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ABSTRACT - a tris (2-thenoyltrifluoroacetonato (TTA))
(monophenanthroline (Phen)) Europium (111) (Eu(TTA)z(PhsPO)2)
organic compound was synthesized. Upon excitation with
ultraviolet light the material has an abundant photoluminescence
(PL) in the red field of spectrum. The experimental results of PL
and its kinetics were analyzed using the theory of Judd-Ofelt's
parametric method and from which were obtained the lifetime 7,
the efficiency n and the probability transitions of the electrical
dipoles.

|.INTRODUCTION

Rare earth ions have low PL efficiency, but luminescence
intensity can be significantly increased when they coordinate
with organic ligands with high absorption and form complex
compounds with rare earths. Amplification of PL in
coordinating compounds is attributed to the transfer of energy
from organic ligands to rare earth ions, and so the fluorescence
of the latter improves [1-2]. The direct excitement of Eu* ions
is insignificant, because the cross-section of the ion to the
absorbs light is small. The orbital 4f of ion is shielded by filled
orbits 5s2 and 5p6 with electrons with higher energy levels.
This leads to the insignificant influence of the outer
environment of the coordinating compound and crystalline
symmetry on the 4f transitions of Eu®* ion . One way to
overcome the problem of poor absorption of Europium ions and
achieve good emissions is to surround the ion with compatible
organic ligands that are capable of absorbing light and then
transfer the energy absorbed to the states 4f of ion. At the same
time, the surrounding ligands provides a rigid coordination
protection to minimize deactivation of luminescent transitions
[3,4-8]. The saturation of the Eu®* ion coordination sphere with
ligands allows it protecting from action of water molecules or
other materials which turn off the luminescence [9]. We
developed novel technology for synthesis of organic
coordination compound (OCC) Eu(TTA)s(PhsPQO), with down
conversion of light with high yield and extended absorption
spectral response to UV. As optimal ionic and neutral ligands
were used TTA and Phen.

1. EXPERIMENTAL DETAILS

Optical transmission (T = f(X)) in the spectral range of 300-
800 nm were measured with the monochromator SPECORD
UV-Vis (Carl Zeiss Jena). PL spectra and their Kinetic were
measured under excitation of a laser beams 337 or 405 nm
using a MDR-23 monochromator and a photon counting
module H9319-12 connected to a PC.

Characterizations  of  the  physical  properties  of
Eu(TTA)3(PhsPO), compound were made by UV, Vis and IR
spectroscopy, as well as by X-ray diffraction.

I1l.  SYNTHESIS OF EU(TTA)3(PH3PO)2

In order to promote the properties luminescence of the OCC
Eu (I1) ion, we designed, synthesized and investigated a
Eu(TTA)3(PhsPO); (Fig. 1). The ligands which were chosen for
synthesis are required to control the luminescence properties by
transferring energy and increasing the compatibility of
dissolution in different solvents of the Eu(TTA)3(PhsPO); .The
synthesis of coordinated compound of
tris(thenoyltrifluoroacetonato)bis(triphenylphosphine
oxide)Europium(ll) [Eu(TTA)3(PhsPO),] was carred out after
the scheme described in [10] with some modifications.

Synthesis: 0,66 g (3 mmol) of thenoyltrifluoroacetone and
0,56 g (2 mmol) triphenylphosphine oxide were dissolved in 10
ml of warm 96% ethanol and 3 ml of 1N solution of sodium
hydroxide were added. The mixture was stirred, while 1 mmol
of Europium chloride in 5 ml of water was added dropwise. A
type of light pink precipitate formed immediately. The
precipitate was filtered off, washed with small portions of
ethanol and diethyl ether, dried thoroughly in air, and the solid
of the complex was obtained. Yield was 0.68 g.
For C60H42 FOEUO8P2S3 calcd, %: C = 52.53; H = 3.09.
Found, %: C =52.37; 52.28; H = 3.18; 2.98.
The chemical schema of the Eu(TTA)3(PhsPO), molecule is
presented on Fig. 1.
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IV. RESULTS

Transmission spectra T(Z) of the solutions with different
Eu(TTA)3(PhsPQO), concentrations in the ultraviolet domain
(UV) clearly show absorption bands peaking at 3.39, 4.56,
5.37, and 6.14 eV. A sharp absorption threshold is present in
the 370-380 nm spectral range. The band-gap energy AEn =
LUMO - HOMO, (where HOMO is the energy of the highest
occupied molecular orbital, and LUMO is the energy of the
lowest unoccupied molecular orbital), which is obtained from
80% of the absorption threshold T(1), are in a range of
3.14-3.16 eV. This probably is caused by the absorption of the
coordinating ligand TTA incorporated in the organic compound.

