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Abgract. The interaction of Og(1V) ions with morin,
quercetin, luteolin  has been investigated and the
spectrophotometric methods of asmium  determination
using these reagents have been eaborated. The influence of
various factors and the maximum yield of the products of
Ogq(lV) ions interaction with flavonoids have been
determined. The change of electronic absorption spectra
depending on the duration of the solution hesting in a
boiling water bath in the presence or absence of
atmospheric oxygen aswel astheinteraction of osmium(II,
III, VI and VIII) ions with flavonoids investigated have
been shown. The redox nature of asmium(lV) ions
interaction with morin and quercetin has been confirmed.
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1. Introduction

Medicind raw materials and pure flavonoids are
widely spread in nature and find various applications. Many
of them have P-vitamin activity, decrease fragility of blood
capillaries, and strengthen the medicina action of ascorbic
acid. Favonoids have anti-inflammatory and antiulcer
action. They are antioxidants, some of them have
spasmodic and choleretic action [1, 2]. Their complexation

OH
quercetin (Quer)

reactions with some p-, d-, f-metals make them interesting
analytical reagents. Quercetin and morin are widely applied
for determining many metals [3, 4]. Lutedlin forms
complexes with Fe(ll), Fe(lll) and Cu(ll) [5]. Structural
formulas of the reagents are presented in Fig. 1.Besides
complex formation at the interaction of flavonoids with
metal ions, the process may proceed through the stage of
intermediate compound formation with the following
flavonoid oxidation and metal reduction [6]. Such process
can be shown by the following scheme:

A+complex Mply) — (Mnlx1A)
unstable complex

- A1"'(1\/[n—1|—><)

where L —ligand, A — organic substrate, A; — product of A
oxidation, Mp4Lx —complex of the reduced metal ion.

The interaction between the oxidized flavonoid (A1)
and the complex of reduced metal ion (Mp4Ly) is not ruled
out in such ascheme.

Redox behaviour of the ligand often depends on the
pasition of the hydroxyl groupsin aflavonoid structure [5].
Thus, while investigating the interaction of such reagents
with metals ions it is necessary to take into account various
factors which can influence the maximum yidd of the
components i nteraction product in the system investigated.

OH O
luteolin (L ut)

Fig. 1. Structura formulas of the utilized flavonoids
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It is especialy applied to osmium, which also forms
coloured compounds with the above mentioned flavonoids
[7, 8]. Osmium possesses interesting and individual
properties (refractoriness, hardness, wear and corrosion
resistance), great ability to oxidation-reduction processesin
the presence of many organic and inorganic reagents and
the variety of existence forms in agueous solutions [9-11].
Just these properties make it possible to use osmium in
modern engineering, in carrying out histological researches,
organic synthesis and ather branches, in spite of osmium
toxicity, especially its voldtile tetraoxide, which irritates
mucous membrane and respiration organs even in minute
quantities, affects skin and eyes[12].

Actuality of the search of new perspective reagentsfor
osmium determination is mainly caused by its minute
amounts in the Earth crust and the presence of one or few
platinum group eements in real samples. The control of
osmium content in mineral raw materials, industrial products
and wagtes by means of accessible, expressive, sengitive and
selective methods is of great importance for the devel opment
of the analytical chemistry of platinum group eements. Such
samples may contain the anadyte in a wide concentration
range [9, 10]. Havonoids appeared to be effective spect-
rophotometric reagents for osmium determination.

The aim of the present work was to determine the
influence of some factors on osmium (IV) ions interaction
with flavonoids in order to understand peculiarities of such
interaction.

2. Experimental

2.1. Reagents

All agueous solutions were prepared using distilled
water.

Stock solution of asmium(IV) (H2OsClg) was prepa:
red by dissolving the exact mass of OsO, (analytical grade)
from a hermetically sedled glass ampoule in the concen
trated hydrochloric acid, following the modified method
[13]. The obtained osmium solution was stored for 1 month
for the complete transferring of Os(VIII) into O(I1V),
because OsO; is rapidly reduced to OsCl¢> on heating and
dowly at room temperature [14]. Standard working sol uti-
ons of Og(IV) were prepared by dissolving an aiquot of
OS(1V) initial stock solution in ca. 0.5-1 mol*™* HCl agueo-
us solution up to pH < 1. According to Ref. [10], OSClg>
does not undergo hydrolysis under room temperature in the
media of hydrochloric acid, when Cpg > 0.5 mol*™.

