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The effect of Li co-doping on the blue luminescence of Edoped (La-AlyOs phosphors and its incorporation into poly (methyl methacry-

late) PMMA films are reported. The phosphors were synthesized by a simple two-step process in which the@kgpélders were
obtained by an evaporation method, and the subsequent co-doping WitmtiEG™ were made through a solid state reaction in a reductive
atmosphere at 128C. The incorporation of those phosphors into PMMA matrix and the synthesis of films with thicknesses between 6
and 12um was made by drop-casting. The characteristic blue broad band emission centered at 440 nm associated $Gith thetBf

transition of EG™ ions (CIE coordinates 0.6731, 0.3343) was observed when these powders were excited with 297 nm light. These lumines-
cence intensity was enhanced wheft as incorporated as co-dopant up to 320% with respect to those phosphors without Lithium. The
luminescent characteristics of these phosphors were preserved when they were embedded into the PMMA films.

Keywords: Eu*t blue emission; lithium effect; PMMA composite films.
PACS: 42; 42.70.-a; 81; 81.10.St

1. Introduction use of TB* and Ed+ ions respectively [3-5]. In order to

solve this problem, some reports have proposed Eons as
The development of new phosphors, which can be activatedopant in different kind of matrices [6,7]. The lanthanides
in the UV region (300-420 nm), has received especial attenhave similar electronic configuration among them, because
tion in recent years due to the need to increase the efficienayiey have partially filled the 4f shell and generally adopt 3+
of white light emission in solid state lighting (SSL) devices. (RE**) ionic state. One characteristic of this ions is that their
White light emitting diodes (WLEDs) are regarded as thelight emission is almost the same regardless of the host ma-
next generation lighting source due to their long lifetime, en-terial in which they are immersed, this is because their 4f
vironmental friendliness, and high efficiency, compared withelectrons are shielded by Band 58 electrons; therefore
conventional incandescent and fluorescence lamps. The maile host lattice has little influence in the optical transitions
strategy to obtain WLEDs is known as phosphor convertedthat occur in these ions. However, in REions, the lumi-
LEDs (pc-LEDs),i.e. the combination of blue or near- nescence occurs through energy transitions between the 4f
ultraviolet (n-UV) LEDs with one or more phosphors. The and 4f5d! electronic energy levels. In this case the exact
most commercial approach is a blue InGaN based LED withransition energy values involved depend on the crystalline
a Y3Al;0,2:Ce*" (YAG: Ce) phosphor [1]. However, this field that surrounds the ion in the host lattice [8], since in
approach has problems with its low color rendering characthis case no shielding occurs for the electrons in the 5d ex-
teristic. Another approach to get white light is the combina-cited state. Also, since these transitions are electric-dipole
tion of a near UV LED (300-420 nm) with tricolor phosphors allowed, they are highly efficient. Concerning the host ma-
(red, green and blue).Thornton (1971) showed that mixing ofrix for these ions, there is a wide variety of materials such
discrete emission bands with peak wavelengths near 450, 544 silicates, aluminates, sulfides, oxides, phosphates, borates
and 610 nm resulted in a high-quality white light source [2]; glasses, etc. [3-5,9-13] which have been doped with RE.
however, high intensity blue emission is hard to be achieved'hese compounds, in general, are synthetized by different
using rare earths such as cerium or thulium, while greenechniques such as spray pyrolysis [14], solvent evaporation
and red emissions are relatively easily generated through the



448 L. MARISCAL-BECERRAEet al,

[3-5], mechanochemical synthesis [15], soft chemical synthemost intense luminescence emission.

sis [16], solid state reaction at high temperatures in an inert

atmosphere [6], vibrating milled solid-state reaction [17], co-Synthesis of PMMA

precipitation method [18], etc. In the case of’Edons, the

use of LaAlQ has been investigated in consideration to the20 ml of methyl methacrylate monomer (MMA) was dis-

radii fit (EW>* (0.14 nm) or E&*+ (0.13 nm) for L&* (0.15  solved in 80 ml of toluene and 0.048 g of benzoyl peroxide

nm) [19]. (BPO) was then added. Polymerization reaction was carried
Complementary to the synthesis of phosphors, there is 8ut in a 500 ml three-neck flask connected to a high purity

need to handle these materials in the form of coatings witiitrogen inlet, a condenser and a thermometer. The solution

properties like mechanical flexibility, environment friendly Was heated at 7@ under magnetic stirring for 10 hours. The

and low manufacturing cost. Polymer films offer all thesereaction mixture was then precipitated in methanol and the

properties and some of them can be synthesized as corfesulting PMMA polymer was dried under vacuum at 60

posites with the above mentioned phosphors to have lumifor 24 h.

