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bstract

The influence of modification of the aromatic ligands on the excitation energy transfer to Ln3+ ions in europium and terbium carboxylates
nd nitrates was examined. The luminescence excitation spectra of three groups of the europium and terbium compounds: phenyl-, diphenyl-,
riphenylacetates, phenoxyacetates and triphenylpropionates; 1- and 2-naphthylcarboxylates and 2-naphthoxyacetates; lanthanide nitrates with
iarylsulfoxides (diphenyl- and dibenzylsulfoxides) and dialkylsulfoxides were investigated. The spectra of adducts of terbium phenylcarboxylates
ith 1,10-phenanthroline were also analyzed. The effect of the aliphatic bridges, which decouple the �–�- or p–�-conjugation in the ligand, on

he energy transfer to Ln3+ ions (so-called blocking effect) was investigated. It was shown, that this decoupling leads to significant lowering of
he energy of “ligand–metal ion” charge transfer states (LM CTS) in the europium carboxylate salts, just down to ∼27,800 cm−1 in europium

-naphthoxyacetate. As a consequence, the probability of the LM CTS participation in the excitation energy dissipation processes increases. A
hannel of the excitation energy dissipation in the region of ∼31,750 cm−1 related to ligand electronic transitions was found in the europium and
erbium nitrates with sulfoxides. It was demonstrated that a part of the energy absorbed by the aromatic ligand having aliphatic bridge can be
mitted as the ligand fluorescence.

2008 Elsevier B.V. All rights reserved.

tes

t
f
t
c
L
t
l
t
(

eywords: Tb3+; Eu3+; Luminescence; LM CTS; Aromatic carboxylates; Nitra

. Introduction

Studies of the processes of transfer and dissipation of excita-
ion energy in lanthanide coordination compounds with organic
igands are important in the search of materials for molecular
lectronics devices, light transforming materials, engineering of
he sensors for monitoring environment, elaboration of green
hemistry methods, for the application of the lanthanide com-
ounds in clinical medicine and biology, etc. Spectroscopic
haracterization of the energy transfer depends on many fac-

ors, which can overlap and are very difficult to be predicted and
aken into consideration. Many papers, in particular [1–8], were
onsecrated to studies of the influence of the location of ligand
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riplet levels and the states of “ligand–metal ion” charge trans-
er state (LM CTS) on the processes of the excitation energy
ransfer to Ln3+ ions. The triplet state of europium compound
an be populated very poorly, if there is a competition with the
M CTS. Some communications demonstrate a direct excita-

ion energy transfer from the singlet levels of the ligands to the
evels of the lanthanide ions [9], and consider the energy transfer
hrough the excited states of the intraligand charge transfer state
IL CTS) [10].

Methods of regulation of excitation and luminescence effi-
iencies of europium and terbium compounds by the ligand
odification are discussed in our papers [11–15]. This mod-

fication can change the energies and reciprocal positions of

he ligand metastable triplet state, LM CTS, IL CTS, and
d-states of Ln3+ ion. In particular, it was demonstrated
hat participation of LM CTS “�-diketonate–europium” in
rocesses of the excitation energy degradation in com-

mailto:vit225@ire216.msk.su
mailto:vtsaryuk@mail.ru
dx.doi.org/10.1016/j.jphotochem.2007.12.022
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ounds Eu(�)3·Phn (Phn—derivatives of 1,10-phenanthroline)
ncreases with strengthening the Eu–O bonds, when the donor
bility of the radicals of �-diketone increases, or at weakening
he Eu–N bonds [11]. Low luminescence efficiency of europium
nthranylates and salicylates including their adducts with 1,10-
henanthroline is connected with the participation of the LM
TS “carboxylate–europium” in the processes of the excitation
nergy degradation [13]. At the same time, low luminescence
fficiency of both europium and terbium nitrocarboxylates is
xplained by the existence of the channel of the excitation energy
egradation through �*–n transition of nitrogroup [13].

The blocking influence of the methylene bridges on the exci-
ation energy transfer to Eu3+ ions and, correspondingly, on
uminescence efficiency of the europium ions was demonstrated
n examples of europium aromatic carboxylates and europium
itrates with sulfoxides [11,15]. It was attributed to substan-
ial weakening of the interaction of two parts of molecule upon
he introduction of aliphatic bridge breaking �–�- or p–�-
onjugation. A related blocking effect of the energy transfer was
bserved in fluorescence spectra of methylene-linked naphtha-
ene and anthracene [16]. In the europium aromatic carboxylates
hannels of the excitation energy degradation were found in
he region of 280–400 nm (35,700–25,000 cm−1) [15]. In paper
ited we have placed these degradation channels to ligand elec-
ronic transitions or LM CTS.

