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This study examines the interaction of Mg(II) and Ca(II) with morin (20,3,40,5,7-pentahydrox-
yflavone) in conjunction with the appraisal of antioxidant and biological properties of the
complexes. The complexes were characterized by UV-Vis spectroscopy, FT-IR, 1H NMR, 13C
NMR, thermal, and elemental analyses. The complexes have also been studied to determine
metal : ligand stoichiometry. For antioxidant studies, it may be induced that complex formation
increases the scavenging ability because of the differential and selective role of metals in free
radical scavenging. The bioactivity studies show that both complexes have remarkable
antibacterial properties against Micrococcus flavus and Staphylococcus aureus.
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1. Introduction

Flavonoids exhibit a wide spectrum of beautiful colors in flowers, fruits, and leaves
[1–3]. In plants, they also work as antioxidants, antimicrobials, photoreceptors, visual
attractors, and feeding repellents [4]. More than 4000 such compounds are separated
and identified from plants [5]. Out of these, quercetin, morin, and rutin are best known
and studied [6–8]. These compounds are potential antibacterial, anticancer, anti-
inflammatory, and anti-allergic agents and their intake is very important to prevent a
number of diseases, which cause free-radical-mediated damage [4, 9]. The big interest in
this group of compounds is because of their biological activity; hence, many of them
have been added in pharmaceuticals for therapeutic use [10–14]. They are highly useful
colorimetric compounds for determining minute quantities of metals from solutions
[15]. Most of the flavonoids have a common phenyl–benzopyrone skeleton called
flavone; yet, they differ in hydroxyl, methoxy, and glycosyl groups [16, 17]. Free
radicals damage the normal metabolic processes, ultimately causing pathological
problems due to their interactions with different types of biochemicals interior and
exterior to the cells. Several antioxidative compounds are known, among these the role
of flavonoids is significant [18]. Many of them are less efficient, nevertheless there
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is a role played by them in removing reactive oxygen and thereby managing deadly
consequences. Consequently, cost-effectiveness, healthiness, biological, and ecological
significance have made it important to develop new antioxidants. Researchers try to
develop/design new antioxidants with improved antioxidant power by the joint action
of metal complexes and natural compounds [19, 20]. Flavonoids have ability to bind
metal ions, making them outstanding reagents. Complex formation has importance in
many life functions [3, 21, 22], presenting increased activity [23]. Morin (figure 1) is a
phenolic compound derived from the hydroxyl substitution of flavone [24]. It is present
in tea, coffee, cereal grains, fruits, vegetables, and many traditional Chinese herbal
medicines [25].

Mg2þ ions are found in animal cells, forming complexes with ATP and are important
in enzymes like phosphohydrolases and phosphotransferases, and they catalyze various
reactions concerning ATP and energy release. Mg2þ is also a major constituent of
chlorophyll which is present in green plants. Ca2þ ions are found outside the cell in
body fluids and they are also a major part of bones and teeth. They play a vital role in
blood clotting, normal heart beat, and as a trigger for contraction of muscles. However,
among group II metals, Mg2þ and Ca2þ have ability to form complexes due to their
small highly charged ions, and are candidates to form complexes with oxygen donors.
Mg2þ reacts with different bidentate and polydentate (chelating) ligands; Ca2þ also
forms complexes [26, 27]. The complex formation provides the basis of complexometric
titration of these metal ions with morin.

Herein, we describe the syntheses of morin complexes with Mg(II) and Ca(II) as well
as the evaluation of their antioxidant and biological activities. The elemental,
thermogravimetric, and spectroscopic analyses establish the proposed structure and
composition of the complexes.

2. Experimental

2.1. Materials and methods

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) by Sigma (St Louis,
MO, USA), MgCl2 � 6H2O and CaCl2 by Merck (Darmstadt, Germany), HPLC grade
methanol by Fisher Scientific Ltd. (Leicestershire, UK), and KBr from Aldrich
Chemical Co. (Taufkirchen, Germany) were purchased. All reagents were weighed with
an accuracy of �0.0001 g.

