals and size of
about 1um. The silver tungstate acted as a rigid host lattice
which provides a steady microenvironment for Eu’* emitter as
could be seen by PL spectra. PL spectroscopy and Lifetime
decay also suggested that Eu®* ions are located in at least two
of the AgO, (n = 2, 4 or 7) polyhedrons. The CIE chromaticity
coordinates showed different tons of pink for the samples.
Moreover, these results confirm these materials as good
candidate for use in phosphor in the visible range of
electromagnetic spectra.
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