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Abstract Chemiluminescence (CL) of the reaction system
tetracycline–H2O2–Fe(II)/(III)–Eu(III) was used for the
determination of tetracycline hydrochloride in water,
pharmaceutical preparations, and honey. The CL spectrum
registered for this system shows emission bands typical of
Eu(III) ions, with a maximum at l∼600 nm, corresponding
to the electronic transitions of 5D0 →

7F1 and
5D0 →

7F2. A
strong chemiluminescence intensity characteristic of euro-
pium(III) ions in the system tetracycline–H2O2–Fe(II)/(III)–
Eu(III), as contrasted to the emission of the system
tetracycline–H2O2–Fe(II)/(III) without Eu(III), proves that
the Eu(III) ion plays the role of a chemiluminescence sen-
sitizer, accompanying tetracycline oxidation in the Fenton
system (H2O2–Fe(II)/(III)). A linear dependence was
observed for the integrated CL light intensity on the
tetracycline concentration in the range of 2×10−7 to 3×
10−5 mol l−1 with the detection limit of 5×10−8 mol l−1 in
aqueous solution.
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Introduction

Tetracyclines are well-known antibiotics, which have been
and are still used for the treatment of a wide variety of
bacterial infections. The majority of the methods described
for the determination of tetracyclines (TC) are based on
their ability to form colored metal complexes [1, 2]. Other
methods use derivative fluorimetry [3], ion-selective electro-
des [4], and ultraviolet [5] detection after high-performance
liquid chromatographic separation.

Chemiluminescent (CL) methods can also be success-
fully used for the determination of tetracyclines. Extra-
weak chemiluminescence generated during the oxidation of
some tetracycline antibiotics has been observed in the
presence of H2O2 in basic, air-saturated solutions [6].
Tetracyclines have been determined by a CL method based
on the chemiluminescence produced by the action of N-
bromosuccinimide on tetracyclines in alkaline solution [7].

Upon complexation with trivalent europium ions, tetra-
cyclines form stable chelates, which exhibit broad-banded
absorption spectra and a narrow emission band centered at
615 nm, which is characteristic of the 5D0 →

7F2 transition
within the lanthanide ion [8]. Optimal conditions for
enhanced fluorescence have been found to be at pH around
7.0 or pH=8 with Triton X-100, and pH=9 with cetyl-
trimethylammonium chloride [9, 10].

The Fenton reaction (H2O2–Fe(II)/(III)) is one of the
main sources of reactive oxygen species in biological
systems, with implication for oxidative stress and diseases.
The hydroxyl radical, OH:, is formed by reduction of
hydrogen peroxide with Fe(II) [11]

FeðIIÞ þ H2O2 ! FeðIIIÞ þ HO�þHO�
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The overall reactions (recombination of radicals) can be
described by the following

:OHþ HO�
2 ! O�:

2 þH2O2;
�OHþ H2O2 ! HO :

2þH2O

HO:
2 ! O� :

2 þHþ with singlet oxygen (1O2) being formed
[12–14]:

:OHþ O�:
2 ! OH�þ1O2; O�:

2 þO�:
2 ! O2�

2 þ1O2

O�:
2 þHO:

2 ! HO�
2 þ1O2 HO:

2þHO:
2 ! H2O2þ1O2

O�:
2 þH2O2 ! OH�þ:OHþ1O2 (Haber–Weiss reac-

tion). Pairs 1O2 molecules can combine their electronic
excitations to give an emission from a dimol with four
emission bands in the VIS region: at around 520, 580, 630
and 703 nm [13, 14].

This paper reports a CL study of the reaction system:
TC–H2O2–Fe(II)/(III)–Eu(III). The kinetic CL curves and
CL spectral distribution were recorded. On the basis of the
results obtained, it has been demonstrated that Eu(III) acts
as a sensitizer. The CL observed in the reaction system:
TC–H2O2–Fe(II)/(III)–Eu(III) can be used for the determi-
nation of TC in pharmaceutical preparations and honey,
without any pre-treatment of the samples.

Experimental

Ultra weak photon emissions (chemiluminescence) were
measured with the use of the earlier described equipment
[15]. The fluorescence spectra were recorded using a
Perkin-Elmer MPF3 spectrofluorimeter.

Chemicals used in this study were: tetracycline hydro-
chloride (Scheme 1, Sigma-Aldrich ≥95%), chloride of Eu
(III) obtained by dissolving europium oxide (99.99%,
Aldrich) in hydrochloric acid (spectroscopically pure, Fluka),
hydrogen peroxide (30% solution, analytical grade, Merck),
NaOH (analytical grade); FeCl2 (analytical grade, Fluka).

Solutions

All solutions were prepared with the use of doubly distilled
water. A stock solution of hydrogen peroxide (0.1 mol l−1)
was freshly prepared by cautious dilution of the 30% H2O2

solution with water. Stock solutions of other chemicals
were: EuCl3 (0.2 mol l−1), FeCl2 (0.02 mol l−1), and
tetracycline hydrochloride 4×10–5 and 4×10–6 mol l−1.

