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ABSTRACT
Apigenin and its metal complexes are used extensively in chemistry,
biology and the dye industry. In this study, the interactions of flavonoids with
metal ions and dyeing properties of these complexes are studied and these
complexes

of apigenin

with aluminium

and

iron are

examined

by

spectrophotometric and Potentiometrie methods. The stability constants of
these

complexes

were

determined

potentiometrically.

The

evaluated

protonation constants of the apigenin were found: logK t = 8.21 and logK 2 =
2.83 at the 25°C. Logarithms of the stability constants were found: for
aluminium complex: logK.! = 8.24, logK 2 = 7.46, and logK3 = 7.04 and for
iron complex: logKi = 7.52, logK 2 = 5.80, and logK3 = 5.00 at the 25°C. The
components of metal-apigenin complexes are given: 1:3 (metal: apigenin
ratio) both Al(III) and Fe(II) from the results. According to our work; it can
be said that Al(III) - apigenin and Fe(II) - apigenin complexes are formed in
the dyeing process and this increases the lightfastness of the dyeing.
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INTRODUCTION
Flavonoids comprise a large group of naturally existing polyphenolic
compounds containing over different chemical structures widely distributed
throughout the plant kingdom. These are found in fruits, vegetables, nuts,
seeds and plant extracts, as well as in plant derived beverages such as tea and
red wine l \ l . Together with carotenoids, flavonoids are recognized as the
pigments responsible for the color of fruit, flowers and leaves, especially in
autumn.
Flavonoids, classified mainly into four subgroups: flavones, flavonols,
flavane-3-ols, isoflavones, are polyphenolic compounds that usually exist in
plants as secondary metabolits 111. These compounds are recognised by the
presence of a C 6 -C 3 -C 6 basic ring skeleton. Flavonoids differ from one
another in the orientation of the substituents (hydroxyl and/or methyl etc.),
the degree of unsaturation, the type and position o f t h e benzenoid substitution
/3/. It was shown that their biological activity depended on the location of
free hydroxyl groups on ring A, more so than those on ring B.
3'

The basic structure of flavonoids
The technique of isolating flavonoid from a plant material, including the
type of extracting solvent, depends generally on the type of flavonoid
compound and the quantity of plant material IAl.
There is abundant evidence that the catechol-type Β ring in the flavonoids
is the active antioxidant moiety. If these groups are blocked through chelation
to a metallic ion it is well known that they can also form other complex
metallic ions such as Cd 2+ , Al 3+ and Zn 2+ . Complexes of flavonoids with
transition metal ions have been shown to be reduced by phenols after
complex formation and can be re-oxidized by oxygen 151. Owing to their
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phenolic nature, flavonoids are quite polar but poorly water soluble, and their
limited absorption is well known l\l.
Flavonoids usually contain one or more aromatic hydroxyl groups and
this moiety is responsible for the antioxidant activity of the flavonoid. Due to
their chemical composition, flavonoid aglycons span the whole range from
water to fully lipid-soluble, allowing them to perform tHeir antioxidative
mode of action both in water solutions and biological membranes 161.
The

flavonoids

ultraviolet/visible

exhibit

region.

The

two

major

absorptions

absorption
in the

bands

320-385

in
nm

the
range

correspond to the Β ring portion (cinnamoyl system, band I), and the
absorptions in the 240-280 nm range correspond to the A ring portion
(benzoyl system, band II) 111.
Flavonoids possess strong antioxidative activity as well as other potential
effects including

anti-inflammatory

/8/,

radical

scavenging

191, anti-

depressant /10/, and antiviral 121. Furthermore, flavonoids are found to have
cancer preventive effects (anticancer) which are expected to become new
drug leads for cancer treatment / l l , 12/. The dietary intake of these natural
products is considered very important for preventing a wide variety of
diseases, including allergies, cardiovascular diseases, certain forms of cancer,
hepatic diseases and inflammation that involve free radical-mediated damage
in pathologically generating process /13/.
The metallic properties of metal complexes of flavonoids suggest that
they may play a role in metal-overload diseases and in all oxidative stress
conditions involving a transition metal ion. A detailed study has been made
of the ability of flavonoids to chelate iron (including Fe 3+ ) and copper ions
and its dependence on structure and pH. The acid medium may be important
in some pathological conditions. In addition, the ability of flavonoids to
reduce iron and copper ions and their activity-structure relationships were
also investigated. To fulfil these objectives, flavones (apigenin, luteolin,
kaempferol, quercetin, myricetin and rutin), isoflavones (daidzein

