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In this work, formation in the binary and ternary systems of the FeIII metal ion with gallic acid and glycine
was investigated by means of potentiometry, conductometry, polarography, and UV-visible absorption
spectroscopy techniques at 25 °C and in I ) 0.10 mol ·dm-3 NaNO3. The protonation equilibria of gallic
acid and glycine were investigated and discussed. The acidity constants of gallic acid and glycine were
determined and used for determining the stability constants of the binary and ternary complexes formed in
the aqueous medium under the experimental conditions. The ternary complex formation was found to occur
in a stepwise manner. The stability constants of these binary and ternary systems were calculated. The
concentration distribution of the various complex species in solution was evaluated and discussed. The
solid binary [FeIII-gallic acid] and ternary [FeIII-gallic acid-glycine] complexes were synthesized and
characterized by elemental analysis, FT-IR, 1H NMR, and 13C NMR spectroscopy.

Introduction

Gallic acid, an organic acid, known as 3,4,5-trihydroxyben-
zoic acid (C6H2(OH)3COOH) (Chart 1), is found widely
throughout the plant kingdom. High gallic acid contents can be
found in gallnuts, grapes, sumac, witch hazel, tea leaves, hops,
and oak bark. Gallic acid exists in two forms as the free
molecule and as part of tannins. Pure gallic acid is a colorless
crystalline organic powder, while salts and esters of gallic acid
are termed gallates. Despite its name, it does not contain
gallium.1 It has many applications in chemical research and
industry such as being used as a standard for determining the
phenol content of various analytes by the Folin-Ciocalteau
assay2 and also used for making dyes and inks.3

Gallic acid is commonly used in the pharmaceutical industry
because many in vivo and in vitro studies in humans, animals,
and cell culture have provided evidence for the following actions
of gallic acid: (1) it shows cytotoxicity against cancer cells,
without harming healthy cells;4 (2) it can be used to treat
albuminuria and diabetes;5 (3) it seems to have antifungal and
antiviral properties;6 (4) used as an antioxidant and helps to
protect human cells against oxidative damage;7 (5) it can be
used as a remote astringent in cases of internal hemorrhage;8

(6) used to treat psoriasis and external hemorrhoids containing
gallic acid.9

Tea consumption around the world is very high and ranks
second only to water consumption. Tea is prepared from the
dried leaves of Camellia sinensis and can be classified into black
tea, oolong tea, and green tea.10 Green tea is the most abundant
source of tea phenolics, mostly in the form of simple hydroxy-
benzoic acids such as gallic acid and propyl gallate and its
catechin derivatives (epigallocatechin-3-gallate, epigallocatechin,
epicatechin-3-gallate, and epicatechin). One of the most common
moieties in the structure of tea phenolics, besides hydroxyl
groups, is the gallic acid moiety. Green tea catechins and
phenolic acids have been shown to demonstrate profound
biochemical and pharmacological activities including antioxidant

activities, modulation of carcinogen metabolism, and inhibition
of cell proliferation.11,12

Extracts derived from green tea have the potential to reduce
the oxidation of food products and extend their shelf life. The
antioxidant action was shown to be dependent on the ability of
their constituent phenolic compounds to scavenge free radicals
and to chelate metals.13 Tea and other beverages rich in phenolic
compounds, including coffee and wine, were shown to inhibit
the absorption of nonheme iron, and a limited number of studies
suggest that the effect is dose dependent.14,15 Although the
antioxidant effect is beneficial because of the reduced risk of
spoilage, the inhibition of nonheme-iron absorption constitutes
a potential adverse effect. Because iron deficiency is widespread
and the mode of action of some antioxidants includes chelation
of metals such as iron, it is prudent to examine the iron
complexation of gallic acid, one of the most abundant com-
pounds of tea extracts.