nescent properties through RE doping. These films have

been sensitized by many techniques such as: spin-coatingurface functionalization of the (La-Al),O; Eu®* phos-

sol-gel, spray pyrolysis and MAPLE (matrix assisted pulsedPhors

laser evaporation) among others. According to some previous . .
reports, many techniques have synthesized polymer film h order to disperse the phosphor powders in the PMMA ma-

such as spin coating, sol-gel and spray pyrolysis among Oﬂ,}lrix, trioctylphosphine oxide (TOPO) was used to functional-

: : the phosphors. In a typical experiment 0.1 g of the phos-
ers. The polymethylmethacrylate (PMMA) is thermoplastlcIze . )
which presents good chemical and thermal stabilities, flexiphors were dissolved in 10 ml chloroform (CHEby mag-

bility and very high transparency (92 up to 99% T, betweennetic stirring for 1 h followed by ultrasonic stirring for 1h.

220 to 1500 nm); for these reasons, PMMA is an excellenp'02 9 of TOPO were thep added to the main solguon un-
candidate to be used as a coating in solar cell devices [20]. der vigorous magnetlg stlrrlng_ and the resulting colloidal sus-
In this paper the luminescent, structural and morphologi-_penswn was ultrasonically stirred for 4 h more. The result-

cal characteristics of I, and Ed* doped (La-AlyOs phos- ing material was centrifuged, rinsed with CHGInd dried in

phors and its subsequent incorporation into PMMA films fap-vacuum overnight.

ricated by the drop cast technique are reported. These PMM . . 2 .
films have potential applications in short-wavelength opto—,éyntheSIS ofthe composite (La-AhOs Eu™/PMMA films

electronic devices, such as luminescent materials, transparesf ma was dissolved in CHGI at 2% (w/v) at room

light emitters, thin-film gas sensors, and solar cell emancer?emperature. Then a controlled amount of functionalized
(lanthanum-aluminum-Ed’) particles (50 wt% respect to

2. Experimental section PMMA) was added to the solution under vigorous magnetic
stirring for 2 h. The solution was drop-casted on corning glass
Synthesis of phosphors substrates and slowly dried at room temperature for 24 h,

) the films were then fully dried in an oven at4D for 2 h.
The Li*, and E4™* doped (La-Al}O; phosphors were ob-  Four films thicknesses were obtained by casting four differ-

tained by simple evaporation technique and solid state reant quantities of solution (1, 1.2, 1.3 and 1.4 ml).
action in an reductive atmosphere, using a constant amount

of lanthanum chloride (2 at.%); appropriate amounts of thecharacterization Equipment

