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Chemiluminescence as the energy transfer effect in the system
Eu(III)–thenoyltrifluoroacetone–H2O2–NaOH
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Abstract

Chemiluminescence (CL) of the water–ethanol solutions containing hydrogen peroxide, sodium hydroxide and europium(III) com-
plex with thenoyltrifluoroacetone (TTA) was studied. It has been established that the introduction of europium(III) chelate into the
system H2O2–NaOH caused an increase in the CL intensity and significantly extended its duration (up to a few hours). The dominant
band in the emission spectrum has been the one atλ ∼ 600 nm, which means that Eu(III) ions are the only emitters in the system
H2O2–NaOH–europium(III) chelate. The study revealed a strong connection between the CL intensity and the concentrations of eu-
ropium(III) chelate and hydrogen peroxide. These relations and a strong influence of the competitive ligand (aminopolycarboxylic acid)
suggest that the excitation of Eu(III) ions takes place in the complex through the mediation of TTA ligand. A mechanism of the processes
taking place in the system has been proposed, taking into account the process of energy transfer from the products of decomposition of
hydrogen peroxide to the Eu(III) ions in the complex with TTA.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chemiluminescence (CL) can be emitted by a number of
systems including oxygen or oxygen-containing compounds
as oxidisers. Low intensities of CL were obtained for typ-
ical inorganic systems in which hydrogen peroxide got de-
composed in a basic medium or it oxidised d-electron metal
cations[1–3].

Studies of CL systems characterised by low intensity of
emission require the use of sensitizers[4]. Thanks to their
specific luminescence properties, the lanthanide ions, mainly
europium(III) and terbium(III), have been successfully used
as luminescence and CL probes[5–8]. The excited states
of the lanthanide ions are non-radiatively quenched by the
–OH oscillators of the solvent molecules coordinated in the
inner coordination sphere of the metal ion[9]. The inten-
sity of emission of the lanthanide ions can be significantly
increased by complexing them with appropriate organic lig-
ands[10–12].

In this paper a complex of europium(III) ions with
thenoyltrifluoroacetone (TTA) was used as a sensitizer in
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the reaction system H2O2–NaOH, characterised by very
low intensity of emission.

2. Experimental

Measurements of CL were performed using the appa-
ratus for recording of ultraweak radiation, by the station-
ary method described in[13]. The absorption spectra were
recorded by a spectrophotometer Shimadzu UV 2401 PC.

The reagents used were: TTA (pure for analysis, Fluka)
diluted in 95% ethanol (pure for analysis); sodium hydrox-
ide NaOH (pure for analysis, POCh); europium chloride(III)
obtained by diluting europium oxide Eu2O3 (spectral purity,
synthesised at our laboratory) in hydrochloric acid (spectral
purity, Fluka); diethylenetriaminepentaacetic acid (DTPA)
(pure for analysis, Fluka); hydrogen peroxide (30% solution,
pure for analysis, Merck). Solutions of europium chelate
with TTA were obtained by mixing europium chloride solu-
tions with a solution of TTA at the molar ratio 1:1, 1:2, 1:3
and 1:4.

All CL measurements were performed in the same
method. Hydrogen peroxide was added to a solution con-
taining 1 ml, 0.1 mol/l NaOH and europium(III) chelate. The
measurements were performed in water–ethanol solutions
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(1:1). For all solutions studied the kinetic curves of CL de-
cay were determined and the CL light sums were calculated
as the area under these curves (S = ∫ t

t0
I �t , whereI is CL

intensity andt is measurement duration).

3. Results and discussion

The intensity of CL emission appearing as a result of the
reaction of decomposition of hydrogen peroxide in a basic
environment in water and water–ethanol solutions was mea-
sured. The introduction of hydrogen peroxide to 0.01 mol/l
NaOH solution caused a short-lived CL of low intensity.
Similar effects were obtained for water–ethanol solutions.
The kinetic curve of CL decay in the system H2O2–NaOH
is shown inFig. 1.

