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ABSTRACT

Highly luminescent rare earth (R3>*) doped alkaline-earth tungstates MWO4:R3* (M2*: Ca, Sr and Ba,
R3*: Eu, Tb, Gd) were prepared with a room temperature coprecipitation method. The phosphors were
characterized by X-ray powder diffraction (XPD), thermal analysis (TG), infrared absorption spectroscopy
(FTIR) and UV excited photoluminescence. The as-prepared MWO4:R3* particles belong to the tetragonal
scheelite phase, and are well crystallized and are of the average size of 16-48 nm. The excitation and
emission spectra of the materials were recorded at 300 and 77 K temperatures. The luminescent
materials exhibit intense red (Eu*>*) and green (Tb®*) colors under UV excitation. The excitation spectra
of the Eu>* doped materials show broad bands arising from the ligand-to-metal charge transfer tran-
sitions (02~ > WY and 02~ - Eu®*) as well as narrow bands from 4f-4f intraconfigurational transitions
of Eu®™*. 4f-4f emission data of the Eu®>* and Tb3>* in the MWO, host matrices as well as the values of
emission quantum efficiencies of the >Dy level and the 4f-4f experimental intensity parameters of Eu>*
ion are presented and discussed.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Luminescent materials can convert photo, chemical or electrical
energies into electromagnetic radiation in the ultraviolet, visible or
infrared regions [1-3]. The R** doped phosphors have emerged as
a class of luminescence materials, showing advantages like high
photo and thermal stability, brightness, and flexible industrial
processing [4]. These properties make them suitable for modern
lighting devices [5], ceramics [6], polymers [7], biolabels [8],
phosphors in displays [9], etc.

Alkaline earth tungstates MWO, (M: Ca, Sr and Ba) with tet-
ragonal structure are called scheelites or stolzites [10] and exhibit
blue host emission. The tungstate hosts have intense absorption
bands due to Ligand-to-Metal Charge Transfer (LMCT) transitions
in the near-UV region. Therefore, the tungstate compounds are
strong candidates for photoluminescent systems due to the pre-
sence of allowed 0>~(2p)—W"! transition. The Eu®>* and Th**
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doped tungstate matrices offer new luminescent material design
possibilities [11]. Moreover, tungstate luminescent materials con-
taining Eu>* and Th>* ions generally have high intense absorption
bands in the UV region assigned to the LMCT and 4f%— 4f’5d!
interconfigurational transitions, respectively.

The traditional solid state preparation method of tungstate
materials has disadvantages such as the usage of high temperature
(> 1200 °C) or long reaction time, high energy consumption as
well as inhomogeneity of the phosphor particles and uneven dis-
tribution of particle size [12]. However, the soft chemistry meth-
ods such as sol-gel and hydrothermal methods also present issues,
e.g. complex process, low production rate, long preparation cycle
(sometimes days) and high cost of reagents [13-15]. The copreci-
pitation method is uncomplicated with many advantages, such as
simple equipment, short reaction time and straightforward
operation [16]. This procedure is environmental friendly allowing
the production of materials without sacrificing sample quality and
purity and, at the same time, permitting high crystallinity and
control over the particle size.
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In this report, the MWO,4:R®>* nanomaterials (M?™*: Ca, Sr and
Ba; R®": Eu and Th) were prepared at room temperature by the
coprecipitation route and their photoluminescence properties are
described. The radiative and non-radiative rates (A;ag and Aprad),
experimental intensity parameters (£2, and £2,4) and experimental
emission quantum efficiency (#) for the Eu®>* doped tungstate
nanoparticles were calculated. Furthermore, the [WO4]?~ and
Eu®* LMCT states and 4f* —4f’5d! (Tb®*) transitions for these
nanomaterials are discussed.

2. Experimental
2.1. Synthesis and characterization of MWO4:R>* phosphors

The MWO,:R3>* materials were prepared with the coprecipi-
tation method, using aqueous solution of Na,WO, (99.99% Vetec),
and MCl, [M2*: CaCl, (Alfa), SrCl, and BaCl,: (Synth) 99.99%]. For
the preparation of MWO,4:R3* (10 mol%) materials, stoichiometric
amounts of MCI; - xH,0 and Na,WO, - 2H,0 all solutions (0.5 mol
dm™3) were separately measured. The stoichiometric amount of
RCl5-6H,0 (R3*: Eu®* and Tb>*; 0.05 mol dm™) was added to the
MCI, solution. The resulting solution (M2* and R®**) was dropwise
added into the [WO,4]?>~ solution and stirred for 3 h. The materials
were doped with the nominal concentrations of R3* (0.1, 1.0,
5.0 and 10 mol% of the M2* amount) by changing the volume and
concentration of the R** solution. The white crystalline powders
were washed with distilled water thrice, filtered, dried on a glass
plate at 100 °C for 24 h and stored in a vacuum desiccator.

