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Antenna effect of 2-thenoyltrifluoroacetone (TTA) on the luminescence of
Y203 co-doped with Eu®*; Th®*

A.D. Alcantar-Mendoza, F.J. Carrillo-Romo, A. Garcia-Murillo, M. Diaz-Cruz, M.R. Gonzélez-Garcia

Y203 gels co-doped with lanthanide ions (Ln3*) were synthesized based on the sol-gel process. Eu* was used in proportions
of 2, 4, and 8 mol% and Th3* at a low and constant concentration of 0.075 mol% (Y 203:Eu3*; Th®*). The gels were subjected
to supercritical drying (aerogel) at 73 bar and 34 °C and to thermal treatment at 800 °C to obtain crystalline materials
(crystallized aerogels). Subsequently, each sample was sensitized in a novel way with 9 umol of the compound
2-thenoyltrifluoroacetone (TTA) -- Y203:Eu®*;Th*/TTA, to provide an antenna effect in order to focus the morphological,
structural-chemical, and luminescent changes assigned to the energy transitions of Eu®*. When the crystal structure by
X-ray diffraction (XRD) and the morphology by scanning electron microscopy (SEM) were analyzed, no drastic changes
due to functionalization were observed. However, infrared (IR) and Raman spectroscopies were performed to identify the
rare-earth oxides vibrational modes, although its main function was to reveal the adhesion of TTA to materials. The
excitation-emission spectra were studied to evaluate the energy transfer to the Eu®* activator ion and the influence of both
the Tb3* sensitizer and the TTA ligand on the luminescent properties of the samples Y 0s:Eu*;Th®* and
Y203:Eus*; Th¥*/TTA, also the quantum yield corresponding to the highest luminescence samples was calculated. Based on
the results, this class of materials can have novel and useful applications when TTA functionalization is fully exploited.

Introduction

In recent years, materials synthesized from rare-earth
oxides (REOs) with nanometric characteristics have
presented great benefits due to physical, chemical, and
structural properties that they have due to the increase in
contact with the surface area [1-3]. Some of the applications
of REOs materials are in areas of great relevance today
where their optical properties can be exploited; they can be
used in display devices [4], light-emitting diodes (LEDs) [5],
authentication systems [6], lasers [7], sensors [8],
biomarkers or phototherapy [9], among other applications
[10,11].

To date, there are different methods of synthesis for the
production of new and improved REOs materials. One of the
most-used, due to the advantages of its processes and the
diversity in the final forms of materials it can yield, is the
sol-gel synthesis [12-14]. More and more variants of this
method are emerging to expand the established routes for
obtaining materials such as dense ceramics, thin films and
coatings, precipitated particles, dispersed particles, or
aerogels [15,16].

Particularly, aerogels are synthetic solids with the highest
porosity ever achieved; they make excellent insulating or
absorbent materials. In the manufacture of these materials,
from a gel composed of a liquid phase and a solid phase
[17,18], the first of them phases is extracted in such a way
that their microstructure consists of a 3D network of
interconnected particles surrounded by a large number of
pores [19,20]. However, one of the reasons they have been
slow to be taken up and exploited at an industrial level is that
the methods and research for their production are usually
expensive and limited to obtaining the material after
supercritical drying [21], this limits its applications;
however, there may be options to subject them to secondary
or even tertiary processes, with the aim of enhancing the
properties of aerogels, making them more innovative and
attractive for the industry [22].

Figure 1 shows a general diagram for the production of
aerogels, in which a metal salt is used to obtain a sol, from

which, through hydrolysis and condensation reactions, a gel
is produced. This is the basic principle of this synthesis
method, as its name indicates [23-25]. Once a wet gel that
can be manipulated without flowing is obtained, supercritical
drying is performed based on the characteristics of the
solvent used in the synthesis to obtain an aerogel (Figure 1a)
[26,27]. One variant of the method that has been tested
produces crystalline aerogels using thermal treatment,
although this step can collapse the aerogel and contract its
structure (Figure 1b) [28-30]. If the process is successful, the
resulting crystallized aerogel will have new properties
resulting from the formation of crystalline structures.