other precursors, in the form of chlorides, were dissolved

in 5 ml of deionized water (18 K-cm™!) and then it was Luminescence spectra were obtained with an Edinburgh Inst.
heated at 200C to obtain La-Al-O powder; then, an atmo- Spectrofluorometer, Mod. 980S. The chemical composition
spheric annealing for 2 hr at 700 was given to this pow- was measured using energy dispersive spectroscopy (EDS)
ders to obtain the properly synthesized oxide matrix. Thewith a Leica Cambridge model Stereoscan Electron Micro-
EW* luminescence activator was added through a solid statecope equipped with a detector 440 X-ray beryllium window.
reaction process with these powders and E§Cl3,5,and 7 CL measurements were performed in a stainless steel vacuum
at. %) at 1250C for 2 hrs. In a reductive atmosphere (using chamber with a cold cathode electron gun (Luminoscope,
forming gas which is composed by 20% hydrogen and 80%nodel ELM-2 MCA, RELION Co.). In this case, the emitted
nitrogen); finally the phosphors which showed the best ludight was collected by an optical fiber and fed into a SPEX
minescence intensity, Bt (5at%) as described below, were Fluoro-Max-P spectrophotometer; all measurements were
co-doped with lithium (0.5, 1.0, 1.5, 3.0, 4.5 and 6.0 at.%),carried out at room temperature. The crystalline structure
also through solid state reaction with LiCl in a reductive at-was analyzed by X-ray diffraction (XRD) using a Siemens
mosphere at 125, (in this case lithium and europium raw D5000 diffractometer with 1.54@ (Cu Ka) operating at
materials are added at the same time, before the heat tre®0 keV. SEM images were obtained on a Scanning Elec-
ment at 1250C), the phosphor with 4.5% Li presented the tron Microscope JEOL using an accelerating voltage of 20
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kV and higher X5000 in AIO; powders. XPS analysis was doped with E&*t and Ed* plus Lit, on the other hand,
performed with Thermo Scientific K analysis surface, spotpresent diffraction reflexes that establish the polycrystalline
size 400um and emission from Aluminum K, the resolu- nature of these phosphors. From these data is clear that
tion to the surface with 1 eV and extensive analysis step sizEWt and EdT/LiT doping propitiate the formation of a
of 0.1 eV. Thickness measurements were obtained on a KLAolycrystalline material mostly identified with either the
Tecnor Mod. D-600 Profiler. Optical transmittance spectraLag.sa7)Al (11.9)0(19.09) Phase and the LaAlDphase, in
were obtained with a Perkin Elmer Lambda 25 spectrophoparticular, the phosphors with Eti doping alone have an
tometer in a wavelength range of 200 to 1100 nm. IR specestimated content of 94 and 6% determined by weight ra-
troscopy measurements were made in a 6700 FT-IR NICCtio for each phase, respectively with crystallite size of ap-
LET and spectrum Raman with a WITec combined Confocalproximately 1nm estimated by Halder-Wagner method. The
Raman Imaging and Atomic Force Microscope System, higheo-doping with Li promotes the formation of larger crystal-
est sensitivity for 633 nm excitation wavelength. lites (about 11 nm) with 92 and 8% composition of the same
crystalline phases. It is important to note that the desired
phase was the Lasa7)Al(11.9)0(19.09) ONE; however, as it
was mentioned before, the synthesis process needs two steps
in order to incorporate the Etl ions; and the second step
Figure 1 shows XRD diffractograms for (La-AlOs, (La- is a heat treatment at 1280 which leads to a rearrange-
Al,O3:EW2T/(5 at. %) and (La-AROs:EuW?t(5at.%)/Lit ment of the crystalline structure, reaching a partial presence
(4.5 at. %) host matrix and phosphors, and the reportedf the perovskite phase, which is richer in lanthanum than
diffraction patterns for Lg ss7)Al(11.9)O(19.00) (NO: 01- the Lag.s27)Al (11.9)O(19.09y Phase. This behavior is reflected
077-0311, CSD: 38371(ICSD) and for LaAJQerovskite in the EDS results, where a slight decrease in the aluminum
(No: 01-073-3684, CSD: 170772(ICSD). The undoped (La-content and a proportional increase of the lanthanum was ob-
Al),0; diffractogram indicates that it is mostly amorphous served. Table | lists the EDS measurements for the undoped,
material, although two broad reflexes af4d 67 might EUW** (5 at. %) and E&" plus Lit (4.5 at. %) phosphors;
point to the initial stages of the (206) and (220) reflexes assaas it could be observed, the desiredd.@x)Al (11.9)O(19.09)
ciated with the L@ so7) Al(11.9) Or19.09) Phase. Samples phase has 60% of oxygen, 37.4 of aluminum and just 2.6 at.
% of lanthanum; however, the achieved composition in syn-
30 40 50 60 70 80 thesized phosphors shows a slight decrease in the aluminum
' ' ' ' : content and a proportional increase of the lanthanum content,

3. Results & Discussion

Phosphors

Perovskite (LaAlO) . . . .
& g8 = & @8 & s & &8 = as explained above. Since EDS technique is not capable of
= < 8§ & |d g 8 8 8 measuring the content of Li, the composition has been deter-
(La-A1),05: Eu2* / Li* mined only for the rest of the components, all samples pre-
JUUVJ A \ sented a stoichiometry close to (La-£0s, within the EDS

technique precision. The Bt doped samples present a 0.7

a- :Eu?t . h .. .
farhlicny = at % content of Eu, which most likely, is incorporated in sub-

intensity (a. u.)

fif i maam af M| stitution of La sites because their radii similitude, this amount
"”“”‘””\\\N\ s of Eu?* is low in comparison with the starting dopant con-

55 ”§\ 2 1 L, tent in the source material, this behavior is common in syn-
“Fa s it 5 thesis techniques which operate under atmospheric pressure
29 88 SE e and gas fluxes (as in this case) [21,22] and has been explained

! ,T‘H i Uw ‘u by, .\ ,INTI uy ’ pol s ol g 1 for similar materials considering that the host materials have

30 40 50 60 70 80 a saturation limit in their capacity of dopants acceptance,

20 and the un-reacted precursors are eliminated through volatile

FIGURE 1. XRD measurements from (La-AlDs;, (La-  residuesthatare clear out from the reaction chamber.