Thermogravimetric (TG) curves were obtained with a TG-50
thermobalance (Shimadzu) using platinum crucibles under a
continuous synthetic air flow (50 cm® min~!) with a heating rate
of 5.0 °Cmin~ .

The infrared absorption spectra were measured using KBr
pellets on a Bomem MB100 FTIR apparatus in the spectral region
from 400 to 4000 cm ™.

X-ray powder diffraction (XPD) patterns of the samples were
registered with a Rigaku Miniflex II using CuKg; (1.5406 A)
radiation in the 260 interval of 10-70° with the step of 0.02° and
step measuring time of 1s. The average crystallite sizes were
estimated from the diffraction data by using the Scherrer formula
[17] (Eq. (1)): where D is the average grain size (nm), A is the X-ray
wavelength (m), 8 (°) is half of the Bragg angle (26), and f (rad) is
the full width at half-maximum (FWHM) of the selected reflection.
In this work, the [112] reflection (26: 28°) was used in the calcu-
lations. In order to correct the broadening due to the dif-
fractometer setup p* = 4 — * was used where f3; and f3; are the
FWHM of the material and reference (NaCl: 0.149; 31.7°; hkl:
2 00), respectively.

092
bkl = 2050 a

The photoluminescence study was conducted based on the
excitation and emission spectra recorded at room temperature,
using the emission measured in front face mode, with a 450 W
xenon lamp as an excitation source coupled to a SPEX-Fluorolog
2 spectrometer with double emission and excitation mono-
chromators. The emission lifetimes were investigated with a
150 W pulsed xenon lamp attached to the SPEX 1934D phos-
phorimeter accessory.
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Fig. 1. TG curves of the MWO4:Eu®* (M2™*: Ca, Sr or Ba; 0.1 mol% Eu) materials in
synthetic air.
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Fig. 2. The X-ray powder diffraction (XPD) patterns of the previously undoped and
doped BaWO4:R®** (R: Eu, Th; 0.1 and 5.0 mol%) materials. Vertical bars at the
bottom of the figure indicate the standard PDF [ICDD entry #43-0646] [19] data for
the tetragonal BawQ, phase.

3. Results and discussion
3.1. Characterization

The TG curves of the MWO4:Eu®* (0.1 mol%) (M: Ca, Sr and Ba)
materials show a similar thermal behavior (Fig. 1). All the phos-
phors have a weight loss inferior to 3.0% due to adsorbed/absorbed
water suggesting that the crystalline material has no phase
impurities in its composition, even if the synthesis was performed
in an aqueous solution. The reduction of W' is improbable.

FTIR absorption spectra of the as-prepared MWO4:R>* mate-
rials exhibited weak absorption bands assigned to the O-H
stretching vibrations (~3400 cm~!) due to the water adsorbed by
the materials and the KBr pellets (Fig. S1). The characteristic
intense absorption bands assigned to the W-0O symmetric
stretching mode are observed at around 800 cm~!. The narrow
absorption bands at 400 cm~! of the materials containing Ca and
Sr are assigned to the § (M-0) bending modes [18]. However, there
is no corresponding absorption for BaWO,:R>* materials due to
higher mass (Ca?* < Sr?* < Ba?*) leading to the M-O stretching
at lower energy (below 400 cm~ ) out of the experimental range.
The previously undoped and doped MWO, systems show similar
FTIR behavior and the bands assigned to R-0 stretching are absent
due to low R** concentrations used.

The XPD patterns of the MWO,4:R3* phosphors (Figs. 2 and S2)
confirm the tetragonal scheelite phase with the 14,,, space group
(PDF entries: CaWO,4 41-1431, strongest reflections: 26: 18.6 and
28.75, STWO, 8-0490; 20: 17.9 and 27.65; BaWO, 43-0646 20:
26.45 and 31.9° [19]). All measured diffraction patterns of the
MWO,4:R®>* (M2*: Ca, Sr and Ba; R®*: Eu and Tb) materials were
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Fig. 3. A schematic VESTA [20] representation of the tetragonal structure of the
BaWO, showing the tetrahedral [WO,4] and tetragonal antiprism [BaOg]units.
Structural data from [19].

indexed to a pure tetragonal scheelite phase and no additional
diffraction reflections that could be attributed to impurities were
observed for any matrix or for any R®>* concentration. The Ca, Sr
and Ba ions are coordinated to eight oxygens in the tetragonal
antiprism arrangement while tungsten ions are coordinated to
four oxygens with the O-W-0 angles slightly distorted from the
tetrahedral ones (Fig. 3) [20].