and

genistein), flavanones (taxifolin, naringenin and naringin) and a flavanol
(catechin) were investigated. All flavonoids studied show higher reducing
capacity for copper ions than for iron ions. Only flavones and the flavanol
catechin interact with metal ions /14/. Flavonoids were significantly more
effective inhibitors of iron ion-dependent lipid peroxidation systems due to
chelating iron ions with the formation of inert iron complexes unable to
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initiate lipid peroxidation. At the same time, iron complexes of flavonoids
retained their free radical scavenging activities /15/.
Flavonoids, a group of naturally occurring antioxidants and iron chelators,
might be used as cardioprotective agents in doxorubicin-induced
cardiotoxicity, which is believed to be caused by the formation of oxygen
free radicals l\6l.
Flavones, apigenin and luteolin or their corresponding 6-hydroxy
derivatives, are the most abundant components of flavonoids. Apigenin
(5,7,4'-trihydroxyflavone) is a flavone that is widely distributed in many
fruits and vegetables, such as parsley, onions, oranges, tea, chamomile, wheat
sprouts, celery and garlic. They are used as sources of natural yellow dye in
carpet dyeing in Turkey IMI. Apigenin is a flavonoid found in many plants
and weld (Reseda luteola L., etc.), and was used as a dye plant in historical
times.
Natural dyes were the main source of textile colour until the mid- to late19th century. Flavonoids (flavones and flavonols) are the main chromophores
in the most commonly used yellow dyes. They occur in plants as sugar
derivatives, are hydrolyzed in the dye-bath to the parent aglycone, and they
bind to the fibre through a metal complex with the mordant* via the carbonyl
group and the adjacent phenolic group. Since many plants are rich in
flavonoids, no individual source of yellow dye became predominant - as, for
example, the red dyes madder and cochineal - and many different and local
sources have been in use at the same time in western Europe /18/

OH

OH

Ο

* Mordants are metal salts which normally hydrolyze in hot aqueous solutions. The
most commonly used mordants are alum [potassium aluminium sulphate (KA1(S0 4 ) 2 .
12H 2 0)], iron [ferrous sulphate (FeS0 4 . 7H 2 0)] and tin [stannous chloride (SnCl 2 .
2H 2 0)].
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Chemical Structure of Apigenin(5,7,4'-trihydroxy flavone)
Mordant dyes (the vast majority of natural dyes) require the treatment of
the textile fibres with a solution of mordant (generally a metal salt). The
solution is absorbed by the fibre, allowing the metal ion to become
complexed to appropriate functional groups in the structure of the fibre.
During the dyeing process, the dye interacts with the mordant-fibre complex
to form an insoluble brightly coloured species. The mordant ensures the
brightness and wash fastness of the dye and also has great influence on the
final colour obtained. Aluminium, iron, tin, chromium or copper ions are
examples of mordants. Aluminium could be obtained from different species
of clubmoss, such as Diphasiastrum complanatum L. from Finland,
Diaphasiastrum alpinium L. and Huperzia selago L. from Scotland, (which
are biological accumulators of aluminium) and iron from surface scum or
bottom sediments of bogs, as well as from mineral sources. Commonly used
with the mordants are the so-called dye-assistants, such as cream of tartar
('winestone', potassium hydrogen tartrate) or oxalic acid. These brighten the
colours, protect the fibres and/or help the absorption of the mordants. More
plant material is required than for most other yellow dyes but it is mentioned
in many textile dyeing recipes, suggesting that it was quite popular. When
used with alum as a mordant it produces bright and fast yellow colours owing
to the presence of the flavones luteolin and apigenin as the major
constituents. Sugar derivatives are also present, but o-glycosides are usually
hydrolysed to the parent flavonoid in the dyebath. The flavonoid content of
weld was shown to average 2 % by weight. Weld was also frequently used
with woad or indigo to give fast green dyes /19/.
Generally, mordant metals (iron, aluminium, calcium and magnesium) are
used for natural dyeing process. In this work we optimised the conditions
required to obtain apigenin complexes with Al(III) ions and Fe(II) ions,
which are used as mordants to fix dye molecules in dyeing. Accordingly; we
aimed to study the stability constants of mixed-Iigand complexes since they
are essential in analytical chemistry.
In previous studies, we examined the binary complexes of naringenin and
apigenin flavanoids with Al(III) and Fe(II) ions /20,21,22/. In this study, the
protonation constants of apigenin and stability constants of apigenin-metal
complexes are determined, and dyeing properties are examined.
Job's method was used to determine in dioxane-water mixture the
stochiometric ratios for the reactions between the flavanoids and the metal
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ions. The solutions were prepared by mixing solutions of both components
with equal molar concentrations in ratio varying from 1:9 to 9:1 /23,24/.
Metal chelation by flavanoids would depend upon the stability constants
for complex formation. The equilibrium expressions were formulated as
follows:
Μ