Al)2O3:EL*T/(5 at. %) and (La-ARO3:Eu* (5at.%)/Lit (4.5 at.
%) phosphors.

TABLE |. EDS measurements for (La-AlDs, (La-Al)2O5: EU?T (5 at. %) and (La-AYOs: EL*T (5at. %) / Lit (4.5 at. %) phosphors.

(LaAl)20s (LaAl)20s:EL? (5 at. %) (LaAlLOs:EW?T (5 at. %)/ Lit (4.5 at. %)
Element atomic % Element atomic % Element atomic %
0] 63.8+:3 (0] 62.3:2 (0] 60.6t3.4
Al 32.242 Al 33.5+2 Al 33.9+1.3
La 4.0+0.6 La 3.5-0.6 La 4.8+0.8
Eu 0.740.1 Eu 0.7-0.1
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FIGURE 2. SEM images from, A.- (La-AhOs, B.- (La-Al)2 Os:
EWT/(5 at. %) and C.- (La-AQO 3:Eu** (5at.%)/Lit (4.5 at. %)
phosphors.

present a needle like texture on their surface. This type of
texturing is accentuated for the Eu2+(5at.%)/Li+(4.5 at. %)
phosphors, as it is appreciated in Fig. 2c. Considering the X-
ray results presented above, it is possible that this texturing is
linked with formation of a poly-crystalline structure triggered
by the addition of the dopants.

Figure 3a-c shows the normalized XPS results for
O1l1s, AlI2p and La3d corresponding to (La-#Ds, (La-
Al),O03:El2 (5at.%) and (La-A)Os:EWr T (5at.%) / Lit (4.5
at. %) phosphors, Fig. 3d show the binding energy for Li in
the last case. Binding energy values were calibrated against
the hydrocarbon C 1s line (284.6 eV), present because of con-
tamination by hydrocarbons either from ambient air or from
residual gases in the vacuum chamber and were found to be
at 531.18, 74.28, and 835.58/838.78 eV for O1s [23], Al2p
[24] and La3d»/3ds, respectively [25]. The binding ener-
gies for Lils in the case of (La-AlDs:EW?* (5at.%)/Lit (4.5
at. %) phosphor (Fig. 3D), present two peaks, at 51.3 and
54.35 eV. It has been reported previously that the peak close
to 54.35 eV corresponds to Li20O while the peak observed
close to 51.3 eV is attributed to Li metal [26-28]. Binding
energies for E4™ 3ds,, and Ed™ 3d;/, (not shown) were
observed at 1153.8 and 1134.4 eV [29]; a low displacement
of the binding energy is observable when the phosphors are
doped with lithium (this displacement does not occur in those
phosphors without lithium), this shift could be due to oxygen,
aluminum and lanthanum having been bound with Li form-
ing species such as Li-O, Li-Al and Li-La. According to the
literature [30] when this kind of displacements appears, itis a
signal of the formation of different kind of bonds, in the case
of the oxygen (Fig. 3a), the species that could be appearing
due to the presence of lithium are LiO and,Oi. Although
the formation of species between oxygen and Li are so evi-
dent it is also possible to observe a low displacement in the
case of aluminum (Fig. 3b), thus, it is possible that species
such as LiAl and LiAIO may also be generated. Since in the
case of lanthanum (Fig. 3c) the shift in energy induced by
the incorporation of Li is small, it is possible that the forma-
tion of other species is not evident, thus lithium seems to be
preferably bound to oxygen (Fig 3a).

