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Abstract

Temary complcxes are known to provide models for metalloenzymes and
several other biological processes involving metal ions. The principles of
coordination chemisiey will thus allow an increasing understanding of the

structure and dynamic features involved in biochemical processes.

Ternary metal complexes of type [MAL], where M=Cu(11), Ni(Il), & Za(ll),
A=Aspertic  Acid(Asp), 1,10 Phenanthroline (1,10 ph) and L=
Ethylenediamine (cn),ct-alanine{u-ala), Glycine(gly), Phenylalanine(ph-ala),
Tyrosinc(tyro) have been investigated potentiometricaily at 25°C and al ionic
strenpth of 0.2M (NaClO,). The stability constants have been determined

using SCOGS (Stability Constant of Generalized Species) computer
program,

The stabilitics in ternary complexes have been discussed in terms of ligand-
ligand interaction, steric interaction, basicity of the ligands, nature of donur
sites and charge neutralization [actors. The stabilization is expressed in terms
of AlogK. The AlogK values and pereentage species computed gave parallel

evidence for the stabilization of ternary complexes. The stabilities of temary

complcxes have been quantitatively compared with each other.

It is obscrved that for the temary complexes of Cu(IT), Alog K values are
more negalive than corresponding Ni(1I) ternary complexes. This is due
the absence of Jahn-Teller distortion in Ni {1[) complcxes.

It is alsc observed that Alog K values are positive when phenylalanine and
tyrosine are coordinated with cenlral metal ion. This is due to the

intramolecular infcrligand interaction between non-coordinated side groups.



Another reason of cxtra stabilization of tyrosine is due to intramolecular
interligand hydrogen bonding and stacking interation of phenylalanine and
tyrosine with melal ion. Additional stabilization in the complexs can occur
due to the noncovalent hydrophobic interaction between non-coordinated

side group phenyl and hydroxyphenyl of phenylalanine and tyrosing
respectively with A(Asp, 1,10 ph).

Henee, in the present investigation, the orders of the stability of the ternary

complexes is as follows-
[Zn(A)L)] > [NIAXL)) > [Cu(A)L)]

The formation of the complexes also has been confirmed by Cyclic

Voltammogram.
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INTRODUCTION



Introduction

1.1: General Introduction:

Mixed ligand complexes play an importent role in biological process as
cxemplified by many instance in which enzymes are known to be
activated by metal ions.” Such complexes have been implicated in the
strong and transport of active substances through membrance®, Many
mixed ligand complexes are finding application in the microelectronic
industry, chemical vapour deposition of metals and drugs®, Mixed ligand
complexe have been used in the analysis ef semi-conductor materials.
Various mixed ligand complexcs of Co{Il) with salicylaldchyde and
substituted salicylaldehydes have been synthesized. Earlier mixed ligand
complexes of Ni{II), Co(ll) and Zn{ll) and alkaline earth mctals with
substituted salicylaldehydes have been reported.

Most of the transition metal form complex with ligand and this matal
complexes play very jmportant roles in biclogical system’. Metal
complexes is a branch of biological inorganic chemistry. This field has
important implications in many other scicnces, ranging forin medicine to
ihe cnvironment. It is an interdisciplinary science. Furthermore, studies of

the roles of metal ions in biological system often involve development of

relevant chemistry.

In a complex where two or more ligands of the same type are bonded
with a metal ion is called a binary lipand complexes and if the different
t}rpés of ligand are present, then the complex is said to be temary
complexes or mixed ligand complexesﬁ. It is now generally agreed that in

a solution containing metal ions and two different suitable ligands are



usually combined. Metal lons in living bodies are mosily coordinated to
other chemical species present in the bodies. Not only many ligands
compete for a metal ion but metal ions also compete for a species ligand.
Metal ions displace one another in accordance with the fonnation
constants of their coordinated compounds. It has been observed that the

stability constant of the mixed complex depends on the nature of the

metal jons’ and the nature of the ligands®,

Amine acids are a class of compounds occurring in living organism.
These amino acids perform variely of biological functions and all the
amino acids are good ligands too. Aspertic acid is extremely important
because of its possible bindings sites for protons or metal ions. It is a
tridented ligand, Jt is widely used as a metal chelating agent. On thc other

hand 1,10 Phenanthroline is also an important ligand. It is a bidented

ligand. Tt forms stable complex with metal ions.

In a living tissue and fluid, strong coordinating metal ions and poteutial
coordinating sites of organic molccules are responsible for biochenical
reactions’. In such case the mixed ligands complex formation is to be
expected'™". In a biochemical system the ternary complexes '*'° arc also
expected 10 be formed. The study of the ternary complexes in solution
provides simpler models for more complicated biochemical reactions.!’
The biochemical reactions are models of ternary complex forming'®!
systems. The systematic ternary complexes arc forined when metal ion
bonded with different carrier ligands and substrate'™'%"*%, The stability
of the temary complexes and associated binary complexes™ ' *2* haye
been extensively studied.

The biochemical reactions™ taking places in solution involve organic
- molecules with potential coordinating sites and also strongly coordinating

transition metal ions. In living tissues and fluids’™ the total ligand



concentration greatly exceeds the inctal conteni, and hence the various

complexion species compete for the metal ions present. Under these

conditions formation of mixed ligand complexes are to be expected.

. Temary complexes® ' have been implicated in the storage of metal ions

and their transport through membranes in the biclogical system **4.

Taking every thing together, one is not surprised any more about Wood’s
42 .

conclusion™, *If you think that biochemistry is the organic chemistry of

living systems then you are misled; biochemistry is the coordination

chemistry of living systemns™,

This understanding has directed the attention of chemists to the study of
dynamic equilibriva in the formation of metal complexcs, involving

metal ion and ligands similar to those present in biclogical fluid and

35,37 3 37,38

living tissues’™’, The formation®

and stability of such complexes
have been extensively studied. For more than three decades metal
interactions with nucleic acids and their constituents have received much
atiention becausc of their biological lmportance in nucleic acid
processes’ .This results in a large body of data involving metal binding
sites or models*® and structures formed*. The effect of structural features
of the complexes and the natures of the ligand on the stability of the
ternary complex and associated binary complexes is of great fundamental
significance”’. This has led to the study of mutual infllucnce of two
ligands bound to the same metal ion and the cffcct of the nature of the
metal ion on the ternary complex stability.

It is known that transition metal jon with great acidic character and with
vacant ‘d” orbitals form more suitable complexes. Irrving and William

suggested, the order of the stabilities of the bivalent metal ion complexes

based on two factors, overall second ionization potential and inversc of



ionic radius, For the same ligand the stability of the bivalent metal ions of
the I¥ transition series can be arranged as follows.

V¥ < Cr¥ > Mn® < Fet < Co?* <Nitt <Cu®*s> 702

The order of the stability of Ni{ll} and Cu(ll) complexcs depends on
whether the ligands creates a week or strong field. Cu®* has anomalous

position forming morc stable complex than Ni?*. This is because Cu®
with d° electronic configuration are subjected to Jahn-Teller effect.

The formation of ternary complex can be expressed in three different

ways as follows™.

M+A4L — MAL  Kyf,=[MAL]/[MJAIL]  [1]
MA+L  —MAL KM =IMAL)/MAYL] (2]
ML+A - MAL K 3‘% = [MALVML]{A] 3]
Hence

log KﬂjL= log KﬁAL— Log Kiii [4]
log K34y = log KM - Log kM (5]

There are two commmon methods to express, a quantitative basis the

134050

stability of temary complexes . Firstly it can be expressed”’ in terms

of AlogK = log KMH [f‘{[ -log KﬂL = log KL - log k2, [6]

i.e. the difference in the tendency of a ligand (A or L) to bind with fiee
metal ion and with the metal ion already bound te another ligand (L or
A). It is evident that from the relationship of eq. (6), the influence of both
ligands is mutual and both ligands are either stabilized or destibilized in

their co-ordination to the metal ion equally.



AlogK must be a constant because it is the result forim substraction of two

constants logK is a constant corresponding to the equilibrium constant of

the reaction indicated in eqnation {7]

MA+ML —MAL+ M (7]

1ogK = log LMALIM] g
ogK =log AR [8]

From statistical consideration AlogK is expected to be nepative. This is
becanse when the first ligand (A} combines with a given mnltivalent
(hydrated) metal ion, it has more co-ordination positions available for

bonding than when it combines with metal already bound to another

ligand (L.). Hence, the order Log K EL >Log K i';rf y usually holds and

one expects to observe negative values for AlogK.

The stabilization factor govemning AlogK depends on the coordination

number of the metal 1on and the denticity of the ligand.

The difference, (logKfL‘a‘L—logKﬁd} 1s generally about 0.5 to 0.8

log units for monodentate ligands and about ~1 to -2 log units for
bidentate ligands™. In the casc where A and L are bidentate ligands, there
are twelve edges of a regular octahedron,, available for the first entering

ligand, but only five for the second™ i.c. the statistical factor is 5/12 and

accordingly - Alog K, = -0.4. For square plane (sp} a factor of %. i.e.
AlogKy, = -0.6 is obtained. However for the distorted octahedron(do} of
Cu®* the statistical value is more difficult to assess. Considering the
John-Teller inversion to be rapid™, there are eight {or even twelve)
equivalent attacking positions for the first ligand while the value for the
second ligand ¢an vary from one to four (or even five) depending on the
relative rates of iuversion. Hence, the statistical value is between 1/8 {or

1/12) and 4/8 and Alog Ky, = -0.9 (or ~ 1.1} to —0.3. Incase of Cu’* and



the ligands that introduce a strong ligand field, the staiistical eXpression
Alog Kyyicy = -0.9 is considered to be most appropriate one'”. Hence an
experimentally determined value of AlogK, more or less negative than

—0.9, indicates that in equation (7), the ternary complex is favored less or
more, respectively. So the value of AlogK is affected by the non statistical

factors depending on the natures of the ligands A and L and structure of
20

the metal ion in some cases

The other approach to express the stability of temary complex on a
quantitative basis is based on the “disproportionation constant” K.y, as
defined by the following equation.
MA, + ML, 5 2MAL
_ L’ 9]
rePio [MA, IML, ]

log K rop = 2log Bz - (og 31 + log 1Y)
2

From statistical consideration the value of Ky is expected to be 4,
Under purely statistical considerations the mixed ligand complex MAL is
formed by two path ways (eqs. 2 and 3), whereas MA; and ML, are
formed by one path way each. Hence there is a possibility of 50%
formation of [MAL], while binary conplexes MA; and ML, are formed

to the extent of 25% each. Hence the value of Ko should be equal to 4

as shown below.

