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a b s t r a c t

Lanthanide-based coordination compounds of molecular formula [Ln(keto)3(H2O)], where Ln¼Gd, Eu
and keto¼ketoprofen, were synthesized and their photoluminescence features were detailed in the
12–300 K interval. The emission spectra of [Eu(keto)3(H2O)] reveal a strong dependence with the tem-
perature, well-illustrated by an unusual large blue-shift (∼17 cm�1) of the 5D0-

7F0 transition as the
temperature is raised. The arithmetic difference between the absorption spectrum of [Eu(keto)3(H2O)]
with that of [Gd(keto)3(H2O)] pointed out the presence of a ligand-to-metal charge transfer (LMCT) band
(320–370 nm). From the [Gd(keto)3(H2O)] phosphorescence the energy of the keto-related triplet states
was determined showing a large overlap with the intra-4f6 levels and a strong electron–phonon cou-
pling. The high-resonance between the LMCT and triplet states and the Eu3þ levels leads to a strong
dependence of the 5D0 lifetime value, typical of the presence of operative energy transfer processes.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

The particular 4f electronic energy level configuration endows
the remarkable spectroscopic features of trivalent lanthanide
(Ln3þ) ions, such as photostability, long lifetimes (410�4 s), large
Stokes/anti-Stokes shifts (4200 nm), narrow bandwidth emis-
sions (full width at half-maximum, FWHM ∼1 nm) lying from the
UV to the near-infrared (NIR) spectral regions, high absolute
luminescence quantum yields (up to 0.90), and ligand-dependent
sensitization [1–6]. All of these features offer excellent prospects
for designing new Ln3þ-based luminescent materials with a wide
range of applications in lighting and displays, integrated optics and
optical telecommunications, solar cells, sensors, and biomedicine
[7–10].

Lanthanide-sensitized luminescence is a detection technique in
clinical analysis that has gained considerable interest due to its high
sensitivity and selectivity [11]. For instance, ibuprofen and keto-
profen (keto) analytes were detected in pharmaceutical formula-
tions and mixture of drugs through Eu3þ- and Tb3þ-sensitized
luminescence [12,13]. Ketoprofen (Fig. 1) is a non-steroidal anti-
inflammatory drug with considerable pharmaceutical and com-
mercial interest and whose therapeutic activity is related to the
inhibiting effect on selected cyclooxygenase reactions in the bio-
synthesis of prostaglandins from archidonate [12]. Moreover, in
addition to the benzophenone chromophore group that displays a
strong absorption in the UV spectral region permitting light har-
vesting, keto contains a carboxylic acid group, which is known to
form complexes with Ln3þ ions (Fig. 1).

The present paper is in line of the work of Refs. [14,15] where
some of us synthesized and characterized Ln3þ complexes of
ketoprofen motivated by the structural similarity with other
Ln3þ-based complexes that have pharmacological, diagnostic and
therapeutic applications [16–18]. The already reported structural
characterization data of those lanthanide complexes (specifically
the elemental and thermogravimetry analysis, FT-IR, and X-ray
diffraction patterns data-well described in Ref. [14] allowed the
establishment of the stoichiometry of the complexes. The Eu3þ

complex is in accordance with the molecular formula
[Eu(keto)3(H2O)] (Fig. 1), providing an uncommon example of a
europium complex with coordination number seven, even when
small ligands such as carboxylate (in a bidentate form) and water
are used. The luminescence features here in evaluated reveal
intriguing details due to a strong electron–phonon coupling.
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Fig. 1. Chemical structure of [Ln(keto)3(H2O)], Ln¼Eu, Gd.
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2. Materials and methods