Procedure

All of the chemiluminescence studies were performed in the
same manner. Hydrogen peroxide (1×10–2 mol l−1) was

added to solutions containing tetracycline (1×10−8 to 1×
10−4 mol l−1), Fe(II) (5×10−4 mol l−1), and Eu(III) (4×10−4

to 1×10−2 mol l−1). The experiments were conducted in
acidic solutions (pH∼3.5). This pH value was attained with
additions of NaOH or HCl solutions. For all the solutions
under study, curves of CL decay were obtained, and the
integral of the CL light intensity were calculated as the area
under these curves according to the following equation:

S ¼
Z t

t0

I$t

where: I—CL intensity, t—measurement duration.
The determination of tetracycline in water, pharmaceu-

tical preparations, and honey was carried out measuring the
integrated CL light intensity of the reaction systems using
cut-off filters. CL typical for Eu(III) ions was recorded with
the use of a filter transmitting emission with l>585 nm.
This filter was placed between the photomultiplier and the
measurement cell. The optimal conditions for tetracycline
determination were found when analyte samples contained:
TC of 2×10−5 mol l−1, the initial concentration of H2O2—
1×10−2 mol l−1, Eu(III)—2×10−3 mol l−1, and Fe(II)—5×
10−4 mol l−1, respectively.

Sample preparation for the determination of tetracycline
in pharmaceutical preparations (powder) and honey:

Powder: a portion of the powered sample was accurately
weighed and diluted with doubly distilled water so that the
final tetracycline concentration was within the working
range.

Honey: an accurately weighed portion (of about 1 g) of a
tetracycline-free honey sample was transferred into a 200 ml
calibrated flask and diluted to volume with doubly distilled
water.

Results and discussion

The chemiluminescence was measured of the systems
containing tetracycline hydrochloride, Eu(III) ions, Fe(II)
ions, and H2O2, as an oxidizer, in aqueous solution at pH∼
3.5. Figure 1 shows the CL kinetic curves of the system
TC–H2O2–Fe(II)/(III), recorded in the presence and in the

Scheme 1 Schematic presentation of tetracycline hydrochloride
(C22H24N2O8 · HCl)
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absence of Eu(III) ions. The emission, generated as a result
of the tetracycline oxidation in the Fenton system (Fe(II)/
(III)–H2O2), was characterized by a very low intensity with
a short duration.

This low intensity of CL emission appeared at the
moment of H2O2 being introduced into the solution under
investigation. This CL emission intensity decayed to the
baseline in 5 min, when the initial concentration of TC was
5×10−5 mol l−1. When the concentration of TC was below
5×10−6 mol l−1, the presence of tetracycline had no
influence on the chemiluminescence of the Fenton system.
The presence of Eu(III) ions in the TC–H2O2–Fe(II)/(III)
resulted in an increase in the CL intensity and no change in
the character of the kinetic curve (curve 3 in Fig. 1). In the
reaction mixtures of TC–H2O2–Fe(II)/(III)–Eu(III), an
increase in the emission intensity with an increase in the
Eu(III) concentration was observed. The maximal value of
the integrated light-intensity of the system was observed for
the molar ratio Eu:TC=100:1.

Spectral analysis of the chemiluminescence from the
systems was performed using the method of cut-off filters
as described earlier [16].

The CL spectral distribution of the system H2O2–Fe(II)/
(III) was typical for dimoles of singlet oxygen, with
emission bands at l∼520, 580, and 630 nm (spectrum 1
in Fig. 2).

The spectral distribution of the system TC–H2O2–Fe(II)/
(III) displayed a broad emission band in the range of 450–
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Fig. 2 The spectral distribution of chemiluminescence of the
systems: H2O2–Fe(II)/(III) (spectrum 1); tetracycline–H2O2–Fe(II)/
(III) (spectrum 2); tetracycline–H2O2–Fe(II)/(III)–Eu(III) for molar

ratio Eu:TC=10:1 (spectrum 3) and 100:1 (spectrum 4). Spectra 3 and
4 contain additionally (dot lines) the luminescence spectra of
uncomplexed Eu(III), ion λex=394 nm, for comparison

Fig. 1 The kinetic curves of CL decay in the systems: H2O2–Fe(II)/
(III)–Eu(III) (curve 1); tetracycline–H2O2–Fe(II)/(III) (curve 2); and
tetracycline–H2O2–Fe(II)/(III)–Eu(III) (curve 3). The concentration of
Eu(III) ions was 1×10−3 mol l−1; the initial concentration of H2O2=1×
10−2 mol l−1, tetracycline=5×10−6 mol l−1, and Fe(II)=2×10−4 mol l−1,
pH∼3.5