K o [Mar? _ s0?
e [Md4,][ML,] 2525

= 4

or, log Keeprop = 0.6

Hence log Kreprop Will be 0.6 if only statistical factors were responsible for

the formation eonstant. If for electrostatical reasons the stability of MA,



or ML, complex is less, more of MAL is formed and the valuc logK
15 higher than 0.6.

reprop

Thus the stability of (he ternary complexes can be evaluated either based
on the values of ALogK or logK eprop- Each of the above two methods has

its own merits and demerits'>” and preference to either approach has to
depend on the kind of study. The main advantage of consideratios of
logK prp is in its firm statistical basis. It does not depend on the co-
ordination number of the metal ion or the denticity of the higand, This
advantage is lost while using ALogK formulation. Since the statistical
value depends upon the co-ordination nnmber of the metal ion and the
denticity of the ligand. LogKiorop does not indicate absolute stability of
the complex, but its relative stability with respect to the complexes MA,
and ML,. In a mixed ligand complex containing a ncutral ligand A or a
negatively charged ligand L, ALogK is not affected by (he electrostatic or
entropy factor. But steric hindrance between the two ligands in a MA, or

ML, complex results in the distortions from a tetragonal geometry™® .

In the present chapter the formation constant of ternary complexes
[MAL], where M = Cu(IT}, A = aspertic acid or 1,10 plenanthroline, L =
glycine, or a - alaline, or phenylelanine or tryptophan have been
determined and the valucs of ALogK have been calculated. The

protonation constants and formation constants for binary complexes have

been reported earlier’®*"*, and present work has used those of previous

constanls,



1.2 Importance of Metal and Metal Complexes in Biological
System:

Metal ions play very significant roles in biological system. Many
metals are vital component of blood, bones, teeth, body pigiments, nerves,
some proieins and cnzymes. The colouring pigments which impart

colours to the plants and Aowers contain ions likes Cu(ID), Fe(IT), Fe(ll1),
Co(Il) ctc.

Among the vitally important biochemical processes®™ which are
influenced by the various metal ions (i) transmission of the nerve pulscs
in the animal body, (i) maintenance of the osmotic pressnre in the animal

and plant bodies are controlled by various metal ions™

-

The activation of enzymes is controlled by varions metal ions. The

enzymes from yeast and many bacteria is activated by Fe™*, Co®* or Zn®*

ions”',

Some metal ions play remarkable contradictory physiological roles in
different concentration and in different chemical form. Thus while Cu is
found to play important nutritional and metabolic role in the body
system, its imbalance may result in microcytic normochromie anemia,
Wilson's disease etc, and number of other disease in man and animal®’.
Cu(Il) complexes with DL aspetric acid, L- prolin, DL-methionine and L-

glutamic acid have similar toxicities to mice®

10



1.3 Lipands and Their Structure:

In the present investigation, the formation constant as well as stability
constant of termary complexes of the type [MAL] have been determined
by using bidentatc and tridentate lipands. In these complexes A refers to
Aspertic acid and 1,10 plenanthroline and 1. refers to oxalic acid,
ethylcnediamine, glycine, ¢-alanine, phenylalanne and tyrosinc. The

struclure of ligands {A and 1) used in this study are as follows-

1. Aspertic Acid (Asp)

HOOC—CHy—CH—COOH
NH,

b

1,10 Phenanthrolenc (1,10 ph)

/e
3. Oxalic acid (ox):

COOH

COQH

4. Tyrosm (Tyro}:

HD-{ZZ}—CHT—FH—CODH
NH,

5. Tryptophans (Tryp) :

[::Izijj—cnr—?H—cDOH
. NH,

1

1]



Phenyl Alanine (Ph-ala) :

@CHE—?II—CODH

NH;

o= Alanine { a-ala)

CI—I;,—(EI—I—CDD H
NI,

Glyeine (Gly) :

NH;—CHy—COOH
Ethyldiamine (cn):

CH,——CH,

MNI; NH;

12
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2.1: Literature Review:

The study of ternary complexes in solution provides simpler models for

the more complicated biochemical reactions®®. The synthetic ternary

complexcs with metal atom bound to two different ligand mimic the

metalloenzymes with the metal ion bridging the carrier lipand and

substrate®",

The understanding has directed the attention of the chemists to the study
of dyanamic equilibria in the formation of metal complexes, involving the

metal ion and ligands similar (o those present in biological fluids and

living tissues.”®” The formation "**' and stability®® of such complexes

have been extensively studied.

The eflect of structural features of the complexes and the natures of the
ligand on the stability of the ternary coinplexes and associated binary
complexes is of great fundamental significance. This has led to the study
of mutual influence of two ligands bound to the same metal jon and the
effect of the nature of the metal ion on the ternary complex stability.

Yarious workers have reviewed excellently much of the wok done in this
fie]dE6:67:8588

The natures of the two ligands involved in the formation of ternary
complex greatly affect its stability constant®™°. These effects vary with
the nature of the metal ion involved *'. Six main non-statistical factors
have been observed to be of significance in determining the stability of a

ternary complex. They are as follows:-
(1) Electrenic repulsion’™?, between L and L' of a ternary complex :

Ternary complexes containing two negatively charged ligands like

O - 7O and ~O- N are less stable. This is because second

13



2)

(3)

4)

(5)

negatively charged ligand faces electrostatic repulsion form the

first charged ligand at the stage of the formation of the ternary
complex.

Steric hindrance ™ between the bulky side groups on the
coordinating ligands L and L', If the two lipands involved in the
formation of the temary complex have substituted groups on the
front or back side of the ligands, there is steric hindrance when the
second ligand coordinates with the metal ion forming the ternary

complex resulting in less stable complex.

Tridentate nature of the ligand®™™ making Co(TI) complexes less
stable. If one of the coordinating ligands is tridentate and the other

is bidentate in character then Cu(Il) complexcs are much more

destabilized due to Jahn- Teller effect,

Size of the chelate ring’’ . The order of the stabilization observed
by Sigel etal and Bhattacharya et. al in ternary complexes

containing two chaelate rings are two five-membered rings> one

five-inembered and one six-membered ring> two six-membered

rings.

7 -acld character of one of the ligand™® : Tt has been observed that
the presence of an aromatic amine is crucial for high stability of a
ternary complex. This has becu repeatedly confirmed®¢%#%100-102 (¢
a complex MA is considered where A is a terliury diamine like .2,2'
bipyridine, there is synergetic stabilization of N — M 6-bond and
M — A n-bond. The dp-Pp interactiou does not allow the electron

density over the metal ion to increase significantly,

14
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(6)

(7

(8)

(9)

(10)

Intcrmolecular inter-ligand interaction'™'™ : There can be direct
intcraction between (he parts of the two ligands in ternary complex,
leading to its stabilization, such intcraction is known as
intramolecular inter-ligand interaction and can be of two types.

One is rigid intramolecular inter-ligand interaction and the other is

flexible interaction in which interaction takes place between Lhe

ligands in complex through side groups not co-ordinated with the

metal 100n.

Taqui Khan and coworkers have determined (he formation

constants of the complexes of adenine nncleotides with a variety of

metal ions'*"'® , They have given the relative order of stabilities of

metal adenine nucleotide complexcs as ATP> ADP> AMP in

accordance with the lenglh of phosphate chain.

Sigel and C.F. Naumanncoworkers'™ have also observed tle
intermolecular stacking interactions between covalently linked

suilable groups like nicotinamide adenine dinucleotied (NAD)" and
dihydronicotin amide (NADH).

It has been shown by Bhatacharya and coworkers'™"? that
interligand interaction is dependent on (he nature of the tertiary
base. In case of [Cu(2,2"-dipyridyl) (ATP)] or [Cu (1,10 ph)(ATP)]
the stacking interaction is less than that observed in case of

[Cu(2,2’-dipyridyl) (benzimidaole) {ATP)].

An interesting relationship of the stability of Cu(iI) and N¥II)
temary complexes 1s observed if one of ihe ligands is (ridentate
d'>* It has been shown that in[M (NTA) (L)] where M =
Cu (II) or Ni(Il) and NTA = tridentate niuilo triacetate anion, I, =

ligan



(11)

(12)

(13)

(14)

(13)

ethylenediamine (en), 1,2- propanediamine, the Alogk is more

negative in case of Cu(Il} as compared to Ni{1l) complexes.

Sigel and coworkers'” have also observed that in the systems [Cu
(DET) (L)] (DET = diethylenetrizmine) where, L = bidentate L-

alanineamide, Alogk is inore nepative,

{i} Isralei studied'' the formation constants of mixed ligand
complexes of Cn(ll) and Ni (I} with NTA and various aming
acids.

(i) Tandom and coworkers''” reported formation constants of
mixed ligand complexes [M (NTA) (hydroxy acids)] , where M =
Cu(IL) or Ni(II), the Alogk is more negative in case of Cu(ll) as

compared to Ni(Il) complexes.