However, there is another possibility, which is to
functionalize the crystallized aerogel to form a
complex/hybrid/functionalized material with modified

properties (Figure 1c).

At present, yttrium oxide (Y20s3) has been considerably
studied and synthesized by sol-gel methods as a promising
compound for use in alloying material, refractory material,
biological applications, laser crystals, and luminescent
matrices [31-33]. Doping or co-doping with different
lanthanide ions (Ln*") such as Eu®* and Th®* has also been
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Figure 1. Diagram of the sol-gel method, from metallic salt to
functionalized/hybrid/complex powders of aerogels. Images of
Y,03:Eu®;Th®: (a) as an aerogel, (b) as a crystallized aerogel, and (c) as
Y,03:Eu®; Th**/TTA, a functionalized powder made from the crystallized
aerogel.

studied, with the aim of producing changes and benefiting
the luminescent properties, although this research is mainly
focused on generating red emissions for use in optical fibers,
security operations, photo storage, lasers, LEDs, and
biological markers [34-37]. Also, functionalization is the
process of modifying materials and endowing them with
different or new properties [38,39]. Some of the most-
studied compounds used to functionalize REOs ceramics are
affiliated with the family of B-diketones and some of their
derivatives; these help with the formation of
complex/hybrid/functionalized materials with the capacity to
alter optical properties through the antenna effect, capturing
a greater amount of energy by modifying the absorption
ranges. [40-42]. Although REOs aerogels are a relatively
new material [43-45], there are some reports on Y20;
aerogels doped or co-doped with Ln%* [46,47]; however, in
the literature on REOs aerogels, functionalization with
B-diketones is a process for which no reports are found.

For this work, three different Y.Os aerogels co-doped with
Eu®* and Tb* ions were synthesized. They differed from
each other in the molar amounts of europium used in the
material, which were 2, 4, and 8 mol%, while the molar
amount of terbium was low and constant (0.075 mol%).
After being crystallized and analyzed the aerogels, each
sample was functionalized with 9 pmol of
2-thenoyltrifluoroacetone (TTA, B-diketone compound) to
be characterized and compared with the crystallized
aerogels.

Experimental details

The precursors used were Y20z (Sigma Aldrich, 99.9%),
Eu,0; (Sigma Aldrich, 99.9%), Th,Os (Sigma Aldrich,
99.9%), HCI (Fermont, 36.7%), CoHsO (EtOH, 99.7%,
Fermont), CsHsO (PO, Sigma Aldrich, 99%), C¢HgO7-H20
(J. T. Baker, 100.2%), CO, (INFRA group), and CgHsF30,S
(2-thenoyltrifluoroacetone,  Sigma  Aldrich,  99%).
Y,03:Eu®*;Th®* aerogels were synthesized following the
methods established in [43,48], In this case yttrium oxide
(Y203) was used as a matrix; 2, 4, and 8 mol% of Eu* were
used for the different doping concentrations, while Th®* was
incorporated as a co-dopant at the same concentration
(0.075 mol%) in all three samples.

The sol-gel synthesis was based on preparing two different
solutions (A and B). Solution A consisted of a mixture of the
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REOs precursors in HCI, stirred at 80 °C for 30 min. In
solution B, citric acid was dissolved in the presence of
ethanol (1:10). When solution A went from being whitish to
translucent, the metal salt was obtained, and 2 mL of EtOH
were added to favor the hydrolysis and condensation
reactions of the sol. Then, 1.5 mL of PO were added to act
as a gelation initiator, and finally 2 mL of solution B were
added, which acted as a catalyst to immediately form a gel,
which again looked whitish. This is the process schematized
in the diagram in Figure 1.