+ L

ML : K,=[ML] / [M] [L]

ML

+ L

ML 2 : K 2 =[ML 2 ] / [ML] [L]

ML 2

+ L

ML 3 : K 3 =[ML 3 ] / [ML 2 ] [L]

ML„.| + L

ML n

: K n =[ML n ] / [ML n .,] [L]

The protonation constants of apigenin and stability constants of apigeninmetal complexes were determined. The stability constants of complexes were
calculated potentiometrically using the Calvin-Bjerrum and Irving-Rossotti
methods /25Λ
Because of the insolubility of apigenin in water, dioxane-water mixture
(1:1, v/v) was used in all procedures. The behaviour of H + ion in the waterdioxane (1/1; v/v) mixture is the same as in aqueous solutions /20,21,22,
26,27/.

EXPERIMENTAL

Instrumentation
For spectrophotometric studies Shimadzu-UV-1600PC UV-VIS doublebeam spectrophotometer was used. For Potentiometrie studies, Radiometer
TIM800

Titration

Manager,

ABU

901

Autoburette

and

HI

113IB

Combination pH electrode were used. Computer calculations were performed
on the pH-metric data.

Chemicals and Reagents
HC10 4 (%70-72, 1,67 g/mL), NaC10 4 , 1,4-dioxane, A1(N0 3 ) 3 .9H 2 0 were
obtained from Merck, Fe(NH 4 ) 2 (S0 4 ) 2 . 6 H 2 0 was purchased from Carlo
Erba. Apigenin (5,7,4'-trihydroxyflavone) was provided from Carl Roth
Gmbh. All reagents were of highest commercial quality. A solution of 0,01 Ν
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NaOH was prepared from "Titrisol Merck". The concentration of Fe(II) and
Al(III) ions in the solution was typically kept at 3.7.10"3 molL-1 and
determined

accurately

by

titrating

it with

standard

ethylenediamine

tetraacetic acid (EDTA). A solution of 0.1 Ν EDTA was prepared from
"Titrisol Merck". The purity and the concentrations of the prepared solution
were checked by Potentiometrie titration method. The ionic strength of the
reaction medium was kept constant at 25 °C (1=0.0045) using NaC10 4
solution.