Watters and Yamauchi'™"® carried out research work on the
[Cu(ox) (L)] type ternary complexes where L = catecholate and
ethylenediamine. They observed that termary complexes containing

two negatively charged ligands are less stable. Bhattacharya .and

L20-

coworkers' "% have further elaborated the effect of negatively

charged on the stability constant in tenms of electronic repulsion

concept.

The order of the stabilization observed by sigel et al'® and
Bhattacharya et al.'"* in temary complexes containing two chelate
rings are two five-membered ring> one five-membered and one

six-membered ring> two six-membered rings.

The presence of an acid character of one of the ligand in a ternary

complex leads to a high stability. This phenomena has been studied
by chidambaram et al.'® and Patel et ai'®®, This has been

repeatedly confirmed'™ 1,

16



(16) Study of [M(dpx){pyrocatecholate)] complexes'” of the later

(17)

(18)

(19)

(20)

members of the {irst tranision series where dpx = bis (2-pyricdyl)
amine (dpa), bis (2-pyridyl) ketone (dpk) or bis (2-pyridyl)
methane (dpm) has shown that the tendency for the formation of
ternary complexes decreases within the serics dpk> dpm> dpa.

In another series of ternary diamines, Bhattahacrya and

120,021,124,

coworkers '3 have observed that the tendency of mixed

ligand formation follows the order: 2,2" pyridyl> benzimidazole>

2,2 bipyridyl =1,10- phenanthroline> 2,2"- pyridyl> iinidazoline,

The complexes coniaining aromatic amines and pyrocatechol

derivatives have been studies by Bhattacharya and cowrokers'’™!3*
also by sigel and coworkers'. Both groups conclude that the
electron density over the ligand L, donor site has singnificant
influence on the stability of the ternary [CuAl] complexes.
Electron withdrawing snbstitution on L lower the stability of the

complex and electron donating substitutents increases it.

In ternary eomplex [M(bipyridyl)(ATP)]"**'*® the nucleotide is
coordinated from the phosphate end and the free base part comes
ovcr bipyridyl. This results in rigid stacking interaction between
the coordinated {ertiary amine and the non-coordinated base pat of

the nucleotied as confirmed by formation constant studies and
NMR studies.

In the complex [Cu (ATP) (Try)]"** an aromatic ring stacking
interaction has been observed between the purine moiety of ATP
and the indole of tryptophane, In mixed amino acid ternary
complexes such as [Cn {phenylalanine) (norvalinate)]'' a fiexible

hydrophobic interaction has been shown. Interligand interaciion

17



(21)

(22}

(23}

24)

has also been proposed in {Cu (phe) {Tyr)]'** (phe = phenylalanine,
Tyr = Tyrosine) complexes due to non-coordinated side groups . In
[M (ATP) (His)] type complexes there can be charge transfer
flexible interaction between adenosine part of ATP and imidazole

part of histamine in addition to the hydrophobic interaction

between two ligands.

M. M Taqui Khan and coworkers have determined the formation
constants with complexes of adenine nucleotides wilh variety of
metal jons."***They have given the relative order of stabilities of

metal adenine nucleotide complexes as ATP> ADP > AMP in

accordance with the length of the phosphate chain'*"1%,

A. Oriodi and coworkers' carried out X-ray study of [M(bipy)
{ATP)}] comnplex. According to them there are two types of stacking

interactions (i) Intramolecular and (i1} Intcrmolecular.

H. Sigel et al'* synthesized the mixed ligand 2,2~ bipyridyl-Cu®*
nucleotide complexes cxist in a folded from that allows a charge
transfer interaction between the pyridyl and purine inoieties. The
stability of these adducts is increased by the formation of a metal

101 bridge between the two involved aromatic moieties.

An interesting research on synthesis, crystal structure and
maganitic properties of tetrakis [diaqua (p- 1,3-dimethylviolurato)

Copper{Il)] tetraperchlorate dihydrate have becen investigated by

151

Enrique Colacio et al.”” The structnre of this complex is square

planar. From variable temperature magnetic susceptibility
measurements the compound was found to exhibit a very strong

antiferromagnetic character.
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(25)

(26)

27

(28)

(29)

Two new forromagnetic end on azide-bridged Nickel (I1) dimers
[iNiterpy} (Ns}2}2]. HoO and [Ni (terpy) 2 (N4} (H20)] Cl0,.H;0
{terpy = 2,27:0°,27- terpyriding) have been synthesized and
characierized through 2X-ray single crystal analysis. 1R
s;:eclrnscopyl and mapnetic  susceptibility measurements by

Gotzone Barandika et al'™® The results indicate that the

antiferromagnetic contribution of the global coupling constant is

decreased.

Most of the theoretical approaches concern simple architectures
such as dimers among which those of dibridged Cu® have been
particularly studied. In this respect, Thompson and coworkers'™'>
cxperimentaily confirued the angle dependence of the crossover

between ferro and antiferromapnetic couplings for a variety of

copper (1I) dimers.

According to a recent study by Kahn and coworkers'™® based on
experimentally obtained spin density maps {or a particnlar copper
(II) dimer cxhibiting di- p-Nj bridges, neither of the mechanisins

cited above 13 completely satisfactory both are co-operative.

Murakami Tasuka et al*’ have investigation on the stabilities and
spectral propertics of [ive coordinate mixed ligand Cu (1)

complexes containing penta- wethyl diethylenetriamine and o-

aming acid.

The pinl- N: 1°0,0)- nitrito dinucicar compounds [Ni{p-NO;
(NCS); {Medpt)}. H,O and [Ni (p-NO;) (NCS); ({(dpl)] and the
mononuclear nitrito compounds [Ni(NO,) (NCS) {Medpt)] and [Ni
(NO2) (NCS) Medien}| where Medpt = bis (3 aminopropyl}



(30}

(31

(32)

(33)

methylamine dpt = bis (3-aminopropyl) amine and Medien = bis
(2-aminocthyl) methylamine, have been synthesized and
characterized by Albert Lscure et al. They reported that
thiocyamate ligand appears (o stabilise the tridentate coordination

mode of the nitrito  ligand and dinuclear compounds shows

antifcrromagnetic character.

Hoffmann and Yeager'™ have examined the effect of various
ligands coordinated to mickel(ll) on the rates of formation and
dissociation of the corresponding malonulo compiexes. Ring
closure and ring opcning, rcspectively appear to be the rate
detrmining processes with this six-mcmbered chelate ring system.
The rates were found to increase steadily with an increase in the
number of coordinated aliphatic amines; both [Ni {(pn)] and (Ni

(trien)] react fastcr than [Ni{dien]

Cis-trans isomerism in complexes of the kinetically labile cupric
ion was reported by Tomita'®, who suggested thai while bis-
glycinatocoper(Il) monohydrate adopts a cis configuration, the

dihydrate of this complex exists as the trans isomer.

Synthesis and X-ray crystallopraphie studies on Cu {11} complexes
with alanine have been invesligated by Gillard et a’® . They
prepared light blue platelets and dark blue prisinatic crystals of
bisalaninatocoper (11} and they concluded that these respect irans
and cis modifications respectively,

D.L Leussing et al'®, siudied mixed Ni(II) and zn (1I) complexes
involving glyoxalatc and the amino acids ¢.g. glycine, a-alanine
and o-Samineisobutyric acid. They observed that glyoxalale reacts
rapidly and cleanly in thesc systems and offers a smaller steric

requircment than pyruvate. Besides, the mixed complexes formed
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(34)

(35)

(30)

(37

(38)

i nickel (II) pyruvatc-glycinale mixtures do not have structures

identical with those formed with nickel (I} ghyoxalate-o -alanate.

Mixed ligand complexes involving amvo acid dithiocarbamates

substituted phosphines and Ni (IT) have been reported by

Thirumaran el al'® . They observed that all complexcs are

diamagnetic. Thermal decomposition of dithipcarbamart moicty

proceeds through the formation of [Ni{SCN),; ppha].

Mohammad Enamutlah ct al'** have determined the proton-lipand
and metal-ligand formation constants of phthalic acid with somc
transition metal ions such as Zn (II), Ni(Il} and Cd (). It was
found that the metal ions Zn {I1) and Cd (11} form complexes at low
ionic {strcngth, I< 0.1 M. Above this ionic strength such as [ =

0.15 M, these ions secm to be inactive towards.

G. R. Cayley and Hague ' studied the formation of several ternary
complexes of Zn(lIl) of the type [Zn{L)pada)] (pada = Pyridine-2-
azo-p-diinethylaniline), L=(dien, trien, cysl' and ida‘j") at 25°C,
I = 0.3M. The forination rates for all these ternary complexes were
found to be similar to those of the binary complex, [Zn({pada)]™ .
However, the dissociation rates {or these temary complexes are

much higher than that of [Zn{pada))** .

F. Nobuo et al'® have studied an inleresting research on trinuclear
Mn{11},Cu(Il) complexes of an oxamide dioxime ligand and [nally

these hiave been extended to a bimertallic magnetic compound.

T. H. Tarafder'™ carried out a research work on complex
conpounds which contain a nitrogen sulfur donor ligand with

lighter and heavier metal ions and he studicd the biological

activilies of complexes.



(39) Addition stability of (MAL) was observed if L coordinates through
07,0 (e.g. oxalic acid)'®, It has been shown that AlogK is positive
in the complex [CuAL], due to the repulsion between dn electron
and the ligand electrons and finally neutralization of the temary

complex result'**'70,

(40) Beda E. Fischer and co-worker'’' observed the perticipationof Co™

and Ni*" in biological system. They suggested that S ligands may
have m accepting qualities.

(41} (1) P.G. More and co-worker studies the synthesis, spectral, thermal
and antibacterial studies on Copper(Il) andf Zinc (I{)complexes using,
NNQ donor Schiff bases'”*, It is observed that Copper(I1} andf Zinc

(IT) complexes shows enhanced antibacterial activity as compare to
the ligand.