A comparison of the luminescence excitation spectra of Eu3+

nd Tb3+ was undertaken in present work in the hope of pro-
iding better understanding of the mechanisms of the energy
ransfer to the lanthanide ion in presence of the aliphatic blocking
ridge in the ligand. The main attention is given to carboxylates
ith aromatic substituents: europium and terbium phenyl- and
aphthylcarboxylates. Besides, the spectra of europium and ter-
ium nitrates with dialkyl- and diarylsulfoxides are considered.
t was demonstrated, that the weakening of �–�-conjugation in
romatic carboxylate ligands can lead to substantial lowering
f the energy of LM CTS in europium carboxylate salts and,
orrespondingly, to more active influence of these states on the
rocesses of the energy transfer from the ligand to Eu3+ ion.

. Experimental

The luminescence and luminescence excitation spectra
f europium and terbium phenylcarboxylates: phenylacetates
n(PhAc)3·H2O, diphenylacetates Ln(DPhAc)3·2H2O, triph-
nylacetates Ln(TPhAc)3·2H2O, phenoxyacetates Ln(PhOAc)
·2H2O, triphenylpropionates Ln(TPhProp)3·nH2O and their
dducts LnLig3Phen, Lig-phenylcarboxylate anion, Phen-1,10-
henanthroline, were investigated. The spectra of europium
nd terbium 1- and 2-naphthylcarboxylates, Ln(1-Napht)3
nd Ln(2-Napht)3·3H2O, and 2-naphthoxyacetates Ln(2-
aphtOAc)3·4H2O were also analyzed.
The luminescence excitation spectra of europium and terbium

ompounds related to the different class: nitrates with sulfox-

des Ln(NO3)3·3DRSO (R = –C2H5 (DESO, diethylsulfoxide),
C5H11 (DASO, diamylsulfoxide), –C6H13 (DHSO, dihexyl-
ulfoxide), –C6H5 (DPhSO, diphenylsulfoxide), –CH2C6H5
DBSO, dibenzylsulfoxide)) and Ln(NO3)3·4DMSO (DMSO,

a
n
(
c
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imethylsulfoxide) were examined to come to the heart of the
roblem of luminescence excitation of compounds containing
romatic radicals.

The aromatic carboxylate salts were synthesised by the
xchange of cations in water or ethanol solutions of the lan-
hanide chloride and the sodium salt of corresponding aromatic
cid. The adducts were obtained by mixing ethanol solution of
,10-phenanthroline with solution of the lanthanide salt of aro-
atic acid. The compounds with sulfoxides were synthesised by
ixing ethanol or isopropanol solutions of the lanthanide nitrate

nd corresponding sulfoxide. The precipitates were recrystal-
ized from isopropanol. Composition of compounds synthesised
nd the details of their structures were controlled by the ele-
ental analysis, vibrational spectroscopy, comparison of the

uropium and terbium luminescence spectra and available X-ray
ata [17].

The luminescence and luminescence excitation spectra of
uropium and terbium compounds were measured with LOMO
M-2 monochromator (low resolution), SPECTRA-PRO-750
onochromator (high resolution) and SLM Aminco SPF 500

pectrofluorimeter (middle resolution) at 77 and 300 K. The
egistration of excitation spectra was realized in the regions of
D0–7F2 (Eu3+) and 5D4–7F5 (Tb3+) transitions. The absorption
pectrum of the nujol emulsion of 1,10-phenanthroline at 300 K
as recorded using Cary-Varian 500 spectrophotometer.

. Results and discussion

.1. Luminescence spectra of phenylacetates

The luminescence spectra of europium salts of phenylacetic
cids presented in Fig. 1 witness to different symmetry of the
harge arrangement around the lanthanide ion in these com-
ounds. Broadening of the Stark components of electronic
ransitions of Eu3+ ions in the diphenylacetate spectrum and their
xcess number in the triphenylacetate spectrum (Fig. 1c and d)
eflect existence of nonequivalent centres in these compounds.
his nonequivalence is conditioned by the influence of steric

actor concerned with voluminous aromatic radicals. The iden-
ity of the structure of pairs of europium and terbium compounds
as confirmed by the comparison of the 5D0–7FJ and 5D4–7FJ

J = 1, 2, 4) transitions in the spectra of corresponding Eu3+ and
b3+ compounds. Such a comparison is demonstrated in Fig. 1a
nd b for phenylacetates Eu(PhAc)3·H2O and Tb(PhAc)3·H2O.
ere the patterns of the Stark splittings of 7F1 and 7F2 multiplets
f Eu3+ and Tb3+ ions are the same. The broadening of lines in
he spectrum of Tb(PhAc)3·H2O is conditioned by occupation
f several low-energy Stark components of 5D4 multiplet and
y low resolution of spectrometer used.