HO

HO OH

OH

OH O

O

3

5

7

4„2„

A C

B

Figure 1. Molecular structure of morin.
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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. 1H NMR spectra in
DMSO were obtained on a Bruker AVANCE AV-400MHz spectrometer using TMS
as internal reference. 13C NMR spectra were recorded on a Bruker AVANCE
AV-300MHz spectrometer. IR spectra were recorded using KBr pellets from 4000 to
400 cm�1 on a Nicolet 5700 FTIR instrument.

2.2. Stoichiometric composition of the complexes

For the determination of stoichiometric composition of complexes, Job’s method of
continuous variation was employed. In MeOH, the solutions of equimolar concentra-
tion 4� 10�4mol L�1 were prepared by mixing different volumes of morin with MgCl2
and CaCl2 [28] in variable relative amounts from 1 : 9 to 9 : 1. The absorbance for both
complexes was measured at 422 and 418 nm, respectively. The mole fraction of morin
(X ) was found at XL¼ 0.5 (figure 2) according to the highest corresponding
absorbance. From the mole fraction value it can be deduced that the complexes are
formed in 1 : 1 ligand to metal ratio [29].

2.3. Synthesis of the metal complexes

Morin 0.0756 g (0.01mol L�1) was added to a 100-mL round-bottom flask containing
25mL of methanol. After 15min of stirring nearly all the morin was dissolved, then
150 mL of sodium methoxide was added to deprotonate it. Subsequently, MgCl2 � 6H2O
(0.04066 g, 0.01mol L�1) and CaCl2 (0.0222 g, 0.01mol L�1) were added in two separate
round-bottom flasks containing deprotonated morin and the color of the solution
changed. The contents were refluxed for about 1.5 h and then the solution filtered to get
rid of unused morin. The solvent was removed by rotary evaporator. Finally, the
contents were washed with t-butanol, dried in a vacuum dessicator and the yield
calculated as 73% and 85% for Mg and Ca complexes of morin, respectively. Elemental
analysis found (%): C, 39.939; H, 4.245. Anal. Calcd for [Mg(C15H9O7)(H2O)4]Cl �H2O
(%): C, 39.815; H, 4.258. Similarly, the elemental analysis found (%): C, 38.5899;
H, 4.1, Anal. Calcd for [Ca(C15H9O7)(H2O)4]Cl �H2O (%): C, 38.037; H, 3.963.
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Figure 2. Jobs plot for complexes of morin with (a) Mg(II) and (b) Ca(II) by mixing equimolar solutions of
4� 10�4molL�1 each morin and Mg and Ca salts.
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2.4. Solubility of the complexes

All the complexes are stable at room temperature; their solubility and other physical
properties are provided in tables 1 and 2, respectively.

2.5. Antioxidant activity by the 1,1-diphenyl-2-picrylhydrazyl method

Antioxidant activity was conveniently evaluated from radical scavenging of widely used
stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical. The absorbance of DPPH
was at 515 nm and decrease in absorbance is usually noted after the reduction of DPPH
with an antioxidant to become a stable diamagnetic molecule [30, 31]. Its purple color
changes to yellow, as hydrogen is abstracted (equation (1).

DPPH� þ AH! DPPH�HþA�: ð1Þ

The DPPH-radical-scavenging activity of the samples was estimated by adding an
aliquot of morin and its complexes (0.1mL) to a solution of DPPH radical (3.9mL) in
MeOH (60 mmolL�1). At 515 nm the drop of absorbance was examined until DPPH
was completely reduced. The scavenging activity (%) was then calculated by using
equation (2),

Scavenging activity ð%Þ ¼ 100ðAc � AsÞ=Ac, ð2Þ

where Ac and As are the absorbance of control and sample, respectively [32, 33].

