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Abstract

In the last years the development of new luminescent materials was grow
highly in order to find efficient materials with low cost of processing. In this
way the organic luminescent materials have special attention because its spe-
cial characteristics, like antenna effect, low temperature processing, possibili-
ty to make translation to polymeric and flexible compounds. In this work lu-
minescent powders of TTA:Eu* by sol-gel method were synthesized in order
to define the synthesis parameters of the highest luminescence. The tempera-
tures of heat treatment were 80°C, 100°C, 200°C and the concentration of
Europium where 10%, 20%, 30% and 40% mol (TTA-10Eu, TTA-20Eu,
TTA-30Eu, and TTA-40Eu). Fourier Transform Infrared Rays analysis (FTIR)
and emission luminescence measures, the best conditions of synthesis were
obtained at 40% mol of Europium and 80°C of heat treatment, at 272 nm of
excitation. All the samples present the corresponded Eu*" ion transitions the
°D, > F; (J = 0, 1, and 2). This confirms the great possibilities of these mate-
rials for optoelectronic applications.
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1. Introduction

The photophysical properties of trivalent lanthanide ions (Ln’*) make them of
great interest to the researchers in the luminescence field. Ln** ions, have narrow
emission bands that arise from intraconfigurational transitions [1].

The trivalent europium ion (Eu®) specifically has a narrow emission band

that provides highly pure red color emission and also has a considerably long
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lifetime which makes it very useful in applications in display devices [2] [3] [4]
as well as in medical diagnosis [5] [6] [7] [8].

Nevertheless, the absorption and emission are considered weak for both of
this applications and in order to develop both of this weak points, Eu’* requires
some indirect excitation, making us of ligands and the antenna effect, a mechan-
ism in which the ligand absorbs energy and then transfers it to the central atom,
ion or molecule. This results in higher energy absorption and also a higher emis-
sion [9].

Inorganic ligands are commonly used, but more recently the efforts have
turned to the study of organic ligands. S-Diketonate ligands are among the most
largely investigated ligands [10] [11] [12]. Previous works have shown that
f-diketonate complexes such as thenoyltrifluoroacetonate (TTA) are very effi-
cient antennae for the trivalent europium ion (Eu®") [13] [14]. In this work we
try to find the best synthesis conditions for the Eu’ ion with TTA as a ligand
(Eu(TTA),).

2. Experimental Procedure
2.1. Synthesis of Powders

The chemicals used for the synthesis of TTA:Eu®* was Thenoyltrifluoroacetone
(CeH;F;0,S, 99.99%); Europium (III) nitrate pentahydrate (EuNO,);-5H,0,
99.99%), Sodium Bicarbonate (NaHCO,, 99.99%); all of them were purchased
from Sigma Aldrich. Besides, distilled water and ethanol were used as solvent
and used without further purification. In a typical synthesis 15.5 mmol of The-
noyltrifluoroacetone was dissolved into 15 mL of ethanol and kept under vigor-
ous stirring at room temperature for 30 minutes. In another biker, europium ni-
trate was dissolved in 10 mL of deionized water and from this solution an ap-
propriate volume was dropped to the Thenoyltrifluoroacetone solution to fix the
europium composition at 10%, 20%, 30% and 40% mol. The NaHCO; was added
to the solution with the aim to adjust the pH at 7. Finally, the solution was dried
at 100°C for 24 h. and a white powder was obtained.

2.2. Characterization of Powders

The powders were characterized by XRD in reflective mode on a Bruker Eco D8
ADVANCE diffractometer with Ni-filtered Cu Kal radiation (1 = 0.15406 nm)
and FTIR using a Perkin Elmer 2000 model. For sample preparation, it was used
the KBr pellet technique. For the measurements, the spectra were recorded from
4000 to 400 cm™'. Photoluminescence spectra were recorded by means of a Ho-
riba Jobin-Yvon Fluorolog spectrofluorometer equipped with a 150 W
ozone-free Xe lamp for the steady state mode. All the measurements were car-

ried out at room temperature.

3. Results and Discussion

The XRD analysis for the powders obtained at different temperatures for a con-

DOI: 10.4236/msce.2018.68001

2 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2018.68001

D. Y. Medina-Velazquez et al.

centration of 40% mol is shown in Figure 1, as it shown, an amorphous phase
was observed for all temperatures process, with a crystal size in order of nano-
meters, when the temperature was increased the peaks position change that a
possible consequence of change of phase.

The FTIR analysis for the powders obtained at a temperature of 80°C is shown
in Figure 2, as it shown, the corresponded bonds of hydroxyl groups (OH),
appears at 3300 - 2900 cm ™', the presence of carbonyl group C=0 is confirmed
at 1691 cm™ and 1632 cm™'. The C=C bond was observed at 1542 cm™" and fi-
nally the vibration of C-CF,; was appeared at 1130 cm™ and 1295 cm™
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Figure 1. XRD spectra of powders of TTA:Eu®** obtained at 80°C, 100°C
and 200°C for TTA-40Eu samples.
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Figure 2. FTIR spectra of powders of TTA:Eu’" obtained at 80°C.
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which confirm the adequate formation of TTA:Eu’* powders.

