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Removal of oversupply of toxic metals has been accomplished medically by the
addition of metal chelators. Metal chelators, while useful, have many disadvantages, one

of which is the undesired complexation and removal of other essential metals. In the
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reverse sense, metals are capable of ligand scavenging or mixed complex formation. The
degrees to which metal ions can chelate greatly depend on the various chemical factors
like stability, solvent nature, ionic strength and statistical ratio etc. In this review, we
provide update covering above-said factors, biological importance and recent methods
leading chelation (Figure 1).
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Introduction

In addition to the diverse applications of chelation in catalysis,
material synthesis and photochemistry, chelation displayed in
biological systems enables metals to attach with or to move away
from the susceptible target owing to to ease or hampering those
intracellular connections which might finally lead to cancer [1]. In
biological system metal ions usually, form ternary complexes which
mainly involve the interaction of the metal ion with two or more
different ligands [2]. Recently there has been considerable interest
in the mixed chelation because it occurs commonly in biological
fluids, which contain millions of potential ligands which are likely
to compete for metal ions, found in vivo [3]. It is well known that the
ternary coordination complexes play an important role in biological
processes as exemplified in many instances by which enzymes
are known to be activated by metal ions 4. Ternary complexes
containing an amino acid as a secondary ligand have significance
as they are potential models for enzyme metal ion substrate
complexes Ternary complexes have also been implicated in the
storage and transport of active substances through membranes and
these phenomena are strongly dependent on the formation of these
species and the electronic configuration of metal ion concerned [4].

Biological Importance

The essential metal ions like Cu (II), Co (II), Ni (II), Zn (II), have
a significant role in complexation with amino acid and peptides
in a living system which acts as a model for many complexes
metals-amino acid equilibria occurring in the enzymatic process
[5]. Metal chelates having vacant orbitals appear to combine with
Sulphur bridge coating of the virus, leaving the DNA and later
destruction of protein. All this involves ternary complex formation
[6]. The role of cobalt in biological systems is widely investigated
in series of coenzyme and vitamin B12. The complexes of cobalt
with methionine, lysine and serine play a significant role in
bacteriostatic and inhibition of virus replication [7]. Nickel is one
of the most important trace elements plays numerous roles in
the biology of microorganisms, animals and plants [7]. Zinc plays
either a predominantly catalytic role or a solely structural role to
maintain the protein configuration. It is a versatile ion as it can bind
to different combinations of ligand types resulting in a broad range
of stability, reactivity and functions [8]. The chelates formation
occurs in biological fluids through transition metals with one or
more than one coordination site of ligands of different functional
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group has a significant role in detoxification and remediation of
metal pollutants [9].

\crﬁunon MLR
\
MR2
Figure 1.

Study of Mixed Ligand Metal Complexes

The study of mixed ligand complexes having one synthesized
ligand attached to metal ion has received great importance in
recent years because of their wide applications in various fields and
because of their presence in biological systems [10]. The stability
of the mixed ligand complex is measured by the overall formation

constant i.e. According to the equilibrium,

M +ilL+ jB &= MLiBj

Where M is the metal ion, L and B are either neutral or anionic
or cationic ligands. If n=i+ j <N . Where n cannot exceed the
coordination number N, a total of N-n coordination sites will be
occupied by solvent molecules and n is the level coordination
number when ligands are monodentate [11]. The equilibrium
constant for the system involving the formation of a metal complex
from the aqua metal ion and the most basic form of the ligand,
the stereochemical configuration of the parent complexes is very
important. Mixed-ligand complexes are formed only between
two suitable ligands, which are not markedly different in their
properties. So, in general, no mixed-ligand complex can be formed if
reacting species are different in geometrical configurations. There
can also be specific reasons such as conjugation effects, stabilization
of one of the parent complexes or chelate formation [12].