Judging from the spectra, lanthanide compounds LnLig3Phen
ave dimeric structures with coordination number of the Ln3+

on equal to nine, analogous to many known lanthanide carboxy-
ates with Phen [17], in particular, europium capronate [18],

cetate [19], benzoate [20]. This conclusion follows from like-
ess of the luminescence spectra of compounds LnLig3Phen
Ln = Eu, Tb) investigated with the typical spectra of europium
ompounds [13,15,19] having known structures.
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Fig. 1. Luminescence spectra of Eu(PhAc)3·H2O (a), Tb(PhAc)3·H2O (b),
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u(DPhAc)3·2H2O (c), Eu(TPhAc)3·2H2O (d) and Eu(PhOAc)3·2H2O (e)
btained with ∼10 cm−1 resolution at 77 K. The spectrum (b) was registered
ith ∼20 cm−1 resolution.

Only the structure of phenoxyacetate Ln(PhOAc)3·Phen
Ln = Nd, Eu) [21] is known in the series of the lanthanide
arboxylates with phenanthroline investigated here. This struc-
ure is equivalent to the structures of compounds enumerated
bove. Two Ln3+ cations are connected by four phenoxyacetate
nions, of which two are involved in bidentate bridging bonds
hrough carboxylic group and two others in tridentate bridging-
yclic ones. Moreover, the metal cation is connected with two
xygen atoms of bidentate-cyclic carboxylic group of phenoxy-
cetate anion and with two nitrogen atoms of one phenanthroline
olecule. The oxygen atom of phenoxy-group is not coordi-

ated. The coordination number of the Ln3+ ion is equal to nine.
he nonequivalence of the luminescence centres of Eu3+ is seen
uite clearly in the luminescence spectrum of Eu(PhOAc)3·Phen
ecorded at 77 K (Fig. 2). It is smoothed at 300 K owing to broad-
ning the lines and averaging-out the crystal field. There are no
ndications of nonequivalence of the nearest surroundings of the
anthanide ions in the X-ray data obtained for Eu(PhOAc)3·Phen
t 300 K [21].
The luminescence spectrum of europium phenylacetate
u(PhAc)3·Phen belongs to the only luminescence centre [15].
strengthening of the crystal field and a growth of the difference

f the Ln3+ nonequivalent luminescence centres are observed

e
b
l

ig. 2. Luminescence spectra of Eu(TPhAc)3·Phen (a and b) and
u(PhOAc)3·Phen (c and d) obtained with ∼2 cm−1 resolution at 77 K (a and
) and 300 K (b and d), respectively.

t increase of the number of phenyl radicals in phenylacetate
eries, in particular, in transition to europium diphenylac-
tate Eu(DPhAc)3·Phen and then to europium triphenylacetate
u(TPhAc)3·Phen (Fig. 2). The growing steric influence should

ead first of all to more prominent nonequivalence of the cen-
res in dimers. Because of this nonequivalence, decay curves
f the metastable levels 5D0 (Eu3+) and 5D4 (Tb3+) mea-
ured for europium and terbium diphenyl- and triphenylacetate
ompounds could not be fitted to a mono-exponential law. Vibra-
ional IR spectra point out a significant asymmetry of carboxylic
roups in the lanthanide triphenylacetic salts and their adducts.
till, at increase of the length of the aliphatic bridge between
arboxylic group and phenyl rings in transition from triph-
nylacetate to triphenylpropionate the influence of the steric
actor is weakening. So, nonequivalence of the luminescence
entres is not observed in the spectrum of triphenylpropionate
u(TPhProp)3·Phen.