Iron exists in two distinct oxidation statessferrous and ferric
ions. Ferric ion (Fe3+) is a relatively biologically inactive form
of iron. However, it can be reduced to the active Fe2+, depending
on the conditions, particularly pH,16 and oxidized back through
Fenton-type reactions, with production of hydroxyl radicals or
Haber-Weiss Cycle reactions with superoxide anions.17,18 The
production of these radicals can lead to lipid peroxidation,
protein modification, and DNA damage. Chelating agents may
inactivate metal ions and potentially inhibit the metal-dependent
processes.19 There are some ambiguous results in the literature
concerning metal-chelation properties of polyphenols. Since they
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Chart 1. Molecular Structure of Gallic Acid
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may act as antioxidants and pro-oxidants, this may lead to a
reduction in their antioxidant properties.20,21 Iron(III) chelation
is recognized by some authors as a minor mechanism in some
polyphenols,22 yet the contribution of free radical scavenging
or of metal ion chelation to the antioxidative effect of polyphe-
nols is not fully specified. The iron(III) chelating ability of
polyphenols is related to the presence of ortho-dihydroxy
polyphenols, i.e., molecules bearing catechol or galloyl groups.23,24

Evaluation of iron-chelation properties of phenolic acids is
commonly done by means of UV-vis absorption spectroscopy,
analyzing the shifts of UV bands I and II, which characterize
polyphenolic spectra, and by potentiometry techniques.25-38

In the present work, we study the formation of binary and
ternary complexes of the FeIII metal ion with gallic acid and
glycine in solution by using potentiometry, UV-visible absorp-
tion spectroscopy, conductometry, and polarography techniques
at 25 °C and in I ) 0.10 mol ·dm-3 NaNO3. Also, we present
in this work the physicochemical properties obtained from the
elemental analysis, 1HNMR, 13C NMR, and FT-IR spectroscopy
techniques on the synthesized solid binary [FeIII-gallic acid]
and ternary [FeIII-gallic acid-glycine] complexes.

Experimental Section

Materials and Solutions. The gallic acid used in this study
was a commercially available chemical (TCI Co., LTD, Tokyo,
Japan) and used without further purification. Glycine was
provided by Merck, Germany. Carbonate-free sodium hydroxide
pellets (titrant, prepared in 0.10 mol ·dm-3 NaNO3 solution)
were standardized potentiometrically with KH-phthalate solu-
tion (Merck AG). Nitric acid, sodium hydroxide, iron chloride,
and sodium nitrate were from Merck. Water used throughout
the experiments was obtained from a NANO pure-Ultrapure
water system that was distilled and deionized with resistance
of 18.3 MΩ.

Potentiometric Measurements. pH-potentiometric titrations
were performed using a Metrohm 686 titroprocessor with a 665
Dosimat and a 728 magnetic stirrer, coupled with a dosino
burette model 700. pH titrations were carried out in an 80 cm3

commercial double-walled glass vessel. The ionic strength of
the solution was maintained at a constant level by using the
desired concentration of NaNO3 solution as supporting elec-
trolyte, and the temperature was adjusted inside the cell at the
desired value by circulating thermostatted water using an oil-
thermostatted setup. A computer program (GLEE, glass elec-
trode evaluation)39 was used for the calibration of the glass
electrode by means of a strong acid-strong base titration. This
program provided an estimate of the carbonate contamination
of the base, the pseudo-Nernstian standard potential and slope
of the electrode, and optionally, the concentration of the base
and pKW.

The metal-to-ligand ratios were 1:1 and 1:2.5 for the binary
systems and 1:1:1 (Fe(III):gallic acid:glycine) for the ternary
system. The investigated solutions (total volume of 50 cm3) were
prepared and titrated with potentiometrically standard carbon
dioxide free NaOH (0.10 mol ·dm-3) solution. During the course
of titrations, a stream of oxygen-free nitrogen was passed
through the reaction cell to eliminate the adverse effect of
atmospheric carbon dioxide. Each solution was thermostatted
at the required temperature with accuracy of ( 0.1 K, where
the solutions were left to stand for about 15 min before titration.
A magnetic stirrer was used during all titrations. Each titration
was repeated at least 4 times under carefully controlled
experimental conditions. Typically, more than 60 pH readings
(points of potentiometric measurements) were collected and

taken into account for each titration (Figure 1). The complexes
are quite stable up to high pH values. In all cases, no calculations
have been performed beyond the precipitation point; hence, the
hydroxyl species likely to be formed after this point could not
be studied.