After aging the gels for one day, the liquid phase (EtOH)
contained in them was extracted under supercritical
conditions reached at 73 bar and 34 °C with CO,. The
supercritical drying process was carried out in triplicate, with
gas changes every hour to ensure complete extraction. At this
point, the aerogels obtained (Figure 1a) were amorphous
materials; they were then heat-treated at 800 °C for 2 h to
obtain crystallized aerogels (Figure 1b).

Finally, functionalization of the materials was carried out
by careful grinding to avoid damaging the structure of the
aerogels. TTA (9 pmol) was added separately
to each of the samples —  Y203Eu®*(2 mol%);Th%,
Y203:Eu?*(4 mol%);Tb®* and Y.03:Eu®*(8 mol%);Th®* —
resulting in functionalized powders of
crystallized  aerogels:  Y,03:Eu®*(2 mol%);Th**/TTA,
Y203:Eu?*(4 mol%);Tb**/TTA (shown in Figure 1c), and
Y,03:EUu®*(8 mol%);Th®*/TTA. The general information for
each sample is presented in Table 1.

Characterization techniques

The crystallographic-structural behavior was studied
through x-ray diffraction (XRD) on a Bruker D8 ADVANCE
diffractometer, using the powder method with a Cu-Ka
radiation covering the 26 angle of 20-80°. Also, the average
size of the crystallites was calculated using the Debye
Scherrer equation and the lattice parameters were calculated
by Rietveld refinement. The morphological comparison was
studied at a voltage of 10 kV and 50,000% in a JEOL JSM-
6701F scanning electron microscope. The functional groups
were identified by infrared (IR) spectroscopy, on Perkin
Elmer Spectrum 65 spectrometer, using transmittance for
2 min at a wavenumber from 4000 - 400 cm™. Raman
spectroscopy was performed using a Horiba confocal micro-
Raman spectrometer using a diode laser excitation line with

Table 1. Compositional profiles of the crystallized and functionalized
aerogel samples.

Content of the compounds

Sample name Eus Tb* TTA
P (mol%)  (mol%)  (umol)

Y203:Eu3*(2 mol%); Th3* 2

Y203:Eus*(4 mol%); Th3* 4

Y203:Eu®*(8 mol%); Th3* 8

0.075

Y203:Eu®*(2 mol%); Th3*/TTA 2

Y203:Eu®*(4 mol%); Th3*/TTA 4 9
Y203:Eu®*(8 mol%); Th3*/TTA 8
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a wavelength of 785 nm at room temperature. The
photoluminescence and photoluminescence emission
(PL+PLE) analysis were obtained using a Hitachi F-7000
fluorescence spectrophotometer with a 150-W xenon lamp.
The spectra were recorded in accordance with the interaction
intervals of the luminescent ion (Eu®*), these were at
wavelengths of excitation: 255 and 355 nm and emission:
612 nm. The voltage was 700 V, the slits opening was:
2.5 nm, and the analysis time for each result was
2400 nm/min. The quantum yield (QY) was calculated with
a SC-30 Sphere Integrator Module on a Edinburgh
Instruments FS5 spectrofluorometer and the software used
for calculate the chromatic coordinates was ColorCalculator.

Results and discussion

X-ray diffraction

The results of the XRD characterization are presented in
Figure 2. In all the samples, the presence of Bragg reflections
can be observed, which are associated with the formation of
high purity cubic-type crystalline structures (la3), identified
after indexing with the yttrium oxide (Y03 ICSD 98-001-
6394) and europium oxide (Eu,Os ICSD 98-009-6953)
cards.

The Bragg reflections in the diffractograms shown in
Figure 2 are mainly consistent with the structure of Y,0s;
they are located around the angles 20, 29, 33, 48, and 57,
corresponding to the planes (112), (222), (004), (044), and
(226), respectively. A response can be seen that indicates an
absence of phase mixing, judging from the lack of peaks
corresponding to some Eu phase; in this case if the
concentration had been increased, a remarkable shift in the
diffractions towards the Eu,O3 zone would have resulted. As
for Tb, the equipment was not able to detect it, due to the
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Figure 2. XRD patterns of the crystallized Y,0s:Eu®;Th®* aerogel,

functionalized powders of the crystallized Y,0s:Eu®*;Tb*/TTA aerogels,
and the 2-thenoyltrifluoroacetone (TTA) precursor.
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Table 2. Lattice parameters of the crystallized and functionalized aerogel
samples.

