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SUMMARY



Summary
The present work comprises a study of the equilibrium constants of
binary and ternary complexes of palladium{Il) involving dipicolinic acid
(DPA). iminodiacetic acid (T[DA) as a primary ligands and amino acids.
atiphatic acids and aromatic acids as secondary ligands. These studies

include the following:

Chapter I:

This chapter contains two parts as followling:
Part I:

Introduction, included the nature, properties and biological
importance of dipicolonic acid (DPA), iminodiacetic acid (IDA), umino
acids and aliphatic and aromatic acids. Also. this part included
biological imponance of palladium(l]) and ternary complexes.

Part Il:

This part included the literature survey about this study, which
contains the binary and ternary complexes of palladium(Il) involving
biclogical important ligands. Also this part contains the potentiometer
studies of the formation complexes of picoline acid, dipicolinic acid and
iminodiacetic acid with divalent metals.

Chapter 11:

Experimental, which included chemicals, methods ot preparation

of different solutions, instrumental and procedure of calculation which

used in this study.

Chaptcr 111:
Included the results and discussion of thesc studies. This chapter

contains two parts as following:



Xi

Part 1:

In this part, the acidity constants of the ligands used (DPA, amino
acids, aliphatic and aromatic acids) were calculated at 30 °C and =
{.5M.

The formation constants of binarv complexes of palladium(Il) with
DPA, amino acids, aliphatic and aromatic acids were calculated.

The formation censtants of the ternary complexes of palladium{[l)
involving PPA as a primary ligand and amino acids, aliphatic and
aromatic acids as u sccondary ligands were calenlated potentiometrically

at 30°C and § = 0.5 M,

Part II:

In this part. the protonation constants of iminodiacetic acid (1A}
were calculated.

‘The formation constants of binary and temmary complexes of
palladium(ll} involving IDA as a primary ligand and amino acids,
aliphatic and aromatic acids as a secondary ligands were calculaled
potentiometrically at 30C° and /= 0.5M .

The formation constants of temary complex were found to lie in
the sequence:

Aromatic acids > aliphatic acids > amino acids
The conductometric studies of the ternary  complexes  of

palladium{1l} were investigated.



CHAPTER 1
INTRODUCTION



1L.INTRODUCTION

L.1. Nature and properties of dipicolinic acid, iminodiacetic acid,
o-amino acids and its metal complexes.

1.1.1. Nature, chemical properties and biological importance of
dipicolinic acid (DPA).
Dipicolinic acid (pyridine 2,6-dicarboxylic acid) is a dicarboxylic
acid, which has two carboxyl groups in the ortho position with relation

to the nitrogen utom of pyridine ring.

HO oM

/,..-f"'
2
N

Q O
pyridine2. 6dicarboxylic neid {DPAY

Dipicolinic acid shows various biological functions including
activation/inactivation of some metalloenzymes'”, inhibition of electron
transport system™, acts as a strong inhibiter of LDL(low density
lipoprotein) oxidation™, and was incorporated to malaria-infected human
red biood cells™,

Dipicolinic acid which is synthesized in & large amount in the
spore of genus Bacillus', inhibits lipid peroxidation™, and protects
glutathione reductase from the copper- dependent inactivation.®™

Recently it was showed that dipicolinic acid acted as an
antioxidant, Effect of dipicolini¢ acid and pyridine compounds on the
copper-dependent oxidation of human low density lipoprotein was

analyzed in relation to the inhibition of copper reduction, ¥
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Dipicolinic acid inhibited copper-dependent LDI oxidation
compietely, but the LDL oxidation was slightly inhibited by pyridine
compounds with one carboxyl group at 2 or 6-position,

Protective effect of dipicolinic acid on the LDL oxidation was
closely correlated with the copper-reducing activity. Dipicolinic acid
shows an antioxidant action by the formation of a chelation complex with
copper. This may have implications in understanding mechanisms of
preventing LDL oxidation during the early phase of atherosclerosis,
Inhibitory effects of dipicolinic acid on the iron-dependent lipid
peroxidation and the copper-mediated inactivation of glutathione
reductase are related to the clectron deficient nature of pyridine ring,

Pyridine ring has the unshared pair of elecirons on the nitrogen
atom, and introduction of electron-attracting carboxylic groups to 2- and
6-positions further causes higher electron deficiency™. Copper binds to
dipicolinic acid, which can attract electron from Cu® as the prooxidant to
form Cu®’, resulting in the inhibition of formation of reactive oxygen
species. Antioxidant effect of dipicolinic acid can be explained by the
formation of the inactive chelation complex with copper,

Dipicolinic acid and pyridine carboxylates show higher chelating
activity toward most metals such as copper and iron. Dipicolinic acid
is a major constituent of bacterial endospores (including B.anthracis
spores), comprising 5-14% of their dry weight after extraction™. The
analysis of DPA is of importance in swudies of sporulation, germination,
and spore structure "', and its presence is considered diagnostic for the
bacterial endospores.