(11) Mixed ligand chelates of some multidentate heterocycles with
Cobalt(IT) and Nickel (I1) have been studies by P.T. Araus et al'™.

The intramolecular stacking has been observed'™'”*'"® in solution and
also in s0lid®® | In the solution it is considered'® that there exists an

intramolecular equilibrim of open and closed forms and it has been

shown that about 35% 1o 75% intramolccular cquilibrivin exist in the
stacked closed form,

The stability constants of the temary Cu(ll) complexes [Cu (A) (L)]
where A refers to oxalic acid, malonic acid and L refers to glycine, [-
alanine, a-alanine, pheny! alanine, tyrosine, and tryptophance have been
determined potentiometrically using SCOGS computer programme. The
tendency of the ligand L to form the ternary complex decrease in the
following orde ; tryptophane> tyrosine> phenyl alanine> c-alanine >
glycine > P-alanine. Probablc reason for less negative Alogk values and

the order of stabilization have been discussed’™'

-’
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2.2:AIM OF THE PRESENT INVESTIGATION

Most of the wansition metal form complex with ligand and this metal
complexes play very impertant roles in biotogical system. This ficld has
important implicaﬁans in many other sciences, ranging form medicine to
the environment. It is an interdisciplinary science. Scientists are working
in different areas of Chemistry, Biochemisiry, Biolegy, Physiclogy,
Agriculture, Physics and cven Mathematics. Furthermore, studies of the

roles of metal ions 1s biological system often involve development of

relevant chemistry,

This coordination chemistry phenomenon has tremendous significance to
life seience, This was observed '™ from the instances of a few common
compounds of biwological importance, such as hemoglobin, myogiobin,
chlorophyll, metalloenzymes, metalloprophyrines etc. which are, by and
large coordination compounds, Therefore 1t is necessary to investigate the

action of metal ions with substances of bivlogically important ligands.

In the present research work we have delermined the formation constants
of ternary complexes [MAL], where M refers to transition metal 1on e.o.
CufIl}, Ni{tl} and Zn{l1}, A refers o biological important hgands like
Aspettic acid (Asp) and 1,10 phenanthroline (1,10 Ph) and L refers to
glycine, a-alanine, phenylalanine, {yrosing, tryplophane, sthylenediamine
and oxalic acid. The valucs of AlogK havc also been calculated for the
stability of tcrnary complexcs. The protonation constant, binary constant
and ternary constant have been delermined polentiometrically using

SCOGS  ({Siability Constant of Generalized Species) computer

program'™'*, The formations of the complenes have been confirmed by

CV {Cyclic Voltammogram).
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CHAPTER-3
EXPREMENTAL, RESULTS
&

DISCUSSION



EXPERIMENTAL

3.1 Apparatus and Chemicals

Apparatus:

All glasswares used were of Pyrex glass. The microburette was calibrated to
0.01 mL by the method described by Vogel ™. The measuring (lask of

various capacities, pipettes ctc were also calibrated.

Chemicals:

All reagents are AR grade and their standard solution were prepared by
directly dissolving the weighed quantity of them in known volume of
aqueous solution, Copper perchlorate was prepared from analytical pure
copper carbonate by treatiwent with 70% perchloric acid (AR). The
resulting solids were washed with ethanol till free from excess acid and

recrystallized several times from ethanol. Copper perchloraie is partially

soluble in alcohol,

Stock solution of copper perchlorate, perchloric acid, sodium hydroxide and
sodium perchlorate were prepared in carbonate free double distilled
deionized water. Copper perchlorate solution was also standardized by
iodometric titration, carbonate free sodium hydroxide solution was
prepared according to the literature method '*, standardized by standard
oxalic acld solution. Standard perchloric acid solution was prepared from
AR 70% acid by proper dilution and titrated with standard alkali, nickel

perchlorate and zinc perchlorate were prepared with the same method.
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3.2: Potentiometric Determination Stability Constant:
Irving Rossotti titration technique®™ has been used to determine the
formation constants of the ternary complexes using SCOGS (Stability

Constant of Generalized Species) computer program ' &-'™,

The activity coefficient of H" under experimental condition has been

considered to be equal to unity and the value of the ionic product of water
14.167 has been used.

For the determination of formation constants all solutions were titrated
potcntiometrically against standard {0.02M) sodium hydroxide solution,
In all the cases acid concentration was kept 2.00 x10? M and the total

ionic strength (I) of the solution was maintained at 0.2M.

For the determination of the formation constants of the lemary coinplexes
[MALY], the following solution (50cm’) having M:A:L in the ratio 1:1:1
were prepared. 0.02M HCIO,, 0.002M metal perchlorate, 0.002M ligand
(A), 0.002ZM ligand (L) and 0.174M NaClQ, sel was titrated against
standard alkali. All the titrations were cartied out in aqucous medium and
the temperature was maintained at 25°C£1°C during the progress of
titration. Titrations were caried out by using TOA pH-METER HiM-
208, having an accuracy of +0.01 pH unit. The glass electrode was
calibrated using buffer solutions of pH 6.86 and 4.01, Hence the stability
constants calculated are stochiometric constants. The calculations were
carried out by computer, Dell, Optiplex, GX 280.

A model input data required for the calculation of formation constant in the
ternary system requires the [ollowing details.
1. Noofjobstobe caleulated.

2. No of experiments in the set experiments under study.
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LR |

10.

11.

12.

No of ligands (two), no. of metals (one) and the no. of complex
specics formed (including protonated forms of ligand, hydrolyzed
mctal species etc).

Composition of each specics has to be described along with its
approximate formation constant as the logarithm to base 10.

No. of displaceable protons on ligand (1) and ligand (2).

Title of the cxperiment. |

Initial concentrations of the meltal, ligands, mincral acid (HCQy),
tilranl base and total initial volume concentrations are expressed in
moles/L and volumes in mi..

For each titration rcading bearing values of tire of base, of pH and
of INDEX (a quantity which is zcro for all but the last reading of
experiment when INDEX = 1).

Then return to iem & 1o read data for next experiment and repeat
unti! data for all the cxperiments, indicated by item (2), have been
read.

Logarithm to base 10 of the lonic product of water and the
coefficient of hydrogen ion under the condition of experiment (c.g,
at 25°C and 1=0.2M).

The no. of conslants to be relined and the no. of calculation cycles to
be repeated to get convergence in the Tormation constant values.

The parlicular constant to be varied given with serial no. as in (4)
and the logarithm increment or decrement to bc applied 0 the
formation conslant in the nunerical diffcrentiation.

In the casc of calculation of proton-ligand formation constants the specles

L, [LH] and [LH,] were considered. For the determination of formation

conslants of the binary complexes, the species L, [LHJ, [LI], M, [ML],

[ML,] were considered. Thesc refined values were used as hxed

parameters f{or the refinement of (he [ormation constants of the temary

complexes, The values of protonation conslant and the formation

constanis of binary complexes are in closc agreement with the values
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reportcd earher in thc 11tcrdtur{,'“"33 The species considered for the
ca]culdtmn of farrnatmn cammms of Lhc ternary complexes were L. LI,

[LHD), A, [AH], [AH,], M, [ML], [ML,], [MA], (MA,] aod [MAL].

The valucs of the protonation constants of the ligands and the Tormation
constants of the binary complexes have been presented in Table (3.2.1 10
3.2.3). The valucs of formation constants for the temary complexes and
Alog K have been presented in Table (3.2.4 to 3.2.9 ). pH titration curves
have been presented in Fig, (3.2.1 to 3.2.9) [or fernary complexes.
Representative speeics distribution curves as a function of pH in the

solution containing M, A and L in 1:1:1 ratio have been presented in Fig
(3.2.10 10 3.2.21}.
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3.2: Potentiometric determination of stability constant :

Experimental Data:

Table — 3.2.1: Proton ligand lormation constant of ligands and formation

constant of their Cu(1l) binary complexes in aqueous medium with1=02

M (NaClO,) at 25°C + 1°C.

| Ligands log KI' |Log KY |log K&, |log K&
Oxalic acid 3.89 5.13 5.01 .83 )
Hthylenediamine 9.64 16.90 10.04 811
Glycine 9.08 11.68 6.99 12.44
c-2laning 0,88 12.06 7.71 13.65
Phenylalanine 9.23 10,95 7.58 14 21
Tyrosine 9.56 17.91 8.11 1528
Aspertic Acid 4.33 6.38 8.87 16.25
1,10 Phenanthroline 4.48 2.1 ] 711 11.14

Table — 3.2.2: Prolon ligand formation constant of ligands and formation

constant of their Ni(II} binary complexes in aqueous medium with { =0.2
M (NaClO4) at 25°C £ 1°C.

Ligands | log K’ Log K} log KN log KEELz
Oxalic acid 3.89 5.15 425 6.44
Lithylenediamine 9.64 16.590 7.38 151}
Glycine 9.08 11.68 6.76 10.58
o-alanine 9.88 12.06 6.12 10.03
Phenylalanine 9.23 10.95 5.23 9.11
Tyrosine 9.56 17.91 3.88 9.035
Aspertic Acid 4.33 6.38 6.01 13.80
1,10 Phenanthroline 4,48 2,70 7.88 12.05
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Table — 3.2.3: Proton ligand formation constant of ligands and formation

constant of their ZnIl} binary complexes in aqueous medium with1=02
M (NaClOy) al 25°C £ 1°C.