The low intensity CL emission appeared at the moment
of introduction of H2O2 into NaOH solution, and then in the
time of 4 min the CL signal reached the noise level.

The introduction of TTA into the system H2O2–NaOH
caused a significant decrease in CL intensity and shortening
of its duration. According to the earlier study of the reaction
systems in which hydrogen peroxide is decomposed in a
basic medium or under the influence of d-electron metals, the
emitters in such systems are particles of singlet oxygen and
their dimols[1–3]. Therefore, the fact of CL quenching by
TTA implies that this compound is a quencher of the excited
state of oxygen or its radicals appearing on decomposition
of H2O2.

The intense and long-lived CL was obtained for the so-
lutions containing NaOH, europium(III) complex with TTA
and H2O2 (curves 2, 3, 4 and 5 inFig. 1). The measure-
ments were performed for the systems of the metal:ligand

Fig. 1. The kinetic curves of CL decay in the systems: H2O2–NaOH (curve 1); Eu(III) chelate–H2O2–NaOH, for the Eu(III):TTA molar ratios 1:1
(curve 2); 1:2 (curve 3); 1:3 (curve 4); and 1:4 (curve 5) in water–ethanol solution. The concentration of Eu(III) ions was 5× 10−4 mol/l; the initial
concentration of H2O2 = 2 × 10−3 mol/l.

molar ratios of 1:1, 1:2, 1:3 and 1:4. The highest intensity
of emission was recorded for the ratio Eu(III):TTA= 1:3.
The character of the kinetic curve of CL, was similar for all
the systems studied. The highest CL intensity was recorded
at the moment of hydrogen peroxide introduction and then
in the time of a few minutes its intensity significantly de-
creased, and after this period the CL decrease was much
slower, so that the emission reached the noise level only
after 5 h.

In order to identify the emitter in the system of eu-
ropium(III) chelate–H2O2–NaOH, its spectral distribution
was recorded by the method of cut-off filters (Fig. 2).

The emission spectra were recorded at 5, 60, 120 and
240 min after the introduction of H2O2 to the solution. All
the emission spectra were similar and revealed only the band
characteristic of Eu(III) ions with a maximum at∼ λ =
600 nm, assigned to the transitions5D0 → 7F1 and5D0 →
7F2 [8]. This means that in the system studied the only
emitter were europium(III) ions.

The CL characteristic of europium(III) ions obtained in
the solutions containing the europium chelate complexes
suggests that the complex with TTA plays an essential role in
the excitation of Eu(III) ions. In order to determine the effect
of the complex concentration on the intensity of emission
of the system studied, the intensity of CL was measured in
the systems containing H2O2 and NaOH at a constant con-
centration and europium chelate at different concentrations
(Fig. 3).

With increasing concentration of the complex, the CL
emission intensity increased. For the CL emission of these
systems values of the light sums of CL (S) were calculated
and as follows fromFig. 3, the light sum increases in propor-
tion to the increase in the europium chelate concentration.
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Fig. 2. Spectral distribution of CL of the system Eu(III) chelate–H2O2–NaOH.

Addition to the system europium(III) chelate–H2O2–NaOH
of a ligand competitive towards TTA, e.g. DTPA, immedi-
ately resulted in a decrease in the CL intensity in proportion
to the amount of the ligand added. This effect was a conse-
quence of pushing out TTA from the coordination sphere
of Eu(III) by the competitive DTPA ligand forming a more
stable complex with europium ions[14]. The effect of the
competitive ligand and a strong dependence of CL inten-
sity of the system europium(III) chelate–H2O2–NaOH on
the concentration of europium(III) chelate has shown that
the excitation of Eu(III) ions takes place in the complex
through a mediation of TTA.

Fig. 3. The light sum of CL (S) of the system Eu(III) chelate–H2O2–NaOH vs. the concentration of Eu(TTA)3; the initial concentration of H2O2 was
2 × 10−2 mol/l.