Especially, no reflections originating from the R,(WOQ,)s phase
were observed, indicating the efficient synthesis of the MWO4:R**
phosphors. The data also indicates the successful incorporation of
R3* into the host lattice due to the similar ionic radii of Eu*
(1.06) and Tb**+ (1.04 A) with Ca?* and Sr’*: 112 and 1.26 A,
respectively, for the coordination number 8 [21]. The Eu™* ions
occupy the M?* site in the crystalline lattice. This difference in the
ionic radii obeys the Vegard's law that establishes a limit of around
15% to obtain complete solid solubility between the dopant and
the host ion [21]. Although the ionic radius of Ba>* (1.42 A, CN: 8)
ion is out of this 15% range, it is still possible to observe the
incorporation of Eu*>* in the lattice and there is no formation of
another crystalline phase.

With this synthesis method, the materials showed crystallinity
without phase impurities compared with the earlier reports [22-
25]. The average crystallite sizes of the non-doped materials are 16
and 39 nm for SfTWO, and BaWOQ, compounds, respectively. XPD
data for the CaWO, materials were not considered, due to the
overlapping reflections (112 at 28.7 and 103 at 29.0°), leading to
inaccuracies in the calculation.

The crystallite sizes of STWO,4 doped with 0.1, 5.0 and 10 mol%
Eu* are 18, 20 and 21 nm, respectively, whereas for BaWOQ,, the
sizes are 44, 45 and 48 nm, respectively. The increasing ionic radii
of the alkaline earth ion (rég’ > et > g ) may increase the crys-
tallite size. Larger ionic radii difference between Eu** and Ba?*
promotes lattice distortions, leading to increased concentration of
defects around the activators (Eu®>* and Tb®*). Therefore, the
crystallite size and rates of the non-radiative processes increase
with subsequent decreases of luminescence efficiency [26].

The replacement of M?* by R** requires charge compensation,
but the ionic radii mismatch would make accommodation of R**
more difficult [27]. Therefore, in solution with excess of Na™ (from
the Na,WO, source), this ion enters the MWO4:R*>* (M?*: Ca, Sr,
Ba) lattice since the size of Na™ (1.18 A, CN: 8) is slightly larger
than that of Ca?* and little smaller than Sr?*. In these materials
two M2+ sites are occupied by one R*>* (R3*: Eu, Tb) and one Na*
ion ensuring overall charge equilibrium compensating the charge
mismatch. The entrance of Na* in the M?* sites would decrease

MWO,:Tb* 10 mol%
A, 543nm, 77K

4f°54f'5d" 106
LMCT
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Fig. 4. The excitation spectra of MWO,:Tb>* (M: Ca, Sr, Ba; 10 mol% Tb) at 77 K.

the probability of formation of other charge compensation defects
such as alkaline earth ion metal vacancies ( Vj;) or interstitial
oxygen (O;’).

3.2. Photoluminescence

3.2.1. MWO4Tb>* green emitting phosphors

The excitation spectra of the MWO,4:Tb>* (10 mol%) (M2*: Ca,
Sr and Ba) materials were recorded monitoring the emission of the
5D, — 7Fs transition (@543 nm) of Tb3* in the spectral range from
200 to 525 nm at low temperature (77 K) (Fig. 4) and exhibit
similar spectral features. For comparison, the spectra at room
temperature were also measured (Fig. S3).

In general, all spectra show groups of narrow absorption lines
corresponding to the 4f-4f intraconfigurational transitions arising
from the “Fg ground levels to (centered at the following energies in
cm~ ' units): °Ds (20,600), °Gg (26,500); Lo (27,100); °Gs
(27,900); °Lo,>G4 (28,500); °Ls,’Ly,’Ls,>G; (29,100); “H; (31,400);
Hg (33,000) and °Hs,F5 (35,300). At higher energy, the intense
broad absorption bands in the range of 220-320 nm are assigned
to both the O—W LMCT of the [WO4]?>~ group and to the 4f5—
4f75d! interconfigurational transitions of the Thb* ion.