Ligands log KM | Log K;' log KZ | log K%E"'z
Oxalic acid 3.89 5.13 4.78 6.02
Gihylenediamine 9.64 16.90 6.55 11.03
Glycing 9.08 11.68 5.02 10,11
g-alanine 0.88 12.06 4.88 8.78
Phenylalanine 9.23 10.95 4.32 8.41
Tyrosine 9.56 17.91 4.20 8.35
Aspertic Acid 4.33 6.38 6.55 12.12
1,10 Phenanthroline | 4,48 270 6.73 9.23

Table-3.2.4: Stability constant of mixed ligand complexes {CufAsp)(L)]

in aquecus medium with 1= 0.2 M (NaCIQ,) at 25°C 1 1°C.

System log KE{: ao | log KSU | log KSY2 | log KEﬂL AlogK
[Cu{Asp) Ox)) 12.01 8.87 3.14 5.01 -1.87
[CufAsp}Hen)] 18.61 8.87 9.74 10.04 -0.30
[Cu{Asp)(gly)] 14.94 887 6.07 6.99 -0.92

[CufAszp)a-ala)] 16.13 887 7,21‘,5. 7.71 -0.45

[CufAsp)(Ph-ala)] 16.24 8.87 7.37 7.58 -0.21

[CulAsp)(Tyr)] 10.98 8.87 7.99 8.11 -(.12
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Table — 3.2.5: Stability constant of mixcd ligand complexes |[Ni{ Asp)¥L}]
in aquecus medium with 1=0,2 M (NaClO,) at 25°C + 1°C.

l

System Klgil, log KN | jog KNA | g KﬁiL AlogK
[NI(Asp)HOx)] 9.84 6.01 3.83 4.25 -0.42
Ni{Asp)(en)] 13.28 6.01 7.27 7.38 011
[Ni{Asp)aly)] 12.29 6.01 6.28 6.76 -0.48

[Ni(Asp)(a-ala)| 12.09 6.01 6.08 6.12 -0.04
|Ni{Asp)(Ph-ala}] 11.63 6.01 5.62 5.23 +(1.39
[Ni{Asp)(Tyr)] 12,32 6,01 6.31 5.88 +0.43
Table - 3.2.6: Stability consant of mixed lipand complexes
[Zn{Aspi(LY] in agueous medium with | = 0.2 M (NaCl(Q,) at 25°C +
1°C,
Zn log ZaA o |

System log K5 .0 K?ﬁh log Kina | lom K50 | AlogK
[Zn{Asp)Ox)] 11.09 6.55 4.54 4.78 -0.24
[Zn (Asp)(en)] 14.45 6.55 7.90 6.55 +1.35
[Zn{ Asp)(gly)] 13.38 6.55 5.83 5.02 +0.81
[Zn{Asp) (a-ala}] 12.29 (.55 5.74 4.88 +0.86

[Zn{Asp)(Ph-ala)] 11.78 6.55 3.23 4.32 +0.91
[Zn{AspTyr)] 11.68 0.53 3.13 4.20 +0.93
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Table — 3.2.7: Stability constant of mixed licand complexes [Cufl,10

Ph)L)Y] in aqueous medium with 1=10.2 M (NaCl0,) at 25°C + 1°C.

lo

System Kgﬁm. log K& | log K4 | tog K& | AlegK
[Cu(l,10 PRY(OX)] | 12.89 | 7.11 5.78 501 | 10.77
[Cu(1,10 Ph){en)] 16.23 7.11 9.12 10.04 -0.92
[Cul1, 10 Phy(gly)] 13.80 7.11 6.69 6.99 -0.30
[Cu{1,10 Ph){a-ala)] | 14.24 7.11 7.13 7.71 -0.58
[Cu(1,10 Ph)(Ph-ala)] | 1425 ] 7.11 7.12 7.58 -0.46
[Cu(1,10 PRXTyr)] | 1540 | 7.1 §.29 §.11 | +0.18

Table — 3.2.8: Stability constant of mixed ligand complexes [Ni(i,10

Ph)(L)! in aqueous medium with 1=10.2 M {(NaClO,} at 25°C £ 1°C.

1o . . -

Systeas KNF’ log K, | log K | log KEL AlogK
Minl

[Ni{1,10 Pl{Ox)] 13.00 7.88 5.12 4.25 +0.87
NI 10 Phyen)] | 15.06 | 7.88 7.18 738 | <0.20
[MN1(1,10 Ph)(zly)) 1436 7.88 6.48 6.76 -(0.28
[Ni(1,10 Phy(a-ala)] | 13.75 | 7.88 5.87 612 | 025
[Ni{1,10 Ph)(Ph-ala}] | 12.99 788 5.11 5.23 -0.12
[NI(1,10 Pi)(Tyr)] | 14.12 | 7.88 6.24 588 | +036
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Table --3.2.9: Stability constant ol mixed ligand complexes [Zn(1,10

Ph}(L)] in agqueous medium with 1= 0.2 M (NaClOy) at 25°C + 1°C.

log .

System K%ni[ log K%ﬂ A | log K204 | g K%EL AlogK
1Zn{1,10 Ph){(Ox)] 12.59 6.75 5.84 4.78 +0.97
{Zn{1,10 Ph){cn}] 12.83 6.75 6.08 .25 -0.17
[Zn{1,10 Ph){ghy] 11.39 6.75 4.64 4.79 0415

|Zn(1,10 Ph){a-ala)] 11.41 6.75 4.66 4.88 (.22

[Zn(1,10 Ph){Ph-ala)] 10.92 6.75 4.17 4.372 _0.15
[Zn{1,10 Ph} Tyr}] 11.25 0.75 4.50 4.20 +0.30
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Potentiometric titration curves:
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Fig- 3.2.1: Potentiomerric titration curves ol aqueous solutions containing
metal ions, Asgaﬂic Acid{Asp) and L. (each 0.001M).

Curve (1) : Cu®" + Aspertic Acid (Asp) + Oxalic Acid

Curve (2) :Cu’* + Aspertic Acid (Asp)+ Elhylenediamine

Curve {3) :Cu™ + Aspertic Acid (Asp)+ Glycine

Curve (4) :Cu”* + Aspertic Acid (Asp)+ c-alanine
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Fig- 3.2.2: Potentiomeiric titration curves of aqueous solutions
containing metal ions, Aspertic Acid(Asp)and L. (each 0.001M).

Curve (1) : Co** + Aspertic Acid(Asp)+ Phenyl alanine

Curve (2) :Cu® + Aspertic Acid{Asp)+ Tyrosine

Curve (3) : Ni¥* + Aspertic Acid(Asp)+ Oxalic Acid

Curve (4} Ni*" + Aspertic Acid(Asp)+ Ethylenediamine
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Fig- 3.2..3: Potentiometric titration curves of aqueous solutions
containing metal ions, Aspertic Acid{Asp) and L. (cach 0.001M).
Curve (1) :Ni¥* + Aspertic Acid{Asp) + Glycine
Curve (2) :Ni** + Aspertic Acid{Asp) + a-alanine
Curve (3) + Ni*" + Aspertic Acid(Asp) + Pheny! alaninc
Curve (4) :Ni** + Aspertic Acid(Asp) + Tyrosine
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Flg- 3.2..4: Poteuliomeiric titration curves of aqueous solutions
containing metal ions, Asperlic Acid{Asp} and L. {cach 0.001M).

Curve (1) : Zn®" + Aspertic Acid(Asp) + Oxalic Acid

Curve (2) :Zn®" + Aspertic Acid{Asp) + Ethylencdiamine

Curve (3) :Zn*" + Aspertic Acid(Asp) + Glycine

Curve {(4) :Zn*" + Aspertic Acid(Asp) + a-alanine
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Fig- 3.2.5: Polentiometric titration curves of aqueous solutions containing

mctal ions, Aspertic Acid{Asp) / 1,10 Phenanthroline (1,10 Ph) and L.
{(each 0.001M).

Cnrve (1) : Zn*" + Asperlic Acid {Asp) + Pheny! alanine

Curve (2) :Zn’" + Aspertic Acid (Asp) + Tyrosine

Curve (3) : Cu®* + 1,10 Phenanthroline (1,10 Ph)+ Oxalic Acid
Curve (4) :Cu®* +1,10 Phenanthroline (1,10 Ph)+ Ethylenediamine
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Fig- 3.2.6: Potentiometric titration curves of aqueous solutlons containing
mctal ions, 1,10 Phenanthroline (1,10 Ph)and L. (each 0.001M).

Curve (1) :Cu® + 1,10 Phepanthroling (1,10 Ph)+ Glycine

Curve (2) :Cu®* +1,10 Phenanthroline (1,10 Ph+ o-alanine

Curve {3) : Cu®*" + 1,10 Phenanthroline (1,10 Ph)+ Pheny! alanine

Cu® +,10 Phenanthroline (1,10 Ph)+ Tyrosine
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_Fig- 3.2.7: Potentiometric tirration curves of aqueous solutions containing
metal ions, 1,10 Phenanthroling (1,10 Ph) and L. (each 0.001M).

Curve (1) : Ni*" + 1,10 Phenanthroline (1,10 Ph)+ Oxalic Acid

Curve (2) ‘Ni** +1,10 Phenanthroline {1,10 Ph)+ Ethylenediamine

Curve (3} :Ni*" + 1,10 Phenanthroline (1,10 Ph)+ Glyciue

Curve (4) ‘Ni’* + 1,10 Phenanthroline (1,10 Ph)+ a-alanine
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Fig- 3.2.8: Polentiomelric titralion curves ol aqueous solutions containing
metal ions, 1,10 Phenanthroline (1,10 Ph)and L, {each 0.001M).