2.6. Antibacterial activity

The antibacterial actions of morin and its metal complexes were analyzed in vitro using
different microorganisms by the well diffusion method. The bacteria used were
Micrococcus flavus (Gþve) and Staphylococcus aureus (Gþve). Each culture was
inoculated before pouring into the sterilized Petri dishes. Platinum wire loop was used
for inoculation purpose that was first made red hot in flame and then cooled as well as
ultimately used to apply bacterial strains. The medium of brain heart infusion (BHI)
agar was used. Wells of 6mm diameter were made in the agar by using a cork borer;
sterilized forceps were also used as a help. The solution of morin and its metal
complexes was added to the wells by using a micropipette. All the compounds were
dissolved in DMSO and examined at various concentrations. For control, DMSO was
employed. Finally, the plates were incubated in air at 37�C for 24 h. The antibacterial
property was assessed by measuring the diameter (in mm) of the inhibition zone.
Experiments were done in triplicate [34, 35].

Table 1. Solubility of metal complexes of morin with Mg(II) and Ca(II).

Solubility

Compound Soluble Partly soluble Insoluble

Mg–morin complex MeOH, EtOH, DMSO, DMF H2O, Me2CO CCl4, CHCl3
Ca–morin complex MeOH, EtOH, DMSO, DMF Me2CO, H2O CCl4, CHCl3
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3. Results and discussion

3.1. Electronic spectra

The electronic spectra for morin and its Mg(II) and Ca(II) complexes (figure 3) were
recorded in methanol from 200 to 550 nm. The spectrum of morin alone shows two
absorptions. Band I at 375 nm is formed from conjugation of ring B with carbonyl
group present in ring C (�–�* transitions in B ring portion of morin), while band II at
263 nm (table 3) is from conjugation in ring A with ring C containing carbonyl [36].
When methanol solution of metal ion was added it produced a bathochromic shift in
band I and a new peak at 414 and 411 nm for Mg(II) and Ca(II), respectively (table 3),
indicating the formation of complexes between morin and both metal ions.

From the chemical structure of morin it is obvious that it can chelate metal ions from
two sites, that is, hydroxyl located at either 3- or 5-position and carbonyl group located
at 4-position. The peaks present at 265 or 264 nm show no significant change. The
newly formed peaks at 414 and 411 nm suggest that Mg(II) and Ca(II) form a bond with
3-OH and 4C¼O present in the C ring. There are several indications that complexation
involves 3-hydroxyl and 4-carbonyl: (i) 3-hydroxyl group has stronger chelating ability
than 5-hydroxyl; (ii) electrons present on oxygen of 3-OH show more delocalization
than 5-OH. The bathochromic shift in band I of morin takes place due to the
interaction of Mg(II) and Ca(II) with 3-OH, causing the redistribution of electrons
between morin and Mg(II) or Ca(II) by increasing the � bond system. In morin, the
change in electron distribution takes place from n–�* to �–�* transition, which is
associated with the decrease in energy during this electron transition (Supplementary
material). This is also in agreement with previous work that demonstrates the
involvement of 3-OH and 4C¼O groups of the C ring of morin to chelate metals [37].

3.2. Stability and pH study

The Mg complex of morin was dissolved in methanol and pH was 6.8. The complex was
studied over a wide range of pH, starting from 2.0 to 12, which was adjusted by NaOH
and/or HCl (0.01mol L�1) solutions. The complex does not show any change in the
absorption maximum. From this, it can be supposed that metal ion does not dissociate
from the flavonoids [38] (Supplementary material).

3.3. Vibrational spectra

IR absorption frequencies for free ligand and its complexes with provisional
assignments are presented in table 4. IR data obtained from spectra of morin and its

Table 2. Physical properties of metal complexes of morin with Mg(II) and Ca(II).

Complex Mol. wt. Color Yield (%)

[Mg(C15H9O7)(H2O)4]Cl �H2O 451.062 Yellowish 73
[Ca(C15H9O7)(H2O)4]Cl �H2O 466.832 Yellowish 85

Morin complexes 2121
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Figure 3. UV-Vis spectra of morin and its complexes with (a) Mg(II) and (b) Ca(II).

Table 3. UV-Vis data for morin and its complexes with Mg(II) and Ca(II).

�max (nm)

Compound Band II Band I

Morin 263.77 375.32
Mg–morin 265.60 414.88
Ca–morin 264.77 411.03
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Mg(II) and Ca(II) complexes is in accord with the structure. From significant shifts in
the absorbance frequencies of metal morin complexes it may be presumed that morin is
coordinated [3, 39].