According to Theory of mixed ligand complexes, the formation
of the mixed ligand complexes depends on the nature of the metal-
ligand bond whether o - or it -, 0 - bond affects the mixed-ligand
formation because the destabilization caused by ligand repulsion
(electrostatic) is of smaller magnitude in mixed-ligand complexes,
compared to that in binary complexes [13]. In a system containing
one metal ion (M™) and two ligands, L and R with similar

coordination tendencies lead to complexation simultaneously to
form the mixed ligand complex, MLR.

M+N+Rz=2MLR

pr=[mer)/[m][2][7]

If ligand L has a higher coordinating tendency than R, a mixed

complex result in two distinctly separate steps.

M+Le= ML

ML+ R = MLR

B111=[MLR]/[ML][R]
The Mixed Ligand Complexes Are of Two Types

1. Ternary complexes those are more stable than the binary
in contrast to the statistical considerations.

2.  Ternary complexes those are less stable than the binary
complexes, as expected from statistical consideration [14].

The statistical aspect is that the tendency of the metal ion to be
bound with the ligands decrease with an increase in the number
of bound ligands. However, the values of the formation constant
of mixed ligand complexes are observed to be higher or lower
than those expected from statistical considerations. This has been
attributed to several factors, including that of the electrostatic effect
and higher stabilities of the ternary complex, which also result
by a direct charge transfer between the two bound ligands with
proper orientation. Electron withdrawing substituents lower the
stability, whereas electron donating groups increase the stability of
the ternary complex [15]. Another explanation quoted in terms of
HSAB principle is that, because of back donation of electrons from
the d-orbitals of metals to bi-py, the metal ions becomes a harder
acid favouring coordination with oxygen donor ligands. John Teller
effect has also been considered as an additional factor [16].

AlogK is the difference between the stability constant of 1:1:1

ternary complex and corresponding 1:1 binary complex i.e

Alogk =log KMLR —log KML = orAlog K =log KMLR —log KMRor

AlogK =log KMLR —(log KML +log KMR).

Thus, if AlogK values are positive the ternary complexes
are more stable than the corresponding binary complexes and if
the values are negative the values of AlogK do not preclude the

formation of ternary complexes in solution.

Following Qualitative Observations Have Been Made About
Alog K For Ternary or Mixed Ligand Complexes:

1. The AlogK has a negative value when the coordination
of the second ligand is through two nitrogen atoms (aliphatic

amino acids).

2. The AlogK value is less negative than the previous case
when the secondary ligand coordinates through oxygen and a
nitrogen atom (amino acids)
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3. The AlogK value is zero or positive when the secondary

ligand coordinates through two oxygen atoms.

Bjerrum has given the classification of factors affecting the
stability of mix ligand formation. According to which the factors
controlling the stability of mixed ligand complexes are two-fold
“statistical” and “ligand effects”. The ligand effect depends upon
the electrostatic nature of the M-L bond. The stability constant and
complexation behavior of Co (II), Zn (II) and Cu (II) complexes with

various ligand has been studied extensively.
Statistical Effects

It has been proposed that the mixed ligand complexes involve
the consideration of a statistical effect. According to this, if the
ligand L and R have equal concentrations, the probability that the
first bond ligand L is one half. The probability of the formation of
ML, is, therefore, 1/2x1/2x1/2 =1/8. The same probably holds for
MR,. The remaining six probabilities are equally divided between
the mixed species ML,R and MR,L. The statistical probability of
forming either of the latter mixed species is three times that of
either simple binary complex.

There are eight different possibilities for the connection of the
first ligand in the case of both the bi and tridentate ligands [17]
since a tridentate ligand occupies three coordination sites, there
is only one possibility for the coordination of a further tridentate
ligand, and two possibilities for a bidentate one. If the first ligand to
be coordinated is bidentate, then there either are two possibilities
for the coordination of a further bidentate or tridentate ligand too.
These relations are illustrated in the following scheme, where the
tridentate ligand is denoted by R and the bidentate by L (Figure 2).