Lattice parameters

d
CSs . alblc  a/p/y Volume
Sample name Rietveld "

P (m) “ey AL [T AT
Y205:Eu*(2 mol%);Th* 16 3.06 10.61 1196.25
Y203:Eus*(4 mol%);Th®* 16 3.05 10.62 1200.23
Y203:Eu?*(8 mol%);Th3* 15 3.06 10.63 1201.81

Y203:Eud*(2 90
mol9%) T TTA 15 306 1061 1196.71
Y203:Eud*(4
mol%): Th*/TTA 15 3.05 10.62 1200.08
i3+
Y205Eu™(8 15 306 10.63 1200.79

mol%); Th3*/TTA

small amount with which the co-doping was performed. The
same occurred with the TTA, used in even smaller amounts.
The diffractogram of the 2-thenoyltrifluoroacetone precursor
confirms this; it shows an intense Bragg reflection around
the angle of 25° which is not visible in any of the samples.
The above could be thought of as an unfavorable result;
however, it confirms that the TTA was adhered to the surface
and did not cause drastic changes in the crystalline structure
of the materials.

Additionally, the crystallite sizes (CSs) for each sample
were determined using the Scherrer equation. From the
results (see Table 2), it can be seen that all the values are
between 15 and 16 nm. These values are similar to those
obtained in [49] where similar Y,03:Eu®*, Th* nanopowders
were synthesized and thermally treated. Among the
advantages of the sol-gel process is the ability to
“manipulate” the morphology of crystals/particles and
reduce their size, which is due to the homogeneity of the sol
[50].

The results indicate that neither Eu®* nor Th*" distorted the
lattice parameters, but were bound to the pure phase of Y03,
where Ln% ions were impurities that formed the co-doping.
In addition, with the use of grinding to incorporate the TTA,
no changes occurred in the crystallite sizes. This is more
noticeable in the results reported in Table 2, each crystallized
aerogel sample presents a slight change between them,
indicating a slight increase in the parameters due to the
substitution of the Y ions by Eu®* or Tb*. The behavior
prevailed once the crystallized aerogels were functionalized,
confirming what was mentioned and expected about the fact
that TTA would not have the effect to modify the network
parameters since it was only added superficially.

Scanning electron microscopy (SEM) with energy dispersive
spectroscopy (EDS)

The SEM analysis, whose results are shown in Figure 3,
was carried out on the crystallized Y,03:Eu®*(4 mol%);Th*
aerogel (Figure 3a) and its functionalized counterpart
Y,03:EW*(4 mol%);Tb*/TTA (Figure 3b). For the
Y,03:Eu?*(4 mol%);Th®* sample, it can be seen that
supercritical drying helped to effectively extract the solvent,
allowing the aerogel particles, with sizes around 100 nm, to
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Figure 3. Scanning electron micrographs for the samples of: (a)
Y,03:Eu®* (4 mol%); Tb**and (b) Y,03:Eu®*(4 mol%); Th**/TTA.

remain interconnected. Although the particles were
somewhat agglomerated, the space between them can be
understood as the porosity associated with aerogels.

It could be expected that the micrographs would show an
abrupt change in the morphology of the crystallized aerogels,
due to the surface adhesion of the TTA, since the three-
dimensional structure that forms the aerogels is extremely
fragile and susceptible to collapse under any process, in this
case, grinding. Therefore, in the case of the sample
Y203:Eu*(4  mol%);Th*/TTA, it was expected a
compaction of the particles, similar to what occurred in [48],
where the adhesion of TTA by grinding considerably
changed the 3D network of the REOs materials, forming
large particles. Despite this, it seems that no change occurred
in the structure, aggregates, or size of the particles.