Methods
Mordanting and dyeing procedures
The mordanting and dyeing of wool fibres were performed as described
below /28/. Traditionally, a mordant was applied prior to dyeing (called premordanting) to assist the adsorption of the dye and to promote good bonding
of the dyestuff and the fibre. Mordants are metal salts which normally
hydrolyze in hot aqueous solutions. The most commonly used mordants are
alum [potassium aluminium sulphate (KA1(S0 4 ) 2 . 12H 2 0)], iron [ferrous
sulphate (FeS0 4 . 7H 2 0)] and tin [stannous chloride (SnCl 2 . 2H 2 0)]. Fibres
of animal origin (such as silk and wool) have basic chemical groups, mainly
amino and carboxyl groups. In the mordanting process, acidic hydrolyzed
metal ions form bonds with the basic amino and carboxyl groups on the
fibres. Similarly, basic groups on the dye molecules form bonds with the
acidic metal ions on the mordanted fibres. At the end of the dyeing process
[fibre - metal ion - dye molecule], strong chemical bonds are formed.
Fibres are immersed in the aqueous metal salt solution (mordant bath) and
heated to 90 °C for one hour and then, mordant fibres are removed from the
bath and left to dry in open air. The dyeing procedures were performed in
accordance with the historical dyeing methods /17,28,29//). In the dye bath,
the ratio of fibres to dye extract is 1/25. For example, 25 g of dye extract is
used for 1 g of wool. To prepare the dye bath, insect or plant dyestuffs are
extracted with water at 90 °C for one hour and then the residues are filtered.
Mordant fibres are immersed in the dye bath and the temperature is gradually
raised to 90 °C and is kept at this value for about 30 to 60 min. The dye-bath
is left to cool down to around 30 °C and then the dyed fibres are removed
from dye bath, squeezed, rinsed thoroughly with water and dried in open air
in the shade.
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POTENTIOMETRIC STUDIES:

Sample Preparation
Following solutions were prepared:
1) 0.0109 molL" 1 HC10 4 and 0.01 molL"1 NaC10 4 were dissolved in 25.0 mL
dioxane-H 2 0 mixture and mixed with 25.0 mL dioxane-H 2 0 mixture.
2) 0.0109 molL" 1 HC10 4 , 0.01 molL"1 NaC10 4 and 0.0037 molL" 1 apigenin
were dissolved in 25.0 mL dioxane-H 2 0 mixture and mixed 25.0 mL
dioxane-H 2 0 mixture.
3) 0.0109 molL' 1 HC10 4 , 0.01 molL"1 NaC10 4 and 0.0037 molL"1 apigenin
were dissolved in 25.0 mL dioxane-H 2 0, which was then mixed with
0.0037 mol L' 1 Al(III) in 25mL dioxane-H 2 0 mixture.
4) 0.0109molL'' HC10 4 , 0.01 molL"1 NaC10 4 and 0.0037 molL" 1 apigenin
were dissolved in 25.0 mL dioxane-H 2 0 mixture, which was then mixed
with 0.0037 molL"1 Fe(II) in 25mL dioxane-H 2 0 mixture.
Each mixture was separately titrated potentiometrically with 0.010 mol L'
1

NaOH (Figs. 1 and 3). The seperation among (HC10 4 ), (HC10 4 + L) and

(HC10 4 +L+Metal) curves in all Potentiometrie titration curves showed the
formation of a metal-ligand complex.

The determination of Protonation and Stability Constants
In order to determine the protonation constants the solutions including
HC10 4 and ligand (apigenin) + HC10 4 were titrated potentiometrically using
0.010 molL" 1 NaOH (Fig. 1). Average

n A values were calculated from the

titration curves.
For the calculation, the following equation are given below:
n A = y + [ ( V , - V 2 ) (N + C)] / (V 0 + V.) C

L

(a)

where:
V 0 = Initial volume (mL)
Ν = Molarity of the base(NaOH)
C μ = Metal concentration
C l = Apigenin (L) concentration
C = HC10 4 concentration
y = Number of protons given for apigenin
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Fig. 1: Potentiometrie titration curves for Apigenin

Vi, V 2 , V 3 = NaOH volumes of V h V 2 and V 3 were read from the titration
curves which contain HC10 4 ligand + HC10 4 and HC10 4 + Ligand + Metal
ions.
nA =

nA values which correspond to different pH values were calculated

by using the volumes of Vi and V 2 and were plotted in function of pH, i.e.
n A =f(pH).
The following protonation constant of the apigenin were found (Fig. 2):
for n A = 0,5 : logK, = 8,21 for n A = 1,5 : logK 2 = 2,83.
The

stability

constant

of the binary complexes were

determined

potentiometrically using the Irwing-Rossotti method 1251. Therefore the
mixture which the metal ions were titrated with standard 0.010 molL"1 NaOH
solution potentiometrically and the titration curves were plotted (Figs. 3
and 4).
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Fig. 2:

nA = f (pH) curves for apigenin
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Fig. 3: Potentiometrie titration curves for Fe(II) - Apigenin
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Fig. 4: Potentiometrie titration curves for Al(III) - Apigenin
n L values were calculated using n A values and the equation given below;
pL values were calculated using nL values to calculate stability constants.
The following equation was used to calculate n L values:
nL= { ( V 3 - V 2 ) [ N + C + C L ( y - n A ) ] } / ( V 0 + V 2 ) . nA . C m

