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Abstract — Complex formation of Ba?* ions with quercetin-5-sulfonic acid and sodium salt of morin-5'-
sulfonic acid was studied by potentiomety. Solid complexes were obtained, and their composition and

physicochemical properties were studied.
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Quercetin-5-sulfonic acid (QSA) and sodium salt
of morin-5-sulfonic acid (NaMSA) [1] are readily
soluble in water, unlike quercetin and morin. These
compounds are nontoxic and form chelates with toxic
metal ions, such as barium. In the present work we
studied the stability of barium complexes of QSA and
NaMSA with the aim to assess the feasibility of the
Iatter reagents as antidotes. It should be noted that
Ba?* complexes of QSA and NaMSA have not so far
been reported. We prevlously studied [2] complex
formation of Mg®" and Ca’* ions with NaMSA and
obtalned an estimate of 2.90+£0.06 for the logf, of
the Mg?* complex.

To find conditions for complex formation of Ba®*
with QSA and NaMSA, we titrated aqueous solu-
tions of QSA and NaMSA in the absence or in the
presence of barium ions at varied ligand:metal ratios
(c.:cy), W|th 0.1 M NaOH. The ligand concentration
was ~10° M. The ionic strength of the solution of
0.1 was maintained constant with NaClO, solution (c
1 M). All experiments were performed under constant
stirring at 25+1°C Solutions of QSA and mixtures
of QSA with Ba®" ions were titrated at c:cy=2:1
and pH 2.3-8 (Fig. 1). The fact that the titration
curves at pH > 6 for the two titrates differed from
each other gave evidence for the complex formation

between Ba®" and QSA.

Solutions of NaMSA and NaMSA with Ba** ions
a ¢ :cy = 2:1 were titrated at pH 2.5-11. The titra-
tion curves were identical over the entire pH range
During titration of a mixture of NaMSA and Ba?* at
C_:Cy = 4:1in aweakly acidic medium, the solutions
got turbid, and further addition of NaOH caused pre-

T Deceased.
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cipitate formation. At pH > 6, the solutions were
transparent. The titration curves of NaMSA and a
solution of NaMSA containing B&®" ions at pH 6-8
were identical and got different at pH > 8, on account
of complex formation (Fig. 1).

In the course of titration of QSA with Ba®* at pH

5.5-6.8, for each experimental concentration of
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Fig. 1. Titration curves of solutions: (a) (1) QSA (c 3.5x
103 M) and (2) QSA (c 3.5x 10~3 M) in the presence of
Ba?* (c1.7x 10> M); and (b) (1) NaMSA (c 7x 103 M)
and (2) NaMSA (c 7x 1073 M) in the presence of Ba?*
(c 1.7x1073 M).
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hydrogen ions we cal cul ated the equilibrium concentra-
tion of the ligand ([L]), as well as the number of
ligands (n) bound to the metal ion, by Egs. (1) and
@ [3].

Cosa + ¢z —[H']

Here [L] is the concentration of the ligand; n, average
number of ligands; c,, concentration of NaOH; and
K, 3.39x10°8, dissociation constant of QSA [4].

L= [H(Ka) ™t @) The [L] and n vaues for solutions of NaMSA
¢z + [HY] l[L] containing Ba®* ions were calculated by Egs. (3) and
n= Z—_ . (2)
Cm 4 [5].
(3—a)c, — [H'] + [OH]
[L] = - o

>

[H*(Ka) ™ + 2[H"1(Ka,) ™ +3[H'T(Ka) " (Ka,) H(Ka) ™

L — [LI{1 + [H](Ka)™ + [H12(Ka,) H(Ka) ™ + [H'13(Ka) ™ + [HT2(Ka) H(Ka) ™}

Cm

Here [L] and n are the same as in Egs. (1) and (2);
C, analytlcal concentration of the ligand; a, titration
fraction; [H™], equilibrium concentration of hydrogen
ions; [OH7], equilibrium concentration of hydrOX|de
ions; Gy, anal%/tlcal concentration of metal ions; and
Ky 3.31x10°° K, 2.04x 10, and K5 3.39x 10720,
step dlsomatlon constants of NaMSA [6].

From [L] and n, we obtained n = f(pL) depen-
dences and on their basis, for n 0.5, determined
logB, 3.99+0.02 for the complex BaQSA and log;
2.97£0.01 for the complex BaMSA, where MSA is
the anion of NaMSA. To define more exactly the
stability constants obtained by the Bjerrum method

from [L] and N, we also made use of the Rossoti
method [7]. In the
no_ . (2-n)L]
A-mi]  @-n

coordinates, straight lines described by general equa-
tion (5) were obtained.

y = ax + b. (5)

The a and b coefficients were calculated by the
least- -squares method: for BaQSA, y = 6.89x10% +
9.93x10°, and BaMSA, y = 1.74x 10°% + 9.32x 10%

The stability constant of BaQSA is 9.93x 103,
which an order of magnitude higher than that of
BaMSA. This result |mpI|es that QSA forms a stron-
ger complex with Ba?* than NaMSA, and, therefore,
can better remove barium ions from human organism.

Previously we showed that QSA is an active

(4)

antidote against cadmium(I1), mercury(I1), and lead(I1)
ions [8].