Infrared (IR) spectroscopy

Infrared spectra of the crystallized Y,O3 aerogels co-doped
with Eu®* and Th®* ions are shown in Figure 4a. The bands
observed near 1500, and 1400 cm correspond to the C=0
vibrations associated with CO, molecules absorbed by the
samples under ambient conditions. In addition, vibrational
bands corresponding to the interaction of rare earths
elements with oxygen (RE-O) located at 566 cm™ are
present. In the three samples of crystallized aerogels, the
same bands, belonging to the RE-O vibrational modes, are
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Figure 4. IR spectra of (a) the crystallized Y,0s:Eu®*;Th* aerogels, and
(b) functionalized powders of the crystallized Y,03:Eu®;Th*/TTA
aerogels.

observed, without any noticeable influence from the
different mol% concentrations of rare earths. Given this, it is
thought that the concentration of the element Th, being
constant and very low, did not cause a significant change,
since as mentioned in another work [51], its main interaction
has been located around 580 cm™.

This result was maintained when TTA was adhered to the
crystallized aerogels in Figure 4b. However, compared to
XRD, there was a significant change in that a large number
of bands appeared, which have been reported in similar
REOs materials to which TTA is added [42,48,52] Hence,
the infrared spectrum of the precursor
2-thenoyltrifluoroacetone was also obtained (Figure 4b).
With this information, it was possible to establish that the
change was due to the functionalization carried out by
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Figure 5. Raman spectra of the samples Y,0s:Eu®**(4 mol%);Th** and
Y,03:Eu*(8 mol%); Th*/TTA excited at 785 nm.

milling, since the new bands are similar to those of the TTA
precursor. Some of the main bands are as follow: around
1620, and 1300 cm™ a band assigned to the vibration (O-H),
resulting from the hydration of the samples; also, nearly at
1620 cm™ a band assigned to the ketone group (C=0), which
indicates that TTA was included superficially by the
interaction of TTA with the Eu®* ions; approximately at
1540 cm™ a relevant band assigned to the C=C, which
suggests that TTA formed complexes with the crystallized
aerogels; at 1410 cm™ a band in response to the stretching of
the thenoyl ring (C=C); at 1190, and 1140 cm™ bands
associated with the  (C-Fs) mode; at 1060 cm™ a band
attributable to the deformation of the thenoyl ring (C-H); and
at 790 cm™, a band corresponding to the vibrations of the
thiophene groups (C-S).

Raman spectroscopy

Figure 5 shows the Raman spectra of the samples
Y,03:Eu* (4 mol%); Th3* and Y203:Eu® (4
mol%);Tb**/TTA. Regarding the crystallized aerogel
sample, bands related to the Fg, Ag, and Eg vibrational modes
can be noticed, which are mainly located below 800 cm™.
This behavior is natural because the phonon energy of REOs
is low and the vibrational modes occur in this range [53].
However, once the crystallized aerogel has been
functionalized, the appearance of new bands is evident,
primarily in areas greater than 1000 cm-1, which correspond
to the different vibrational modes due to the incorporation of
the TTA compound. In the same sense as IR spectroscopy,
the interactions are mainly due to the vibrations of the CF3,
C=C, OH, CH, C-S groups [54-56].

It can also be observed that the intensity of the main band
at 372 cm of the crystallized aerogel is higher than the
functionalized powders of the samples doped at 4 mol%.
This may be due to the efficiency of the luminescence
processes by each sample, which is a first indication that the
crystallized aerogel sample has a higher luminescence
efficiency, but it is also evidence that TTA is being included
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in the chemical composition by adhesion through grinding
because no drastic changes in the lattice parameters and
crystallites sizes were reported in XRD section.
Photoluminescence emission
(PL+PLE) studies