The solutions of morin (LOBA CHEMIE, Czech
Republic), quercetin (CHEMAPOL, Czech Republic) and
Iuteolin (Ukrainian Scientific Centre of Medicines Quality,
Ukraine) were prepared by the dissolving the exact mass of
the reagent in 96 % v/v ethanal.
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The solutions of hydrochloric and nitric acids,
sodium hydroxide, sodium chloride and sodium tetraborate
were prepared from the chemicals of the analytical grade.

2.2. Apparatus

UV-Vis absorbance measurements were performed
with a UV-VIS scanning spectrophotometer CARY .WIN —
UV-Vis50 (Varian, USA), SPECORD M40 (Germany)
and photometer KFK-2 — UHL 4.2 (Zagorsky Mechanical-
Opticad Pant, Russa) using 1-5cm cuvettes. All
absorbance measurements were performed at ca. 293 K. pH
measurements were carried out with a pH-meter, model
pH-150M (Gomelsky Hant of Measuring Devices,
Bdarus), equipped with a glass dectrode. pH of each
solution was adjusted using diluted HClI and NaOH
solutions.

2.3. Standardization and ldentification of
Osmium (1V) Solutions

In order to establish an exact concentration of the
obtained OsCI62' solution, a standardization was carried out
titrimetrically using Kl as a titrant; the generated 1, was
back-titrated with standardized NaxS;0x5;

205" + 21" (excess) — 20s* + 1, 1)
I, + 25,05 — 21+ SO . )

The identification of osmium(lV) solutions was
carried out spectrophotometrically by comparing the
recorded electronic absorption spectra (Fig. 2) with the
literature data[ 15, 16].
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Fig. 2. Absorption spectrum of OsClg> solution;
Cogqvy=3.7820° mal I, Cg=1.0 molX*

As it followed from the obtained spectra, in
standard stock solutions of asmium(IV) the ionic form of
OsCle> dominates.
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3. Results and Discussion

3.1. Spectrophotometry of Osmium(1V)
Interaction Products with Flavonoids

Asit has been experimentally established, flavonoids
enter reactions with osmium(1V) ions forming coloured
compounds. Morin forms two absorption bands at 335 nm
and a visible spectral range at 485 nm in the alkaline media

(Fig. 3).
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Quercetin also reacts with the analyte in the alkaline
medium, while lutedlin reacts in aweakly acidic medium at
pH = 6, dthough the formation of absorbance shoulder
within the wavelength of 400-500 nm is inherent for both
quercetin and lutecdlin in the presence of Og(lV) ions
(Figs. 4 and 5). These spectral regions were used for the
investigations, where the maximum difference between the
absorbance of the reagent and its compounds with
osmium(1V).
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Fig. 3. Absorption spectra of morin solutions and products of Os(IV) interaction with morin: Cogy = 3.040° molx™,
Cvior= 3.040° mol** (8) and Cogryy = 1.520° mol*?, Cyor = 15207 mol*™* (b).
pH = 9.5; C(NaB,0,) = 1.240* mol*x™; | = 1cm
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Fig. 4. Absorption spectra of quercetin and Os(1V)-quercetin
compound; pH = 10.0; | = 1 cm; Cogyy = 1.540° mol™;
Couec= 9.040°mol*™; C(NaCl) = 0.1 mol*™*
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Fig. 5. Absorption spectra of luteolin and Os(1V)-luteolin
compound; pH = 6.0; | = 1 cm; Cogpyy = 1.520° molx™;
Cru= 2.340° mal*™; C(NaCl) = 0.1 mol*™; 10 % v/v C,H:OH

Table1

The conditions of the formation and some char acteristics of osmium (1V) compounds with flavonoids

System Jmax, M PHopt Medium Theaing MIN | Reagent’sexcess | ¢,407, ol bem?
S g e
OS(IV)—Quer 240 | 95103 0.IM NaCl 6 8fold 13
OS(IV)—Lut a0 | 6065 10(’{;’_‘”11\‘/’[%%?'*' . 1fald 0.74