The rapid identification of Bacillus anthracis spores is of
importance because of its potential use as a biological warfare agent''",

There are scveral methods such as spectrophotometry!'>13),

ultraviolet spectrophotometry'?,  Fourier  transform infrared
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spectroscopy''”), liquid chromatography”®'?, luminescence!’®2". electron

. 22) (23)
monochromatic mass spectrometrv'™, fluorescence

, Pyrolysis—gas
chromatography/ion  mobility spectrometry®”  and pyrolysis  mass
spectrometry ™ have been applied for DPA detection. In consideration
of emergency response plans for such an attack with biological weapons,
the development of an inexpensive, rapid, and sensitive field portable
sensor is extremely valuable for military and civilian use, and so a
potentiometric chemosensory for selective determination of dipicolinic
acid was developed.*”

Studies on the structure of dipicolinic acid performed with the aim
to explain the singular function of this compound in its biological
environment have suggested that the carboxyl groups are partially
polarized and neither the dilation nor the fully prorogated acid form
accounts adequately for the properties of the bacterial spores®®,

Among pyridinedicarboxylic acids, dipicolinic acid (DPA) scems
to have the best chelating properties because it is terdentate.
Dipicolinic acid (DPA), H,A can be further prorogated as the acidity of
the medium increases forming a monopositive species, FHA® . However,
in the pH rang utilized, this cationic form always proved negligible as
checked previously using spectrophotometric technique ©*

It is known from vibrational spectra that dipicolinic acid in the
solid state shows a rather complex behaviour of self-association, with
chains stabilized by intermolecular hydrogen bonds leading to the
formation of the usual carboxylic rings ©.

Since dipicolinic acid isa dicarboxylic acid, it may be a system
more favorable to possible association by hydrogen bonding of
heteroaromatic molecules in - aqueous solution , The nitrogen  atom of

the pyridine ring provides a potential hydrogen bond site. Moreover, the
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presence of curboxylic groups provides other additional sites which may

enhance association ©V.

1.1.2. Chemical properties of iminodiacetic acid (IDA).
Iminodiacetic acid (IDAH,) titrates as a biprotic acid in the pH
range 2 - 4.5 due to successive deprotonation of its two carboxylic acid

groups.

Q 0

HO OH
iminodiacetic acid (IDA)

It shows another buffer region in the pH range(8—10) due to
lonisation of the iminium proton. The iminodiacetate dianion (IDA™)
coordinates as a (O-, N, O-) terdentate ligand®®. Imine is a compound
containing the bivalent = NH group combined with a bivalent non acid
group, as R-MC=NIL [t is produced by the condensation reactions of
aldchydes or ketones with ammonia (or amines). Imino is a prefix
denoting the presence of the bivalent group = NH attached to nonacid

radicals.

The role of technetium(98)* Tc(98)* (a: a value in parentheses
denotes the mass number of the radioisotope of longest half-life)
iminodiacetic  ucid  (IDA) cholescintigraphy in  acute  acalculous
cholecystitis®, Technetium(98)*  iminodiacetic acid(IDA)
cholescintigraphy was performed in 15 patients with acute acalculous
cholecystitis. Fourteen of the 15 patients with acule disease had positive
findings, indicating the presence of cystic duct or common duct

obstruction. One case in which the gallbladder was visualized failed to
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respond to sincalide stimulation; this was classified as a suggestive
finding of discase. The technetium(98)*-1DA study is recommended as the
imaging procedure of choice for examining patients with suspected acute
a calculous cholecystitis. A chelating agent, iminodiacetic acid (1DA),
was used as a protecting agent to diminish protein-polymer interactions
and thus enhance the cumulative release of bovine serum albumin (BSA)
from PEG hydrogels. Divalent metal jons such as copper, zine, and nickel
were also used synergisticully with the IDA to evaluate the effect of

ligand affinity on the degree of protein protection.

Silica particles of different porosity were functionalised with
iminodiacetic acid (IDA) and loaded with Fe(lIT) to vield immobilised
metal affinity chromatography stationary phases (Fe(lII)-IDA-silica) for
phosphopeptide Enrichmcm”'”'_. The elution step of bound
phosphopeptides was optimised with radioactive labelled peptide by a
comprehensive study. Several elution systems, including phosphate
buffers of different pH and concentration and cthylenediaminetetraacetic

acid solutions were employed.