The complete results of the luminescence studies of the
synthesized samples are shown in Figure 6 and Figure 7.
Figure 6a is a representation of the antenna effect that the
TTA had on the Eu**-Th%" ions by “adhering” to the REOs
crystallized aerogels through an ionic bond between the
oxygens of the TTA and the RE-bonded particle network.
Several research groups [48,52,53,57], have proposed that
TTA, due to its interaction with REOs, acts as a ligand,
capturing a great amount of energy by the antenna effect,
absorbing them (from Sy to S1), causing the TTA to distribute
the energy separately to each of the Ln%* ions and that each
one acts as a luminescence activator. TTA was expected to
distribute the energy in such a way that a cooperative energy
transfer between Eu®* and Th** would occur by distributing
the energy to the Tb3* sublevel (°Dy), so that it acts as a
sensitizer; concentrating the energy to the Do sublevel of
Eu®*, where the energy will relax until returning to the 7F
sub-levels, which finally acts as a luminescence activator.
This is schematized by the energy conversion diagram in
Figure 6b.

In this sense, the excitation-emission spectra obtained for
the crystallized aerogels (Y203:Eu®*;Tbh*) in the range from
200 to 720 nm are first shown in Figure 7a. When examining
the 612 nm band, which corresponds to the main

and photoluminescence
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Figure 6. (a) Representation of the antenna effect of TTA on the Eu®*;Th**
ions, and (b) energy transfer diagram for the Eu®*; Th*/TTA system.
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hypersensitive transition of Eu®* ion (°Do-F) [58], caused
by the C; sites in the cubic lattice of Y05 [49], different
bands appear. One of great intensity around 255 nm can be
attributed to the O*-Eu®* interaction, another of much lower
energy at 300 nm to the OZ-Th* interaction, and others
between 310 nm and 400 nm to the F transitions of the Eu®*
ion. When using the wavelength (WL) corresponding to
O%-Eu®* absorption (255 nm), a series of low intensity bands
were observed, assigned to the transitions °Ds-"Fs (between
535-560 nm) and °Ds-'F3 (around 620 nm), which are
characteristic of the Th® ion. The possibility of an overlap
between the missing Th®* transitions with those of the
Eu®* ion cannot be ruled out, which showed its transitions:
Dy-"Fo (around 580 nm), °Do-'F; (around 590 nm), °Do-F,
(peaking at 612 nm), 5Do-"F3 (at 650 nm), and °Dy-'F4 (at 710
nm). These responses were the same for all the samples;
however, there was a noticeable difference in the
luminescence intensity of the crystallized aerogel that was
co-doped with 4 mol% of europium (Figure 1b). This
enhancement is attributable to the sensitization resulting
from the high energy absorption of Th® that results in a
nonradiative cooperative energy transfer of Tb* to Eu®*
[59,60]. The sample Y,03:Eu®*(8 mol%);Th®" presented the
least intense luminescence, while the sample Y,03:Eu®*(2
mol%); Th% remained intermediate.

Once the samples were functionalized with TTA and the
crystallized aerogel powders were obtained
(Y203:Eu;Th*/TTA), excitation-emission spectra were
obtained in the same range, from 200 to 720 nm (Figures 7b
and 7¢). Again, in Figure 7b the primary focus was on the
°Do-F; transition (612 nm), featuring energy absorption by
the O%-Eu®* (255 nm) and O%-Tb%" (300 nm) interactions,
although for this samples, when the TTA was adhered, the F
transitions were overlapped by a broad band corresponding
to the absorption of the ligand (TTA), with a maximum at
375 nm. In this case, a WL of 255 nm (O%-Eu®*) was used to
generate the emission, which caused the transitions of the
Tb® ion, 5Ds-"Fs and °Dy4-"Fs, continued to appear although
they were even less intense. This behavior is similar to that
observed in the research of Ji et al. [52], and Yu et al. [53].
However, in the case of Eu®*, only the transitions >Do-"Fo,
°Do-'F1, and °Do-'F, appeared, also at a lower intensity,
which could be due to the low absorption from the OZ-Eu*
interaction when TTA is present.