*— compound is formed at room temperature (291295 K)
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Table2
The validation parameter s of osmium(l V) spectr ophotometric deter mination with flavonoids
n=5P=0.95
. Regression equation of Limit of .
System "C'”ear il calibration plot, quantification, Oocg‘f';zf'jg;?”R

os WO Cos pgoml™ ugomi™ '
0.006-0.036 DAsss = 0.021+2.45" Cos 0.9982
Og(IV)-moarin 0.07-0.72 DA g5 = 0.005+0.309" Cs 0.004 0.9991
0.85-4.30 DA g5 = 0.197+0.075 Cos 0.9999
Og(IV)-quercetin 0.18-1.45 DA 44=-0.031+0.358" Cos 0.120 0.9992
Og(IV)-uteolin 0.45-11.50 DA g0 = 0.035+0.062" Cos 0.350 0.9984

The optimum conditions of photometric
measurements and some spectrophotometric characteristics
of the obtained compounds are presented in Table 1.

The vadlidation parameters of osmium(1V)
spectrophotometric determination with flavonoids are given
in Table 2. According to the tabular data, the sengitivity of
osmium determination differs depending on the nature of
the reagent. The reaction of asmium with morin is the most
sensitive, a 335 nmi it can be determined up to 0.004 pg ™,
but at 485 nm the quantification of an anayte can be carried
out in the wide concentration range. Therefore, when
andysing real samples it is possible to choose the
conditions for carrying out the experiments depending on
the quantity of osmium and the presence of foreign
componentsin such samples.

3.2. The Influence of Heating on the
Formation of Osmium (IV) Compounds
with Flavonoids

Taking into account the substantial kinetic inertness
of the initial complex [OsClg)?, its interaction with morin
and quercetin takes place after thermal activation of
solutions and after mixing of the reagents (Fig. 6), whilethe
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Fig. 7. Absorption spectra of morin solutions depending
on hesating time on a boiling water bath
(pH =9.5; C(NaB,0;) = 1.240* malk™; | = 1cm;
Cyvior= 1.540* mal%?)

interaction of osmium (IV) with luteolin occurs a room
temperature.
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Fig. 6. Theinfluence of heating time (~ 371 K) on the maximum
yidd of coloured osmium(lV) compounds with morin at 485 nm
(Cogvy= 1.50° molx™; Cyor = 1.520* molx™;
C(NaB,0;) = 1.240* mol*™; pH = 9.5) and quercetin at 440 nm
(Cogvy= 7.540° Mol ™; Cope = 6.040° moalk™;

C(NaCl) = 0.1 mol*™; pH = 10.0); | =3 cm
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Fig. 8. Absorption spectra of quercetin solution
depending on hesting time on a boiling water bath
(pH =10.0; C(NaCl) = 0.1 mol* ™ | = 1 cm;
Coue= 9.040° molx™)
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The spectral changes of morin and quercetin
solutions under optimum investigation conditions depen-
ding on the duration of heating on boiling water bath
(~371K) isshowninFigs. 7 and 8.

As it is shown on the eectronic absorption spectra
(Figs. 7 and 8), the decrease of absorption maxima is
observed under hesating the solutions of these reagents,
which confirms their partial oxidation with atmospheric
oxygen. But ther character differs from the absorption
spectra of the investigated flavonoids in the presence of
Og(1V) ions (Figs. 3-5). Concerning the stability of the
formed analytical forms, the value of the anaytical signal
remains stable within two hours in al cases, and the
product with morin at 485 nm is stable within few days.

3.3. The Role of Atmospheric Oxygen
at the Formation of the Products

of Osmium (IV) Interaction
with Flavonoids

Taking into account the substantial antioxidant
properties of flavonoids and the ability of OHIV, VI and
VIII) ions to act as a catdyst of oxidation processes of
organic reagents by atmospheric oxygen [17], the formation
of the products of asmium(IV) interaction with flavonoidsin
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the presence of oxygen and in the oxygen free media has
been investigated (the dissolved oxygen was removed by the
barbotage of argon within 15 min through the sol utions of the
reagents before heating them on the boiling water bath).
Obtained experimental resultsareshowninFigs. 9-11.