φ)

The following equation was used to calculate pL values:
PL=Log{[l+ß1[H

+

] + ß2[H+]2+....ßn[H+]n]/CL-

nL.CM}

(c)

n L = The values were calculated using n A values and the equation (b)
pL = pL values were calculated using β values (β values were calculated
as follows).
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The relation
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n L = f (pL) was plotted using n L and pL values which were

calculated for each metal ion from the titration curves (Figs. 3 and 4);
equation (b) and equation (c) were applied. The stability constants were
determined from these graphs (Figs. 5 and 6). The formation constant (β)
were determined from stability constant metal-ligand complexes /30/.

Fig. 5. nL = f (pL) curves for the Fe (II)-Apigenin complex
For Apigenin-Fe(II) complex:
logKi = 7.52

logßi = 3.3 lxlO 7

logK 2 = 5.80

logß 2 =2.09x10 1 3

logK.3 = 5.00

logß 3 = 6.92x10 25
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pL
Fig. 6:

nL = f (pL) curves for the Al(III)-Apigenin c o m p l e x

For Apigenin-Al(II) complex:
l o g K j = 8.24

logß, = 1.74x10 8

logK 2 = 7.46

logß 2 = 5 . 0 2 x l 0 1 5

logK 3 = 7.04

logß 3 = 9 . 5 8 x l 0 3 0

The following equation w a s used to calculate the conditional formation
constant ( l o g K ) for p H 0 to 14:
logK=logK1,2,3M.aM.[(logK1L,logK2L4ogK3L)/
[(H+)3+K,L.(H+)2+K1L.K2L(H+)+K1L.K2L.K3l]]

(d)

logKi >2 3 L = Stability constants of l i g a n d ( a p i g e n i n ) ;
l o g K 1 2 3 M = Formation constant of metal - ligand c o m p l e x
H + = T h e values at various p H 0 to 14 ;
a M - T h e fraction of a M of the metal ion in the u n c o m p l e x e d f o r m metal
m a y be calculated /28/.
By using calculated formation constants, the relative abundancies o f
different species of metal-ligand complexes were f o u n d and w e r e plotted as a
function of p H (Figs. 7and 8).

223

Dyeing Properties of Apigenirt

Vol. 29, Νos. 3-4, 2010

1
α
0.8

0.6

0.4

0.2

0
0

2

4

6

8

10

12

14

pH
Fig. 7:

Relative abundance of ionic and molecular species calculated as a
function of pH for Fe(II) - apigenin complex.
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Relative abundance of ionic and molecular species calculated as a
function of p H for Al(III) - apigenin complex.

Furthermore, by using equation (d), the conditional formation constants
were calculated and were plotted as a function of pH (Figs. 9 and 10).
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logKc
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Fig. 9:

Conditional formation constant as a function of pH for Fe(II)apigenin complex.
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Fig. 10:

Conditional formation constant as a function of pH for Al(III)apigenin complex.
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Spectrophotometric Studies
In spectrophotometric measurements, H C I 0 4 + NaC10 4 + dioxane + H 2 0
mixture was used as reference, because the same composition was used for
the Potentiometrie titration. Then, apigenin, aluminium(III) and iron(II)
solutions were added separately to the reference mixture and absorption
spectras were recorded for each (Fig. 11 and 12). A similar procedure for
metal ions was performed separately in the absence of apigenin (Figs. 11 and
12).

Fig. 11:

UV-vis spectra of Fe(II) ions, apigenin and Fe(II)-apigenin
complex in 1:3 dioxane + H 2 0 + HC10 4 + NaC10 4 (50 μΜ at pH
5.50).