2.1. Synthesis

The [Ln(keto)3(H2O)], Ln¼Gd, Eu, coordination compounds (Fig. 1)
were synthesized as described in Ref. [14]. Ketoprofen obtained from
Sigma-Aldrich (Z98%) was used without further purification. An
aqueous solution of sodium ketoprofen salt was prepared by neu-
tralization the ketoprofen (0.546 mmol, 139 mg) with solution of
sodium hydroxide (1 mol L�1) until the pH to be adjusted to 8.0.
Then, it was slowly added to the respective lanthanide chloride
(EuCl3 �6H20 was 0.136 mmol, 50 mg; GdCl3 �6H20 was 0.137 mmol,
51 mg, Sigma-Aldrich, 99.99%) with continuous stirring and pH con-
trolling, until total precipitation of the metal ion. The precipitates
were filtered (Whatman no. 42 filter paper), washed with distilled
water in order to eliminate chloride ions, dried, and kept in a desic-
cator over anhydrous calcium chloride. Yield: 85%. Anal. Calc. for
C48H41EuO10: C, 62.00%; H, 4.44%; Eu, 16.34%. Found: C, 61.95%; H,
4.53%, Eu,16.00%.

Structural characterization to confirm the suitability of the
complexes synthesis was also provided by FT-IR and thermo-
gravimetric analysis and it is in good agreement with the data
reported at Ref. [14].

2.2. Methods

2.2.1. Elemental analysis
Elemental analyses of C and H were carried out using a CE

Instruments EA1110 CHNS-O microanalyzer. Europium content
was determined by ICP-OES (Inductively Coupled Plasma Optical
Emission Spectroscopy) analysis on a Horiba-Jobin Yvon model
Activa-M.

2.2.2. UV/visible absorption
Diffuse reflectance spectra were recorded at room-tempera-

ture, using a dual beam spectrometer Lambda 950 (Perkin-Elmer),
with a 150�10�3 m diameter Spectralons integrating sphere
with a spectral resolution of 0.5 nm.

2.2.3. Photoluminescence
The emission and excitation spectra were recorded with a

modular double grating excitation spectrofluorimeter with a
TRIAX 320 emission monochromator (Fluorolog-3, Horiba Scien-
tific) coupled to a photomultiplier (R928, Hamamatsu), using the
front face acquisition mode. The excitation source was a 450 W Xe
arc lamp. The emission spectra were corrected for detection and
optical spectral response of the spectrofluorimeter and the exci-
tation spectra were corrected for the spectral distribution of the
lamp intensity using a photodiode reference detector. The tem-
perature dependent (12–300 K) photoluminescence measure-
ments were performed using a He closed-cycle cryostat and the
temperature was increased using an auto-tuning temperature
controller (Lakeshore 331) with a resistance heater with maximum
accuracy of 0.1 K. The emission decay curves were acquired with
the same spectrofluorimeter using a pulsed Xe–Hg lamp (6 μs
pulse at half-width and 20–30 μs tail) and a pulsed LED peaking at
560 nm (SpectraLED-560, Horiba Scientific) coupled to a TBX-04
photomultiplier tube module. The emission spectra of the Spec-
traLED-560 display a Gaussian profile with a FWHM of 15 nm.

2.2.4. Absolute emission quantum yields
The room-temperature emission quantum yields (q) were

measured with a C9920-02 system from Hamamatsu with a 150 W
Xe lamp coupled to a monochromator for wavelength dis-
crimination, an integration sphere as the sample chamber and a
multichannel analyzer for signal detection. Three measurements
were taken for [Eu(keto)3(H2O)] to provide an average value. The
error in the quantum yield values associated with this technique
was estimated to be within 10%, according to the manufacturer.