Asit is seen from the presented plats, for the system
of Og(IV)-Mor the maximum yidd is observed in the
presence of atmospheric oxygen, while in the oxygen free
media the absorbance band at 485 nm is not formed at all,
but at 335 nm AA increases dightly. The similar situationis
observed for the system Og(1V)-Quer, thet is, the formation
of absorbance shoulder is not observed in the oxygen free
media. Therefore, oxidation of these flavonoids by
atmospheric oxygen is evident. Here O4(IV) acts as the
catayst with the further formation of the coloured
compounds. Very high sengitivity of osmium determination
with morin can be explained by the catalytic nature of the
reaction. As for the interaction of lutedlin with Os(1V)
ions, probably, the complexation reaction occurs, since the
value of analytica signd on the absorbance shoulder
increases dightly in the oxygen free media. That is, in this
case flavonoids oxidation reaction is competitive and
influences negatively the formation process of coloured

complex compound.
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Fig. 9. Absorption spectra of morin and the products of Os(1V) interaction with morin, obtained in the presence and in the absence of
atmospheric oxygen (pH = 9.5; | = 1 cm; C(N&B,0;) = 1.220* mol*™): Cogyy = 1.520° Mal*™; Cyior = 1.520° MOI* ™, Tieting= 3 min (a)
and Cogvy= 1.540° MoIX™; Cpor = 1.520™ MOIX™; Tieeging= 30 min (b)
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Fig. 10. Absorption spectra of quercetin and Os(1V)-quercetin
compound, obtained in the presence and in the absence of
atmospheric oxygen
(I = 1.cm; Coqry = 1.540° molX™; Coe = 9.020° molx™;
C(NaCl) = 0.1 mol*™; pH = 10.0)
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Fig. 11. Absorption spectra of luteolin and Os(1V)-lutedlin
compound, obtained in the presence and in the absence of
atmospheric oxygen (pH = 6.0; | = 1 cm; Cogyy= 1.540° mol*™;
CLu=2.320° molx™;
10 % v/v C;H:OH; C(NaCl) = 0.1 mol*™)
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3.4. Interaction of Osmium(Il, III, VI, VIII)
lons with Flavonoids

Considering the redox nature of asmium interaction
with flavonoids, we compared the eectronic absorption
spectra of the products of their interaction with Og(1I, 111,
IV, VI, VIII), which differ by their oxidation-reduction
potentials (Table 3) [9, 10, 18].

Og(l1), Og(I11) and Og(V111) were obtained under the
action of chloride acidic hydrohylamine [19], ascorbic acid
[19-21] and concentrated nitric acid on Og(IV) solutions,
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respectivey. Og(VI) was obtained at the dissolution of
0s0,4in5 M solution of KOH [9]. The obtained spectraare
presented in Fig. 12-14.

According to the obtained dectronic absorption
Spectra, oxidants O(1V), OgVI) and OgVIII) interact with
morin and quercetin in a smilar way. The spectra of these
polyphenols with Og(11) and Og(l1l), oxidizing properties of
which are substantialy wesker, almost do not differ fromthe
spectra of the reagent, except morin, which interacts with all
forms of asmiumat 335 nm, except O(111) (Fig. 12), that can

Table3

Standar d oxidation-reduction potentials of the syssems
in acidic and neutr al mediawith osmium at various oxidation states

Higher oxidation tate | +né | Lower oxidation state | E°, V

Os”" + 28 Os| 0.55

OsClg” +36 Os| +6CI° 071

OsClg” +& Os™ +6CI° 0.40

OsClg™ +& OsClg” 0.85

00, + 6CI" + 8H" + 48 OClg® + 4H,0 0.96

0Os0, + 8H" + 8¢ Os| +4H,0 0.85
A Mor A - = -Mor+Os(Il)
10 a - — -Mor+Os(Il) 041 b --= = Mor+Os(lIl)

N = == Mor+Ox(lll) P Mor+Os(IV)
o8t 1\ 7\ T meeaun | oak A TN o monosv)
y \ '\ L7 TN 2 Mool By \ —-—-Mor+Os(VIII)
02F
04}
01f
02}
OO 1 1 1 1 00
300 350 400 450
I, nm
Fig. 12. Absorption spectra of morin and the products of morin interaction with Os(IV, 11, 111, VI, VI1I); C(Na&B,O;) = 1.240* mol*™;

