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Annotation. The article presents the results of the ascorbic acid (AA) determination with using a complex of an
Tb (111) ion with ciprofloxacin (CF) as a lanthanide luminescent marker. The luminescent properties of the Tb (111)-CF com-
plex in the presence of AA were studied. The excitation and luminescence spectra, triplet level of ligand, the kinetics of the
luminescence decay of the Th(lll)-CF complex in the presence of AA were analyzed. The excitation spectrum of the Tb (I111)-
CF complex has broad bands with maxima at 302 and 355 nm that corresponding to the n—z* electronic transition in the ab-
sorption spectrum of ligand. The luminesce spectra demonstrate the emission transitions arising from °D, energy level to 'Fj
multiplet ground state. The luminescence of the Th(111)-CF complex was found to be quenched by AA. It was established that
the lifetime of the excited °D, state of the Tb (I11) ion decreases with AA concentration increasing up to 0,25 mg/cm®. Lumi-
nescence quenching of the Th (111)-CF complex by AA follows the Stern-Volmer relationship of AA. The Stern-Volmer con-
stant K is 2478 dm*mol. The biomolecular quenching rate constant Ky is 1,25-10" dm*mol. The effect of luminescence
quenching of the Tb (111)-CF complex was used to developing the procedure for determining of AA in the dietetic additives
«Asvitgl» and «Ascorbic acid». The linear calibration plot for AA was obtained over the concentration range of 0,02 to 0,25
mg/cm®.
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AHoTauis. Y cTaTTi MpeACTaBICHO pe3yibTaTl BU3HAUCHHS ackopOiHOBOT kuciot (AK) 3 BUKOpPHUCTaHHSAM KOMILIE-
kcy iona Th (I11) 3 nunpodnokcamurom (CF) B SIKOCTI JIaHTaHIIHOTO JFOMIHECIIEHTHOTO MapKepa. BUBUeHO JfoMiHECTIEHTHI
piactuBocti kommuiekcy Th (111)-CF 8 mpucytnocti AK. TIpoanaizoBaHo creKkTpu 30Y/DKEHHs! JTIOMIHECIEHIT, TPUIUIETHUM
piBeHb Jiiranja, KiHeTuka 3aTyxaHHs JrominecteHuii komruiekcy Tb (111)-CF y npucytrocti AK. Criektp 30y IKeHHS KOMILIe-
kcy Th (111)-CF mae mmpoki ecmyru 3 makcumyMamu ipu 302 i 355 HM, 1110 BiINOBiae eNeKTPOHHOMY Tepexony N—7* B ciie-
KTpi MOTJIMHAHHS Jiranay. B crekTpax JOMiHECIEHIii CIoCTepiraloThesl Mepexoaun 3 30yIKEHOr0 eHEepreTHYHOTO PiBHS D,
Ha piBHI 7FJ- MYJIBTIIZIETHOTO OCHOBHOTO CTaHy. BusiBieHo, mo mominectenmis kommiekcy Th (111)-CF racutsest AK. Berano-
BJIGHO, IO YaC KUTTS 30y/DKeHoro crany "Dy iona Tb (I11) 3MeHuIyeThes 3i 36impmennsm konnentpamii AK xo 0,25 Mr/em®,
Tacinus mrominecuennii kommiekcy Tb (II1)-CF 3a momomororo AA mifmopsiakoByeThesi criBBigHomeHHio Illtepna-
®onbmepa. Koncranra lltepna-donbmepa K cranoButs 2478 aM>/Monb. KoHCTaHTa MIBHIKOCT 010MOJIEKYJIIPHOTO TaCiHHSA
kq crasoButs 1,25:107 av/monb. Bdext racinns mominectenii kommiekcy Th (111)-CF Gyno BHKOPHCTaHO JUisi pO3POGKH
Metony Bu3HaueHHS AK B nieTmuHnx mobGaBkax «AcBiTom» 1 «AckopOiHoBa kucioTay. Kanibpysaneunii rpadik miHikHIN y 1i-
ama3oHi koHmentparii Bix 0,02 10 0,25 mr/em® AK.

Kumiouogi ciioBa: mrominectentlis, ion tep6iro (I11), ackopbinoBa kucimora, Ti€eTHYHI JOOABKH.
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Introduction AA is a powerful antioxidant that reacts with the

. . . . . . active forms of oxygen and free radicals and is there-

Ascorbic acid (AA) is found in many biological  fore widely used as a food additive (antioxidant E300)
systems and food products and is important for many i, the food and beverage industry. Despite the necessi-
metabolic functions and oxidation-reduction reactions, ty and importance of AA for the human body, exces-
plays a key role in the formation and maintenance of  gjye consumption of it can lead to urolithiasis, cardiac
collagen, strengthens and protects the immune system, pathology, stomach cramps and diarrhea [L]. In addi-
increases the bioavailability of iron. Biologically active i to immediate toxic effects, the presence of large

is only one of the isomers of AA — L-ascorbic acid,  amounts of vitamin C may interfere with the correct in-
which is called vitamin C.
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terpretation of the results of clinical blood and urine
tests for the presence of various metabolites.