Calculations. An Irving and Rossotti pH titration technique
with modifications was used to determine the protonation
constants of the ligands and formation constants of the different
binary and ternary iron(III) complexes as described before in
our previous work.40-43

From the titration curves of the solutions a, b, c and a, d, e
(Figure 1), the following parameters were calculated using the
modified formula of Irving and Rossotti: njH, average number
of protons associated with the ligands, gallic acid, and amino
acid glycine (Charts 1 and 2); njb, average number of ligand
molecules attached to a metal ion; and PL, free ligand exponent
at several pH values.

Eq 1 was used for calculation of the njH values from the pH-
metric titration curves a, b and a, d, where y is the number of
dissociable protons (y ) 1 in the case of glycine and y ) 2 in
the case of gallic acid).

Figure 1. Potentiometric titration curves for the Fe(III) + gallic acid +
glycine system at (298.15 ( 0.1) K and I ) 0.10 mol ·dm-3 NaNO3. (a)
3 ·10-3 mol ·dm-3 HNO3 + 0.10 mol ·dm-3 NaNO3. (b) Solution a +
1 ·10-3 mol ·dm-3 gallic acid; (c) solution b + 4 ·10-4 mol ·dm-3 iron(III);
(d) solution a + 1 ·10-3 mol ·dm-3 glycine; (e) solution d + 4 ·10-4

mol ·dm-3 iron(III); (f) solution a + 1 ·10-3 mol ·dm-3 iron(III) + 1 ·10-3

mol ·dm-3 gallic acid + 1 ·10-3 mol ·dm-3 glycine.

Chart 2. Molecular Structure of Glycine
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njH ) y-
(Vb or Vd -Va)(E

o +No)

(Vo +Va)TL
o

(1)

Va, Vb, and Vd are the volumes of NaOH consumed to reach
the same pH values in curves a, b, and d, respectively. Eo and
No are the concentrations of HNO3 and NaOH, respectively.
TL

o is the initial total molar concentration of the primary ligand
(gallic acid) and secondary ligand (glycine) studied in the titrated
solution ) 1.0 ·10-3 mol ·dm-3, and Vo is the original volume
(50 cm3).

The average number of ligand molecules (njb) coordinated to
the iron(III) ion and the free ligand exponent (PL) at several
pH values were calculated according to eqs 2 to 4, where Vc

and Ve are the volumes of NaOH consumed to reach the same
pH values in curves c and e, respectively. TM

o is the initial total
molar concentration of the iron(III) ion (FeIII) used in the titrated
solution in mol ·dm-3.

njb )
(Vc -Vb) or (Ve -Vd)[(E

o +No)+ TL
o(y- njH)]

(Vo +Vb)(Vo +Vd)njHTM
o

(2)

Since (E° + N°) . TL
o, thus

njb )
(Vc -Vb) or (Ve -Vd)(E

o +No)

(Vo +Vb) or (Vo +Vd)njHTM
o

(3)

Generally we obtain

PL ) log{ ∑
y)0

1 or 2 �y(1 ⁄ 10pH) y

TL
o - njTM

o
·
(Vo +Vc or Ve)

Vo } (4)

�y represents the proton-ligand dissociation constants of the
ligands. njH values were available from the determination of the
proton-ligand formation constant. It is worth mentioning that
the values of njb exceed 1.5 indicating the formation of both
1:1 and 1:2 binary complexes.

Experimental formation curves corresponding to the various
ligands and their 1:1 or 1:2 binary iron(III) complexes were
obtained by plotting njb against PL. The corresponding acid
formation constant values and the stability constant values of
their complexes were determined from the constructed nH-pH
and nb-PL curves, respectively.

