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Morin, an excellent chelating agent, has been used to form complex with a metal cation (Zr*")

and a metal oxyanion (MoOﬁ_), isolating highly colored [Zr(C;5sHyO7)>(NO3),] - 2H,O (1) and
[MoO;(C5H907),] - 3H,0 (2). The structures were elucidated using different techniques (i.e.,
electrical conductance, elemental, and thermal analyses) as well as a series of spectroscopic
techniques (i.e., UV-Vis, IR, and '"H NMR). The stoichiometry of the complexes is 1:2,
confirmed by the molar ratio method. Zr** is useful for structural diagnosis of different
flavonoids. The preferred site of complex formation of morin is the 3-hydroxy-4-keto system.
Complex 2 is more stable than 1. Fluorescence and cyclic voltammetry were studied.
Antioxidative study affirmed that both 1 and 2 are efficient antioxidants relative to morin.

Keywords: Zirconium; Molybdenum; Morin; Antioxidant; Fluorescent

1. Introduction

Metal complexes of flavonoids have potential of being used as colorimetric reagents to
determine the metal ions [1, 2]. Morin (figure 1), a light yellow bioactive pigment, is a
main component of the flavonoid family, in wood of old fustic (Chlorophora tinctoria)
or in yellow Brazil wood. It is mainly present in plants and plant-derived foods like
coffee, tea, cereal grains, vegetables, and fruit and acts as a food preservative. Morin
has a wide range of biological properties, i.e., anti-inflammatory, anticancer,
antioxidant as well as cardiovascular protection [3-§].

Morin complexes many metal ions [9] as a chelate and is widely used as a probe for
the detection of metal ions and some biomacromolecules, such as nucleic acid and
protein [8]. It can selectively form highly colored and fluorescent complexes with metal
ions [10]. With pK, of 3.46, 3-OH is the most acidic proton in morin and studies have
suggested that 3-OH has superior complexing power to 5-OH because 5-OH has strong
hydrogen-bonding with oxygen of >C=O0, facilitating a stable hexagonal
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Benzoyl Cinnamoy]

Figure 1. Chemical structure of morin (2',3,4',5,7-pentahydroxyflavone).

arrangement [4, 7]. At various conditions, morin association is different for Al 3:2 [10],
Cu 1:1 [11], and Co, Ni, Zn 1:2, sometimes using different chelating sites by
deprotonation of 2’-OH [12], 5-OH [7], and 3-OH [5].

Divalent metal chelates of morin are common, however, complexes of higher valent
metal ions are rare [13]. The exocyclic group in combination with heterocycle
containing oxygen produces substantial coordination power, dependent on nature of
metal ion, pH of the medium, and reaction conditions [14].

Molybdenum is a micronutrient for animals, plants, and microorganisms, possessing
tremendous biochemical value owing to its efficiency (a) for electron transfer due to
easy interchange of its different oxidation numbers and (b) making strong bonds with
oxygen, sulfur, and nitrogen donors. More than 50 enzymes of molybdenum are known,
which catalyze important redox reactions. Recently, polyoxomolybdenum anions have
been given attention due to their potential in solid state technology, catalysis, and
medicine together with antivirus (HIV) and antitumor activity [15, 16]. Molybdenum
performs an important role in different biological systems, but molybdenum salts have
higher toxicity. Therefore we coordinate Mo®" with biologically active morin having
low toxicity [17]. Oxo-anions show marvelous antidiabetic character and play roles in
inhibiting tyrosine phosphate enzyme via substituting phosphate at the active center,
improving the insulin signaling. Oxo-anions like MoOff are not directly absorbed
through the intestine hence delivery in the form of uncharged hydrophobic complex to
be absorbed by intestine as well as transformed to molybdate in the blood stream is
suggested. Complex supplied in that way must be stable under gastric and intestinal
digestion conditions [18]. MoOi_ forms colored complexes with nucleophilic ligands in
1:1 and 1:2 metal-to-ligand ratios. From importance of morin and molybdenum, the
synthesis and characterization of molybdenum(VI) complex is reported here to model
oxomolybdenum enzymes [15, 16, 19].

Zirconium(IV) also forms complexes with biological value [20], with antitumor
properties above cisplatin and functioning as efficient antifungal and antibacterial
agents [21]. Zr*' has been utilized here forming stable complexes with higher
coordination numbers [20, 22, 23]. We report the synthesis, characterization, and the
proposed structures for Zr** and Mo®" complexes of morin.