.2. Effects of the luminescence excitation
Earlier we had pointed out the effect of the blocking of the
nergy transfer from phenyl or naphthyl radicals to Eu3+ ion
y the introduction of aliphatic bridge, in particular, methy-
ene group –CH2– between the radical and coordinated group
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f the ligand [11,15]. A consequence of this effect is the lower-
ng of the luminescence efficiency of europium compounds. At
he introduction of the bridge a broad band of aromatic rad-
cals disappears from the luminescence excitation spectra of
uropium carboxylates and europium nitrates with diarylsulfox-
des. Besides, the intensity of narrow lines of short-wavelength
ransitions of Eu3+ ions lowers, and sometimes these lines van-
sh completely. This can be taken as a sign of appearance of
ome channels of the excitation quenching. Comparison of the
xcitation spectra of related europium and terbium compounds
an help to determine the origin of these energy degradation
hannels.

.2.1. Luminescence excitation spectra of europium and
erbium nitrates with sulfoxides

At first, let us turn to the family of europium and ter-
ium nitrates with sulfoxides. The luminescence spectra of
u(NO3)3·nDRSO (n = 3, 4) had been published earlier [22].
he X-ray data on the structures of Ln(NO3)3·nDRSO com-
ounds are well known [17]. The nearest surroundings of the
n3+ ion in Ln(NO3)3·3DRSO is formed by nine atoms of oxy-
en, six of them belong to three nitrate anions and three last of
hem belong to sulfoxide molecules.

The excitation spectra of europium and terbium nitrates
n(NO3)3·3DRSO with dialkylsulfoxides DESO, DASO,
HSO, and Ln(NO3)3·4DMSO consist of narrow bands of Eu3+

r Tb3+ ions. This is shown in Fig. 3a and d for the compounds
ith DHSO. The ligand bands are absent there. Moreover, the

arrow bands of electronic transitions of both Eu3+ and Tb3+

re absent in the wavelength range shorter than 315 nm. So,
ome quenching channel at ∼31,750 cm−1 in europium and ter-
ium compounds with dialkylsulfoxides, which can be related to

3
t

e

ig. 3. Luminescence excitation spectra of nitrates Tb(NO3)3·3DHSO (a), Tb(NO3)3·3
e) and Eu(NO3)3·3DBSO (f) at 77 K.
otobiology A: Chemistry 197 (2008) 190–196 193

*–n transition of one of the ligands, takes part in the processes
f energy dissipation.

In the range of 250–370 nm of the excitation spectra of
ompounds containing diphenylsulfoxide Ln(NO3)3·3DPhSO
Ln = Eu, Tb) a broad band is observed (Fig. 3b and e). This
ange of the spectrum is formed by overlapping bands of �–�*
nd n–�* transitions of diphenylsulfoxide [23]. The short-
avelength part of the band is related mainly to �–�* transitions
f the phenyl rings, the long-wavelength part of the band—to the
L CT (p–�-conjugation). In the excitation spectrum of terbium
itrate with dibenzylsulfoxide Tb(NO3)3·3DBSO the intensity
f broad band of phenyl radical sharply decreases (Fig. 3c).
nly a relatively weak band with maximum at 320 nm remains

here. In the spectrum of Eu(NO3)3·3DBSO broad bands of the
igands disappear completely (Fig. 3f). Higher excitation effi-
iency of Tb3+ luminescence through absorption band of the
igand in comparison with Eu3+ is conditioned by lower proba-
ility of multiphonon relaxation in Tb3+ ions [24]. The energy
ransfer from phenyl rings to the metal ions in compounds of
oth lanthanides is blocked by methylene bridges of the ben-
yl radicals located between S O-group and phenyl rings. As a
esult, the luminescence efficiency of Ln3+ ions lowers dramat-
cally at pumping in the range of phenyl absorption band. The
ffect revealed in europium and terbium compounds with diaryl-
ulfoxides may be connected with the participation of the same
hannel in the energy transfer processes as above-mentioned
uenching channel in the compounds with dialkylsulfoxides.
.2.2. Luminescence excitation spectra of europium and
erbium phenyl- and naphthylcarboxylates

Patterns of intensity distribution in the excitation spectra of
uropium phenyl- and naphthylcarboxylates (Figs. 4 and 5) look

DPhSO (b), Tb(NO3)3·3DBSO (c), Eu(NO3)3·3DHSO (d), Eu(NO3)3·3DPhSO
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Fig. 4. Luminescence excitation spectra of Tb(PhAc)3·H2O (a),
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weakening of the conjugation between carboxylic group and the
b(DPhAc)3·2H2O (b), Tb(TPhAc)3·2H2O (c), Eu(TPhAc)3·2H2O (d)
nd Tb(PhOAc)3·2H2O (e) at 77 K.

ike the patterns of europium and terbium nitrates with diaryl-
ulfoxides discussed above. But, as it will follow, the origin of
he quenching channels in carboxylates is different.