. A band present in the spectra of free morin and its complexes at 3500–3000 cm�1

corresponds to the broad band of O–H that undergoes significant variation in
complexes and suggests the formation of metal–oxygen bonds [40].

. A remarkable change is observed in the region 1700–1400 cm�1 for carbonyl group
(C¼O) that is diagnostic for its involvement in coordination. Upon complexation of

morin with Mg(II) and Ca(II), shift in �(C¼O) is observed from 1662 cm�1 for morin
to 1634 cm�1 with Mg(II) and 1653 cm�1 with Ca(II). Hence, the carbonyl group
participates in the bonding of metal ions and forms the chelate ring of
4C¼O � � �M–O– [41].

. The characteristic �(C–O–C) of the ligand at 1230–1383 cm�1 are not changed
significantly, suggesting that this group does not form metal–oxygen bonds [3].

. Small peaks are observed around 600 cm�1 in both complexes, which are not
observed in the spectrum of free ligand. The presence of such bands indicates metal–
oxygen bonding. This is also supported by UV-Vis spectral results (table 3), where
ring C coordinates with metal ions [42, 43].

3.4.
1H NMR studies

1H NMR data show mostly an upfield shift of signals for –OH protons of morin [44]
(table 5), when it forms complex with metals, because coordination increases

Table 4. IR data for morin and its Mg(II) and Ca(II) complexes.

Functional group Morin Mg(II)–morin Ca(II)–morin

�(O–H) 3381–3157b 3411 3419.7
�(C¼O) 1662w 1634.8 1652.9
Stretching vibration C¼C in

aromatic ring, ring vibrations
1613sh – 1614.8

�(C¼C) 1508s 1511.4 1504.5
�(C¼C), �(O–H), C–O–H 1460sh 1446.9 1436.6
�(C–OH) 1383s 1367.8 1370.1
�(C–O–C) 1310s 1321.7 1318.6
�(C–C) 1258vs 1237.8 1241.9
Stretching vibrations –C–OH 1174s – 1197.8

1144m 1173.9 1171.5

Stretching vibrations –C–OH, �(O–H) in plane deformation – – 1094.8
(C–C) in plane deformation, deformation

vibrations –C–H outside plane, related to
substitution of aromatic rings of multiring compounds

969.4 975.8 980.0

(C–C) in plane, (O–H) out of plane deformation 831 800.8 834.3
(C–H) out of plane deformation 795 – 790.2
�(M–O) 634.5 648.1 645.6
(C–C) out of plane deformation 564.8 – 566.2
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the conjugation. Since morin is likely to undergo chelation via 3-OH phenol, the

complex formation removes phenolic hydrogen of flavonoid. From the above

information it becomes clear that upon complexation only one proton in free morin

undergoes deprotonation and morin is monobasic bidentate [45, 46].
The complexes show only four signals for hydroxyl groups in spectra of the Mg(II)

and Ca(II) complexes of morin; the resonance of hydrogen of 3-OH is not present,

indicating loss of –OH proton due to complexation (table 5). Only this proton is

replaced by metal, confirming coordination of Mg(II) or Ca(II) with oxygen of 3-OH

(Supplementary material) [47, 48].

3.5. 13C NMR spectra

13C NMR spectra (Supplementary material) for morin and its Mg(II) or Ca(II)

complexes have also been discussed comparatively. From the data (table 6), the main

feature of complex formation is that almost every carbon in morin is influenced but C3

and C4 show significant difference relative to the other carbons. The signals at 176 and

177 ppm (C4¼O) indicate that Mg(II) or Ca(II) interacts strongly and their position is

near C¼O. From this it may be established that chelation takes place via C4¼O and

C3–O. Hence, the substitution of intramolecular C3–OH � � �O¼C4 hydrogen bonding

for coordination results in frequency shift of C3 and C4 (4.64, 2.83, 0.28, and 1.1 ppm

for Mg(II) and Ca(II), respectively), because C3 and C4 become electron deficient in the

formation of chelates with Mg(II) or Ca(II). Mg(II) and Ca(II) draw electrons from C3

and C4 carbons because they offer their electrons for bonding. When metal complexes

are formed, both mesomeric forms, i.e., pyronium and cinnamoyl, contribute, altering

the electronic charge density (figure 4) [49]. The signals of carbons located as C2, C10,