Oxygen-reactive species, in particular free radicals, are involved in several diseases
including cancer, atherosclerosis, and aging. Antioxidants have ability to scavenge
excess free radicals; flavonoids are strong antioxidants. In this study, the relative
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antioxidant activity of morin, 1, and 2 have also been investigated. To our knowledge,
no previous investigations have been done on radical scavenging effects of morin-based
metal complexes [24, 25].

2. Experimental

2.1. Materials

All reagents and solvents were of analytical or chemically pure grade. Morin hydrate
(2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-benzopyran-4-one) and (1,1-diphenyl-
2-picrylhydrazyl) (DPPH®) were purchased from Sigma (St. Louis, MO, USA),
zirconium nitrate and HPLC grade methanol from Fisher Scientific Ltd. (Leicestershire,
UK), KBr from Aldrich Chemical Co. (Taufkirchen, Germany), and LiClO,4 as well as
sodium molybdate were purchased from Fluka (Buchs, Switzerland). All the reagents
were weighed with an accuracy of £0.0001 g.

2.2. Physical measurements

UV-Vis spectra were obtained by a Perkin-Elmer Lambda 35 UV-Vis double beam
spectrophotometer using standard 1.00 cm quartz cells in methanol. '"H NMR spectra
were recorded on a Bruker 500 MHz spectrometer in DMSO using TMS as internal
reference. FT-IR spectra were recorded from 4000 to 400 cm ™' on a Thermo Scientific
Nicolet iS10 FT-IR instrument.

TG/DTA curves were obtained by using a Pyris Diamond TG/DTA (Perkin-Elmer
Instrument, Technology by SII) under nitrogen at 20°C min~"' from ambient to 600°C.
pH of the complexes was measured using an Inolab pH 720 WTW series pH meter.
Electrolytic conductances of the complexes were measured by an Inolab cond 720
WTW series conductometer. Fluorescence spectra were recorded on a Shimadzu
RF-5301PC spectrofluorophotometer using a quartz cell (1cm x 1 cm cross-section).
Cyclic voltammograms (CVs) of morin, 1, and 2 were obtained at 25°C £ 1 from —0.5
to +1.4V with scan rate 0.1 Vs™' using a conventional three electrode system with
glassy carbon as working, platinum wire as auxiliary, and Ag/AgCl as reference
electrode. LiCIO4 was used as supporting electrolyte.

2.3. pH optimization for complexation

The effect of pH on complexes was studied by adjusting the pH of metal solutions with
0.0l mol L' NaOH/HCI. The dependence of absorption spectra on pH was found
maximum around pH 3.0-8.0 (i.e., 3.38 for 1 at 424 nm and 8.43 pH for 2 at 422 nm)
and is less at pH 8.5-12 because these metals may be precipitated at higher pH [26-28].
The shape of absorption bands and position of maxima (Supplementary material) is
unchanged in the pH range of 2-8 for both complexes. However, at higher pH values,
absorption maxima either show a bathochromic or hypsochromic shift due to
dissociation or formation of complexes with different stoichiometry [29, 30].
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2.4. Composition of the metal complexes (stoichiometry)

Following Job’s method (method of continuous variation), equimolar solutions
(1 x 107*mol L™" concentration) of morin as well as metal salts of zirconium nitrate
and sodium molybdate were prepared in methanol. The solutions of morin and metal
salts were mixed in appropriate ratios extending from 1:9 to 9: 1 and the corresponding
absorbances for morin and zirconium nitrate as well as morin and sodium molybdate
were measured [11].

2.5. Preparation of the complexes

In a round bottom flask (50 mL), morin (0.302 g, 1 mmol) was dissolved (15 min) then
zirconium nitrate (0.215g, 0.5mmol) or sodium molybdate (0.121 g, 0.5 mmol) was
added. After 2 h of stirring, the solutions were filtered to eliminate undissolved/
unreacted components; the precipitates were removed, washed with small aliquot of
diethyl ether, and dried over silica gel in a vacuum desiccator. Finally, the complexes
were dried in air; 1 was chocolate and 2 was maroon colored. The % yield of 1 and 2
were 75% and 61%, respectively. Elemental Anal. Found (%): C, 41.98; H, 2.63; N,
3.20. Anal. Caled for [Zr(C;5sHoO7)2(NO3),] - 2H,0 (%): C, 42.20; H, 2.58; N, 3.28.
Similarly, the elemental Anal. Found (%): C, 45.33; H, 2.99. Anal. Calcd for
[M0O3(C5sHyO7),]-3H,0 (%): C, 45.02; H, 3.02, respectively.