The luminescence excitation and emission spectra for
the (La-AlpOs/Eu?t (5 at. %) and (La-AROs):Li*
[EW?/(5at.%)/Li+(4.5 at. %) phosphors are displayed in
Fig. 4. The excitation spectra for both phosphors present
two peaks at 273 and 305 nm corresponding to the allowed
transitions'F; (®S,,7)-4°5d of the ion E&™ [31], while the
emission spectrum (using 297 nm as excitation wavelength)
has the characteristic broad emission peak centered at 444 nm

Figure 2 shows SEM images for undoped, europium andblue light emission, CIE coordinates 0.6731, 0.3343) asso-
europium/lithium doped phosphors, these phosphors wereiated with the electric-dipole allowedgﬁdl(ssm) to 4f"
mechanically grinded before the annealing processes, thergansition, of the E&" ion [32]. There are also, two low
fore they present particles with sharp edges characteristic gfeaks at 595 and 614 nm related to the transitidhsto “F;
this type of grinding process. The Fig. 2a shows a micro-and’F, respectively from E#" ion. The presence of these
graph for undoped powder, it is possible to observe that theeaks is a hint that a small amount of the europium undergoes
particles have low porosity and a smooth surface. In the casgn oxidation process from the 2+ state to the 3+ state, even
of EW?T (5 at. %) doped phosphors (Fig. 2b), the particlesthough the annealing process was carried under a reductive
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a) b)
O 1s — (La-Al1),0; Al 2p
— (La-Al),04
— (La-Al);0; : Eu*
— {La-Al},0; : Eu®*
(La-Al};05 : Eu*/Li
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FIGURE 3. XPS measurements, (3A) binding energy O1s, (3B) binding energy Al2p, (3C) binding engragyadd 3d . of lanthanum
and (3D) binding energy of Lithium 1s.

— =~ Exc. Spe (La-Al),0, : Eu?* ambient. The main difference between the spectra for the two
_s—Eriission. $ps. (Ea=All;05 DB phosphors is an enhancement in the emission intensity due to
the incorporation of lithium ions of about 320%. The role
that Li co-doping plays in this luminescent enhancement is

] not well understood at present, but there are several effects
& yf% i that could add to create the enhancement observed, such as
%“% 7 the increment of the crystallinity of the phosphors with the

Exc. Spe. (La-Al),0, : Eu?*

——Emission. Spe. (La-Al),0, : Eu?*/Li

1 g incorporation of Li as described above. Also, the presence of
3 : lithium ions create oxygen vacancies, which could work as a
’ required sensitizer needed to create an energy transfer from
the host material to the rare earth ions TEun this case),
a luminescence enhancement is the result of this mixing of
states in the energy transfer [33,34].
The behavior of the luminescence intensity at the 444 nm
L peak for phosphors doped with 1, 3, 5 and 7 at. % of'Eu
530 280 330 380 400 450 500 550 600 650 700 is shown in Fig. 5 (black dash line) where the peak intensity
is plotted as a function of EBd concentration. The max-
Wavelength (nm) imum emission intensity corresponds to phosphors doped
FIGURE 4. Excitation and emission spectra from (La-#0s, (La- ~ With 5 at %, quenching at higher concentrations is proba-
Al)203:EWPT/(5 at. %) and (La-AROs:EW?T (5at.%)/Li" (4.5 at. bly due the closeness between theEipns favoring non-
%) phosphors. radiative processes and a notable decrease of light emission.

Light Intensity (Arbs. units)
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FIGURE 5. Light emission as a function of Eti and Li* concen-
tration in (La-AlxOs:EW?* (5 at. %) [black dash line] and (La-
Al),O3:EW*T (5at. %)/Li" (4.5 at. %) [Red dash dot line] doped

phosphors. FIGURE 6. CL emission spectrum of (La-AlDs: EUW** (5 at. %)

- ‘Ey 2t 0 it 0
(La-Al),O3:EW?t (5 at. %) phosphors were co-doped with and (La-AllOs:Eu™ (Sat%)/LI" (4.5 at. %) phosphors.