Figure 3 showed the corresponded FTIR spectra of the powders obtained at
100°C and 200°C, as it shown, the spectra doesn’t have significant changes with
the temperature, it’'s means that the increment on the synthesis temperature,
doesn’t change the structure of the powders, which confirm that the corres-
ponded bonds of TTA:Eu’" is obtained at the all temperatures.

Figure 4 showed the emission intensity of luminescent powders obtained at
80°C for an excitation wavelength of a) 272 nm and b) 370 nm. As it shows the
corresponded Eu’* ion °D, > ’F, (J = 0, 1, and 2) is observed for all the concen-
tration used, but the highest intensity is observed for the sample TTA-40Eu, in
other hand the emission at 616 nm was tested for the excitation wavelength of
272 and 370 nm, as Figure 4 shown the highest intensity was founded at 370 nm
as is shown in incise c).
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Figure 3. FTIR spectra of powders of TTA:Eu®* obtained at 100°C and 200°C.
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Figure 4. Emission spectra of TTA:Eu’* powders obtained at 80°C, for (a) 272 nm (b) 370 nm of excitation and (c) comparison of
intensity of 616 nm of 272 nm and 370 nm excitation.
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Figure 5 showed the emission intensity of luminescent powders obtained at
100°C for an excitation wavelength of a) 272 nm and b) 370 nm and in c) the in-
tensity at 616 nm, for both excitation wavelengths. As it shows the intensity of
emission decrease with the concentration of europium, in contrast with the
powders obtained at 80°C the highest intensity was observed for the TTA-10Eu
sample. In other hand the highest emission in contrast with the temperature of
80°C was obtained at 272 nm.

Finally Figure 6 showed the emission intensity of luminescent powders ob-
tained at 200°C for an excitation wavelength of a) 272 nm and b) 370 nm and in
c) the intensity at 616 nm, for both excitation wavelengths. As it shown, the in-
tensity of emission is very small for all samples, but at 272 nm of excitation wa-
velength the highest emission was obtained for the TTA-20Eu sample, and at
370 nm of excitation wavelength the highest emission was obtained for the
TTA-10Eu sample. In ¢) is showed the emission intensity of both emissions in
order to show that the highest emission was obtained for the sample of
TTA-10Eu excited at 272 nm.
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Figure 5. Emission spectra of TTA:Eu*" powders obtained at 100°C, for (a) 272 nm (b) 370 nm of excitation and (c) comparison
of intensity of 616 nm of 272 nm and 370 nm excitation.
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Figure 6. Emission spectra of TTA:Eu* powders obtained at 200°C, for (a) 272 nm (b) 370 nm of excitation and (c) comparison
of intensity of 616 nm of 272 nm and 370 nm excitation.
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Figure 7 is a resume of the intensity emission of samples at 616 nm wave-
length, and it showed a comparative columns which shows the maximum emis-
sion intensity obtained for each temperature at different excitation wavelengths.
It’s confirm that the emission intensity decrease with an increment in the tem-
perature of heat treatment, nerveless the highest emission for the samples ob-
tained at 100°C and 200°C of temperature is obtained at 272 nm of excitation
wavelength.

4. Conclusion

The synthesis parameters as temperature, europium concentration and excitation
wavelength were studied in order to find the highest luminescence. The results
showed the corresponded Eu’* transitions of all the samples °D, > ’F,; (J = 0, 1, and
2). The Eu** concentration played an important role in the optical properties, as it
shown the intensity of emission increase with the Eu** concentration for the 80°C
temperature of heat treatment. When the temperature is increased, this condition
was inverted, obtaining the highest intensity at small Eu** concentrations. By FTIR
the corresponded bonds of thenoyltrifluoroacetonate were observed (O-H, CH,,
C=0, C=C, C-CF,) that confirm the adequate synthesis of TTA:Eu’* for all sam-
ples. Finally the excitation wavelengths of 272 nm and 370 nm were studied for all
temperatures and concentration. The results showed that the highest intensity was
obtained for the sample TTA-40Eu synthesized at 80°C and excited at 370 nm; for
the temperatures of 100°C and 200°C, the highest intensity was obtained at 272

nm of excitation wavelength and 20% mol of Europium ion.

Intensity at 616nm
Powders of TTA:Eu®"

Intesity (a.u.)

T
40% mol Eu**, 80°C 20% mol Eu®*, 100°C  20% mol Eu®, 200°C

370nm 272nm 272nm

Figure 7. Comparison of intensity emission at 616 nm of 272 nm and 370 nm ex-
citation for the powders obtained at 80°C, 100°C and 200°C.
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