2.6. The reactions of complex formation
Reaction (1) for synthesis of 1 proceeds at very low pH:

ZI'(NO3)4 + 2C15H1007 = [ZT(C15H907)2(NO3)2] + 2H+ + 2N07, (1)

MOOi_ + 2C15H907H = [MOO3(C15H907)2] + HzO (2)

For synthesis of 2 (reaction 2), an opposite pH effect was observed. The first step
involves the formation of molybdenum trioxide (reaction 3),

MoO;™ +2H" = MoO; + H,0, (3)

which links to two ions of morin through the 3-hydroxyl and carbonyl groups. The pH
increase of solution may be due to reactions 4 or 5 [31]:

2H' + MoO3~ = H,Mo0,, )

7TH* + 6MoO2~ = HMos03; + 3H,0. 5

2.7. Physical properties of the complexes

The analytical data as well as physical properties of 1 and 2 show that they are colored,
non-hygroscopic, and thermally stable solids, suggesting a strong metal-to-ligand bond.
The complexes are soluble in polar solvents, methanol, ethanol, DMF, and DMSO,
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Table 1. Solubility information for 1 and 2.

Complex Soluble Slightly soluble Insoluble
1 MeOH, EtOH, DMF, DMSO Acetone, H,O n-hexane, DCM, CCly, CHCl;
2 MeOH, EtOH, DMF, DMSO Acetone, H,O n-hexane, DCM, CCl,, CHCl;

slightly soluble in water and acetone [20] but insoluble in non-polar solvents (table 1).
The molar conductances of 10> mol L™' DMSO solutions were 24.5 and 23.7 pScm ™"
for 1 and 2, respectively, corresponding to non-electrolytes [32]. Analytical and
spectroscopic data show mononuclear complexes and two bidentate morin bound to
one metal. Both the complexes are diamagnetic [16]. This assumption is in accord with
elemental analysis, FT-IR, '"H NMR, and UV-Vis spectroscopy [12].

2.8. Antioxidant assay

In the DPPH test, hydrogen atoms undergo exchange between antioxidant and DPPH
radical (reaction 6), leading to reduction of DPPH radicals to hydrazine that is marked
by the change of color from violet to yellow. The reaction was studied spectro-
photometrically [33] with degree of decolorization taken as a measure of the reducing
capacity of flavonoid.

DPPH' + AH — DPPH—H +A". (6)

The samples were tested individually, where solutions contained 3.9 mL of DPPH
(60 umol L™") and 0.1mL of different concentrations of morin extending from 1 to
20 pmol L™! as an antioxidant standard and samples of 1 and 2. The absorbances of the
resulting solutions were measured at 515nm against a blank sample containing only
DPPH, the negative control. The decrease in absorbance at 515nm, caused by the
addition of flavonoid, was followed for 30min and the scavenging activity (%)
calculated by using equation (7),

(Ac — A4s) o

e 100, )

Scavenging activity (%) =

where Ac and Ag are the absorbance of control and sample, respectively [2, 34].

3. Results and discussion

3.1. Synthesis and composition

For the synthesis of 1 and 2, Job’s method of continuous variation was employed to
determine the composition of chelate complexes. To find the exact ratio, the plots were
extrapolated and the mole fraction of morin (X) was found at X7 =0.667 (figure 2)
according to their highest corresponding absorbance at 423nm and 422nm,
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Figure 2. Job’s plot for complexes of morin with (a) Zr** and (b) Mo®* by mixing equimolar solutions of
1 x 107*mol L™" each morin and metal salts.

(1) [Zr(C15H907)2(NO3)2]-2H,0 (2) [M0O3(C5H907),]-3H,0
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Scheme 1. Proposed coordination structures of 1 and 2.

respectively. The stoichiometry of the corresponding complexes was thus 1:2 from the
mole fraction value.

The stoichiometry of 1 was also determined applying the molar ratio method. The
molar ratio plots show inflection at [Zr]/[morin]=0.5, indicating the stoichiometric
composition of 1:2 [10]. Possible structures for 1 and 2 are shown in scheme 1.
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Table 2. UV-Vis data for morin, 1, and 2.