2.2.5. Theoretical calculations
Recent investigations have shown that hybrid density functional

B3LYP (Becke–Lee–Young–Parr composite of exchange correlation
functional) method [19] is reliable for the description of geometrical
parameters and electronic structure of Ln3þcomplexes [20]. Thus, and
considering that f orbitals do not play a major role in Eu-ligand bonds
[21], we use the B3LYP/ECP approach (Effective Core Potential
including the N 4f electrons) [22]. With this approach, the Eu3þ ion
becomes closed-shell, so the complexes have an even number of
electrons leading to a ground-state singlet (S0). Therefore, we do not
consider the excited states for intra-4f transitions in the Eu3þ ion but
only the excited states for ligand excitations. Standard 6-31 G basis sets
were employed for the C and H and 6-31þG for the O atoms. The
molecular structure [Eu(keto)3(H2O)] was fully optimized without
symmetry restrictions by the gradient procedure. Harmonic vibra-
tional wave numbers were calculated at the same level, using analy-
tical second derivatives, for the optimized geometry, confirming that
the matrices of the energy second derivatives (Hessians) have no
imaginary eigenvalues (real minima geometries). The vertical elec-
tronic excitation energies related with the singlet (S) states were
obtained by time-dependent DFT (TD-DFT) calculations with standard
6-31G basis sets employed for the C and H and 6-311þG(d,p) for the O
atoms. All quantum chemistry calculations were performed with
Gaussian 03 W-Revision D.02 program package [23] using its default
criteria.
3. Results and discussion

3.1. Emission and excitation spectra

Fig. 2 shows the room-temperature emission spectrum of
[Eu(keto)3(H2O)] revealing the characteristic intra-4f6 lines ascri-
bed to the 5D0-

7F0–4 transitions, whose energy, FWHM, number
and relative intensity of the Stark components are independent of
the excitation wavelength in the range 280–465 nm (the spectrum
excited at 370 nm was chosen as an example). However, at 12 K,
despite that for excitation wavelengths above 280 nm the emission
spectra resemble that acquired at 300 K, the Eu3þ transitions
relative intensity varies upon excitation at 280 nm. In particular,
under such excitation wavelength, there is an increase in the
relative intensity of the 5D0-

7F1 transition and a decrease of that
of the 5D0-

7F4 transition, suggesting a large distribution of
similar Eu3þ-local sites. Analyzing in more detail the high-reso-
lution 12 K emission spectra, it is observed a single component for
the 5D0-

7F0 transition (inset in Fig. 2), whose energy
(17,248.873.0 cm�1) and FWHM (24.073.0 cm�1) are indepen-
dent of the excitation wavelength. This indicates that the Eu3þ

ions occupy a single average local environment, despite the
aforementioned distribution of analogous coordination sites. The



M.G. Lahoud et al. / Journal of Luminescence 170 (2016) 357–363 359
presence of a single 5D0-
7F0 line, the 7F1,2 Stark splitting in 3 and

4 components (marked with arrows in Fig. 2), respectively, points
out a low symmetry Eu3þ local site without an inversion center, in
accord with the higher relative intensity of the 5D0-

7F2 transition
(the 5D0-

7F2/5D0-
7F1 intensity ratio is ∼4.3).

Whereas [Eu(keto)3(H2O)] is photostable for visible irradiation,
it displays the typical photodegradation of other Eu3þ complexes
with β-diketonate chelates, carboxylic acid derivatives, cryptands,
and methaneseleninate ligands under continuous UV irradiation
[24], (Fig. S1, Supporting information). To minimize this effect
(whose analysis lies outside the scope of the present manuscript)
the emission and excitation spectra were measured in non-
exposed samples.

Fig. 3A shows the room-temperature excitation spectrum of
[Eu(keto)3(H2O)] monitored at the 5D0-

7F2 maximum. The spec-
trum is dominated by two components peaking at ∼272 nm and
∼360 nm, overlapping a series of intra-4f6 lines ascribed to tran-
sitions between the 7F0,1 levels and the 5L6 and 5D3–1 excited
states. The diffuse reflectance spectrum (Fig. 3B) also displays a
broad absorption in the range 250–400 nm in which the low-
wavelength component, with maximum at 260–270 nm, is ascri-
bed to the keto-ligand singlet states, as demonstrated by TD-DFT
calculations.