I =1 cm; pH = 9.5 Cogn) = Cosin = Cosimy = Cosviy= Cogvimy = 3:.020° Mol k™ Cypor= 3.020° MOl*™; Tieting = 3 min (8) and Cogy) =
= Cosin = Cosimy = Cosviy= Cogyimy = 1.520° Mol ™, Cyor = 1.520°* MOIX™, Theaing= 30 min (b)
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Fig. 13. Absorption spectra of quercetin and its compounds
with Os(IV, I1, 111, VI, VII1); Cogrvy = Cosy = Cosny = Cosvr)
= Cogvmy= 1.540° molx™, Cqe = 9.020° mol*™;
pH =10.0, 1 = 1 cm, C(NaCl) = 0.1 mol**
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Fig. 14. Absorption spectra of lutedlin and its compounds with
Os(IV, II, 111, VI, VII; Cospvy= Cosy = Cosumy =
= Cogviy= Cogvmy = 1.520°mol*?, C = 2.340° mol*™;
pH = 6.0, C(NaCl) = 0.1 mal*™, 10 % v/v C,HsOH, | =1 cm
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Fig. 15. Absorption spectra of quercetin in the presence of various
quantities of ascorbic acid (Asc) and in its absence
(pH =10.0; 1 = 1 cm; Coe=9.020° molx™;
C(NaCl) = 0.1 Mol*™, Theging= 6 Min)

be connected with the specific action of ascorbic acid on the
interaction of asmium with all flavonoids, by means of which
Ogl1l) can be obtained in the solution, according to the
methods [19-21]. That is why it is impossible to affirm the
absence of interaction between morin, quercetin and Og(I11).
The influence of ascorbic acid on these flavonoids taking
guercetin astheexampleisgivenin Fig. 15.

In the case of luteolin, osmium ions interact at all
oxidation stages and the val ue of absorbance increases from
Os(I) to Os (V1) (Fig. 13). Theinfluence of ascorbic acid
on such interaction is smaller, the decresse of the
absorbance is observed at its 50-fold excess, showing
anather nature of interaction, namely complex formation.

The obtained results confirm the redox nature of the
interaction between morin and quercetin and aso the catalytic
role of osmiumions at the formation of coloured compound.

4. Conclusions

It has been edablished, that asmium (V) ions
interact with morin and quercetin in the akaline medium on
heating on the boiling water bath, while they interact with
Iuteolin in the weakly acidic medium at room temperature.
It has been shown, that the sendtivity of osmium
determination and the mechanism reaction depend on the
flavon nature and the conditions for carrying out the
reaction. The role of atmospheric oxygen at the interaction
of Os (IV) ions with flavonoids has been investigated and it
has been dated that in the oxygen free medium the
interaction takes place only with [uteolin. The interaction of
morin, quercetin and luteolin with osmium at various
oxidation gtates under optimum conditions of O(IV) ions
interaction with these flavonoids has been investigated for
the firgt time. The oxidants Og(VI) and Og(VIII) interact
with flavonoids in the same way as Og(1V) does, while
Og(ll) interacts with lutedlin only dightly and forms the
band with morin at 335 nm. To test the possibility of Og(l11)
ions to form compounds with morin and quercetin was not
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successive because of a negative influence of ascorbic acid,
and Og(l11) ionsinteract weakly with luteolin.
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OCOBJIMBOCTI B3AEMO/IIT CHHOJIYK OCMIIO 3
JESAKUMH ®JIABOHOLJIAMU

Anomauin. Jlocriosceno e3aemooiio tionie ocmiro (1V) 3 mo-
DUHOM, KEePYEMUHOM, JIHOMEONIHOM Ma pPO3pOOIeHO CneKmpodo-
MOMempuyHi MemoouKu 1020 GU3HAYEHHS 3 GUKOPUCAHHAM YUX
peazenmis. Busueno ennug pisHux YUHHUKIE HA MAKCUMATLHUL UXIO
npodykmis e3aemooii tionie OS (1V) 3 hrasOnoidamu: nokazano sminy
€NIeKMPOHHUX CheKkmpie abcopbyii @ 3anexcrHocmi 6i0 mpusanocmi
HA2ZPiGanHsl PO34UHIE HA KUWIAYIN 600sHIN 6aHi, y npucymnocmi ma
3a 6i0CYMHOCMI KUCHIO NOGIMPSI, A MAKONC 63A€MOOII0 TOHI8 OCMIIO
at, M, VI ma M) 3 oocrnioxcysanumu  pragOHoidamuU.
TTiomeepooiceno OKUCHO-6I0HOBHY NpUpPoOy 83aEMOOIL HOHIE OCMIIO
(M) 3 mopurom ma keepyemurom.

Knrouoei cnosa: ocmiti, ¢hnag0Hoiou, cnekmpoghomomempisi,
Mexanizm peaxkyii.