On the other hand, the titration curves of the solutions c and
f, njmix, the average number of moles of the secondary ligand
(glycine), was calculated from the relationship

njmix )
(Vf -Vc)[(E

o +No)+ TL
o(y- njH)]

(Vo +Vc))[TM(primary ligand)
o ]njH

(5)

where Vf and Vc are the volumes of NaOH consumed to reach
the same pH value in the curves f and c, respectively. [T

M

o
(primary

ligand)] is the concentration of the binary (iron(III)-primary
ligand) complex which is equivalent to the initial iron(III) ion
concentration TM

o ; njH is the average number of protons associ-
ated with the secondary ligand (these values are available at
different pH values from the binary complexing system); TL

o is
the initial concentration of the secondary ligand; and y is the
number of dissociable protons per molecule of the secondary
ligand (glycine). Vo, Eo, and No have the same meaning as
mentioned before.

Since Eo + No . TL
o

njmix )
(Vf -Vc)[E

o +No]

(Vo +Vc)[TM(primary ligand)
o ]njH

(6)

From the values of njmix so obtained, the free secondary ligand
exponent, pL′mix was calculated using the equation

pL′
mix ) log{ 1+ 10pKa2(1 ⁄ 10pH)

TL
o - n′

mixTM
o

·
(Vo +Vf)

Vo } (7)

pKa2 represents the second dissociation constants value of
glycine. All other terms have the same meaning as defined
above.

Formation curves corresponding to the different ternary
complexes under investigation were constructed by plotting njmix

versus pL′mix. At njmix equals 0.5, the pL′mix value is the
corresponding stability constant of the ternary complex formed
in the solution (1:1:1).

Conductometric Measurements. Conductometric titrations
were followed with a Techne conductivity meter (model 4510).
The following mixture was titrated conductometrically against
a 0.10 mol ·dm-3 NaOH solution: 1 ·10-2 mol ·dm-3 Fe(III) +
1 ·10-2 mol ·dm-3 gallic acid + 1 ·10-2 mol ·dm-3 glycine.

Electrochemical Measurements. The polarograms were
recorded by a LP 60 polarograph at room temperature (20 °C).
A saturated calomel electrode (SCE) was used as a reference
electrode with an agar-saturated potassium chloride salt U-
bridge. The short arm of the bridge was immersed in the KC1
solution of the calomel electrode and the long arm entering in
tall glass tubing provided with a sintered glass disk of porosity
IG 3 partly immersed in the electrolyte. The dropping mercury
electrode (DME) capillary had a value of m ) 3.65 mg · s-1

and t ) 3.3 s ·drop-1 in 1 mol ·dm-3 perchloric acid at 0.0 V
vs SCE. The height of the mercury column was 30 cm.

Spectrophotometric Measurements. Absorption spectra were
obtained using UV-vis spectra (Perkin-Elmer; model Lambda
25).

Synthesis of the Iron(III)-Gallic Acid Binary Complex. The
appropriate iron(III) salt (0.01 mmol) was dissolved in ethanol
(10 mL) and added to a stirred solution of gallic acid (0.01
mmol) in 10 mL of ethanol. The resulting dark brown reaction
mixture was gently heated, then stirred for 1/2 h and concen-
trated in a rotary evaporator until the volume was about 10 mL.
Ethanol was added to the solution, and the resulting solid
products obtained were isolated by allowing the solution mixture
to stand in air at room temperature for slow evaporation and
dried under vacuum. Dark brownish violet crystals were
obtained and washed by ethanol and then dried by using a rotary
evaporator (yield, 311 mg). Anal. Calcc for C7H4O3Fe ·2H2O
(MW: 172): C, 72.4; H, 4.2; O, 3.9; Fe, 5.4 %. Found: C, 72.0;
H, 4.5; Fe, 6.0 %. Yield: 83 %. IR (KBr, cm-1): ν(-OH)
3150-3550; ν(-COO)asym weak, 1590; ν(-COO)sym weak,
1700, ν(phenolic, C-O) weak, 1252, 1609, ν(CC), 770, 863,
ν(C-H), 624, 1089, 1105, 1119. 1H NMR (d6-TMS) δ (ppm):
12.21 (s, 1H, -COOH); 8.86-9.17 (s, 3H, -OH); 6.92 (s, 2H,
-CH). 13C NMR (d6-TMS) δ (ppm): 120.50, 108.85 (2C,
phenyl), 145.36, 137.95, 145.36 (3C-O, phenol), 108.85
(1C-C), 167.48 (1CdO, carboxylic).