Therefore, the rapid, sensitive, and selective detec-
tion of AA level is significant for food and pharmaceu-
tical analysis.

Formulation of the problem

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 instru-
ments. Compared to other detection methods, lumines-
cent methods have attracted more attention due to their
good reproducibility and high sensitivity. The sensi-
tized luminescence of lanthanide ions in complexes
with organic ligands has been widely used for the de-
termination of various inorganic and organic anions
that are not the sensitizers of lanthanide luminescence,
but can increase or quench its intensity. This paper pre-
sents the results of studies on the determination of AA
in dietary supplements with using of a luminescent
Tb (111) ion complex with ciprofloxacin (CF) as ligand.

Literature review

To date, various methods have been developed for
the detectiion and quantitative determination of AA.
The basis of most analytical techniques is the ability of
AA to participate in the redox reactions. Some methods
are based on the determination of the total amount of
AA in both oxidized and reduced forms, which is more
preferable, since many useful properties of AA are in-
herent in both AA itself and its oxidation products [2-
8]. Liamas et al. [3] reported a flow-injection spectro-
photometric determination with a photodegradation
step to determine AA and total sugars. The flow-
injection system included a simple ultraviolet photore-
actor for the on-line photodegradation. The method
was based on the determination of AA at 300 nm be-
fore the photodegradation step, followed by UV irradi-
ation and measurement of total sugars at 268 nm. The
proposed method was used to determine AA and total
sugars in commercial and natural fruit juice samples.
Kukoc-Modun et al. [4] proposed a flow-injection indi-
rect spectrophotometric method for the determination
of AA in pharmaceutical preparation. The method was
based on the reduction of iron (1I1) to iron (1) by AA,
and by the subsequent reaction of the produced iron
(1) with 2,4,6-tripyridyl-s-triazine in buffered medium
to form a colored complex. The linear range of the
method is from 0.08 to 10 umol/l of AA, with the de-
tection limit 24 nmol/l of AA. The proposed method
could be applied for the determination of AA in phar-
maceutical preparations, down to picomolar quantity.
Zhao et al. [7] fabricated a promising electrochemical
biosensor for simultaneous detection of AA, dopamine
(DA) and uric acid (UA) by electrochemical deposition
of MgO nanobelts on a graphene-modified tantalum
wire electrode. In the threefold co-existence system,
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the linear calibration plots for AA, DA and UA were
obtained over the concentration range of 5.0-
350 mmol/dm®,  0.1- 7mmol/dm® and 1-
70 mmol/dm® with detection limits of 0,03 mmol/dm?,
0.15 mmol/dm?® and 0.12 mmol/dm?, respectively. The
modified electrode showed excellent selectivity, good
sensitivity and good stability, making it attractive as a
sensor for simultaneous detection of AA, DA and UA
in biological fluids.

Most of the known techniques for AA determina-
tion are complex, time-consuming, and for some of
them expensive equipment is needed.

The ascorbic acid determination with using
a complex of Tb (111) ion with ciprofloxacin

The aim of this research was to study the possibil-
ity of the ascorbic acid determination in biologically
active additives with using the Tb(lll)-ciprofloxacin
complex as the luminescent marker.

A stock solution of AA (1:102 mol/dm®) was pre-
pared by dissolving a weighed quantity of AA in
100 cm® of distilled water. A stock solution of CF
(1:102 mol/dm?®) was prepared by dissolving weighed
quantities of CF in 100 cm® of ethanol. Terbium (111)
chloride was prepared by dissolving high purity terbi-
um (1) oxide (99.99 %) in hydrochloric acid (1:1) and
excess hydrochloric acid was removed by evaporation.
The concentration of Th(lll) was determined by com-
plexometric titration with a standard solution of Com-
plexone 111 (0.01 mol/dm®) using arsenazo I as an indi-
cator in a basic buffer solution of urotropine.

The steady-state luminescence spectra and the lu-
minescence decay curves were recorded by using a
Fluorolog FL 3-22 spectrofluorometr (Horiba Jobin
Yvon).

We have previously shown [11,12] that the lantha-
nide trivalent cations form complexes with quinolone
carboxylic acid derivatives, in particular CF, with in-
tense luminescent properties, which have been chosen
as a luminescent sensor for AA determination.

The excitation spectrum of the Tb (111)-CF complex
has broad bands with maxima at 302 and 355 nm that
corresponding to the n—n* electronic transition in the
absorption spectrum of ligand (Fig. 1).