Curve (1) : Ni** + 1,10 Phenanthroline (1,10 Ph)+ Phenyl alanine

Curve (2) NIZ" + 1,10 Phenanthroline (1,10 Ph) + Tyrosine

Curve (3) : Zn'* 1,10 Phenanthroline (1,10 Ph)+ Oxalic Acid

Curve (4) :Zn** + 1,10 Phenanthreline (1,10 Ph)+ Ethylenediamine

41

v



15

e 55
Yolume of NeCH
Curve-l

1.9 35 55
Volume of MaDH

Curve-3

10

B N
- &
o 4
2 N
0 ——
1.5 as 05
Volume of NaDH
Curve-2
o ol
8
EE‘:
4 i
R
| ! 1
15 J b 5.5
] Volume of NaOH

Curve-4

Fig- 3.2.9: Poientiometric titration curves of aqueous solutions containing
metal ions, 1,10 Phenanthroline (1,10 Ph) and L. {each 0.001M).

Curve (1) :Zn”" + 1,10 Phenanthroline (1,10 Phy+ Glycinc

Curve (2) :Zn>* + 1,10 Phenanthroline (1,10 Ph)+ c-alanine

Curve (3} ; Zn®" +1,10 Phenanthrolinc (1,10 Ph)+ Phenyl alanine

Curve (4) :Zn"" + 1,10 Phenanthroline (1,10 Ph)+ Tyrosine

41




Species distribution curves:
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Fig — 3.2.10: Species distribution diagram for the [Cu {(Asp) (Ox)] ternary

sysiem showing the formation percentages rclative to total concentration
of the 1nctal as the function of pH.
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Fig — 3.2.11: Species disuibution diagram for the [Ni (Asp) (Ox)] ternary
system showing the formation percentages relative to total concentration
of the metal as the function of pH.
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Fig — 3.2,12: Specics distribution diagram for the [Zn (Asp) (Ox)] lermary
system showing the formation percentages relative to total concentration
ol the metal as the function of pH.
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Fig ~ 3.2.14: Species distribution diagram for the [NI (Asp) (Gly)]
ternary system showing thc lormation percentages relalive to total
concentration of (he metal as the lunction of pI.
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Fig — 3.2.16: Species distribution diagram for the [Cu (1,10 Ph) {Ox)]
ternary system showing the [ormation percentages relalive to total
concentration of the metal as the function of pH.
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Fig — 3.2.20: Species distribution diagram for the [Ni (1,10 Ph) (gly}]
ternary system showing the [ormation percentages relative to total
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Results & Discussion
IM{Asp)L] system:
Stability constant of ternary complexes [MAL] type where M
=Cu(ll), Ni(Il}) & Zn(I1), A =Aspertic Acid (asp), and L = Oxalic
acid(ox), Ethylenediamine (en), glycine(gly), a-alanine (a-ala),
phenylalanine (ph-ala), and tyrosine (tyro).
The analysis of the representative species distribution curves (fig-3.2.10
t03.2.15) shows that in the pH range 3.5-5.5 [ML] and [MA] is
predominating and in the pH range 5.5-6.0 the species [MAL] is exist.
The percentage of ail other species is less than 3% in case of [M{Asp)(L)]
system. At low pH, L combines with [MA] to form [MAL] ternary
complex. |
The AlogK value is more negative with increasing charge on the ligand,
Le. oxalate>glycinate>en. The sccond nepative charge lipand faces
electronic repulsion in forming the ternary complexes. Hence, the
tendency of L™ to get bound to neutral [MA] will be less than to get
bound with charge M** ion in the formation of Dinary complex [ML],
leading to negative A logk valucs. The electronic repulsion is more with
the increasing charge on L™, resulting the more negative A logK values.
[t is observed that AlogK values are more negative in the case of CufII)
complexes corupared to Ni(Il) complexes. This is due to the presence of
tridentate ligand Aspertic acid (Asp).The tridentate ligand Aspertic acid
(Asp) occupy the three equitoriar position aroand the metal ion. Hence,in
the formation of temary complexcs , the bidentate ligand (L) has to
occupy one equitoriar and one axial position. Due to the John- Teller
effect, in case of [Cu(Asp)] comnplexes, the ligand is strained in
ocenpying the axial position and hence its tendency to coordinate with the

[MA] is mnch less than in binary complexes, where the bidentate ligand
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occupies two cquatorial positions. Hence logKpya ™* is much less than
lugKMML and A logK  value is more negative. In the absence of Jahn-
Teller distortion in Ni(II) complexes, the bidented ligand does not feel
any slrain 1n occupying one egnatorial and one axial position and hence A
logK value 1s less negative,

It is observed that for the complex [Cu{Asp)L], [Ni(Asp)L] and
[Zn{Asp)L] where L= ph-alaninc and t}frﬁcin, A logK value is lcss
negative than the complexes L=ox, gly, a-ala. This is because of the
intramolecular interligand interaction. More positive values of a logK for
systems with L= tyrosine may be because of hydrogen bonding™
between the phenolic —-OH of the side group in tyrosine and the
carboxylate O° of the Aspertic acid {Asp). Howcver no such H-bonding
interaction is possible between non-coordinate sides of Aspertic acid and
phenyl group of phenylalanine. Therefore the stabilization of such ternary
complexes is mainly due o the non-coordinate side group cecupying a
position in the vicinity of less hydrophilic M-A moiety. Additional
stabilization of the complexes can occur due to the stacking interaction
of tyrosine and phenylalanine with mctal ion.

The non-coordinate side group phenyl and hydroxyphenyl of
phenylalanine and tyrosine respectively come over the group of Asp and
hence non-covalent hydrophobic interaction is possible.'™ This
intramolecnlar interligand interaction slabilizes the ternary coinplexes,

leading to the less negative A logK values,

It is also an interesting fact that for the complexes of [M{Asp)(L)] where,
M = Zn(I), L = en, gly, a-ala, ph-ala and tyro shows positive AlogK
vajues though these are unexpected phenomcna from the statistical
consideration. This observation indicates the complexes [Zn{Asp)L] are

more stable as compared to [Cu(Asp)(L}] and [Ni{Asp}(L)] complexes.
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This observation can be explained on the basis of the following two

factors:-

(1) Size of the metal atom

(2) Geometry of the complexes.
Ternary complexes are those complexes in which the metal ion has two or
more type of legends in its coordination sphere. If different types of
ligand coordinate to the central metal ion easily 1.e. accommodate the
space in their coordination sphere, the rate of the formation of terary
complexes will move in a favorable direction and stable complexes will
be formed. When a bulky group is either attached to or present near the
donor atom of a ligand mutual repulsion among the ligands occurs and
consequently the metal-ligand bond is weakened. Thns large bulky
ligands form less stable complexes than do tﬁg analogous smaller ligands.
This effect is commonly referred to as steric hindrance (steric cffect or
steric strain). On the basis of (he above discussion it can be said that with
the increase in size of the metal atom, the ligand will coordinate more
easily to the central metal ion to form ternary complex. The size of the
metal atom 1s expressed in terms of atomic radil.
The atomic radii of Cu(Il) Ni(1I) and Zn{l1} are as follows .

Zn(1.25A%)> Cu (1.17A° )> Ni(1.15 A®)

A mutual repulsion among the ligands in ternary complex decreasc in the

following order:-
INi(Asp)(L)] > [Cu(AspXL)] > [Zn(Asp)XL)]
For this reason in our present investigation [Zn{Asp)(L)] complexes

acquire higher stability than [Ni{Asp)(L)] and [Cu(Asp)(L)] complex.
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The shape of transition metal complexes is determined by the tendency of
electron pairs to occupy position as far away from each other as possible.

As also effccted by whether the d orbitals are symmetrically or

asymmeirically field.

Besides of the fact that Zn (1) have coordination number 4, and it forms
sp’ hybridization in forming complex.'” i.e the complex fits into a
tetrahedral structure. It prefers a tetrahedral geometry'” over an
oclahedral or square planar, as the ligand-ligand repulsion is minimum in
a tetrahedral geometry. This is due to the fact that the four ligands are
situated at the four corners of a regular tetrahedron. The tetrahedral

angle'” is 109°28'. But in an octahedral and a square planar structure the

ligands are situated at a 90° angle about the central inctal ion. This lcads
to close proximity of ligands in an octahedral and a square plenar
structure. Hence octahedral and square planar structure shows higher

ligand-ligand mutual repulsiou over ligand-ligand mutual repulsion in

tefrahedral strueture,

Hence, the complex [Zn(Asp)L] attains higher stability than [Ni{Asp)L]
and [Ni{Asp)L] is more stable than [Cu{Asp)L].
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[M(1,10 Ph)(L)] system:

Stability constant of ternary complexes [MAL] type where M
=Cu(Il), Ni(Ll) & Zn(II), A =1,10 Phenanthrolcane (1,10 Ph) and L =
Oxalic acid(Ox), Ethylencdiamine (en), glyecine (gly),a-alanine (a-
ala), phenylalanine (ph-ala), and tyrosine (tyro).

The analysis of the representative species distribution curves (Fig-3.2.16
to 3.2.21) shows that in the pH range 1-3, metal ion is the inajor species.
In the pH range 3-5, the species [MAJand [ML] is predominating. In the
pH range 5-7, ti'lE species [MAL] exists.

It is interesting fact that for the complexes of [M(1,10 Ph)(L)] where
M =Cu(Il), Ni(ll} & Zn{Il) and L= Ox and tryo the AlogK valne is
positive. In this type of conplexes M— A interaction of dr-pa results in
an increases in class A character of transition metal ion in the complex.
This brings in discriminating behaviour of [MA] towards the secondary
ligand L coordinating through N-N, N-O°, O—O". This can also be
explained on the basis of the electron repulsion between the metal d
electrons and the additional lone pairs of electrons present over the O—
O coordinating ligands. In the temary complexes M—A, m-bonding
reduce the electron density over the metal ion and hence the lone pair of
electrons over L has to face less repulsion while combining with [MA]
than with the free metal ion. It is observed that AlogK values for the
complexes of [M(1,10 Ph)L] increases. The complex [M(1,10 Ph)L]
show mote positive value when, L=tyr and M= Cu(Il), Ni(Il) & Zn(II).