Synthesis of Iron(III)-Gallic Acid-Glycine Ternary Com-
plex. The appropriate iron(III) salt (0.01 mmol) was dissolved
in ethanol (10 mL) and added to a stirred solution of gallic acid
(0.01 mmol) in ethanol. Then, the solution of glycine (0.01
mmol) was added once. The resulting dark brown reaction
mixture was gently heated and stirred for 5 h and concentrated
in a rotary evaporator until the volume was about 10 mL.
Ethanol was added to the solution, and the resulting solid
products obtained were isolated by allowing the solution mixture
to stand in air at room temperature for slow evaporation and
dried under vacuum. Dark brownish crystals were obtained and
washed by ethanol and then dried by using a rotary evaporator
(yield, 426 mg). Anal. Calcd for C9H7O5NFe ·2H2O (MW: 172):
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C, 74.4; H, 6.2; O, 3.9; N, 1.3 Fe, 5.4 %. Found: C, 75.4; H,
6.4; O, 4.0; N, 1.2 Fe, 5.7 %. Yield: 85 %. IR (KBr, cm-1):
ν(-OH) strong and broadband 2600-3650; ν(-COO)asym

strong, 1550; ν(-COO)sym strong, 1750, ν(phenolic, C-O)
strong, 1300, 1650, ν(CC), 760, 863, ν(C-H), 624, 1100, 1105,
1150, ν(NH2), 420, ν(Fe-N), 640. 1H NMR (d6-TMS) δ (ppm):
12.21 (s, 1H, -COOH); 8.86-9.17 (s, 2H, -OH); 6.92 (s, 2H,
-CH); 3.54 (s, 1H, -CH). 13C NMR (d6-TMS) δ (ppm): 41.87
(1-CH (glycine)) 120.50, 108.85 (2C, phenyl); 145.36, 137.95,
145.36 (3C-O, phenol), 108.85 (1C-C), 167.48 (1CdO,
Carboxylic), 170.21 (1CdO, carboxylic (glycine)).

FT-IR and NMR spectra give enough information to elucidate
the way of bonding of the ligands (gallic acid and glycine) to
iron(III). The most characteristic vibrations are selected by
comparing the IR spectra of the ligands with those of their iron
complexes.

The elemental analyses (C, H, and N) were performed on a
LECO-CHSNO-9320 type elemental analyzer. A Fourier trans-
form infrared spectrometer (FTIR), model, Bio-Rad Digilab,
FTS-3500, and solid state nuclear magnetic resonance spec-
trometer (400 MHz) were used to investigate the synthesized
complexes.

Results and Discussion

Protonation Constants. The first and second proton dissocia-
tion constants (pKa1 and pKa2) of gallic acid were calculated
from curves a and b in Figure 1. The acid-base behavior of
gallic acid, in aqueous solution and in different solvent mixtures,
has been previously studied by us,40 but using different
experimental conditions and method of calculation. The proton
dissociation constants of glycine have also been determined
potentiometrically from curves a and d in Figure 1. The value
of pKa2 for the monocarboxylic amino acid, although already
reported in a previous work,41 has been redetermined at (298.15
( 0.1) K and I ) 0.10 mol ·dm-3 NaNO3 to obtain a value
using the same experimental procedures as used in the study of
binary and ternary systems and is in agreement with data found
in the literature. It is worth mentioning that the pKa1 value of
glycine is low (e 2.30)41,44 and exists only in strongly acidic
solutions. Therefore, this value is not used in calculations
because the pH-metric data are measured in the range of 2.6 e
pH e 11.