In order to avoid the direct excitation of the lanthanide
ion, the excitation of the complex was performed into the
ligand’s lowest-energy centred absorption band. The lumi-
nescence spectra are given in Fig. 2.

The luminesce spectra demonstrate the emission
transitions arising from °D, energy level to 'F; multi-
plet ground state [10,13]. The major emission bands at
487, 545, 587, 618 nm have been ascribed to °D,—'Fs,
°D,—'Fs, *Ds—'F4, °Ds—"F3 transitions respective-
ly [10,13]. The band corresponding to the °Ds—'Fs
transition with a maximum of luminescence at 545 nm
has the highest intensity.

According to the literature data [10], the photolu-
minescent properties of the the Tb (I11)-CF complex
depend on the relative position of the energy levels of

Volume 11 Issue 2 / 2017



Ximia xapuoeux npodykmie i mamepianie. Hoei eudu cuposuHu

the CF ligand relative to the emitting (resonance) level
of the lanthanide ion. As shown previously [11-13], the
lowest triplet energy level of CF (Er= 21000 cm™) is
larger than the resonance energy level of the Th(lll)
ion (E = 20500 cm™) and in this case the intramolecu-
lar energy transfer from the triplet level of CF to the
°D, 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 lumines-
cence spectra of the Tb(Ill)-CF complex do not
change, but the intensity of the luminescence bands de-

I um, rel. un.
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Fig.1. Excitation spectra of the luminescence of the
Tb (111)-CF complex: in the absence (1) and in the
presence of various concentrations of AA: 0.05
mg/sm® (2), 0.1 mg/sm?® (3); A jum= 545 nm

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 occurs because quench-
ing 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 1o [14]. So the
kinetics of the luminescence decay of the Th(l1l)-CF com-
plex in the presence of AA was studied. The results are
shown in Table 1. Table 1 shows that the lifetime of the ex-
cited °D, state of the Tb (111) ion decreases with the concen-
tration of AA increasing.

Table 1 — The lifetime (1) of the excited
°D, state of the Th(I11) ion in the complex with CF
in the presence of AA

(AA). 1 00 | 002 | 005 | 010 015 | 0.25
mg/cm
tus | 198] 135 | 112 | 97 | 85 | 78

The luminescence quenching efficiency is de-
scribed by Stern-Volmer equation [14]:
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creases when the concentration of AA is increases
(Fig. 1,2). This indicates that the luminescence quench-
ing process takes place. Luminescence quenching re-
fers to any process that decreases the luminescence in-
tensity of the Tb (111)-CF complex. A variety of mo-
lecular interactions can result in quenching. These in-
clude excited-state reactions, molecular rearrange-
ments, energy transfer, ground-state complex for-
mation (static quenching), and collisional quenching
(dynamic quenching) resulting from collisional en-
counters between the exited molecule and quencher.

I tum, rel. un.
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Fig. 2. Luminescence spectra of the Tb (111)-CF com-
plex: in the absence of AA (1) and in the presence of

various concentrations of AA: 0.02 mg/sm® (2), 0.05 mg/
sm® (3), 0.1 mg/ sm® (4), 0.15 mg/ Sm® (5); hex = 355 Nm

I
TO =1+kytoC = 1+K-C 1),

where |y and | are the luminescence intensity in the ab-
sence and presence of the quencher, respectively;

ky is the biomolecule quenching rate constant,
I/mol;

10 is the lifetime of the fluorophore in the absence
of quencher, s;

K is the Stern-Volmer constant, I/mol;

C is the concentration of quencher, mol/l.

Luminescence quenching of the Tb (111)-CF com-
plex by AA follows the Stern-Volmer relationship. The
Stern-Volmer constant K, calculated from equation (1)
was 2478 dm*/mol. The biomolecular quenching rate
constant k, was 1, 25-10" dm*mol c. Value of K,
smaller than the diffusion-controlled value can result
from steric shielding of the fluorophore or a low
quenching efficiency [14].

We used the effect of luminescence quenching of
the Tb(l11)-CF complex to developing the procedure
for determining of AA in the dietetic additives «Asvi-
tol» and «Ascorbic acid». Luminescence quenching of
the Th(I11)-CF complex in the presence of AA is ob-
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served in the concentration
0.25 mg/cm®.

The determination was made by a calibration curve
method. When plotting the calibration curve for the de-
termination of AA, the following procedure was used:
in 5 ml measuring tubes we placed 0.05; 0.1; 0.2; 0.3;
0.4; 0.5 cm® of a standard solution of AA (2 mg/dm®).
To each tube we added 0,2 cm® of terbium(l11) chloride
solution (1:102 mol/dm?), 0,4cm® of CF solution
(1:1072 mol/dm®), 0.2 cm® of urotropine solution with
mass fraction of 40 % and distilled water to 5 cm®. The
luminescence intensity of the Th (111)-CF complex was
measured at A 1y, = 545 hm upon excitation at 355 nm.