The absorption spectra of the system europium(III)
chelate–H2O2–NaOH were also taken before and after the
addition of hydrogen peroxide (Fig. 4). The introduction
of europium(III) ions to the solution of TTA resulted in
the appearance of a band with a maximum atλ ∼ 350 nm,
characteristic of the europium chelate–TTA complex[15].

As follows fromFig. 4, the intensity of this band did not
change after the introduction of H2O2, which means that the
Eu–TTA complex does not undergo destruction under the
effect of hydrogen peroxide.

In order to fully characterise the system europium(III)
chelate–H2O2–NaOH the effect of hydrogen peroxide



276 M. Kaczmarek et al. / Journal of Photochemistry and Photobiology A: Chemistry 154 (2003) 273–277

Fig. 4. The absorption spectrum of TTA (1) and the system Eu(III)–TTA (Eu(III):TTA molar ratio 1:1), before (2) and after (3) addition of hydrogen
peroxide.

concentration on the intensity and duration of CL was also
studied.

With increasing hydrogen peroxide concentration the in-
tensity of CL emission typical of Eu(III) ions increased as
did its duration. Irrespective of the concentration of H2O2
the shape of the kinetic CL curves was the same. A strong
decrease in the CL emission intensity was recorded in 3 min
and then it continued to decrease but much slower. In the
system europium(III) chelate–H2O2–NaOH, the emission

Fig. 5. The light sum of CL (S) of the system Eu(III) chelate–H2O2–NaOH vs. the concentration of hydrogen peroxide; the concentration of Eu(III) ions
was 5× 10−4 mol/l; the Eu(III):TTA molar ratio 1:3.

intensity reached the noise level after 5 h for H2O2 concen-
tration of 2× 10−3 mol/l and after 11 h for H2O2 concen-
tration of 0.5 mol/l, while in the systems containing only
H2O2 and NaOH in the same concentrations, the CL emis-
sion reached the noise level in 4 and 20 min, respectively.
The H2O2 concentration dependence of the light sum of the
system europium(III) chelate–H2O2–NaOH was linear in a
wide range of H2O2 concentrations (2× 10−3 to 0.5 mol/l)
(Fig. 5).
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The results obtained: CL characteristic of Eu(III) ions in
the system europium(III) chelate–H2O2–NaOH, a strong de-
pendence of this CL intensity on the concentration of the eu-
ropium(III) complex and the concentration of hydrogen per-
oxide and the quenching of CL of the system H2O2–NaOH
by TTA, lead to a conclusion that the excitation of Eu(III)
ions takes place as a result of the energy transfer from the
products of hydrogen peroxide decomposition to the lan-
thanide ions in the complex with TTA. A phenomenon of
energy transfer from the ligands to the lanthanide(III) ions,
resulting consequently in a great enhancement of the Ln(III)
ions luminescence, is well known[7,8,15–19].

The course of the processes is illustrated in the scheme
below:

Eu/TTA
H2O2,

1O2,OH•
→ [Eu/TTA]∗ → [Eu∗/TTA]

→ Eu/TTA + hν (λ ∼ 600 nm)

4. Conclusion

In the hitherto studies the�-diketonates complexes of
lanthanide ions have been used in the CL emitting systems
in which dioxetanes and hydrazine underwent decomposi-
tion [8]. In this paper europium(III) chelate in the complex
with TTA was used to study CL emission accompanying
the decomposition of hydrogen peroxide in a basic medium.
The excitation of europium(III) ions was achieved after the
introduction of the lanthanide(III) complex into the system
H2O2–NaOH. A strong increase in the intensity of CL
characteristic of Eu(III) ions in the system europium(III)
chelate–H2O2–NaOH relative to the CL emission of the sys-
tem H2O2–NaOH proves that the complex of europium(III)
chelate with TTA is an efficient sensitizer of CL accom-

panying decomposition of hydrogen peroxide in an basic
medium.
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