Our present results provide evidence to show that
QSA and NaMSA in agueous solutions form with
Ba?* complexes of composition ML. Group I1A metal
ions do not form strong hydroxo complexes in
aqueous solutions [9]. Thus, the condition pH < 14 —

— log B, is fulfilled [3], and the fraction of hydroxo
complexes a pH < 11.3 is smaler than 1%. These
data suggest that the complex formation of Ba?* with
QSA and NaM SA occurs by reactions (6) and (7).

QSA (HyL):
Ba?* + HgL~ 2 [Ba(H,L)] + HY, (6)
NaMSA (HaL>):
Ba?* + HgL®> 2 [Ba(H,L)]% + H™. 7)

Using agueous solutions with Ba®*, QSA, and
NaMSA concentrations of 0.01 M, we synthesized
complexes at pH 1 3-1.5 and varied molar concentra-
tion ratios of Ba?* (cy,) and ligand (c):cy:c = 1:3,
1:5, and 5:1. In al the cases, yellow precipitates
formed, which were separated, washed, air-dried, and
analyzed for carbon, hydrogen, sulfur, barium, sodium,
and water.

The following elemental analyses were obtained.
For BaQSA: found, %: C 35.84; H 2.80; Ba 13.38;
S 6.39; H,0 10.54. Ba(Ci5Hq044S),-6H,0. Calcu-
lated, %: C 35.75; H 3.00; Ba 13.62; S 6.36; H,0O
10.72. For BaMSA: found, %: C 34.27; H 3.08; Ba
13.74; S 6.18; H,0O 13.90. Ba(C;5H40,,S),-8H,0.
Calculated, %: C 34.51; H 3.28; Ba 13.15; S 6.14;
H,O 13.80.
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Fig. 2. Electronic absorption spectra in methanol: (1) QSA (c 3.28x 107> M); (2) NaMSA (c 4.25x 10~ M); (3) comlex of
Ba?* with QSA, saturated solution; and (4) complex of Ba?" with MSA, saturated solution.

It was shown that Ba?* forms with QSA the com-
plex Ba(C;5Hq0,0S),-6H,0 at ¢, :c. =5:1, 3:1, and
pH 1.3. The compositions of complexes formed under
the other conditions were not determined. The com-
position the complex of Ba®" with NaMSA, isolated
a pH 15 and cy:c = 1:3 and 1:5, is
Ba(C;5Hg0,05),- 8H,0, and it differs from the QSA
complex by the number of water molecules only. The
complex of Ba®* with NaMSA at pH 1.5 precipitates
in the acid form with an SO;H group, rather than as
sodium salt with an SO;Na group. These complexes
are scarcely soluble in water and poorly soluble in
methanol and methanol.

The electronic absorption spectra (Fig. 2) show two
strong ligand bands (z—=*) at 258 and 371 nm for
the complex with QSA and at 263 and 370 nm for the
complex with NaMSA. Furthermore, the band of the
complex BaQSA at ~420 nm has an inflection point,
whereas the complex BaMSA gives a strong band at
~410 nm. These bands are associated with ligand-to
-metal charge transfer. Figure 2 also shows the ab-
sorption spectra of the ligands QSA and NaMSA. The
m—7* bands of the ligands are at 257 and 368 nm for
QSA and a 253 and 356 nm for NaMSA.

Our and published [10] data suggest that Ba?* is
coordinated to the 3-OH and 4-CO groups of the
corresponding ligand.

EXPERIEMNTAL

Quercetin-5-sulfonic acid and NaMSA were pre-
pared by the procedures in [11, 12], respectively. The
complex formation was studied by potentiometry at
the ionic strength 1 0.1 a 25+0.1°C. The ionic
strength was maintained constant with a solution of
NaClO, (c 1 M). Chemica grade Ba(NOg),, NaOH,
HCIO,, and NaClO4 were used. Potentiometric titra-
tion was performed using an N-5172 pH-meter with
an OSH-10-00 electrode calibrated by titration of
0.01, 0.02, and 0.04 M HCl with 0.1 M NaOH.

The stability constants were determined by Bjerrum
and Rossoti. Solutions of QSA and NaMSA and their
mixtures with Ba?* ions were titrated with 0.1 M
NaOH.

Solid complexes were isolated from aqueous solu-
tions of QSA and NaMSA, containing Ba" ions.
Starting solutions of Ba?* (c 0.01 M ) were prepared
by dissolving 2.614 g of Ba(NO;), in 1 | of doubly
distilled water. Starting solutions of QSA and NaM SA
(c 0.01 M) were prepared by dissolving 4.724 g of
QSA and 4.403 g of NaMSA in 1 | of doubly distilled
water. Further the solution of Ba(NO,), was mixed
with the corresponding solution of the ligand
at 60°C to obtain the c,: ¢, ratioof 1:3, 1:5, 3:1, or
5:1. The pH values of the solutions within the range
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1.3-15 were adjusted with NaOH and HNO; (c
0.1 M). After isolation and drying in air the precipi-
tates were yellow. The compositions of the complexes
were determined by elemental analyses on a Carbo-
Erba EA-1108 instrument. Barium was determined by
gravimetry as BaSO, [13] and sodium, by atomic
absorption spectroscopy on a Perkin—Elmer-3100
instrument. The UV-Vis spectra in methanol were
measured on a Beckman DU-640 spectrophotometer.
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