The calculated singlet-singlet excitations energies were obtained
from TD-DFT calculations performed on the B3LYP optimized struc-
ture (Fig. 4) and compared to the experimental values extracted from
the diffuse reflectance spectrum of [Gd(keto)3(H2O)] (Fig. 3B). The
calculated absorption maximum at 270 nm (Fig. 4B) fits very well
with the experimental one. As it will be discussed here in after, a
570 595 620 645 670 695 720
 Wavelength (nm)

In
te

ns
ity

 (a
.u

.)

Fig. 2. Emission spectra of [Eu(keto)3(H2O)] acquired at (1) 300 K excited at
370 nm and at 12 K excited at (2), 370 nm and (3) 280 nm; the inset shows a
magnification (�20) of the 5D0-

7F0 transition (12 K).
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Fig. 3. (A) Excitation spectra of [Eu(keto)3(H2O)] monitored at 618 nm and measured at (
[Gd(keto)3(H2O)]; the inset shows the arithmetic difference between the two spectra.
strong electron–phonon coupling is observed in [Eu(keto)3(H2O)].
Therefore, the comparison between experimental and theoretical
triplet energy values is not reasonable, as the TD-DFT calculations
cannot predict the excited states for ligand excitations in the presence
of electron–phonon coupling.

Aiming at discern in the spectra of Fig. 3A the contribution of a
possible ligand-to-metal (O2�-Eu3þ) charge transfer (LMCT)
band, the diffuse reflectance spectrum of [Eu(keto)3(H2O)] was
compared with that of the isostructural [Gd(keto)3(H2O)] complex
(Fig. 3B). This procedure is based on the fact that the Gd3þ excited
levels lie much higher than the typical energy of the ligand triplet
states, disabling any LMCT process [24–26]. The arithmetic dif-
ference between the two spectra (inset in Fig. 3B) provides
experimental evidence for the presence of LMCT states. The high-
relative intensity of the ligands broad band compared with that
the intra-4f6 levels indicates that the Eu3þ excited states are
mainly sensitized by the ligands rather than by direct excitation.

The emission features were quantified by the measurement of
the absolute emission quantum yield, whose values are dependent
on the excitation wavelength. In particular, under excitation within
the ligands excited states (320 nm), q¼0.3270.03, whereas under
direct Eu3þ excitation (5D1, 525 nm) a lower value was measured,
q¼0.0870.01.

3.2. Thermal quenching

During the total UV exposure time needed for recording the
emission between 12 and 300 K (∼5 min) the Eu(keto)3(H2O)
complex photodegradates around 15% (Fig. S1,Supporting infor-
mation). Then, its contribution for the intensity decrease of the
5D0-

7F0–4 transitions can be neglected, being its temperature
dependence (Fig. 5A) well described by the classical Mott–Seitz
model involving two non-radiative recombination channels in
competition [27,28]. The total transition probability W of an
emitting level, with lifetime τ , may be described by

W W W 1R NR= + ( )

or

W
T
1 1 1

2R NRτ τ τ
=

( )
= +

( )

where T is the absolute temperature, WR and WNR are the radiative
and non-radiative transition probabilities, respectively, Rτ is the
radiative lifetime (assumed to be temperature independent and
equal to T 0 KR0τ τ= ( = )), and NRτ is the non-radiative lifetime
described by an Arrhenius type dependence
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Fig. 4. (A) Optimized molecular geometry obtained from DFT calculations (B3LYP) on [Eu(keto)3(H2O)]. (B) Calculated TD-B3LYP transitions depicted as vertical lines.
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Fig. 5. (A) Thermal dependence (12–300 K) of the emission spectra of [Eu(keto)3(H2O)] excited at 370 nm. (B) Temperature dependence of the integrated area of the
5D0-

7F0–4 transitions. The solid line corresponds to the data best fit using Eq. (7) (r240.99). (C) Fit regular residual plot.
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E k T0 exp / 3NR NR Bτ τ= ( ) ( − Δ ) ( )

with EΔ the activation energy for the thermal quenching process,
kB the Boltzmann constant and 0NRτ ( ) the non-radiative decay time
at T¼0 K. Solving Eq. (2) for the total (experimentally measured)
lifetime we can write

T
E k T1 exp / 4B

0τ τ
α

( ) =
+ ( − Δ ) ( )

where W W/ 0 /NR NR R0
0 0α τ τ= ( ) = . The integrated luminescence

intensity, I(T), may be related with Tτ ( ) as [29]

I T
I

T
50 0

τ
τ

( ) = ( )
( )

where I0 is the integrated intensity at T¼0 K. From Eqs. (4) and (5)
it follows

I T
I

E k T1 exp /
.