Compound Morin 1 Ar 2 Ar
Band I 358 nm 423 nm 65 nm 422 nm 64 nm
Band 11 253nm 267 nm 14nm 262 nm 09 nm

12

Absorbance
(=3 (=] (=] —
E & o o

e
(S}

=
=3

)
i=3
=1

Wavelength (nm)

Figure 3. Electronic absorption spectra of morin (2.0 x 10~>mol L") in methanol during titration with
Zr**. Concentration range: 0-28 umol L™".

3.2. Electronic spectra

The UV-Vis spectrum of morin in methanol shows two major bands at 358 nm (band I)
and 253 nm (band II). Band I is absorption of the cinnamoyl system, while band II is
absorbance of the benzoyl system [11]. Spectral data for the absorbances of 1 and 2 are
shown in table 2. Addition of Zr** and MoOj]~ into morin solution causes red shift of
the band at 358 nm to 423 nm for 1 and 422 nm for 2 [5]. Complex formation causing
bathochromic shifts [11] of 65 and 64 nm to A, of morin [17] suggests formation of
metal-oxygen bond in the cinnamoyl system (Supplementary material) [12].

3.3. Spectrophotometric titrations

For determination of stoichiometry of [Zr]/[morin] system, spectrophotometric
(Supplementary material) titration was performed [35]. Due to low pK, of the
3-hydroxychromone proton, the ligand was deprotonated. Figure 3 shows the two stage
change of the absorption spectra of [Zr]/[morin] system [4, 9]. Following the spectral
changes associated with the amount of Zr*"™ added [35], decrease in the absorption band
of morin at Ay, =358 nm accompanied by the simultaneous increase in absorption at
Amax =423 nm is ascribed to 1:2 for 1. A unique isosbestic point (figure 4) was observed
at 388 nm, indicative of the presence of a single complex formed [4]. In the molar ratio
plot, curves of absorbance versus [Zr]/[morin] illustrated that the inflection at 0.5 is
indicative of the 1:2 complex (ML,) stoichiometry [35]. The new band at 423 nm
corresponds to the formation of M-3-OH, forming a big extended m-bonding system
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Figure 4. Spectrophotometric titration curves and spectra of morin in methanol (4 x 10 >molL~"!, 0):
increasing concentrations of Zr*" (from 4 x 107 °molL™", 0.1 to 8 x 10> molL ™).

with inclusion of C ring leading to further stabilization [36]. The electronic transition
within morin changes from n—7* to lower energy 7w—n* favoring the development of a
new band at higher wavelength [35].

The major difference between figures 3 and 4 is that at a low excess of Zr*" the
electronic spectra indicate formation of three isosbestic points due to the simultaneous
presence of three species, i.e., metal (M), ligand (L), and complex (ML,), while at large
excess there is the formation of a single complex with only one isosbestic point.

A twofold excess of Zr*" is necessary to obtain a full complexation of morin and
excess of Zr*" has no effect on the absorbance [6]. When morin reacts with excess of
Zr*", a single complex formation reaction was observed as expected [4]. The zirconium
and molybdate effect on the visible spectra (Amax) of morin indicated that the behavior
of [Mo]/[morin] system is not similar to the [Zr]/[morin] system because MoOﬁ* forms
the complex at once while development of Zr** complex takes place slowly.

With excess Zr*", the 3-hydroxy-4-keto and the 5-hydroxy-4-keto systems cannot be
discriminated, but with equimolar solutions a clear distinction is shown, because the
5-hydroxy-4-keto gives no bathochromic shift, whereas the 3-hydroxy-4-keto gives a
value of 65nm [37].

The low energy band at 423 nm may be assigned to an intense ligand-to-metal charge
transfer transition produced through formation of a coordination bond between the
unshared electron pair of C=0 of morin and the d-orbital of metals (i.e., O(7)—M(d))
due to promotion of electron from the highest occupied molecular orbital of ligand to
lowest unoccupied molecular orbital of metal. The color of the complexes is due to
charge transfer absorption tailing in from the ultraviolet [16, 17, 38].

3.4. Vibrational spectra

Structurally significant IR bands of morin and its complexes have been reported
(Supplementary material) [1]. In 1 and 2, almost all bands are shifted to lower frequency
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Table 3. 'H NMR data of morin, 1, and 2.

H Morin 1 2
2'0OH 9.40 8.297 6.204
4'0OH 9.40 9.77 6.381
30H 9.74 - -
S50H 12.61 12.596 12.76
70H 10.66 11.922 6.489

relative to morin [32]. The position of v(C=0) is diagnostic for involvement of 4C=0 in
coordination, from 1666cm™' to 1621cm™" (Av=45cm™") for 1 and 1660cm™'
(Av=6cm™ ") for 2 [7]. The band related to v(C-O—C) at 1264 cm ™" is slightly shifted by
complex formation in both cases, indicating the lack of interaction by ring oxygen [35].