lithium using the next concentrations: 0.5, 1, 1.5, 3, 4.5 and
6 at. %; Fig. 5 (red dash dot line) shows a maximum lumi-formed with an anode voltage and beam current, kept con-
nescence emission at 4.5 at. %, at higher &bncentrations  stant during the measurement, at 2.5 kV and;1A0respec-
a quenching phenomenon is also present. The role of lithiurtively. The CL spectra are similar to those observed with the
doping on (La-Al}Os: Eu?t could be to provide an elec- photoluminescence, dominated by the blue emission peak at
tron that can move within the Bti4f orbitals leading to an 444 nm (transition allowed 46d' —4f” of ion EL?™T).
increase of the luminescent intensity by acting as a charge-
balancer, therefore playing the role of a sensitizer. The abrupt  Aluminum oxide has several phases that depend on the
quenching of the luminescence intensity for Li content abovaemperature with which they are synthesized, obtaining the
4.5 at.% could be due to an abrupt saturation of the level 4f bphasesy, 6, n, v and «; the latter is observed when the
the lithium content, the excess Li then propitiate the creatiorsynthesis is about 110G. The Raman spectra that are de-
of non-radiative alternative ways to dissipate the absorbedcribed in [41] were measured in samples synthesized at dif-
energy. As in the case of no-lithium samples, an emissioffierent temperatures, indicating that when the temperature in-
related to E&" is also present, but the enhancement of thecreases several of the bands disappear; this is because the
luminescence, in this case, is much lower than the one obA13+ ions change gradually from a tetrahedral structure to
served in the 444 nm peak. The lithium doped phosphors exan octahedral coordinate structure and Ali® less active
hibit a measured quantum yield efficiency close 67%, whilefor Raman; due to this is that in the-Al;O; phase there
non-lithium doped phosphors have quantum yield efficiencyis an octahedral coordination with greater crystallinity. Pre-
around 34%, when excited with a 297 nm light [35]. There-vious studies on aluminum oxide have shown that the vibra-
fore, the effect of lithium is to enhance the intensity of light tional frequencies of Al-O have established that there are iso-
emission as well as the quantum yield efficiency. lated and condensed groups of the groups Al@rahedral
Frequency domain fluorescence decay measuremendmd AlQ; octahedral; being the coordination number of the
(not shown) on (La-ARO;:Eu?*(5at.%)/Li* (4.5 at. %) cation an important parameter to determine the vibrational
phosphor, with an excitation wavelength of 297 nm and lufrequencies of Al-O. In the Fig. 7 shown the spectrum Ra-
minescence wavelength of 440 nm were fitted by a doublenan for (La-AlxO3:Eu?*(5at.%)/Li+(4.5 at. %) phosphors:
exponential decay model with = 592 ns, f; = 0.9819and  the band at 373 cmt, may be due to bending vibrations of
T2 = 29 ns, f = 0.0181; and ay? = 1.185. These val- AlO4 group; the band at 560 cm may be due to condensed
ues are comparable to previously reported values féf Bu  AlOg; the weak bands at 635 crh and 690 crm! may be
another host material [36-38], it is known that the d-f transi-due to isolated A104 and condensed A106 groups; the strong
tion of EL** is parity and spin allowed with a lifetime on the band at 774 cm! reveals the growth of condensed A10e-
order of sub-microseconds [39,40]. cause these powders were synthesized atX250nly some
Figure 6 shows the cathode-luminescence (CL) spectraf the bands indicated are observed [41]; that is why these
for (La-Al),O3:EU?*(5at.%) and (La-A)O3: EW?T (5at.%)  bands indicate that there is a greater crystallinity in the (La-
/Li* (4.5 at. %) phosphors: CL measurements were per-Al);03:EW?t (5at.%)/Lit (4.5 at. %) phosphors.
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14 774 —— -OH group stretching and bending vibrations, respectively.
No specific features related to the phosphor particles embed-
(La-Al),0,:Eu*ILi ded in the PMMA and/or the TOPO ligands were observed,
perhaps because the strong signals from the PMMA shadows
them.

The Fig. 8B shows the UV-Vis-near IR characteristics of
PMMA films. From this plot it is observed that non-doped
films, are highly transparent (close to 99% T) in the whole
visible range, and comparable to the best quality bulk PMMA
[42,43]. While doped films with Eii phosphors are absorb-
ing at UV wavelength values (between 0 and 40 %T from 200
to 400 nm) and semi-transparent in the whole visible range
(between 40 and 70 %T from 400 to 700 nm), these films
have a slight white haze due to the phosphors incorporated.