6B

0

α
( ) =

+ ( − Δ ) ( )

If the thermal quenching of the 5D0 emitting level involves two
non-radiative recombination channels in competition, Eq. (6) is
written as

I T
I

E k T E k T1 exp / exp / 7B B

0

1 1 2 2α α
( ) =

+ ( − Δ ) + ( − Δ ) ( )

where I0 is the integrated intensity of the 5D0-
7F0–4 transitions at

T¼0 K, 1α and 2α are the W W/NR i R i
0 0( ) ( ) ratios for the two processes,
and the activation energies ΔE1 andΔE2 correspond to the energy
gap between the 5D0 level and the two de-excitation states. Fig. 5B
shows the data best fit to Eq. (7), that yielded
ΔE1¼494.0755.9 cm�1 and ΔE2¼3.870.6 cm�1 (with
I0¼1.7270.04�10�9 arb. units, α1¼36.971.7 and
α1¼7.270.36). We note that the experimental data is not well
described by Eq. (6), in which a single de-excitation state is pre-
sent (Fig. S2, Supporting information).

To further interpret the two non-radiative paths present in
[Eu(keto)3(H2O)], a partial energy diagram was drawn, high-
lighting the overlap between the Eu3þ energy levels and the LMCT
and the keto-related excited singlet and triplet states. The energy
of the LMCT and keto-ligand singlet states was determined from
the [Eu(keto)3(H2O)] and [Gd(keto)3(H2O)] reflectance spectra and
TD-DFT calculations, respectively. The triplet states energies were
inferred from the measurement of the 12 K time-resolved emis-
sion spectrum of [Gd(keto)3(H2O)], Fig. 6A. This spectrum resem-
bles that acquired in steady state mode [15], being formed of a
broad band with four clearly components, whose energy separa-
tion (ΔEvib∼1550 cm�1) is ascribed to vibrational structure origi-
nating from the triplet state of nπ* emissions of the keto molecule.
The zero phonon line (ZPL) energy is 23,255720 cm�1. Due to the
large spectral range of the triplet states emission, the energy and
FWHM (10007120 cm�1) of each vibrational component were
estimated fitting the emission spectrum to a sum of four Gaussian
functions, Fig. 6A. The large overlap between the keto-related
triplet levels and the low-energy intra-4f6 excited states (5D0–3),
indicates that the ligand states thermally depopulate the Eu3þ



Fig. 6. (A) Time-resolved emission spectrum of [Gd(keto)3(H2O)] excited at 370 nm acquired with a starting delay value of 0.05 ms and integration window of 20.00 ms;
multi-Gaussian functions envelope fit (solid circles) and the respective components (shadowed areas); the overlap with selected Eu3þ levels (vertical lines) is highlighted.
(B) Regular residual plot (r240.98). (C) Partial energy diagram illustrating possible excitation and relaxation pathways (T denotes the ligand triplet states). In all the cases,
the width of the levels accounts for the FWHM of the bands in the emission and excitation spectra.
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Fig. 7. Emission decay curves of [Eu(keto)3(H2O)] measured at room-temperature, monitored at 616 nm and excited at (A) 280 nm, (B) 320 and 395 nm, (C) 370, 525 and
560 nm and (D) 465 nm. The solid lines correspond to the data best fit to a single exponential function. Regular residual plots (r240.99) are shown on the left.
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levels, in agreement with the small ΔE values estimated from
Eq. (7).