However, for the same Y,O3:Eu®*;Th3*/TTA samples,
when using the WL assigned to the ligand absorption band
(375 nm), a more favorable emission response was obtained
(Figure 7c) by inducing the energy transfer depicted in
Figure 6b, finding the same transitions were found as for the
crystallized aerogels (Figure 7a). Although some differences
are seen in the emission bands, the °D¢-'F, transition at
612 nm remains the representative band. Moreover, another
appreciable effect when functionalizing the crystallized
aerogels with TTA was a change in the intensity of the
emissions; the sample Y:03:Eu®*(8 mol%);Th*/TTA
(Figure 1c) exhibiting a better response to the antenna effect.

It should be noted that although all the samples exhibited
luminescence and did not suffer a total quenching that would
completely stop the emission, in the case of the crystallized
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Figure 7. (a) The excitation-emission spectra of the crystallized
Y,03:Eu®; Th** aerogels (WL: 255 nm), (b) the excitation-emission spectra
of the functionalized powders of the crystallized Y,0s:EUu®;Th**/TTA
aerogels (WL: 255 nm), and (c) the excitation-emission spectra of the
functionalized powders of the crystallized Y,0s:Eu®*;Tb*/TTA aerogels
(WL:375 nm).

aerogels, the emission of the sample with 4 mol% of Eu®* is
prominent, and among the functionalized powders, the
emissions of the sample with 8 mol% of Eu®* stands out.
Observing the graph in Figure 8a, this behavior is perceptible
by the maximum intensities reached by the Do-'F» transition
of each sample and at each excitation wavelength. The
response of the crystallized aerogels (255 nm) suggests that
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Figure 8. (a) Maximum intensity of the °Dy-F, transition of the crystallized
Y,03:Eu®*;Th®* aerogels, and (b) CIE locations of the samples with the
highest luminescence intensity.

tempering begins from 4 mol%, that the powders
functionalized by the excitation of 255 nm is irregular and
that when exciting at 375 nm the samples present an
exponential behavior, in this sense perhaps the antenna effect
could enhance the emission of Eu®* by increasing its mol%
concentration. concentration.

Finally, the chromatic coordinates of the samples were
calculated to obtain their location in the CIE diagram (see
Figure 8b). There, the circle corresponds to the sample
Y203:Eu®* (4 mol%);Th3*, which is located in a reddish-
orange position achieving an efficient quantum vyield of
85 %; the square corresponds to the functionalized sample
Y203:Eu?*(8 mol%); Th**/TTA when the O?-Eu®* absorption
WL of 255 nm was used — its emission was shifted from
reddish-orange to a pink which decreased its quantum yield
to 13 %; and the rhombus represents the coordinates of the
sample Y203:Eu®*(8 mol%);Th**/TTA when the absorption
WL of the TTA ligand (375 nm) was used — it emission was
pink-purple with a quantum yield of 4 %. It can be argued
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that the TTA produced an antenna effect, both on the Th*
ions and on the Eu®* ions, since a change in the emission
colors of the samples is apparent, due to their different
absorption levels and luminescent responses.

Conclusions

According to the  spectroscopic  results, the
functionalization of TTA by milling on the crystallized
Y,03:Eu®*;Th** aerogels was performed properly, without
any drastic changes in the structural conditions and/or
morphology after TTA adhesion. Although the luminescence
arising from the interaction of the Tb3* sensitizer with the
Eu®* activator was undoubtedly intense and efficient, the
antenna effect of TTA caused changes in the luminescence,
shifting the quantum yields and locations of the emission
colors on the chromatic coordinates. However, the 5Do-"F;
transition characteristic of the Eu®* ion was always
predominant. Therefore, sol-gel synthesis allows obtaining
aerogels that can be subjected to different processes to
modify the properties of materials, in this case the
luminescence of REOs aerogels, which could have
biomedical applications or in optoelectronic devices and
security systems, taking advantage of the benefits of
functionalization with 2-thenoyltrifluoroacetone.
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