In order to study the O-W LMCT transition, the excitation
spectra of the Gd*>* doped MWO, materials were also measured.
The Gd3* ijon can simulate the structural behavior of the Eu®>* and
Tb®* doped tungstate matrices owing to the similarity of their
ionic radii. Besides, Gd*>* ion has the LMCT and 4f’ - 4f°5d!
transitions located at higher energies ( > 60,000 cm~!), above the
LMCT and 4f% - 4f75d" of Eu>* and Tb>*, respectively.

The excitation spectrum of the BaW0,4:Gd®>* material (Fig. 5)
shows a broad absorption band centered at 265 nm (37,700 cm ')
assigned to the [WO,4]>~ LMCT transition. Based on this data, the
deconvolution of the excitation spectra of the BaWO,:Tb3*
(10 mol%) material was performed. The O—-W LMCT energy was
found at 34,300 cm~!. In addition to this band, the energy of the
4f8  4f75d! transition was found at 32,400 cm~!. The deconvo-
lution for the other MWO, materials doped with Eu*>* and Tb®* is
shown in Figs. S5 and S6.

The emission spectra of the MWO,:Tb®>* (10 mol%) materials
were recorded at 77K in the range of 450-700 nm under
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Fig. 5. The deconvolution of the excitation band of BaWO4:Tb>* (10 mol%).
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Fig. 6. The emission spectra of the MWO4:Th®** (M: Ca, Sr, Ba; 10 mol% Tb)
materials under UV excitation (@ 270 nm) at 77 K.

excitation to the broad band centred at 270 nm. The spectra show
narrow emission lines of from Tb>* (Figs. 6 and S3) assigned to the
D4 - ’F, transitions (barycenter given in cm~"'): “Fg (20,300), “Fs
(18,200), “F4 (16,700), “F3 (16,100), “F, (15,300), “F; (14,900) and
“Fo (14,700) [11,28,29]. The absence of the >Ds—F; transitions is
due to the non-radiative decay via a cross-relaxation process
coupling the °D;—°D, relaxation with the “Fg—’F, absorption
that occurs with high Tb3* concentrations. The broad tungstate
LMCT emission band observed in Ry,(WO,)3 [30] is not observed in
these spectra, indicating efficient energy transfer to Tb>*.

The spectra of the materials with low Tb®>* concentration (Fig.
S7) present beside the °D,—’Fg transitions, a broad band
attributed to the tungstate LMCT emission [29], indicating that at
these low concentrations the said energy transfer process is not
very efficient.

3.2.2. MWO4Eu?* red emitting phosphors

The excitation spectra (Fig. 7) of MWO4:Eu** (10 mol%) (M2 :
Ca, Sr and Ba) with emission monitored at 614 nm corresponding
to the °Dy—’F, transition of Eu®>* exhibit all similar spectral

Normalized Intensity / Arb. Units

SR

200 250 300 350 400 450
Wavelength/ nm

500 550

Fig. 7. The excitation spectra of the MWO,:Eu>* (M: Ca, Sr, Ba; 10 mol% Eu)
materials measuring the intensity of °Dg— ’F, of Eu>* (@614 nm) at 77 K.

features. They display sharp lines due to the 4f-4f transitions [30]
as well as a broad band. The barycenters of the groups of narrow
excitation bands in the spectral range of 310 to 590 nm originating
from the Fo; state to the excited states of the Eu** ion are
assigned to (in cm~1): °F, (33,400), °F, (32,900), °H; (31,300), °D,4
(27,600), °L; (26,200), °Ls (25,400), °G,_g (25,300), °D5 (24,400),
5D, (21,500) and °D; (19,000) [31].

The broad band in the range of 220-300 nm is assigned to two
ligand-to-metal charge transfer transitions: the 0~ -Eu®>* and
0%~ - WV![31]. Based on the Gd*>* doped material, as discussed in
the previous section, the excitation spectra were deconvoluted
(Fig. 8). The energies found for 0>~ ->Eu®>* (310 nm) and 0>~ -
WV (270 nm) states are in agreement with the ones reported in
the literature [32,33]. The lower value of the 0?~-Eu energy
transfer when compared to oxide compounds (e.g Y,0s, ca.
260 nm [31]) is due to the effect of W', which perturbs the 0>~ —
Eu>* charge transfer. This broad CT excitation band is favorable for
the effective energy transfer and luminescence of Eu®*. The
charge transfer (CT) band is red-shifted with increasing ionic radii
of the host cation from 36,800 (Ca) and 36,400 (Sr) to 35,300 cm !
(Ba) (Figs. 7 and S4). The shifts to higher energy of LMCT bands
suggest that the chemical environment of the CaWO, host lattice
has a stronger influence on the Eu®* ion than the SrwO, and
BaWO, hosts, due to the decreasing ionic radii; the ligand field
around the Eu* ion should be the strongest in the CaWO,4 host
[34-36].