Binary Systems. An analysis of complexed ligand curves c
and e, as shown in Figure 1, indicates that the addition of
iron(III) to the free-ligand solutions shifts the buffer region of
the ligand to lower pH values. This shows that the complexation

Chart 3. Proposed Stepwise Reaction Mechanism for the Binary Complex Formation of Iron(III) and Gallic Acid

Table 1. Protonation and Stability Constants for FeIII Binary and Ternary Complexes of Gallic Acid and Glycine at (25 ( 0.10) °C and I ) 0.1
mol ·dm-3 NaNO3

compound pKa1 pKa2 log K1 log K2 log KMAL
MA log �MAL

MA ∆ log K log X

gallic acid (A) 4.10 ( 0.01a 8.38 ( 0.01a 14.73 ( 0.02d 11.93 ( 0.02d ----- ----- ----- -----
glycine (L) ----- 9.63 ( 0.06b 10.83 ( 0.03c 9.65 ( 0.04c 10.03 ( 0.02 24.76 -4.7 4.63

a Ref 40. b Ref 41. c Ref 42. d Ref 43.
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reaction proceeds by releasing protons from such ligands (Charts
2 and 3). Generally, it was observed that the binary iron
complexes of gallic acid and glycine begin to form in the pH
ranges of 2.0 to 3.6 and 3.0 to 5.0, respectively. The stability
constants of the 1:1 and 1:2 binary complexes of gallic acid
with iron (Table 1) have been determined at (298.15 ( 0.1) K
and in I ) 0.1 mol ·dm-3 NaNO3. The values obtained are more
or less in good agreement with literature data.40-43

Ternary System. When a solution contains two different
ligands and a metal ion, they may exist in equilibria in which
either (i) both the ligands may combine with the metal ion
simultaneously or (ii) the two ligands may be combined one
by one at different pH. As is evident from the titration curves
in the present study, the addition of two ligands is stepwise
(Chart 4). It was deduced that gallic acid interacts first with the
iron(III) ion, followed by the interaction of the glycine amino

Chart 4. Proposed Stepwise Reaction Mechanism for the Ternary Complex Formation of Iron(III) and Gallic Acid and
Glycine

Figure 2. Concentration distribution curves as a function of pH calculated for the FeIII + gallic + glycine system in the ratio 1:1:1 at (298.15 ( 0.1) K, I
) 0.1 mol ·dm-3 (NaNO3). Concentration: CFe(III) ) 1 ·10-3 mol ·dm-3; Cgallic acid ) 1 ·10-3 mol ·dm-3; Cglycine ) 1 ·10-3 mol ·dm-3.
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acid; that is, the ternary complex formation could be considered
in stepwise complexation equilibria, i.e., the formation of a
ternary complex (Chart 4) can be represented by the stepwise
equilibrium;

M+AhMA KMA
M ) [MA] ⁄ [M][A]

MA+LhMAL KMAL
M ) [MAL] ⁄ [MA][L]

where M ) FIII; A ) gallic acid; and L ) glycine.

The overall stability constant �MAL
M may be represented by

the following equations

M+A+LhMAL
�MAL

M ) [MAL] ⁄ [M][A][L])KMAL
M +KMA

M

The relative stability of the ternary complexes, as compared
to that of the corresponding binary systems, can be quantitatively
expressed in different ways. A review of those methods has
shown that, for a variety of reasons, the most suitable com-
parison is in terms of ∆ log K, as defined by the equation

∆ log K) log KMAL
MA - log KML

M

It is to be noted here that if the ∆ log K values are positive
the ternary complexes are more stable than the corresponding

Figure 3. Conductometric titration curve for FeIII-gallic-glycine systems at I ) 0.1 mol ·dm-3 (NaNO3), (298.15 ( 0.1) K, 1 ·10-2 mol ·dm-3 Fe(III) +
1 ·10-2 mol ·dm-3 gallic acid + 1 ·10-2 mol ·dm-3 glycine.