This 15 due to the fact that the intermolecular interligand interaction
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involves the complex. The non- coordinated side group hydroxyphenol
ring of tyrosin comes over the pyridyl ring of 1,10 Ph and hence non-
covalent hydrophobic interaction is possible. This intramolecular
interligand interaction stabilizes the temary complex, leading the more

positive AlogK value.

It 1s investigated that for the complexes of [M(1,10Ph)(L})] type the
AlogK values are negative where L=Ethylenediamine(en), glycine(gly),a-
alanine (o-ala), phenylalanine (ph-ala) and M= Cu(Il), Ni(Il} & Zn(iD).
The AlogK value are more negative in case of Cu(Il) complexes
coinpared to Ni(Il) complexes. This is because of the presence of Jahn-

Teller effect in- case of Cu(ll) coinplexes and because of the absence of

Jahn-Teller effect in case of Ni(II) complexes.

It 13 also reported that for the complexes of [M(1,10 Ph){(L)] where M =
Zn(Il}, L = gly, o-ala, ph-ala, tyro shows less negative AlogK values as
compared to [Ni{1,10 Ph)(L)] and [Cu{1,10 Ph){L}] complexes where, L
=gly, ct-ala, ph-ala & tyro. This observation can be explained on the basis
of the following two factors:-

(1) Size of the metal atom

(2) Geometry of the complexes.
Ternary complexes are the coinplexes in which the inectal ion has two or
more type of ligands in its coordination sphere. If different type of
ligands coordinated 1o the central metal ion easily i.e. accommodated the
space in their coordination sphere, the rate of the formation of ternary
complexes will move in favorable direction and stable complexes will be
formed. On the basis of the above discussion it can be said that with the

increase in size of the metal atom the ligand will coordinate more easily
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3.3: CYCLIC VOLTAMMETRY MEASUREMENT

Cyclic Voltammetry (CV) comprises a group of electro-analytical
methods In which information about the analyte derived form the -
measurement of current as a function of applied potential. The cell of
¢yclic voltammelry is made up of there electrodes immersed in a soluticn
containing the analyte and also an excess of a non-reactive electrolyte
called a supporting electrolyte .One of the three clectrodes is.the
microelectrode or working electrode, whose polential is varied linearly
with time. Its dimensions are kept small in order to enhance its tendency
to become polarized. The second electrode is a reference electrode
(commonly a saturated calomel clectrode) whose potential remains
constant thmué,hout the experiinent. The third electrode is a counter
electrode, which is often a coil of platinum wire or a pool of mercury that
simply serves to conduct eleclricity from (he signal source through the
solution to the microelectrode. The potential of the micro working
electrode is varied (scanned slowly) and the resulling current is recorded
as a function of applied potential. The recording is called a
voltammogram, Cyclic voltammetry has bccome an important tool in the
study of mechanisms and rates of redox processes particularly in organic
and In inorganic systeins. Now a-days this electrochemical technique is

employed to study of the coordination chemistry which is the part of

inorganic chemistry.

T. A. Petersen et al'™ have carried a piece of research work on reduction
of O, on the basis of Lhe ¢yclic voltammetry (CV). At an initial potential
of -9.75V, the forward scan starts and at -1,I5 V, O, begins to be
reduced to super oxide {0,) ion and the cathodic peak is reached at

—1.25V. The anodic peak is obtained at about —1.25V and the oxidation of
04 1ou back to O, ocours.
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A research work have been carried out on cyclic voltammetry for a
solntion of 6.0mM in K;Fe{(CN), and 1.0M in KNO;, by P.T, Kissinger et

al'?® They observed that a cathodic current is developed at 0.4V and at |
point —0.15V the scan direction is switched.

Cyclic vollammograms of B,,H,; and B|.;.H122'Sﬂllltiﬁﬂ5 have been
observed by Donald E. Smith et al'®, Those voltammograms showed an
irreversible oxidation wave at about —-1.4V and a reversible conple
centered at about —0.5V. The cyclic voltammetric oxidation waves at

—1.4¥Y were characterized by considerable distortion and crratic behavior,

particularly at lower scan rates.

A shift in the half-wave potential of a metal ion in solution in the
presence of an added ligand (anion or neutral molecnles) is indicative of

complex formation. J. J. Lingane'”” observed that the half-wave potential

for the reduction of a metal complex is generally mmore negative than that

for reduction of the corresponding simple metal ion.

In the present investigation cyclic voltammograms of complexes of
[MA], [MA,], [MA,], [ML}, [ML;], [ML4] and [MAL] types have been
studied where M=Cu(ID), Ni(Il) & Zn(ll),; A=Aspertic acid (Asp), 1,10
Phenanthroline(1,10 ph} and L= Oxalic Acid(ox). Cyclic voltammograms
of the Cu(Il}, Ni(I) & Zn(I) complexes were recorded at Pt eleclrode in
aqueons inedia. Typical voltammograms are given in fig-3.3.1 to 3.3.36.
The voltammograms were obtained at a scan rate of 100mV/S for all the
voltammetric experiments studicd in this work. Solution of [MA], [MA,]
& [MA,] were prepared by mixing of M(IT} & A in 1:1,1:2 & 1:4 ratio
respectively, Solution of [ML], [ML,] & [MLs] werc prepared also by
mixing of M(II) & L in 1:1,1:2 & 1:4 ratio respectively.For [MAL] the
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metal lon and two ligands were mixed in the ratio 1:1:1. The pH of each
solution was adjusted at the optimum position of the formation of
complexes, Optimum pH for the maximum formation of complexes was
obtained from cownputer output and species distribution curves. The
voltammograins exhibits one oxidation and one reduction peak for all the

complex compounds and inctal perchlorate {Copper perchlorate, Nickel

perchlomie and Zinc perchlorate).

In the above cases the ancdic peak potential of complexes shifted towards
more positive potential from the peak of the metal perchlorate indicate
the formation of the complex compounds. On the other hand, the cathodic
peak potential of the formed complexes shified towards the more ncgative
potential indicating the breakdown of the formed complexes. This is
because of the slow transfer of clectrons. The slowness is due to the
formation of complex compounds. The value of AE® [AE” =(E,+E,.)/2] is
the mean potential indicate the transition potential between the oxidation

and reduction process. The voltammetric characteristics are presented in
Table-3.3.1 t0 3.3.3,
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Table-3.3.1: Results of cyclic Vollummeiry of copper perchlorate and

their different complexes.

| Compounds Ep Eqe AEp=Epq- Epe | AEp=(Eyut Byo)2
{Anodic) (Cathodic} my mY
my my
[Cu(ClO.)] 200 -250 450 225
[Cufox)] 310 -175 485 242.50
[Cu{ox),] 240 -280 520 260
[Cu{ox)4] 240 -280 520 260
[Cu(1,10 Ph)] 350 -150 500 250
[Cu(1,10 Ph),] 250 280 530 265
[Cu(1,10 Ph)s) 250 280 530 265
[CufAsp)] 260 -300 560 280
|CulAspi] 360 210 570 285
[Cu(Asph] 240 -330 570 285
[Cu(],10 Ph)ox)] 260 -330 620 310
[Cu(Asp)ox)] 350 -320 670 335
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Table-3.3.2: Resulis of cyclic Voltammetry of Nickel perchlorate and

their different complexcs.

Compounds Epa L, AEp=E - Ep | AEp=(E,+ E, )2
{Anodic) {Cathodic) my my
my my
[NI(ClO4)] 220 244} 460 230
[Ni{ox)] 160 =320 680 340
[Ni (0x).] 370 -330 700 350
[Ni (ox)y] 370 -330 700 330
[Ni (1,10 Ph)] 340 -350 690 345
INi (1,10 Ph)] 380 -320 700 330
[Ni{1,10 Ph,] 410 -290 700 350
N1 {Asp)] 430 -280 730 365
N (Asp)a] 280 -470 7350 373
N1 (Asp)y] 330 -420) 750 375
[N (1,10 Ph){ox}] 380 -390 770 385
[Ni (Asp){ox}| 375 -410 785 392.50
a4
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Table-3.3.3: Resulis of eyclic Voltammelry of Zine perchlorate and their

dillerent complexes.

Compounds

Eg, Ep. | AEp=Epn.- Epe | AEp=(Ept Fp2

{Anodic) {Cathodic) my my

mY Y
[£n{CIO, )] 300 -280 580 290
[Zn {ox}] 440 -344) 780 390
[Zn (0x}] 400 -390 790 393
[Zn {ox)4] 405 -385 790 395
[Zn (1,10 Ph)] 420 -380 200 400
[Zn (1,10 Phjy] 500 420 920 460
(Zn (1,10 Pl),] 500 -420 920 464
|Zn (Aspil 420 -380 800 400
Zn (Asp)s] 520 =420 940 470
[£n {Asp)y) 520 -424) 940 470
[Zn (1,10 Ph){ox)] 510 -440 950 475
[Zn (Aspi(ox)] 520 -420 Q4i) 470
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Cyclic Voltammogrames:
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Fig. 3.3.1: Cyelic Voltammogram of [Cu({ClQy);] system in aqueous
media at platinum electrode,
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Fig. 3.3.2: Cyclie Voltammogram of [Cu (0x)] system in aqueous
media at platinum electrode.
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Fig. 3.3.3: Cyclic Voltammogram of [Cu (ex),] system in aqueous
media at platinum electrode.
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Fig. 3.3.4: Cyclic Voltammogram of [Cy {0x)4] system in aqueous
media at platinum electrode.
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Fig. 3.3.5: Cyeclic Voltammogram of [Cu (1,10 ph}} system in aqueous
media at platinum eleetrode.