C20, and C40 show only negligible upfield shifts, because cinnamoyl has substantial

contribution to stabilize the complexes.
Intramolecular hydrogen bonding plays a vital role in the stability of morin, formed

by the transfer of hydrogen from 20-hydroxyl to oxygen of 3-hydroxyl group and

simultaneously to oxygen of 4-carbonyl. As soon as the complexes form, the proton of

–OH group located at C3 is lost, disrupting the hydrogen bonding. No appreciable shift

in the signals of C4 and C5 shows that they have intramolecular bonding

C5–OH � � �O¼C4. The orientation of C7–OH is unclear due to insignificant shielding

differences shown by C6 and C8. If the hydroxyl substituent is in the plane of the

aromatic ring, then the shieldings of proximal carbons is marked, suggesting that

C7–OH is twisted out of the plane. The relative change in the position of morin by

Table 5. 1H NMR data for morin and its Mg(II) and Ca(II) complexes.

Chemical shifts (in � values or ppm)

Ligand/complex 5-OH 7-OH 3-OH 40-OH 20-OH H-60 H-50 H-8 H-30 H-6

Morin 12.612 10.689 9.761 9.365 9.278 7.248 6.468 6.174 6.438 6.19
Mg–morin 13.374 11.647 – 9.667 10.73 7.60 6.911 6.469 6.889 6.450
Ca–morin 12.56 10.78 – 10.789 9.725 7.949 6.928 6.467 6.889 6.475
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rotation and rocking produce different chemical environments and creates different
intramolecular bonding, resulting in considerable shielding differences [9, 38].

Spectroscopic data reveal that coordination of morin with Mg(II) or Ca(II) takes
place via C4¼O and C3–O oxygen donors [50, 51].

3.6. Thermal analysis

Thermal data obtained from TG-DTA curves (Supplementary material) show
dehydration and decomposition of the complexes, heated at 20�Cmin�1. The results
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Figure 4. (a) Pyronium and (b) cinnamoyl mesomeric forms participating in the resonance of morin
complexes. Only one ligand has been displayed.

Table 6. 13C NMR (chemical shift) data for morin and its Mg(II) and Ca(II) complexes.

Chemical shifts (in � values or ppm)

Position (Morin) (Mg–morin) (Ca–morin)

C2 148.97 148.32 148.58
C3 136.16 140.80 138.99
C4 176.16 176.28 177.29
C5 156.74 156.70 158.63
C6 93.32 93.45 93.26
C7 163.85 163.62 163.45
C8 97.99 97.97 97.82
C9 160.68 159.78 159.22
C10 106.77 107.49 106.70
C10 115.41 115.42 115.43
C20 156.77 156.14 156.60
C30 103.51 104.97 103.94
C40 160.89 159.78 159.22
C50 109.19 107.49 106.70
C60 131.63 129.45 129.96
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of Mg–morin complex displayed three main stages from 40�C to 600�C. The first stage

from 90�C to 110�C is associated with dehydration with mass loss of 2.5% from loss of

hydration water. The next dehydration process from 140�C to 155�C with correspond-

ing mass loss value of 2.2% is due to the coordinated water molecules. The final mass

loss was the decomposition of the ring of the ligand at 380–500�C. As thermogravi-

metric analysis is performed with nitrogen, residues of metal oxide are not expected

to form. Ca–morin complex exhibits weight loss at 60–93�C that corresponds to

dehydration. Sharp weight loss at 270–500�C corresponds to continuous thermal

degradation of the ligand [52]. The proposed structures of the complexes are given in

figure 5.