J Fluoresc (2008) 18:1193–1197 11951195



650 nm with a maximum at ∼520 nm (spectrum 2 in
Fig. 2). This band is typical of excited organic molecules
(>C=O)* [17, 18]. However, the CL spectrum of the
reaction mixture containing both TC and Eu(III) is
dependent on the concentration of europium(III) ions. The
spectral distribution, observed when the molar ratio Eu:TC
was 10:1, showed a broad band at 520 nm and a second
band centered at l=600 nm (spectrum 3 in Fig. 2),
corresponding to the 5D0 → 7F1 and 5D0 → 7F2 transition
of the Eu(III) ion. For higher molar ratio (Eu:TC above
80:1), the observed CL spectral distribution was typical for
Eu(III) with a maximum at l∼600 nm (spectrum 4 in
Fig. 2). This means that the presence of the lanthanide ion
is responsible for the increase in the CL intensity and for
the lengthening of the duration of emission of the TC–
H2O2–Fe(II)/(III)–Eu(III) system, compared to the emission
time of the TC–H2O2–Fe(II)/(III) system. Replacement of
the Eu(III) ions by Tb(III) generated CL of comparable
intensity to that observed in the TC–H2O2–Fe(II)/(III)
system itself. This lack of any Tb(III) excitation suggests
that the product formed as a result of TC oxidation is of
lower energy than the excited state (5D4–20,500 cm−1) of
the Tb(III) ion [8, 19].

In order to identify the role of the lanthanide ion in the
reaction mixture under study, the process of Ln(III)
complexation with TC was studied in the absence and in
the presence of H2O2 in pH region from 3 to 4. Tetracycline
formed complexes with the lanthanide ions in aqueous
solutions at pH above 6. In these complexes, an efficient
ligand-to-metal energy transfer takes place [9, 20]. At pH∼
6.9 the Eu(III)-TC complex was shown to be a fluorescent
probe for hydrogen peroxide [21]. For all molar ratios of
Eu:Tc (1:1 to 100:1) and concentrations of H2O2 (1×10−4

to 1×10−2 mol l−1), the luminescence of Eu(III) was not
observed in the investigated pH (3 to 4) region. The decay

time of the Eu(III) excited state was typical for uncom-
plexed europium with a value of ∼110 μs) [8, 22]. This
indicates that the excitation of Eu(III) in the chemilumi-
nescent system TC–H2O2–Fe(II)/(III)–Eu(III) is a result of
an energy transfer process from the excited product of the
TC oxidation to the uncomplexed Eu(III).

The chemiluminescent system TC–H2O2–Fe(II)/(III)–Eu
(III) was used for the determination of tetracycline. The
optimum conditions were found using analyte samples
of 2×10−5 mol l−1 TC, and concentrations of H2O2—1×
10−2 mol l−1, Eu(III)—2×10−3 mol l−1, and Fe(II)—2×10−4

mol l−1. Under these conditions, the decay curve of the TC–
H2O2–Fe(II)/(III)–Eu(III) system could be described by
first-order kinetics (curve 3 in Fig. 1). The CL intensity of
this system depended only on the TC concentration. A
linear dependence was found for the integrated CL light
intensity (obtained by using an appropriate filter) on the
tetracycline concentration in the TC concentration range of
2×10−7 to 3×10−5 mol l−1 (Fig. 3) with a detection limit (S/
N=3) of 5×10−8 mol l−1.

The proposed CL method was also evaluated by
analyzing commercial pharmaceutical preparations of tetra-
cycline (Table 1). The results were compared with those
obtained by the official method (provided by the manufac-
turer). The accuracy of the proposed CL method for the
determination of TC in honey was examined by performing
recovery experiments on solutions prepared from tetracy-
cline (Table 2). Introduction of a tetracycline-free honey
sample into the system H2O2–Fe(II)/(III)–Eu(III) by using
filter 11 caused no changes—chemiluminescence did not
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Fig. 3 The light sum of the system tetracycline–H2O2–Fe(II)/(III)–Eu
(III) versus the concentration of TC. The initial concentration of H2O2

was 1×10−2 mol l−1, Eu(III) ions: 2×10–3 mol l−1, and Fe(II) ions 2×
10−4 mol l−1

Table 1 Determination of tetracycline in commercial pharmaceutical
preparations using the proposed CL method

Pharmaceutical
preparation

Amount Found by using
CL method

Vetacyclinum pulvis 5 g TC in 100 g
of preparation

5.04±0.03 in 100 g
preparation

Laudin 6.66 g TC in100 g
of preparation

6.60±0.05 in 100 g
of preparation

Table 2 Recovery experiments for TC added to aqueous solutions of
commercial honey samples

Sample TC

Added (μg ml) Found (μg ml) Recovery (%)

1 0.5 0.51 102.0
0.7 0.71 101.4

2 0.5 0.492 98.4
0.7 0.693 99

3 0.5 0.504 100.8
0.7 0.707 101
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occurred. However, introduction of TC into this reaction
system resulted in a CL intensity increase, which was
proportional to the amount of TC introduced. The results
presented in Table 2 indicate a good agreement between the
introduced amount of TC into honey and that determined
using the CL method proposed.

Conclusion

The present study describes a method for determination of
tetracycline which uses the chemiluminescence generated in
the reaction system of TC–H2O2–Fe(II)/(III) which uses Eu
(III) ions as the sensitizer. The proposed method is simple,
accurate, and precise. The method enables the determina-
tion of tetracycline hydrochloride in pharmaceutical prepa-
rations and honey, without any sample pre-treatment. The
measurement error is smaller than 3%.
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