When the blocking bridge is absent, broad band of the aro-
atic ligand is observed in the excitation spectra of europium

arboxylates, for example, in benzoate spectra Eu(Benz)3·2H2O
13], 1- and 2-naphthylcarboxylates Eu(1-Napht)3 and Eu(2-
apht)3·3H2O (Fig. 5a and b). The excitation spectrum
f terbium benzoate Tb(Benz)3·2H2O is analogous to the
pectrum of europium benzoate [13]. Tb(1-Napht)3 and Tb(2-
apht)3·3H2O compounds are not luminescent as the energy of

he first triplet level of the ligand is lower than the energy of
D4 level of Tb3+ ion [14]. That is why there are no excitation
pectra of these compounds.

The bands related to aromatic radicals of the ligand are
bsent or have very low intensity in the spectra of europium
arboxylates with the aliphatic bridge in the ligand. This is
ypical for the spectra of europium phenylacetate Eu(PhAc)
·H2O, phenoxyacetate Eu(PhOAc)3·2H2O [15], triphenylac-
tate Eu(TPhAc)3·2H2O (Fig. 4d) and 2-naphthoxyacetate
u(2-NaphtOAc)3·4H2O (Fig. 5c). The role of the bridge in the
riphenylacetate ligand (Ph)3C–COO− is performed by the car-
on atom located between the phenyl radicals and the carboxylic
roup.

p
s
s

ig. 5. Luminescence excitation spectra of Eu(1-Napht)3 (a), Eu(2-
apht)3·3H2O (b), Eu(2-NaphtOAc)3·4H2O (c) and Tb(2-NaphtOAc)3·4H2O

d) at 77 K.

In contrast to situation in the europium excitation spectra,
n intense �–�*-band of aromatic part of the ligand appears in
he short-wavelength region of the excitation spectra of terbium
henylacetates and naphthoxyacetate presented in Figs. 4 and 5.
he band is expanding to the long-wavelength side in transition

rom phenylacetates (Fig. 4a–c) to phenoxyacetate (Fig. 4e) and
hen to naphthoxyacetate (Fig. 5d). The bathochromic shift of
he band of the phenoxyacetate anion is conditioned by the inter-
ction of the phenyl with unshared pair of electrons of oxygen
tom (p–�-conjugation) [23]. In the case of naphthoxyacetate
nion the corresponding band is located in longer wavelength
egion owing to the increase of the dimensions of �-conjugated
ystem. The hypsochromic shift of the band in transition from
enzoate to phenylacetates is related to substantial weakening of
he conjugation in the ligand, caused by the introduction of the
locking bridge and to complete lack of the coplanarity of the lig-
nd [17]. The increase of the relative intensity of this band in the
pectra of diphenyl- and triphenylacetates as well as appearance
f a weak band in the region of 275–325 nm, probably, due to IL
T transition, can be conditioned by the increase of the number
f phenyl rings and some strengthening of the conjugation. The
henyl rings in phenylacetates in comparison with the benzoates
hould lead to strengthening of the Ln–O bonds and, as a con-
equence, to lowering of the LM CTS energy in the europium
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Fig. 6. Emission spectra of Eu(TPhAc)3·2H2O (a), Eu(TPhProp)3·nH2O (b),
Tb(TPhAc) ·2H O (c), Tb(TPhProp) ·nH O (d) and triphenylpropionic acid

F
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henylacetates. The bands of the ligand are lacking in the excita-
ion spectra of europium phenylacetates and naphthoxyacetate,
s the LM CTS having sufficiently low energy takes part in
rocess of excitation energy dissipation. The LM CTS energy is
owering from∼35,700 to∼27,800 cm−1 in the row of europium
alts with ligands: PhAc–TPhAc–PhOAc–2-NaphtOAc.

A noticeable part of the energy absorbed by the aromatic
igand with built-in aliphatic bridge should be emitted as flu-
rescence. Besides the weak narrow lines of Ln3+ transitions
broad band of the ligand fluorescence can be observed in

he emission spectra of the lanthanide salts under investigation.
he emission spectra of europium and terbium triphenylacetates
nd triphenylpropionates as well as fluorescence spectrum of
riphenylpropionic acid are shown in Fig. 6. One can see quite
lear here blocking of the luminescence excitation by the elon-
ated bridge in the (Ph)3C–CH2– radical of triphenylpropionate
nion in comparison with (Ph)3C– radical of the triphenylacetate
nion. A broad fluorescence band coinciding with the fluores-
ence band of uncoordinated ligand appears in the spectra of
anthanide triphenylpropionates.