3.3. Decay times

The time-resolved emission spectrum of [Gd(keto)3(H2O)]
(Fig. 6A) reveals a long-lived emission typical of the triplet state
phosphoresce. The respective lifetime was estimated by monitor-
ing the emission decay curve at the zero phonon line (Fig. S3,
Supporting information). The curve reveals a non-exponential
behavior and an average lifetime value τ was calculated from
[30]

I t t dt

I t dt 8

t

t

t

t
0

1

0

1

∫

∫
τ⟨ ⟩ =

( )⋅ ⋅

( )⋅ ( )

where t0¼0.05 ms and t1 is the time value where the
luminescence intensity reaches the background, yielding
1.2 0.1 msτ⟨ ⟩ = ± .

The 5D0 emission decay curves were monitored within the
5D0-

7F2 transition (Fig. 7B–E) under distinct excitation paths,
namely, LMCT states (320 and 370 nm); keto-related triplet (465
and 532 nm) and singlet (280 nm) states, and nearly resonant with
the 5D0 intra-4f 6 level (560 nm). All the emission decay curves are
well modeled by a single exponential function (in good agreement
with the presence of a single average Eu3þ local coordination site),
whose fit yielded to 5D0 values dependent on the selected exci-
tation wavelength (Fig. 8). Such dependence of the 5D0 decay rate
on the excitation wavelength is known to occur when energy
transfer processes are operative [31]. In particular, in the presence
of intermediate states (LMCT and triplet states) in near-resonance
with an emitting level mediating energy transfer the lifetime is
strongly increased, relative to its intrinsic or natural lifetime [31]
(lifetime in the absence of energy transfer processes). We note that
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here the energy diagram of [Eu(keto)3(H2O)] is very complicated,
due to the presence of low-lying triplet states (unusual in
Eu3þ-based complexes), and a coupled set of rate equations
involving all these states must be build up to model the lifetime
dependence with the excitation wavelength and fully understand
the system.

The 5D0 radiative and nonradiative transition probabilities and
the 5D0 quantum efficiency, defined as

W
W W

,
8

r

r nr
η =

+ ( )

were estimated on the basis of the emission spectrum and the 5D0

lifetime (Eq. (2)), as detailed elsewhere [2]. The Wr value was
calculated from the relative intensities of the 5D0-

7F0–4 transi-
tions (the 5D0-

7F5,6 branching ratios were neglected because of
their poor relative intensity, relatively to that of the remaining
5D0-

7F0–4 lines). The 5D0-
7F1 transition does not depend on the

local ligand field and thus may be used as a reference for the
whole spectrum. An effective refractive index of 1.5 was used
leading to A01∼50 s�1 [2], where A01 stands for the Einstein's
coefficient of spontaneous emission between the 5D0 and the 7F1
Stark levels. We stress here the relevance of the excitation wave-
length used in the acquisition of the relevant experimental data.
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for [Eu(keto)3(H2O)] and other Eu3þ-based compounds reported in the literature; the l
[Eu(keto)3(H2O)].
Attending to the dependence of the 5D0 lifetime with the excita-
tion wavelength, the natural (or intrinsic) 5D0 lifetime value of
[Eu(keto)3(H2O)] is that determined under excitation resonant
with the 5D0 level at 560 nm (τ¼0.68970.001 ms). This excitation
condition avoids the superposition with the LMCT states and
minimizes the overlap with the keto-triplet states. In what con-
cerns theWr calculation, the selection of the excitation wavelength
to record the emission spectrum is not a critical issue, as for a
single average local Eu3þ-environment Wr is independent of the
excitation wavelength. The following values were calculated:
Wr¼0.299 ms�1, Wnr¼1.152 ms�1 and η¼0.21. The number of
water molecules (nw) in the first coordination sphere was esti-
mated through [32]

⎡
⎣⎢

⎛
⎝⎜

⎞
⎠⎟

⎤
⎦⎥W1.11

1
0.31

9w rη
τ

= − −
( )

yielding nw¼0.970.1, indicating that one water molecule is
coordinated to the Eu3þ ions and does not stay outside the coor-
dination sphere, as previously proposed [15]. We note that η is
larger than the q values measured under 5D1 direct excitation,
which is in accordance with the definitions of η and q that imposes
ηZq [2]. We note that if the 5D0 lifetime is determined using an
excitation wavelength leading to energy transfer processes
(through the triplet ligand or the LMCT states), q is no longer
defined by Eq. (8).