Based on the obtained data, a calibration curve was
plotted. The calibration graph for AA is linear in the
range of 0.02 to 0.25 mg/dm? (Fig. 3).

range of 0.02 to

I tum, rel. un.
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60
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c(AA). mg /ml

0,0 0,05 0,20

Fig. 3. Calibration curve for the AA determination

Method of determination: for analysis, 4 tab-
lets of the sample were ground, 200 mg of sample was

References:

taken, transferred to a 50 cm® volumetric flask and dis-
solved in a small amount of distilled water. After com-
pletely dissolving the sample, the flask was diluted to
scale with water. In three 5 cm® tubes 0.5 cm® of the
assay solution were sampled and all the reagents were
added, as in the plotting of the calibration curve. The
luminescence intensities of these solutions at 545 nm
were measured upon excitation at 355 nm.

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 % (Table 2).

Table 2 — Results of ascorbic acid determination in
biologically active additives by spike
sample analysis

(n=5,P =0,95)
Object of Added, [Found, mg/cm®|S,, %
analysis mg/cm’
«Asvitol» 0.10 0.105+0,006 6.0
- 0.20 0.210+£0,014 6.5
«Ascorbic acid» 0.10 0.095+0,005 5.7
- 0.20 0.193£0,011 5.8
Conclusion

The luminescent properties of the Tb (I11)-CF
complex in the presence of AA were studied. The exci-
tation and luminescence spectra, the decay curves were
analyzed. The luminescence of the Tb (l11)-CF com-
plex was found to be quenched by AA. A method for
the detection of AA based on the luminescence
quenching of the Th (111)-CF complex in biologically
active additives was developed.
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AHHOTanus. B cTaThe mpencTaBieHs! pe3yabTaThl ONpeeneHus ackopounoBoi kucnotsl (AK) ¢ ucnons3zoBanneM
xomrekca noHa Tb (1) ¢ nunpodaokcanmmuom (CF) B kauecTBe TaHTAHUIHOTO JIIOMHHECIIEHTHOTO Mapkepa. V3ydeHs! iro-
MuHeceHTHbIe cBoiicTBa komiuiekca Tb(I11)-CF B mpucytctBun AK. [Ipoananu3upoBaHbl CIEKTPEI BO3OYKICHHS U JTFOMUHE-
CIICHIINY, TPHUIUICTHBIH YpOBEHb JIMTaH/a, KMHETHKa 3aTyxaHus JoMuHecteHnny komiuiekca Tb(III)-CF B nmpucytcrBun AK.
Crextp Bo30ysknenus komruiekca Tb (111)-CF nmeer mmpokue nosockl ¢ MakcumyMmamu ipu 302 u 355 HM, 94TO COOTBETCTBY-
€T 3JIEKTPOHHOMY Iepexony n—7* B cHeKTpe moriomenus guraiga. CreKTpbl JIOMHHECHCHIIMN IeMOHCTPUPYIOT TePEeX0/Ibl
IMHUCCHH, BOSHHKAIOLIIE OT BO30YIKICHHOrO ypoBHs sHeprun "Dy AK. YCTaHOBIEHO, YTO BPeMs KH3HH BO3GYKICHHOTO COC-
tosrns "Dy, wona Tb (III) yMeHbIIaeTCss ¢ yBeTMYEHHEM KOHIEHTpamd AA 10 0,25 mr/em®. JTOMHHECIIGHTHOS TyLICHUE
komiiekca Tb (111)-CF ¢ momomsio AK cnenyer coorromrenuto [Itepaa-®onsmepa AK. Koncranra [Itepaa-®onsmepa K
cocraBsier 2478 mM>/Monb. KOHCTAaHTa CKOPOCTH GHOMONCKY/SAPHOTO TYIICHHS kq cocraBnser 1,25:107 av*/moms. Dddexr
tytrerus mromunecuenimn kommiekca Tb (111)-CF 6bu1 ucnons3oBan aist pazpaborku Metoauku onpenenenust AK B 6uomno-
THYECKH aKTHBHBIX 100aBKaX «ACBHTOI» M «ACKOpOMHOBAsI KUCI0Tay. KanmnOpoBOUHEI rpadHk THHEEH B JHAIIa30He KOHIe-
uTpammit ot 0,02 10 0,25 Mr/em® AK.

Kawuessble ciioBa: qromMuHecteHnus, non tepous (I11), ackopouHoBast KucnoTa, AMETHYCCKUAEC TOOABKH.
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