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DETERMINATION OF ANTIOXIDANT E 300 WITH USING 
THE Tb(III) — CIPROFLOXACIN COMPLEX 

AS THE LUMINESCENT MARKER 
 

Malinka E. V., candidate of chemical sciences, assistant professor, 
Beltyukova S. V., doctor of chemical sciences, professor, 

Cherednychenko Ie. V., graduate student 
Odessa National Academy of Food Technologies 

 
Ascorbic acid (AA) is a powerful antioxidant that reacts with the active forms of oxygen and 

free radicals and is therefore widely used as a food additive (antioxidant E 300) in the food and be-
verage industry. Despite the necessity and importance of AA for the human body, excessive con-
sumption of it can lead to urolithiasis, cardiac pathology, stomach cramps and diarrhea [1]. 

Therefore, the rapid, sensitive, and selective detection of AA level is significant for food and 
pharmaceutical analysis. 

Up to date, various types of approaches have been developed for AA detection. Most of 
these methods were intricate and time—consuming, and some of these usually required specialized 
and expensive instruments. Compared to other detection methods, luminescent methods have at-
tracted more attention due to their good reproducibility and high sensitivity. The sensitized lumi-
nescence of lanthanide ions in complexes with organic ligands has been widely used for the deter-
mination of various inorganic and organic anions that are not the sensitizers of lanthanide lumines-
cence, but can increase or quench its intensity. 

The aim of this research was to study the possibility of the AA determination in biologically 
active additives with using the Tb(III) — ciprofloxacin (CF) complex as the luminescent marker. 

According to the literature data [2], the photoluminescent properties of the the Tb(III) — CF 
complex depend on the relative position of the energy levels of the CF ligand relative to the emit-
ting (resonance) level of the lanthanide ion. As shown previously [3—5], the lowest triplet energy 
level of CF (ET = 21000 cm-1) is larger than the resonance energy level of the Tb(III) ion (ET = 
20500 cm-1) and in this case the intramolecular energy transfer from the triplet level of CF to the 
5D4 exited 4f—state of the terbium ion occurs. Thus, sensitization of lanthanide luminescence via its 
ligand takes place. 

In the presence of AA, the excitation and luminescence spectra of the Tb(III) — CF com-
plex do not change, but the intensity of the luminescence bands decreases when the concentration of 
AA is increases (Fig. 1 and 2). 

This indicates that the luminescence quenching process takes place. Luminescence quench-
ing refers to any process that decreases the luminescence intensity of the Tb(III) — CF complex. A 
variety of molecular interactions can result in quenching. These include excited—state reactions, 
molecular rearrangements, energy transfer, ground—state complex formation (static quenching), 
and collisional quenching (dynamic quenching) resulting from collisional encounters between the 
exited molecule and quencher.An important characteristic of collisional quenching, which is an 
equivalent decrease in luminescence intensity and lifetime. The decrease in lifetime occurs because 
quenching is an additional rate process that depopulates the excited state. The decrease in yield oc-
curs because quenching depopulates the excited state without emission. Static quenching does not 
decrease the lifetime because only the luminescence molecules are observed, and the uncomplex 
fluorophores have the unquenched lifetime [6]. So the kinetics of the luminescence decay of the 
Tb(III) — CF complex in the presence of AA was studied: It was found that the lifetime of the ex-
cited 5D4 state of the Tb(III) ion decreases with the concentration of AA increasing. 

Luminescence quenching of the Tb(III) — CF complex by AA follows the Stern—Volmer 
relationship. The Stern—Volmer constant K, calculated from equation (1) was 2478 l/mol. The 
biomolecular quenching rate constant kq was 1, 25·107 l/mol·c. Value of kq  smaller than the diffu-
sion—controlled value can result from steric shielding of the fluorophore or a low quenching effi-
ciency. 
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We used the effect of luminescence 
quenching of the Tb(III) — CF complex to 
developing the procedure for determining of 
AA in the biologically active additives «Asvi-
tol» and «Ascorbic acid». Luminescence 
quenching of the Tb(III) — CF complex in the 
presence of AA is observed in the concentra-
tion range of 0,02 to 0,25 mg/ml. The deter-
mination was made by a calibration curve me-
thod. Accuracy of the results of the analysis 
was checked using spike sample analysis. The 
value of the relative standard deviation does 
not exceed 6,5 %. 

The luminescent properties of the 
Tb(III) — CF complex in the presence of AA 
were studied. The excitation and lumines-
cence spectra, the decay curves were ana-
lyzed. The luminescence of the Tb(III) — CF 
complex was found to be quenched by AA. A 
method for the detection of AA based on the 
luminescence quenching of the Tb(III) — CF 
complex in biologically active additives was 
developed. 
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1 — in the absence of AA; 

2 — in the presence of AA 0,05 mg/ml; 

3 — in the presence of AA 0,1 mg/ ml 

Fig. 1 — Excitation spectra of the luminescence 
of the Tb(III) —CF complex (λ lum= 545 nm) 

 
1 — in the absence of AA; 

2 — in the presence of various of AA 0,02 mg/ml; 

3 — in the presence of various of AA 0,05 mg/ml; 

4 — in the presence of various of AA 0,1 mg/ml; 

5 — in the presence of various of AA 0,15 mg/ml 

Fig. 2 — Luminescence spectra 
of  the Tb(III) — CF complex ( λex = 355 nm) 
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