MR M ML

ML2 MLR ML2

Figure 2: The statistical probability of ternary complex
formation.

Effect of Ligand

The evaluation of “ligand effect” expressed as stabilization
constant is done by the application of polarized model ion concept.
This model treats the complex as a system of the polarized sphere
in contact, held together by purely electrostatic forces.

In 1977 the “ligand effect” was calculated by neglecting the
polarizability of these spheres, thus, predicting the stabilization of

the ternary complex [19]. To account for the stabilization of mixed
ligand complexes in some cases, Shelki and Jaghirdar introduced
the polarization effect on the calculation of ligand effect by means
of point dipoles assumed at the centers of the spheres [18].

Effect of Solvent

The effect of solvent on the formation and stability of mixed
ligand complexes has been reported, in several cases, especially
in systems where binary and ternary complexes differ in charges.
The neutral, mixed - ligand complex formed by the neutralization
of charges on the central metal ion and ligands is more stable than
the one whose formation does not involve neutralization of charges
[19]. The neutralization of charges would result in the positive
entropy change due to a decreased orientation of the solvent
molecules thus the “charge neutralization effect” may probably be
attributed to the favourable entropy changes in the dissolution of
the charged species [20]. When both, binary and ternary complexes
are neutral, the polar solvent effects may probably stabilize the
ternary complex, since the structural difference in the two ligands
would induce polar nature in the mixed ligand complexes. This is a
result of changes in the polarity of the bonds and the corresponding
changes in the energy of intermolecular interaction of electron
density occupying formation of mixed ligand complexes.

The Mutual Interaction of The Ligands

It is observed that bond formation between the two-
coordination group L and R have also to be considered in the
stabilization of mixed species MLR. The ligand interaction may
also give a stereoselective effect. The necessary condition for the
formation of the MLR is that the two ligands must combine with
the metal ion in different pH ranges. The formation of ML should be
complete in the lower pH and MLR should be in the higher pH range
where the combination of R starts with ML.

Ionic Strength

The stabilization of mixed ligand complexes is considerably
affected by the variation in the ionic strength and this fact is of
great importance in biological fluids where parameters such as
ionic strength and dielectric constants are extremely variable. If
the binary and ternary complexes carry equal charges, the stability
increases with ionic strength [21].

Redox Potential of The Central Metal Ion

The overall stability of the mixed complex was found to increase
with increase in redox potential of the central ion and decrease
in the potential of ligand if metal-ligand bond is a predominantly
covalent in character. If the bond is ionic, the stability increases
with increase in the ligand potential.

General methods for the study of mixed ligand complexes

The equilibrium process can generally describe the formation
of mixed ligand complexes. Various modern techniques are used to
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determine the stability constant of simple as well as mixed ligand
compounds.

Potentiometric Method

The principle of the method is that a solution of known
concentration of the base (or acid) to be studied is titrated with
a strong acid (or strong base) and the reaction is carried out
potentiometrically [22]. The method can be used for studying
the protonation equilibria of ligands which in the protonated and
non-protonated form is sufficiently soluble to form at least 10-3M
solutions and which do not decompose during the titration.

Polarographic Method

The polarographic method is used to determine the stability
constant by plotting a polarographic curve in the presence and in
the absence of substances producing complex formation. A shift in
the half-wave potential of a metal ion in solution in the presence
of an added ligand (anion or neutral molecules) is indicative of
complex formation [23].