The spectra of absorption and photoluminescence (PL) were
indentified the cascade of energy transfer from LUMO energy
levels of ligands to the energetic levels of 4f electronic shell of
the Eu* ion. The energy of singlet (S) and triplet (T) levels of
ligands in OCC are located higher than the energies of PL of
Eus*ion.

The photoluminescence spectra show a strong emissions of
5 bands centered at 579, 590, 619, 650, 687 nm, which are
associated with the transitions °Do—"Fi (i = 0,1,2,3,4) in the 4f
shell of the Eu®* ion. There is a big emission peak in domain
612 - 615 nm (°Do—"F,). The splitting of each maximum in
several portions is caused by the influence of Stark's electric
field of the OCC Eu(TTA)3(PhsPO), molecule.
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Fig. 1. Molecular structure of Eu(TTA)3(PhsPO)z2.
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Fig. 2. The photoluminescens spectra of Eu(TTA)3(PhsPO)2 powder.
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Fig. 3. Kinetics of
Eu(TTA)3(PhsPO), powder.

photoluminescence  decay of

Using the Judd's theory from the photoluminescence were

calculated the parameters: the transition probabilities.
Fig. 3 illustrates the dependence of the photoluminescence
intensity kinetic decay built in In(lpL) - t coordinates. The
linear dependence corresponds to the exponential decay of
the photoluminescence after the equation 1 = leexp (-t/1),
where 1 is the characteristics of the lifetime spontaneous
photoluminescence of OCC Eu(TTA)3(PhsPO). (r = 0.496
ms).

The description of photoluminescence intensity and
transitions is made in with Judd-Ofelt's theory [11, 12].
Using the Judd's theory were calculated the parameters of the
transition probabilities and efficiency of PL.

The photoluminescence intensity is described by the
formula:

los = hvos Aoy No
1)
where hvy_,, is the energy maximum of the transition, N is the
concentration of the emitting level of Eu®* ions and A, ; is the
Einstein coefficients of spontaneous emission.
The coefficients of spontaneous emission Ay, ; are obtained
from equation:

hv, xS,
_ 0—-1 0—j
A 0—>j x A 01 (2)
h VOaj X S0»1
where S, , j corresponds to the area under the intensity curve

related to the transition SDo— ’Fj and hvo_) j is the energy

center of the transition.

For the experimental determination of the emission
coefficients Ay _, ; from the emission spectra the magnetic
dipole used allowed 5Do— ’F; transition, which is formally
insensitive to the chemical environment around the Eu®*
compound and, consequently, can be used as a reference
A(PDo— 7F1) =50 ) [12]].

The lifetime of the excited state (), the probabilities of
radiative (Ar) and nonradiative processes (Anr) are related by
equation:
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1

—=Ar+ Anr 3)
T
The emission quantum efficiency (i) of the Do excited

state is determined according to the following expression:

— L (4)
g Ar + Anr

where the probability Ar is obtained by summing of all
probabilities A,_.; describing the transitions 5Do— ’F;

Table 1. Experimental parameters of photoluminescence
intensity Eu(TTA)3(PhsPO);

Ar, st Anr, st Atot, s! T, S n, %
624. 99 1391.1 2016.1 496 31
SUMMARY

The luminescence of OCC compounds exhibit an
impressive brightness and independent spectral stability. The
possible applications of Eu®* based organic OCC are as the
new luminescent material for down conversion of light energy
from UV to red, their application in PV structures with
extended to UV spectral response and enhanced light
harvesting efficiency.

There was found the effective transfer of energy from ligands

with subsequent transfer of one to Eu®*.

The Eu(TTA)3(PhsPO). coordinating compound have an
abundant luminescence in the red domain of light and are
perspectives for forming different optical elements with high
luminescence efficiency and it can be used for elaboration of
amplifiers, lasers, light emitting diodes, etc. Also it should be
mentioned for the implementing the energy transfer from the
UV to red light found in investigated OCC.
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