In T
K-t G L S : . : : . L . . !
-0 -0 3. = =T =) —r 1 ] O 1 >O.=2 =g +Oa i, 5 -0 g

Elacirodo potential (W

. Fig. 3.3.6: Cyclic Voltammogram of [Cu (1,10 ph);] system in
aqueous media at platinum electrode.
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Fig. 3.3.7: Cyclic Voltammogram of [Cu (1,10 ph),] system in aqueous
media at platinum electrode.
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Fig. 3.3.8: Cyelic Voltammogram of [Cu (Asp)] system in aqueous
media at platinum electrode,
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Fig. 3.3.9: Cyclic Voltammogram of [Cu {Asp),] system in aqueous
media at platinum electrode.

10 tna
/’/@

i [ 1 1 1 1 1 1 | 1 1_ ]
-GG U, -0 -0.2 0, Z e B0 o +{1,1 +0.2 0.3 0.4 +0 5  +DLE

Elactroda polonual W)

Fig. 3.3.10: Cyclic Voltammogram of [Cu (Asp),] system in aqueous
media at platinum electrode
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Fig. 3.3.11: Cyelic Voltammogram of [Cu (1,10 ph)(ox)] system in aqueous
media at platinum electrode.
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Fig. 3.3.12: Cyclic Voltammogram of {Cu {Asp){ox)] system in aqueous
media at platinum electrode.
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Fig. 3.3.15: Cyclic Voltammogram of [Ni (0x);] systemn in aqueous
media at platinum electrode.
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Fig. 3.3.16: Cyclic Voltammogram of [Ni (ox);] system in aqueous
media at platinum ¢lectrode.
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Fig. 3.3.15: Cyclic Voltammogram of [Ni (0x)s] system in aqueons
media at platinum electrode.
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Fig. 3.3.16: . Cyclic Voltammogram of [Ni (0x),} system in aqueons
media at platinum electrode.
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Fig. 3.3.17: Cyclic Voltammogram of [Ni (1,10 ph})] system in aqueous
media at platinum electrode.
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Fig. 3.3.18: Cyclic Voltammogram of [Ni (1,10 ph),] system in aqueous
media at platinum electrode.
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Fig. 3.3.19: Cyclic Voltammogram of [Ni (1,10 ph)s] system in aqueous
media at platinum electrode.
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Fig. 3.3.20: Cyclic Voltammogram of [Ni (Asp)] system in aqueous
media at platinum electrode.
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Fig. 3.3.21: Cyclic Voltammogram of [Ni (Asp).] system in aqueous
media at platinum electrode.
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Fig. 3.3.22: Cyclic Voltammogram of [Ni {(Asp)s] system in agquecus
media at platinum electrede,
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Fig. 3.3.23: Cyclic Voltammogram of [Ni (1,10 ph)(ox)] system in aqueous
media at platinum electrode
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Fig. 3.3.24: Cyclic Voltammogram of [Ni (Asp)(cx)] system in aqueous
media at platinum electrode.
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Fig. 3.3.25: Cyclic Voltammogram of [Zn (ClOy);] system in aqueous
media at platinum electrode.
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Fig. 3.3.26: Cyclic Voltammogram of [Zn (0x)] system 1n aqucous
media at platinum electrode.
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Fig. 3.3.27: Cyclic Voltammogram of [Zn (0x),] system in aqueous
media at platinum electrode.
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Fig. 3.3.28: Cyclic Voltammogram of [Ni (ox)4] system in agueous
media at platinum electrode.
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Fig. 3.3.29: Cyclic Voltammogram of [Zn (1,10 ph)] system in aqueous
media at platinum electrode.
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Fig. 3.3.30: Cyclic Voltammogram of [Zn (1,10 ph},;] system in aqueous
media at platinum electrode.
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Fig. 3.3.31;: Cyclic Voltammogram of [Zn (1,10 ph).] system in aqueous
media at platinum electrode.
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Fig. 3.3.32: Cyclic Voltammogram of [Zn (Asp)] system in aqueous
media at platinum electrode.
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Fig. 3.3.33: Cyclic Voltammogram of [Zn (Asp).] system in agqueous
media af platinum electrode.
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Fig. 3.3.34; Cyclic Voltammogram of [Zn (Asp)s] system in agueous
media at platinum electrode.
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Fig. 3.3.35: Cyclic Voltammogram of [Zn (1,10 ph){ox)] system in aqueéus
media at platinum clectrode.
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Fig. 3.3.36: Cyclic Voltammogram of [Zn (Asp)(ox)] system in aqueous
media at platinum electrode.
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Result and Discussion for CV;

It is possible to explain the order of stability of temary complexes. The
anodic and cathodic potential gives us the informatiou about the relative
stability of complexes. The potential is required to show anodic and
cathodic peak is called anodic (E,) and cathodic potential (E.,).Greater
the value of cathodic and anodic potential, greater will be the stabilitv of
the complexes. The potential difference between E,, and E,, also helps us
to ascertain the relative stability of complexes. An increase in potential
difference between E,, and E, indicates thc higher stability of the
complex compound, i.e. the process is irreversible. In the light of the
above diseussion it is said that the order of stability of the ternary
complexes is as follows:
[Zn(A)L]> [N{ A)L]> [Cu(A)L]

Where, A= Aspertic Acid (Asp), 1,10 Phenanthroleane {1,10 Ph}yand L =
Oxalic acid(Ox).

An interesting fact (hat the study of the cyclic voltaminograms of the
complexes of [MA], [MA,], [MA4], [ML], [ML;] and [ML,] types
predicts that [MA], [MAy]; [ML.] and [ML,] complexes shows ihe
similar E,, and E, value in cyclic voltammograms. This indicates that the

formation of complex compound is completed at [MA,] and [ML,]state,

i.e. metal to A ratio 1:2 and metal to L ratio 1:2.
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Probable Structure of the ternary complexes:
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Fig. : Structure of (a) [M(Asp)(ox)] (b) [M(Asp)(gly)] (¢) [M(Asp)(a-
ala)] (d) M(Asp)(ph-ala)] (e) [M{Asp)(tyr)] complexes,
where M= Cu(II), Ni(II).
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Ph)(a-zla)] (d) [M(1,10 Ph)(phy-ala)] (e) [M{1,10 Ph){tyr)} complexes.
where M= Zn(I]). .
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Fig, : Structure of {a) [M(1,10 Ph){Ox}] (b) [M(1,10 Ph):(gly}] (¢)
[M(1,10 Ph)(c-ala)] (d) [M(1,10 Ph)(phy-ala)] (e) [M{1,10 Ph)s(tyr)]
complexes.

where M= Cu(II) and Ni{II).
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CHAPTER-4
SUMMARY



Summary

Ternary complexes play an important role in biological processcs, as
exemplified by many instances in which enzymes are known to be
activated by metal ions. Such complexes have been implicated in the
storage and transport of active substances through membranes. Many
mixed ligand complexes are finding applications in the microelectronic
indnstry, chemical vapour deposition of metals and as drugs. Temary
complexes have been used in the analysis of semi-conductor. Many
biochemical are potential chelating ligands and several drugs have
coordinating sites. This allows possible formation of complexes with the

transition metal ions involved with life processes,

Study of ternary complexes is also important from fundamental chemistry

point of view. The effect of the strucinral features of the ligands on the

stability of the ternary complexes and corresponding binary complexes is
of great fundamental significance. Hence it is interesting to study the

various factors which affect the stability of the ternary complex,

The stabilily of ternary complexes have been determined in terms of
Alog K = log KﬁL— lng]:(% value, ie. the difference in the

tendencies of L to bind with the free metal ion and the metal ion alrcady
bound to another ligand. From statistical consideration AlogK is expected
to be negative. Different type of temmary complexes of [MAL] type have
been studids. Where M= Cu(ll), Ni(II) and Zn(Il) ;A=Aspertic acid
{Asp), 1,10 Phenanthroline (1,10 Ph); L=ox,en,gly,a-ala, ph-ala, tyr.
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The stability constants of ternary complex were determined by carrying
out pH-metric titration in agueous medium. The protonation constant,
. Binary constant and ternary constant have bcen determined
potentiometrically nsing SCOGS compnter prograin. The proton-ligand
formation constant and formation constant of binary complexes were first
refined. These values were used as fixed parameters for the refincment of

the formation constant of the temary complexes,

It is also reported that for the temary complexes of Cu(Il), Alog K vatues
is more negative than corresponding Ni(II) ternary complexes. This is due
to the absence ‘of Jahn-Teller distortion in Ni (II) complexes. It is also
observed that the Alog K value is inore negative with increasing the
charge on the ligand L. This is because of thc electrostatic repulsion

between the dianionic tridentate ligand Aspertic acid (Asp) and the
incoming charge of the second ligand. '

It 1s observed that Alog K value is positive when phenylalanine and
tyrosine 1s coordinated with central metal jon. This is due to the
intramolecular interligand interaction between non-coordinated side
group. Another reason of cxira stabilization of tyrosine is due 1o
intramolecular interligand hydrogen bonding and stacking interation of
phenylalanine and tyrosine with metal jon. Additional stabilization in the
complexs can occur due to the noncovalent hydrophobic interaction

between nen-coordinaied side group phenyl and hydroxyphenyl of
phenylalanine and tyrosine respectivelr with A{Asp, 1,10 ph),

The greater stability of Zn(ll) complex as compared to those of
complexes of Cu(IT) and Ni(il) is due to the fact that the complex of
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Zn(Il} prefer tetrahedral geometry in which ligand-ligand repulsion is
minimum. More over larger size of Zn(ll) metal is favourable for the
accommodation of ligand more easily than Cu(1l) and Ni{II).

Hence, in the present investigation, the orders of the stability of the
temary complexes are as follows-

[Zn(AXL)] > [NIAXL)] > [Cu(AXL)]
The stability of ternary complexes has been confirmed by CV {Cyclic
Voltammogram).
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