In 1, a broad band at 3194cm™" may be due to v(O-H) indicating the existence of
water, consistent with thermal analysis [12]; a sharp shoulder at 1544cm™' may be
assigned to 8(H»O). The medium band at 978-738 cm ™" is assigned to M—O mode in 1
[13], indicating that 3-OH group has been deprotonated with the formation of bond
with metal [35]. The spectra show no absorption near 1352cm™', where ionic nitrate
absorbs, indicating the absence of ionic nitrate. Other bands at ~1501, ~1231, ~1011,
and ~738cm ™" correspond to vy, vs, v, and vs, respectively, for bidentate nitrate. The
separation between v; and v, bands indicates bidentate nitrate [20]. The position of
Zr-O/Mo = O stretches are typical [35]. The band associated with 1596-1544cm ™! is
related to the formation of the chelate ring >C=0---M-0 [7].

In the spectrum of 2, a broad band at 3124cm™' due to v(O-H) indicates water,
supported by thermal analysis [17]. The metal peroxo gives rise to three characteristic
IR modes, i.e., (O-O) stretching (v;) at 831-850 cm ™', the symmetric (Mo—O) stretching
(v,) at 650-697cm™', and asymmetric (Mo—O) stretching (v3) at 730-746cm ™" [15].
Complex 2 shows distorted octahedral structure with cis-oxygen atoms having strong
bands at 968-981 cm ™! assigned to stretch of terminal Mo=0 [38]. A new weak peak at
550cm™" is assigned to v(Mo—O) [16], consistent with coordination via carbonyl
oxygen [19].

3.5. 'H NMR studies

Complexation occurs with loss of 3-hydroxyl proton and leads to destruction of
hydrogen bonds. Assignments for protons of hydroxyl of morin are given by literature
data. The relative chemical shift values for protons of morin and 1 and 2 are presented
in table 3. Four signals of hydroxyl groups are visible in spectra of complexes. All the
ring protons undergo the shifts in their resonances, probably due to fixation of ring B
caused by coordination [12].

3.6. Thermal analysis

Thermal decomposition was carried out under nitrogen at 30-600°C. Complex 1
undergoes decomposition in three main stages of weight loss (Supplementary material).
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Table 4. Stability constants of 1 and 2 at various temperatures.

System Temperature (K) In K
1 298 10.52
303 10.38
308 10.18
313 10.04
2 298 12.50
303 12.36
308 12.29
313 12.25

First of 9.6% pertains to endothermic dehydration at 30-110°C. The second weight loss
of 12.4% is slow and continuous weight loss of nitrates strongly bonded with
zirconium. Its decomposition starts at 110°C as T}, reaches Ti,.x at 240°C, and finally
completes at 360°C as Tt Final weight loss of 42% is from morin at 360-530°C as a
moderately broad exothermic peak.

Weight loss curve of 2 shows continuous degradation. Removal of water as a small
broad endothermic peak on the DTA curve at 96°C has corresponding weight loss of
16.4%, while the second mass loss stage was from decomposition of peroxo from 96°C
to 165°C with 3.7% mass loss. Finally, degradation of morin takes place to 530°C as a
big exothermic peak for 77.6% weight loss [12, 39].

3.7. Stability constants and thermodynamic parameters

The stability constants (table 4) and thermodynamic parameters (AG, AH, and AS)
(table 5) of 1 and 2 were studied at 25°C, 30°C, 35°C, and 40°C by spectrophotometry
[40]. Morin is bidentate and both complexes show stoichiometry of 1:2. By using
measured absorbance, since it pertains only to ML,, the molar absorption coefficients
(¢) were determined from Beer’s law (4 =ebc). Equation (8) can be written for the
stability constants of complexes.

[ML2] [ML2]
K= = ) )
ML (CM —[ML2]))(CL — 2[ML2])*

In equation (8), if A/e is substituted for [ML,], it becomes:
K— Afe .
(Cy — A/e)(CL —24]/¢)

)

where A4 is the measured absorbance and ¢ is the molar absorption coefficient. The K
can be calculated from equation (9).