RESULTS AND DISCUSSION
Some of the metal salts i.e. the iron (II) and aluminium(III) salts were
used as mordant in traditional dyeing process with natural dyes, consisting of
flavonoids. In this study, the protonation constants of apigenin

were

determined by the Irwing-Rosotti method potentiometrically. The conditional
formation constants were calculated and these constants were found to be in
agreement with the formation constants of binary systems.
In this calculation, pK values of ligand and the formation constants of
complexes which they formed with metals were used as data. The formation
constants of complexes were found from the formation curves
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which

were

drawn

for

aluminium(III)
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and

iron(II)

complexes.

The

conditional f o r m a t i o n constants equal the " β values" of the complex. T h e
formation constants o f metal-apigenin complexes as f o u n d in this study are in
agreement with the calculated conditional formation constants of β. T h e
conditional f o r m a t i o n constants, namely the stability constants o f complexes,
can also b e calculated. The behaviour of aluminium(III) and iron(II) ions has
been e x a m i n e d in this work.
F r o m the experimental results, w e can c o n c l u d e that

apigenin-metal

complexes 3:1 (apigenin:metal ratio) both Fe(II) and Al(III). Since the
coordination n u m b e r for both iron and aluminium is 6, that c o m p l e x contains
3 water molecules. T h e proposed structure of apigenin-metal c o m p l e x e s are
given in Figure 13.

Wave lenght(nm)

Fig. 12:

U V - v i s spectra of Al(III) ions, apigenin and Al(III)-apigenin
c o m p l e x in 1:3 dioxane + H 2 0 + H C 1 0 4 + N a C 1 0 4 (50 μ Μ at p H
5.50).
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Fig. 13:

Proposed structure of apigenin-metal complexes: (M = Fe(II) or
Al(III) ions).

The protonation constants of apigenin and stability constants of apigeninmetal complexes are given in Table 1.
Table 1
The stability constants for Fe(II)-apigenin and Al (Ill)-apigenin complexes

logK,

logK 2

logK 3

Apigenin

8.21

2.83

-

Apigenin-Fe(II)

7.52

5.80

5.00

Apigenin-Al(III)

8.24

7.46

7.04

The conditional formation constant for Fe(II)-apigenin complex was
found as the maximum value 12.51 at the range of pH = 5 - 6 (Fig. 9). This
value is in accordance with the relative abundance (Fig. 7). The conditional
formation constant for Al(III)-apigenin complex was found as the maximum
value 21.44 at the range of pH= 5-6 (Fig. 10). This value is in accordance
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with the relative abundance (Fig. 8). The complex formation shows a
maximum in a narrow pH range and by decreasing rapidly with the increase
of pH. (Figs. 9 and 10).
Table 2
Maximum absorption wavelengths apigenin-metal complexes

Wavelengths (nm)

Absorbance

Apigenin

339.5

0.538

Fe(II)

309.5

0.205

Apigenin-Fe(ll)

397.5

0.546

Al(III)

303.0

0.367

Apigenin-Al(III)

397.0

0.434

According to the spectra in Figure 11, Fe(II) ions, apigenin and Fe(II)apigenin complex exhibit maxima at the wavelength of 303.0, 290.5, and
327.0 nm respectively (Table 2). At 309.5 nm and 339.0 nm absorption of
Fe(II) ions and apigenin decreases, while absorption of the Al(III)-apigenin
increases. After the reaction was completed, no absorption signal originating
either from Al(III) or apigenin was observed. Similar conclusions could be
drawn from the spectrum of Fe(II)-apigenin complex. Although Fe(II) ions
absorb at 310.5 nm, the iron(II)-apigenin complex absorbes at 326.5 nm
(Table 2). Therefore, with the progress of the complexation, absorption
signals of apigenin and Fe(II) ions decreased, while absorption of Fe(II)apigenin complex was enhanced (Fig. 10). After the reaction was completed,
one could observe only the latter.
Apigenin has good dyeing properties. Higher dye adsorption on the wool
and silk fibres could be attributed to structural features of the fibres.
Electrostatic forces between the positively charged side chains of the protein
fibre (wool and silk) and the apigenin molecule would be expected to play a
dominant role in dye adsorption. When we used Al(III) and Fe(II) as a
mordant the textile material became bright and fast yellow colours owing to
the presence apigenin. The results presented are in good agreement with the
previous ones for apigenin (339.5 nm) obtained by Markham /31/.
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