Conductance Measurement Method

Werner and others to study metal complexes extensively used
this method. In the case of a series of complexes of Co (III) and Pt
(IV), Werner assigned the correct formulae based on their molar
conductance values measured in freshly prepared dilute solutions.
In some cases, the conductance of the solution increased with time
due to a chemical change, for example:

[Co(NH,), Br, | +2H,0 [ Co(NH,)4(H,0),]" +2Br

The rise in conductance, in this case, was accompanied by a

sharp colour change of the solution from deep green to red.
Spectrophotometric Method

At specific pH, the ratio of the two species (the base
and its protonated product) in a solution is determined by
spectrophotometry and the protonation constant is calculated by
using the basic equation.

log[f O]k =log[/O|([HL]/[L])+ pH

This method can be used in the case of successive complex
formation, if the ligand tends to protonate (and the protonation
constants are known) and the complex with maximum number of
ligands has a selective light absorption at the wavelength of choice
while determining stability constants, it is also necessary to know

the composition of the complex species formed.

Literature Review

The coordination chemistry of metal complexes plays a vital
role in biological system of organism. Transition metal complexes
are important in catalysis, material synthesis, photochemistry
and biological system. The synthesis of ternary complexes mainly
involves the interaction of metal ion with two or more different

ligands. Recently there has been considerable interest in the mixed

chelation because it occurs commonly in biological fluids, which
contain millions of potential ligands which are likely to compete
for metal ions, found in vivo. It is well known that the ternary
coordination complexes play an important role in biological
processes as exemplified by many instances in which enzymes
are known to be activated by metal ions [24]. Ternary complexes
have also been implicated in the storage and transport of active
substances through membranes [25] and these phenomena are
strongly dependent on the formation of these species and the
electronic configuration of metal ion concerned. The stability
constant and complexation behavior of Co (II), Zn (II) and Cu (II)
complexes with various ligand has been studied extensively [26,28].
Stability constant and complexation behaviour of divalent metal ion
complexes with various ligands has been studied extensively. Some

of the examples are included here.

V. Shalini, S. Dharmveer, K. Rajendra in 2015 studied formation
of binary and ternary complexes of metal ions such as Cu(II), Co(II),
Pb(II), Zn(II) and Cd(II) with biologically important ligands where
Adenine (A) was used as primary ligand and amino acid Histidine
(B) was used as secondary ligand. Potentiometric technique was
applied for determination of complexation behavior of binary and
ternary species in aqueous media. Stability constant have been
determined through the method suggested by Irving & Rossetti
and further refined through SCOGS computer program. The order
of overall stability constant of mixed ligand ternary system was

determined using the experimental results [29].

H, Hamied in 2015 used a Schiff base ligand synthesized by the
condensation reaction of p-phenylenediamine with salicylaldehyde,
as a primary ligand and some of amino acid (Alanine or Glycine)
as secondary ligand to synthesized complexes containing mixed
ligands with the metals ions Co(II), Ni(II), Cu(II) [30]. The prepared
ligand(L) and complexes were characterized the compounds were
subjected to simultaneous thermogravimetric analysis (TGA/DTA)
to study their decomposition mechanism and thermal stability and
predicted the geometry of the ternary complexes Wankhede et al.
[31] reported the synthesis and characterization of mixed ligand
complexes of transition metals such as Mn (II), Fe (III), Co (II), Ni
(I1), Cu (1I) and Zn (II) using Schiff base prepared by condensing
salicylaldehyde with ethylenediamine and 8-hydroxyquinoline. The
synthesized complexes were characterized and screened for their
biological activities such as antibacterial and antifungal. On the
basis of the studies made they suggested the octahedral geometry

for the complexes.

BD Aghav et al. [32] in 2015 reported the ternary complexes
of cerium (III) with 2,
3-pyrazolin-5-one and some amino acids, viz. L-tryptophan,

3-dimethyl-1-phenyl-4-salicylidene-

L-tyrosine, L-cysteine, L-leucine and L-serin. These complexes
were screened for their antimicrobial activities and show the
potent biological activities against Staphylococcus aureus,
Corynebacterium diphtheriae,

Escherichia coli. T. H. ALNoor, EH, Ghanim, I. Y. Majeed synthesized

Pseudomonas aeruginosa and
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new symmetrical Schiff base ligand (H2L) via condensation of
hydrazine hydrate and 4-hydroxy-3-methoxybenzaldehyde in
ethanol solution at room temperature Polydentate mixed ligand
complexes were obtained from 1:1:1 molar ratio reactions with
metal ions and H2L, nicotinamide (NA) on reaction with MCI2
.nH20 salt yielded complexes corresponding to the formulas [M(L)
(NA)2] . The ligands and their metal complexes were screened for
their antimicrobial activity against four bacteria [33].