v v v T v T » The transparency of these films is low but it could be im-
200 400 600 800 proved using other deposition techniques such as spin coating
Raman shift (cm™) [20] which could make them attractive to be used in short-
FIGURE 7. Raman spectrum of (La-AlDs:Eu2* (5at.%)/Li* (4.5  Wwavelength optoelectronic devices, such as luminescent ma-
at. %) phosphors. terials, transparent light emitters, thin-film gas sensors, and
solar cell enhancers. As it was mentioned above, PMMA
films were deposited by drop-casting technique, varying the
3.1. PMMA films solution quantity used for each film from 1 to 1.4 ml of so-
lution, the film thickness depended directly from the solution
As mentioned above, the Bl doped phosphors with quantity used per film, also the transparency could be affected
the highest light emission intensity were incorporated intoby the film thickness, which was found to be between 6 and
PMMA composite films deposited by drop-casting technique 12 um. The film thickness was measured by profilometry.
Figure 8A shows the IR absorbance spectra for polymeric The PMMA polymeric films without Ett doped phos-
films, the spectra show, basically, the same bands reportqezhors embedded did not present any luminescent emission,
for infrared spectra of PMMA [42,43], between 403 and 993as expected. When the phosphors above described were
cm~! and mainly at 754 cm! appears the characteristic =~ embedded into the PMMA films, they kept their lumines-
methyl group vibrations, it can be seen that there is a diseent properties. Figure 9a shows both excitation and emis-
tinct absorption band from 1148-1275 th which can be  sion luminescent spectra for the PMMA films with the (La-
attributed to the C-O-C and -OCH3 stretching vibration. TheAl) ;03:EU?* (5at.%)/Lit (4.5 at. %) phosphors embedded.
band at 1481 and 2930-2990 ctincan be attributed to the The excitation spectrum present the same two peaks at 273
bending vibration of the C-H bonds of -CH3 group. The and 305 nm which appear on the phosphors spectra and that
bands at 2930-2990 cm can be assigned to the C-H bond correspond to the allowed transitions74(1582/7)—4f65d of
stretching vibrations of the -CH3 and -CH2- groups. Thethe ion Ed* [31], but in this case the 273 nm peak is higher
band at 1665-1734 cm shows the presence of the acry- than the 305 nm peak, it is clear that this difference is associ-
late carboxyl group. Furthermore, there are weak absorpated with the fact that the phosphors are immersed in PMMA
tion bands at 3440-3613 cm, which can be attributed to the films and perhaps this favors the 273 nm excitation mecha-
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FIGURE 8. IR spectroscopy (8a) and UV-Vis transmittance (8b) measurements of PMMA films.
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FIGURE 9. luminescent properties of PMMA films, Photoluminescence (9a) and Cathode-luminescence (9b).

nism. On the other hand, the emission spectrum, usinghese phosphors were synthesized by a simple evaporation
273 nm as excitation wavelength, has the characteristic broatiethod and doped through a solid state reaction at %0

blue emission peak centered at 444 nm associated with thee reductive atmosphere The incorporation of Eu and Eu/Li
electric-dipole allowed 46d' (®S; /,) to 4" transition, of the  propitiate the formation of crystallites associated with the
Eu?t ion [32]. There is also, a small peak at 595 nm related_a . s27)Al (11.9)O(19.09) @nd LaAIO; perovskite phases with

to the transitionsDy to “F; from EuW* ion. The inset of crystallite sizes of 1 nm and 11 nm respectively. The lumi-
Fig. 9a shows the transparency of films (a) and their lumi-nescent properties of the phosphors are preserved when in-
nescence emissions (b). The cathode-luminescence spectraraduced into PMMA films. Non-doped PMMA films high

for ET doped PMMA films shows also the same emissiontransparent (99 %T) while doped films are opaque in UV re-
characteristics as the phosphors, as can be observed in Fig @ion and semitransparent in the whole visible and IR ranges.
The PMMA films have thicknesses between 6 anduh2.

The spectrum Raman for (La-As:EW? (5at.%)/Lit (4.5

at. %) phosphors, are present the bands at 373'¢H60

An enhancement of 320% of the Eubroad band lumi- cm™', 635 cnt!, 690 cnm! and 774 cm! indicated that
nescence emission centered at 444nm was observed withere is a greater crystallinity in the phosphors, because the
the incorporation of Li (4.5 at. %) as co-dopant in (La- «-Al2O3 phase there is an octahedral coordination, for these
Al) 5,03, (La-Al),05:EL?* (5at.%) phosphors, for a measured powders were synthesized at 1260

quantum efficiency of 67% when excited with 297 nm light.

4. Conclusions
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