3.7. Gravimetric analysis of chloride

Appropriate amounts of [Mg(C15H9O7)(H2O)4]Cl �H2O and [Ca(C15H9O7)

(H2O)4]Cl �H2O were dissolved in methanol and subsequently 0.5mL of conc. HNO3

was added. After that, the solution was heated to 70�C and 5mL of AgNO3 was added

to the warm solution with constant stirring. The precipitates were further warmed and

allowed to cool in a dark place. After some time, the supernatant liquid was tested for

chloride ions by adding AgNO3 with the sides of beaker in order to check the

completion of precipitation. Again, the precipitates were allowed to stand in the dark

for a few hours, preferably overnight. Finally, the precipitates were filtered through

previously cleaned, dried, and weighed sintered glass crucible. Washing of the

precipitate was done with dil. HNO3 (0.01N) followed by distilled water.

Subsequently, the precipitates were dried above 100�C, cooled in a dessicator, and

finely weighed. Equation (3) shows precipitate formation.

AgNO3 þ Cl�1! AgCl# þNO�13 : ð3Þ

Ignition of AgCl precipitates was performed in ashless filter paper [53]. At last,

the percentage of Cl�1 was calculated from the amount of complexes dissolved. When

the formulae of complexes were compared for chloride ions, the gravimetric

determination proved that the experimental values, i.e., 7.295% and 7.138% are in

good agreement with theoretical values of 7.870% and 7.604% in the proposed

formulae, i.e., [Mg(C15H9O7)(H2O)4]Cl �H2O and [Ca(C15H9O7)(H2O)4]Cl �H2O,

respectively.

O

OHOH

O

OH

OH

OO

O

OHOH

O

OH

OH

Ca(H2O)4

A

B

C

Mg(H2O)4

A

B

C Cl.H2O Cl.H2O

Figure 5. Proposed structures of morin–Mg(II) and morin–Ca(II) complexes.
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3.8. Metal-content determination

Metal ion concentrations were determined through complexometric titration, in which
suitable volume of morin complexes was titrated by adding standard solution of
0.1mol L�1 EDTA [53]. From the titrimetric results, the amount of Mg2þ and Ca2þ was
4.731% and 8.194% in the complexes, consistent with theoretically calculated values,
i.e., 5.3873% and 8.5684% in [Mg(C15H9O7)(H2O)4]Cl �H2O and [Ca(C15H9O7)
(H2O)4]Cl �H2O, respectively, indicating 1 : 1 metal : ligand composition involving
deprotonation at single –OH.

3.9. Antioxidant activity

The results of DPPH-radical-scavenging analysis can be seen in figure 6. Morin and its
complexes scavenge DPPH effectively with scavenging activity of complexes greater
than that of free morin, indicating that complexes are much stronger free radical
scavengers and antioxidants than free morin. The substantial antioxidant action of
complexes, relative to free morin, is from coordination of metals at the 3 and 4
positions of the fused ring, stabilizing unpaired electron and thus scavenging the free
radicals [44, 54–56].

3.10. Antibacterial activity

The antibacterial activities of ligand and its complexes were carried out against
M. flavus and S. aureus by using the well diffusion method. Morin is active against
S. aureus but inactive against M. flavus and its complexes are even more active against
both strains relative to the ligand (table 7). Metallation increases the antimicrobial
activity by chelate formation [57, 58].

4. Conclusion

Morin forms 1 : 1 metal : ligand complexes with Mg(II) and/or Ca(II). UV-Vis spectra
show significant bathochromic shifts that confirm the formation of complexes in the
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Figure 6. Scavenging activity of morin, morin–Mg(II), and morin–Ca(II) complexes to DPPH radical.
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B ring portion and consequently verify deprotonation of the 3-OH, which is further
confirmed by NMR studies. FT-IR spectroscopy shows involvement of oxygen of
carbonyl in coordination, while chloride exists as a counter anion. Thermal analysis
confirms the presence of coordinated as well as hydrated water molecules, also
supported by FT-IR. From significant thermal degradation values of the complexes,
stable bonding is formed between metals and morin. The antioxidant efficacy of the
complexes is more pronounced with significant DPPH-scavenging capacity in contrast
to morin from complexation occurring at the 2,3-double bond and the 3-OH group. The
complexes have promising activity against S. aureus and M. flavus.
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