A. K. Mapari in 2017 examined Binary and ternary complexes
of the type M-Y and M-X-Y pH-metrically. The stability constants
for Binary (M-Y) and ternary (M-X-Y) systems were calculated [34].
A. A. Al-Rashdi et al. [35] in 2018 reported Binary and ternary
complexes of Fe(Ill), Pb(II), Co(II), AI(III), La(III), Sr(II), Cr(IIL),
Ti(1I) and Zr(1I) with sulphathiazole (as primary ligand) and amino
acid glycine (as secondary ligand) studied potentiometrically.
Dharmendra Kumar et al. [36] in 2016 reported the coordination
of ternary complexes of biologically active ligands with transition
metals. Amino acid asparagine (primary ligand =A) and thiouracil
(secondary ligand=B) were applied for complex formation with
Cu (1), Ni (II), Zn (1I) and Co (II) in aqueous solution (1:1:1). The
order of stability of mixed ligands ternary system was determined
and the percentage of species formation curves was demonstrated
with the help of computer program ORIGIN 6.1 and possible
structure of metal complexes with said ligands was discussed. A.
Jaleel repoted the syhthesis and characterization of mixed ligand
complexes of Co (1), Ni (II), Cu(II), Zn(II) and Cd(II) with (L- lysine
)and 8-hydroxyqinoline (Oxine) by : (FT-IR, UV-Vis, AAs) spectra,
melting point, molar conductivity measurements [37].

Shatha M. H. O. Al Naimi reported a new Schiff base
synthesized from benzaldehyde (C6H5CHO) and O- aminoaniline
(0-C6H4(NH2)2. Metal mixed ligand complexes of the Schiff base
were prepared from chloride salts of Zn (II), Cd (II) and Hg (II)
in ethanol and 8-hydroxyquinoline (8HQ) (C9H7NO) [38]. The
synthesis complexes were tested in vitro for antibacterial activity
of ligands and metal complexes to the pathogenic bacteria. Akalpita
S. Bodkhe et al. [39]. reported Mixed ligand Cu(II) complexes of the
type [M(Q)(L)]2H20 using 8-Hydroxy Quinoline (HQ) as a primary
ligand and N- and/or O-donor amino acids (HL) such as L-threonine,
L-proline, L-hydroxyproline, L-isoleucine and L-serine as secondary
ligands. They used the agar cup method and tube dilution method
to study the antibacterial activity of the complexes against the
pathogenic bacteria S. aureus, C. diphtheriae, P. aeruginosa and E.
coli. The results were compared with those of tetracycline, which
was screened simultaneously and indicated mild antibacterial
activity of the complexes. This brief review of literature reveals that
study of mix ligand complexes is a diverse field of research. The
physico-chemical properties and unique structural features of these
complexes have considerable importance in biological systems. The
use of modern spectroscopic as well as electroanalytical techniques
for the formation of mix ligand complexes and the computational
methods have made it interesting and challenging field of inorganic
chemistry.

Conclusion

Chelate formation occurring in biological fluids through
transition metals with one or more than one coordination sites
of ligands of different functional groups has a significant role in
detoxification and remediation of metal pollutants. The stability
constants and complexation behavior of divalent transition metals
ions with various ligands has been studied extensively. Their unique
structural features and factors affecting on them might be seriously
considered to reveal further interesting facts about theory and

practical applications of mixed ligand complexes.
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