The emission spectra of the MWO,4:Eu* (10 mol%) (M2 : Ca,
Sr and Ba) materials exhibit only the ®Do— ’F; transitions, with
barycenters (in cm~!) at around: “F, (17,200), “F; (16,800), F,
(16,300), ’F; (15,300) and “F, (14,300) (Figs. 9 and S4). The
emission spectra show much higher intensities for the hypersen-
sitive transitions °Dg—’F, than for the °Dg—’F; due to the
absence of an inversion center in the single alkaline earth site. The
5Dy — ’F, transition gives, in all cases, only one line which is con-
sistent with only one site being occupied by the Eu®>* ion.

Broadening the emission lines in the spectra of BaWO,:Eu®™*
(Fig. 9) was observed when compared to the Ca and Sr hosts. This
can be explained by the larger size of Ba>* (1.42) compared to
Eu®* (1.06 A), which causes off-center positions of the dopants in
the Ba site, leading to a non-homogenous symmetry around Eu>+.
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Fig. 8. The deconvolution of the LMCT bands of the BaWQ,:Eu®* (10 mol%) to the
0%~ >WV'and 02~ - Eu®* LMCT bands.

The emission spectra of the materials with low Eu®* con-
centrations (Fig. S7), similar to the Tb>* case, also contain a broad
band attributed to the tungstate LMCT emission [29], showing that
energy transfer process to Eu>* is not very efficient at low con-
centrations, either.

In the materials with higher concentration of Eu>*, the absence
of the broad emission bands in the spectral range of 350-600 nm
assigned to the O —»W LMCT transition, indicates that the tungstate
group transfers energy efficiently to Eu®*. The MWO4Eu®*
materials prepared by the soft chemistry method show more
operative energy transfer than those prepared by the solid state
method [36], suggesting that the preparation method plays an
important role in the photophysical properties of the rare earth
doped tungstate materials.

The experimental intensity parameters £2; (A: 2 and 4) were
determined for the MWO,:Eu®* materials from the emission data
recorded at room temperature. £2,, also known as the Judd-Ofelt
parameters, are determined by the intensities of the *Dy—F; (J:
2 and 4) transitions of the Eu>* ion, and the forced electric dipole
and dynamic coupling mechanisms are considered simultaneously.
The Einstein coefficient of spontaneous emission Ag_, 5, is given by
[37,38] Eq. (4):

4e’0® 1

2
_ 5 W7
Aoy = 553 3+ 1”12 2,(DollUI'F, )

=246 4@

no(ng 127

where y = is the Lorentz local field correction. The square

of the reduced matrix elements (°Do|[U*||’F are obtained from
[39] and the index of refraction was considered to be 1.5. The other
quantities have their usual meanings. For the experimental deter-
mination of the Ao_,; emission coefficients from the emission
spectra, due to the special character of the magnetic dipole
allowed °Do— ’F; transition was used as reference. The Aq_, ;s values
were obtained by using Eq. (5):

o S
Aoy = Ao 1( o~1)[ 0 ]]
So-1 )\ o0~ 5)

where Sy_,, is the area under the curve related to the >Dg— ’F,
transition obtained from the spectral data and ¢, is the barycenter
energy of the 0—A transition. The lifetime (z), non-radiative
(Anraa) and radiative (Araq) rates are related through the following
equation: Awr=1/T=Anrad+Arad. The Araq (= Y Ao-j) and Apraq are
the rates of the °Dy level. The emission quantum efficiency of the
emitting °Dy level is given by Eq. (6):

MWO :Eu’* 10 mol%

Ao 280 nm, 77 K

F

- ] 0 ]

r 576 580 58

Normalized Intensity / Arb. Units

550 600 650 700 750
Wavelength / nm

Fig. 9. The emission spectra of MWO4:Eu®* (M2*: Ca, Sr, Ba; 10 mol% Eu) with
excitation at 270 nm at 77 K. The magnified 5Dy — ’Fo transition range is for STWOy,:
Eu’™ (10 mol%).