3.4. Temperature dependence of the 5D0-
7F0 transition

Another intriguing aspect of the thermal dependence of the
[Eu(keto)3(H2O)] emission is found in the temperature depen-
dence of the 5D0-

7F0 transition (12–300 K, Fig. 9A). Whereas
the FWHM shows minor variations within the experimental
resolution (∼3.0 cm�1), the energy peak, E0(T), reveals an
approximately linear blue-shift as the temperature is raised
from 25 to 300 K with a maximum splitting of

E E E300 K 12 K 16.6 3.0 cm0 0 0
1Δ = ( ) − ( ) = ± − (Fig. 9B). A thermal

induced blue-shift of the 5D0-
7F0 transition was previously

reported in other Ln3þ-based materials, from which we highlight
the examples containing Eu3þ [33–40]. SelectedΔE0 examples are
overlapped with the value found for [Eu(keto)3(H2O)] in Fig. 9B.
We note, that the 5D0-

7F0 energy dependence was also studied
above room-temperature for Eu3þ-based oxides, revealing also a
blue-shift (16.50 cm�1) as the temperature is raised up to 648 K
[37].
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7F0 peak

ines are visual guides. The inset shows the thermal dependence of the FWHM for
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The 5D0-
7F0 temperature dependence is determined by the

interaction between the f electrons, which is mediated by two
mechanisms: (i) electron–phonon coupling (dynamic interaction)
and (ii) thermal expansion of the host affecting the crystal field
(static interaction) [33,41]. The relative contribution of each
mechanism is not easily determined, namely, through direct
measurements. Nevertheless, there are experimental evidences
that allow the identification of the most probable mechanism for
the observed thermal dependence of the energy of the 5D0-

7F0
transition. In particular, the linear relation found betweenΔE0 and
the crystal internal energy in several hydrated Eu3þ-based com-
plexes provided experimental evidence supporting that electron–
phonon coupling mediated by acoustic phonons is the main con-
tribution [33], which is also the case observed for the
[Eu(keto)3(H2O)], Fig. 9B. Moreover, we also stress the strong
electron–phonon coupling which certainly plays a relevant
mechanism in the larger average shift ΔE0. We note that although
the FWHM dependence on the temperature lies within the
experimental resolution (3 cm�1), it is observed a broadening in
the temperature region below 50 K, which supports the presence
of quite strong electron–phonon coupling [33]. Further work is
undergoing, in order to detail the mechanism behind the thermal
induced blue-shift of the 5D0-

7F0 transition observed for
[Eu(keto)3(H2O)].
4. Conclusions

In this work, the photoluminescence features of the
[Eu(keto)3(H2O)] coordination compound are discussed in detail. The
corresponding Eu3þ energy diagram reveals complicated energy
transfer mechanisms involving the large overlap between the LMCT
states (320–370 nm) and the keto-related triplet states (400–570 nm)
with the Eu3þ levels. This overlap yields to a strong dependence of the
5D0 lifetime on the excitation wavelength. Moreover, the large overlap
between the ligands states and the Eu3þ levels results in a strong
electron–phonon coupling which may account for the intriguing
thermal dependence of the emission spectra. In particular, a significant
blue-shift (∼17 cm�1) of the 5D0-

7F0 peak as the temperature is
raised from 12 to 300 K is measured. This thermal dependence may
envisage future developments of [Eu(keto)3(H2O)] in the field of
molecular thermometry.
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