Figure 4. Differential pulse polarograms for the iron(III) + gallic acid + glycine system at I ) 0.1 mol ·dm-3 NaNO3, pH ) 2.3, and (298.15 ( 0.1) K.
(a) 0.001 mol ·dm-3 FeIII; (b) 0.001 mol ·dm-3 FeIII + 0.001 mol ·dm-3 gallic acid; (c) 0.001 mol ·dm-3 FeIII + 0.001 mol ·dm-3 glycine; (d) 0.001
mol ·dm-3 FeIII + 0.001 mol ·dm-3 gallic acid + 0.001 mol ·dm-3 glycine.
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binary complexes, while if the values for ∆ log K are negative,
the reverse is true. However, the negative values of ∆ log K do
not preclude the formation of ternary complexes in solution.
Thus, the ∆ log K values clearly emphasize the amount of extra
stabilization in these complexes.

A parameter, known as log X, is frequently used to character-
ize the stability of ternary or mixed complexes. It measures the
tendency of one mole each of the binary complexes MA2 and
ML2 to form 2 moles of MAL; i.e.

MA2 +ML2h 2MAL

X) [MAL]2⁄[MA2][ML2]

It is therefore calculated by

log X) 2 log �MAL - (log �MA2 + log �ML2)

The value of the constant X expected on statistical grounds
is 4. Whenever it deviates from this value, it must be the result
of intraligand electronic and/or steric interactions.

From the calculated ∆ log K and log X values listed in Table
1, one can conclude that, in most ternary systems, ∆ log K is
found to be positive and the values of log X were high,
demonstrating a significant stabilization of these mixed ligand
complexes. The higher stability constants of ternary complexes
compared with the binary systems may be attributed to the
interligand interactions or some cooperative coordination be-
tween the coordinate ligands, possibly H-bond formation.

The concentration distribution of various complex species
existing in solution as a function of pH can be obtained by
means of the so-called SPECIES program.45 The species
distribution for the iron(III)-gallic acid-glycine system, taken
as representative, is given in Figure 2.

In Figure 3, a conductometric titration curve for the ternary
complex of iron(III) with gallic acid and glycine is displayed.
The titration curve shows an initial decrease and an inflection
at a ) 2 (a ) moles of base added per mole of ligand), which
probably corresponds to the neutralization of H+ ions resulting
from the formation of the iron(III)-gallic acid binary complex.
Between 2 < a < 3, the conductance decreases slightly due to

the formation of the ternary complex and is associated with the
release of a proton from the secondary ligand (glycine). Beyond
a ) 3, the conductance increases more uniformly due to the
presence of excess NaOH.

Confirmation of the ternary complex iron(III) + gallic acid
+ glycine in solution has been carried out using differential
pulse polarography (DPP). A differential pulse polarogram for
the system iron(III) + gallic acid + glycine is given in Figure
4. The differential pulse polarograms of the Fe(III) solution show
one cathodic peak at Ep )-69 mV. This peak may be described
as a result of the reduction of Fe(III) to Fe (in a two-electron-
transfer process) at the glassy carbon electrode.

UV-visible absorption spectra are known to be useful to
prove the formation of both binary and ternary systems of
iron(III) and to characterize the coordination site of iron(III)
complexes of gallic acid. Figure 5 shows the visible absorption
spectra of both the iron(III)-gallic acid binary complex and
the iron(III)-gallic acid-glycine ternary complex at given pH
value. The spectra of the ternary systems are quite different from
those of the binary systems, emphasizing the formation of the
former in solution. Figure 5 reveals that the absorption spectra
of the iron(III)-gallic acid binary complex gives a strong
absorption peak at 535 nm with absorbance of 0.73, while the
absorption spectra of the iron(III)-gallic acid-glycine ternary
complex gives a strong absorption peak at 500 nm with
absorbance of 0.68.
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