For each temperature, graphs of In K versus 1/T were plotted (figure 5). A straight
line was obtained from which AG, AH, and AS for the complexes were calculated from
slope (—AH/R) and the intercept (AS/R) of the plot. The average values of In K of metal
complexes were inversely proportional to the temperature [40, 41].

When the values of all the parameters were compared for both the complexes, it was
found that 1 revealed larger negative enthalpy value due to significant change in total
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Table 5. Thermodynamic parameters of 1 and 2.

System Temperature (K) —AG (kJTmol™h —AH (kITmol™") +AS(Tmol 'K
1 298 34.82 25.02 0.00354
303 26.15
308 26.06
313 26.13
2 298 30.96 12.90 0.06
303 31.13
308 31.47
313 31.87
(@ y = 3009.4x + 0.4252
2_
el R*=0.9961-
10.6 '
X 104
102 -
10.0 . : . . : ;
.32 325 33 335.34 345 35
107 1/T
(b) y=1551x + 7.267
12.5- R'=0934 -
s+ 124 1
£ i
12.3 -
195 ; ; . : :
3.15 3.2 31p5 18373 3.35 3.4

1073 1/T

Figure 5. Plots of In K vs. 1/T for the determination of thermodynamic parameters depicted for (a) 1 and
(b) 2.

internal energy on formation. Complex 2 showed greater negative AG [42]. AG and AH
show high thermal stability of both complexes and reveal spontaneous and enthalpy-
stabilized process, but mainly entropy driven. The large AS values suggest strong
desolvation of the ligands, resulting in weak solvent-ligand interactions [42, 43].

3.8. Structure of the complexes

The structures of 1 and 2 have been deduced from UV-Vis, IR, and NMR
spectroscopies [7]. Morin can bind through C(3)-OH and C(4)=0 or via C(5)-OH
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Table 6. Fluorescence data of morin, 1, and 2.

Compound/complex Emission wavelength (nm) Relative fluorescence intensity
Morin 497 57.5
1 488 75.9
2 490 63.7

and C(4)=0. Highly stable five-member chelate complexes are formed via binding
through C(3)-O and C(4)=0, as opposed to six-element chelates of less stability [32].
On the basis of spectral and physicochemical data, structures of 1 and 2 are shown in
scheme 1 [16].
Anions like MoOﬁ’ form highly stable complexes since the metal-to-ligand
interactions are partially electrostatic [44,45].

3.9. Fluorescence spectroscopy

Table 6 lists the fluorescence data for morin, 1, and 2; “Supplementary material”
illustrates their emission spectra. Strong fluorescence was emitted at 497 nm by morin,
while 1 and 2 have emission wavelengths of 490 and 488 nm, respectively [46]. The
emissions by complexes are attributable to the fluorescence from intraligand emission
excited states [47] with enhanced fluorescence intensity. The coordination of small
highly charged Zr** and Mo®" increase the fluorescence intensity by increasing rigidity
of the ligand structure and reducing non-radiative energy dissipation. Complex 1 has
higher intensity of fluorescence than 2.

3.10. Cyclic voltammetry

From the CVs of morin, 1, and 2, the complexes exhibit well-defined oxidation peaks
and virtually no reverse reduction peaks corresponding to irreversible reactions. The
electrochemical processes involve only one electron transfer and one-step mechanism
for oxidation in each compound. Morin presents one oxidation at +0.658 mV
characteristic to 3-OH oxidation. The electrochemical data imply that coordination
of metal facilitates oxidation by destabilizing the structure of flavonoid [47, 48].

3.11. Antioxidant activity

Flavonoids have remarkable antioxidative assets and antioxidant activity is affected by
metal chelation [49]. Figure 6 shows the outcome of DPPH free radical scavenging.
Morin, 1, and 2 scavenge DPPH free radical with antioxidant power of 1 and 2 higher
than morin [25].

4. Conclusion

Morin forms 1: 2 complexes with Zr*" and MOOZ* at pH of 3-8. Spectroscopic studies
confirm complex formation; UV-Vis showed bathochromic shifts, IR revealed
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Figure 6. Scavenging activity of morin, 1, and 2 to DPPH radical.

formation of M—O bonds and NMR proved replacement of 3-hydroxy proton by
metals. Stability constants demonstrate formation of stable complexes. Fluorescence
studies illustrate that morin, 1, and 2 are fluorescent. Cyclic voltammetric studies show
reactions with one electron transfer through a one-step reaction mechanism. Morin is a
potent antioxidant and its complexes are stronger antioxidants than it.
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