Arad

n= w——
Arad + Anrad (6)

The intensity parameter £2, is mostly influenced by small angular
changes in the local coordination geometry. This effect, together
with changes in the ligating atoms polarizabilities (@), has been
used to rationalize the hypersensitive character of certain 4f-4f
transitions to changes in the chemical environment. The Q, and Q4
values for MWO4:Eu?*+ (M2*: Ca, Sr and Ba) materials (Table) are
similar among the different alkaline earth ions, indicating similar
chemical environment around the Eu®>* ion. On the other hand,
there is a major increase in the parameter values with the
increasing dopant concentration from 0.1 to 5 mol% as observed
for the Ca host, where Q, and Q4 increase from 7 to 15 and from
6 to 10 (in 10~ 2° cm? units), respectively. These higher values are
due to the higher distortions caused by the high doping
concentration.

The emission quantum efficiencies for MWO,4:Eu* (M: Ca and
Ba) are very similar (7 ~25%), independent of the host or con-
centration. On the other hand, S'WO4:Eu>* materials show higher
values (17 ~35%) (Table), suggesting that the Sr host is the most
efficient among the alkaline earth tungstates.

The coordinates in the CIE (Commission Internationale I'Eclai-
rage) chromaticity diagram indicate an almost pure red emission
color for all MWO,4:Eu3* (10 mol%) materials (Fig. 10), as expected
[40]. The coordinates (x, y) for the Ca, Sr and Ba hosts are (0.66,
0.33), (0.68, 0.32) and (0.69, 0.31), respectively. For the Tb3*
doped materials, the color coordinates are far from the green color
edge due to the relatively strong intensity of the Tb®>* transitions
in blue, yellow and even red. The green emission characteristics of
the terbium doped phosphors yield the color coordinates (x, y) for
the Ca, Sr and Ba hosts which are (0.30, 0.57), (0.25, 0.57) and
(0.27, 0.57), respectively (Table 1).

4. Conclusions

The MWO,4:R3*+ (M: Ca, Sr and Ba; R: Eu and Tb) materials were
successfully prepared by a soft chemistry coprecipitation method.
This offers many advantages in comparison to conventional
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MWO4:R3* 10 mol%
M: Ca, Sr, Ba
R:Eu, Tb

CaWO4:Eu®

CaWwo,: Tb**

BaWO,:Eu®*

SrWO,:Eu®

(]

SrWO,: Tb*

BaWO,:Tb**

Fig. 10. The CIE chromatic diagram showing the coordinates for the MWO,:R>* (M?*: Ca, Sr, Ba; 10 mol% Eu, Tb). The figures are photographs of the luminescent nano-
materials taken with a digital camera displaying the red and green emissions under UV irradiation at 254 nm.

Table 1

Experimental intensity parameters (€;), radiative (Araq), non-radiative (Anraq) and
total (Aorar) rates, lifetimes (z), emission quantum efficiencies (») for the MWO,:
Eu* (M27: Ca, Sr and Ba) materials, at room temperature.

MW04IEU3+ Q Q4 Arad Anrad  Atotal T n
(mol%) (107°cm?) (1072°cm?) (s~ 1) (s7') (s') (ms) (%)
Ca (0.1) 7 6 356 1035 1389 0.72 25
(5.0) 15 10 652 1787 2439 041 27
(10) 16 11 675 1956 2632 0.38 26
Sr (0.1) 8 8 427 807 1235 0.81 34
(5.0) 14 10 636 1189 1825 0.55 35
(10) 15 13 540 1023 1562 0.64 35
Ba (0.1) 8 8 399 1243 1642 0.61 24
(5.0) 14 12 636 1902 2539 040 25
(10) 15 13 694 2155 2850 0.35 24

procedures, such as simple operation, low cost, fast preparation
and small crystallite size. Another advantage of this synthesis is
the significantly lower temperature regime than the usual solid-
state method, avoiding formation of undesired phases induced by
high temperatures. The Tb>* doped materials exhibit very intense
emission, with green color due to the prominent °D,— ’F5 tran-
sition at around 543 nm. Under excitation at the LMCT bands, the
nanostructured inorganic phosphors doped with Eu* exhibit
strong red emission at 614nm (°Do—’F, transition), yielding
almost pure red color. Moreover, the MWO,4:Eu®*+ materials show
suitable values of emission quantum efficiencies, suggesting that
the Eu>* phosphors are promising candidates suitable for appli-
cations such as solid-state phosphors, optical markers, multicolor
display and tunable-luminescent materials.
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