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Potassium titanyloxalate as analytical reagent for
micro-quantitative determination of quercetin

N. PeJi¢, V. KunTi¢ and D. MALESEV

Quercetin (Cy5H;¢0O7; 3,3',4/,5,7-pentaxydr0xyﬂav0ne) is
the aglycon of the flavonol type for a great number of
different glycosides; one of them is rutin which has thera-
peutic action and is mostly applied as a drug for curing
blood vessel diseases.

Quercetin as well as rutin has been determinated spectro-
photometrically via a complexing reaction with many me-
tal ions [1-6]. In our previous paper [7], we investigated
the complexation reaction of rutin with the potassium-
titanyloxalate, K,[TiO(C;04),] (PTOx) which significantly
lowered the detection limit for rutin determination.

Thus, the aim of the present study was to investigate the
titanyloxalato-quercetin complex in order to use this parti-
cular reaction of complexation to improve detection limits
for the determination of quercetin.

PTOx and quercetin form a complex of distinctive yellow-
orange color. The intensity and hue of the color are
strongly dependent on the pH, the concentration of the
reactants, the ionic strength and temperature. The complex
formation was investigated in a wide pH range from 3.6
to 10.0 (Fig. 1).

In the pH range from 3.6 to 5.6, the complex spectra
shows the absorption maximum at A = 420 nm. At higher
pH values, the absorption maxima are batochromly
shifted. Since the observed batochromic shift may be
caused either by formation of complexes with different
stoichiometric composition or by dissociation of the al-
ready existing complex, the composition of complex was
determined at several pH values: in the pH range without
any shifts (pH = 3.6 and pH =4.3) and in the pH range
where the shift is of about 10 nm (pH = 7.2). Examining
on higher pH values is useless, since hydrolysis of the
titaniloxalate ion implies decreasing of liberate metal ion.
The stoichiometric composition of the complex was inves-
tigated by the method of continual variations of equimolar
solutions [8] and by the molar ratio method [9]. Accord-
ing to the former method, mixed solutions of PTOx and
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Fig. 1: Absorption spectra of the complex of quercetin, Cquere =
5.0x10™*M and potassium titanyloxalate, cprox = 2.5 X 107> M,
obtained for different values of pH (curves 1-10): 3.6 (1), 4.3 (2),
5.0 3), 5.6 (4), 6.4 (5), 6.9 (6), 7.2 (7), 8.2 (8), 9.2 (9) and 10.0
(10). The ionic strength is I1=7.5x 10> M, and the temperature
T =296 K. Blank for all cases is quercetin in the same concentra-
tion, pH, ionic strength and temperature as in the mixture.
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Fig. 2: Absorption spectra of the complex of quercetin cquere = 5.0 X 107*M and potassium titanyloxalate, cprox = 2.5 X 107> M, at different temperatures
(curves 1-4): 1 — 296K, 2 — 301 K, 3 — 307K and 4 — 312 K; the ionic strengths I=7.5x 107°M, [=5.0x 10>M and I=1.0x 107" M.
Blank is quercetin in the same concentration, temperature, pH and ionic strength as in the mixture.

quercetin having total concentration ¢, = 3.0 x 107 M (at
all pH values) were used. The Job’s curves obtained at
both pH values had a maximum at Xppox = 0.33 denoting
the formation of a PTOx:quercetin=1:2 complex.
According to the latter method, solutions containing a
constant PTOx concentration (5.00 x 107> M) and
varied quercetin concentrations (from 2.50 x 107°M to
2.25 x 107* M) were used. The straight line A = f(cquerd/
cprox) With interceptions at Cquerc/Cprox = 2 Was obtained.
Thus, both methods confirm unambiguously that the stoi-
chiometric ratio of PTOx to quercetin in the complex is
1:2 throughout the investigated pH range, and the ob-
served batochromic shifts do not originate from complexes
with different stoichiometric composition.

The influence of the ionic strength (7.5 x 107> M,
5.0x1073M and 1.0 x 10! M), and temperature (296 K,
301 K, 307 K and 312 K) on complex formation was in-
vestigated. As shown in Fig. 2, the ionic strength as well
as temperature influences complexation and with increas-
ing of both, the mentioned complexation is slightly re-
duced.

On the basis of previously described examination of the
complexation reaction, we selected the best conditions for
quercetin determination, which corresponds to pH = 7.2,
A=430 nm, (with molar absorption coefficient
430 = (66 £ 2) - 1073 dm? mol~! cm™!), the ionic strength,
I=7.5x 107> M and the temperature T = 296 K.

The calibration curve for quercetin was obtained from a
series of standard solutions of the complex, in which the
amount of quercetin varied, whereas the concentration of
PTOx was kept constant (1.0 x 1072 M). A linear depend-
ence of the absorbency on the quercetin concentration was
obtained in the concentration range of quercetin from
25x107°M to 5.0x 10~ M. The detection limit, de-
fined as the concentration of the tested species which pro-
duces signal-to noise ratio of 3, is determined to be
1.2 x 107 M. By applying the least square method, we
calculated the regression equation, A = 15000c + 0.0011,
having a correlation coefficient r = 0.9997 which indicates
excellent linearity. Compared to spectrophotometric meth-
ods [1-3], the detection limit of quercetin about one order
of magnitude is lowered.
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Experimental

1. Apparatus

All spectrophotometric measurements were performed on a Beckman DU-
650 spectrophotometer (Fullerton, USA), using a 1 cm quartz quvette. For
pH measurements an ordinary saturated calomel-glass electrode (Radio-
meter, Copenhagen, Denmark) and a pH-meter (Potentiometer MA 5730,
Iskra, Hojrul, Slovenia) were used.

2. Reagents

Potassium titanyloxalate, K[TiO(C,04),], by Anala® (Poole, England);
Quercetin; absolute Ethanol, NaNO3, by Merck (Darmstad, Germany); All
reagents were of p.a. grade.

3. General procedure

The standard stock solution of quercetin was prepared by dissolving it in
absolute ethanol, and the standard stock solution of Kj[TiO(C,04),] was
prepared by dissolving it in water; all standard solutions were 50% etha-
nol. The pH of all solutions was adjusted by succinate buffer solution,
suitable for etanol-water mixtures [10]. For the determination of the ther-
modynamic stability constant, the ionic strength of the standard solutions
was adjusted by addition of the required volume of 1.0 M NaNOs instead
of water.
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