In transition from benzoates to phenylacetates the value of
he relative luminescence efficiency evaluated under the exper-
mental conditions described earlier [13], when a region of
00–380 nm of the spectrum of DRSh-250 mercury high pres-
ure lamp including the intense Hg 365 nm line was applied for
uminescence excitation, becomes four to five times lower for
uropium compounds and only two to three times lower for ter-
ium compounds. This is in accordance with the conclusion on
articipation of LM CTS in the degradation of the excitation
nergy in the europium salts. While using more intense exci-

ation source in the 250–275 nm region the difference of the
uminescence efficiencies of europium benzoate and phenylac-
tates may be about ten times higher.

3 2 3 2

(e) at 77 K.

ig. 7. Luminescence excitation spectra of Tb(PhAc)3·Phen (a), Tb(DPhAc)3·Phen (b), Tb(TPhAc)3·Phen (c), Tb(PhOAc)3·Phen (d), Tb(Ac)3·Phen (f) at 77 K and
bsorption spectrum of Phen (e) at 300 K.
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The introduction of heterocyclic diimines in europium and
erbium aromatic carboxylates changes the processes of lumi-
escence excitation and energy transfer and results in spectacular
ncrease of excitation and luminescence efficiencies [13–15].
he luminescence excitation spectra of europium and ter-
ium phenylcarboxylates with phenanthroline are practically
he same. This is true also for naphthylcarboxylates. A broad
and of phenanthroline, probably, overlapping with the band
f aromatic carboxylate is observed in the excitation spectra of
he series of terbium phenylacetates with phenanthroline, pre-
ented in Fig. 7a–d, as well as in the spectra of corresponding
uropium compounds [15]. The bands related to phenanthroline
an be identified if we use for comparison the excitation spec-
ra of the nitrates, acetates or chlorides of europium and terbium
ith phenanthroline. The spectra of these compounds are formed
y phenanthroline bands as the bands of the second ligand
re absent in the wavelength region concerned. The absorp-
ion spectrum of the nujol emulsion of the 1,10-phenanthroline
owder and the luminescence excitation spectrum of terbium
cetate Tb(Ac)3·Phen are shown in Fig. 7e and f. A row of
ery weak bands is observed in the phenanthroline absorption
pectrum besides two intense bands at 228 and 265 nm. The
ongest wavelength weak bands (S–S*–n–�*, �–�*) are situated
t 324 and 338 nm, respectively, in accordance with published
ata [25]. The efficiency of the Eu3+ luminescence excitation
hrough these Phen bands is higher than that through the intense
hort-wavelength bands.

The luminescence efficiencies measured for adducts of
uropium and terbium carboxylates with phenanthroline are
0–30 times higher than for carboxylates without auxiliary hete-
ocyclic ligand. They have a drop of about four times for adducts
f both the europium and terbium aromatic carboxylates having
liphatic bridge in comparison with benzoate adducts. Similar
hanges of europium and terbium luminance witness about the
bsence of the influence of LM CTS on the energy transfer
rocesses in the adducts investigated.

In general, a comparative study of the excitation spectra
f europium and terbium aromatic carboxylates with aliphatic
ridge in ligand testifies to the participation of LM CTS in
xcitation energy degradation in europium salts.

. Conclusions

The luminescence and luminescence excitation spectra of
hree groups of europium and terbium coordination compounds
ontaining ligands with aromatic radicals: phenyl- and naph-
hylcarboxylates, europium and terbium nitrates with sulfoxides
ere investigated. It was demonstrated, that an increase of the
umber of phenyl radicals in phenylacetates results in the rise
f nonequivalence of Ln3+ luminescence centres.

The influence of the aliphatic bridges decoupling the �–�- or

–�-conjugation in the ligand on the energy transfer to Ln3+ ions
blocking effect) was examined. It was shown that this decou-
ling leads to significant lowering of the LM CTS energy in
he europium carboxylate salts, just down to ∼27,800 cm−1.

[

[

[

otobiology A: Chemistry 197 (2008) 190–196

ccordingly, the probability of the LM CTS participation in
he excitation energy dissipation processes increases and the
uminescence quantum yield of europium compounds lowers.

A channel of the excitation energy dissipation in the region of
31,750 cm−1 related to ligand electronic transitions was found

n the europium and terbium nitrates with sulfoxides.
It was shown that a part of the energy absorbed by the aro-

atic ligand having aliphatic bridge can be emitted as the ligand
uorescence.
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