1.1.3. Chemistry of a-amino acids ®*,
1.1.3.1. Structure and classification of g-amino acids.

Alpha-amino acids include amino group (-NH,) adjacent to the {(a-)
carboxyl group, with the exception of proline and hydroxyproline, which
have a secondary amino group. All other amino acids have a primary
amino function. The solubility of amino acids in water decreases rapidly
as the size of the side chain increases, glycine is quite soluble whereas
tryptophen and phenylalanine have limited solubilites,

The differences in structure of the side chain serve a8 4 convenient

way for classifying a-amino acids into various categories:
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First category includes neutral amino acids which contain one
acidic group and one basic amino group.

Second category includes acidic amino acids because they conain
two acidic groups and only one basic amino group. The side chains of the
acidic amino acids are negatively charged at the physiological pH (that is,
the carboxyl group does not exist as -COOH but rather as the ion -COOQ")
hence, acidic amino acids are very soluble in water.

Third category includes basic amine acids, because they contain
two basic groups and only one acidic -COOH group. The basic amino
acids are quite soluble in water because of the polar nature of the side
¢hain (positive charged).
1.1.3.2. Stercochemistry of a-amino acids: D- and L- families.

The a-amino acids have the four different groups attached 1o the o-
carbon. This carbon is therefore a chiral cenier. Asa result, there are two
possible structures, one the mirror image of the other. By analogy with
the convention adopted in carbohydrate chemistry, we divide q-amino
acids into D- and L- families. D- amino acids are those in which the NH,;
group points to the right of the «-carbon in the Fisher representation of
an amino acid ( the -COOH is at the top und the carbon chain is at the
bottom in the Fisher structure ). Conversely, I.- amino acids have the NH,

pointing to the left, as shown in scheme (1),

COOH ad-¢arbaon COOH
H NH, H,N H
R R
D-Amlnoacid L-Aminoacid

Scheme (1} Stereochemistry of a-amino acids



1.1.3.3. Ionic properties of c-amino acids.

For simplicity, the ¢-amino and the a-carboxyl groups of the
g-amine  acids  were  written  in  their unionized  forms,
(R-CH(NH,)-COOH }. The acidic group (-COOH} and the basic group
(-NH;) are attached 1o the same a-carbon. We could expect the proton
from the -COOHM group to be transferred to the basic -NH, group in an

internal acid-base reaction as foliows:

H O

H 0
NI/ WV 4
o N

HN: v/ 3H

Scheme (2) Internal acid-base dipolar structure of an G-3MIN0 reaclion

in amino acids acid (a Zwitterion).

The resulting structure, which has a positive and negative charge
within the same molecule,is called a dipolar ion or zwitlerion at (pH = 7).
The zwitterionic structure is in agreement also with the amphoteric

properties of o-amino acids®*®,

In strongly acidic medium, the carboxylate anion (-COQ") picks up
a proton and is converted to a carboxyl group (-COOH). As a result, the
dipolar ion is transformed to a cationic form, which has a net positive
charge. Also, in strongly basic medium, the charged ammonium ion
(-NH;") gives up its proton to the hydroxide ion and is converted to a
neutral amino group (-NH,). Because of their amphoteric propertics,
amino acids can act as biological buffers and can thus maintain the pH of
the body.



1.1.4. Biological importance of palladium{1[) and palatnium{1[)
complexes

Palladium(1l} and palatnium(iI) complexes have the same structure
with higher reactivates. Palladium(Il) complexes are a good models for
the analogous palatnium(T1) complexes in solution™”.

Platinum([l) complexes were used for treatment of human solid
cancers such as lung, colon and stomach carcinomas®®*® Cis platin, Cis—
diammine dichloroplatinum(I1), is one of the most effective anticancer
agents that are clinically active to solid tumors, platinum(Il), is a widely
used second generation platinum anticancer drug. Palladium(II)
complexes were used as antioxidant.

New complexes of Pd(I1) with N-substituted thiosemicarbazone
(1)-(3) have been synthesised and characterised by elemental analyses,
IR, electronic, 'H NMR spectroscopies. The electrochemical behaviour of
the complexes has been tested by using cyclic voltammetry. The crystal
structures of the complexes have been determined by single crystal X-ray
diffraction technique. In all the complexes the thiosemicarbazone ligand
is coordinated to palladium through ONS mode. The new complexes
have been tested for their antibacterial activity against various pathogenic
bacteria. "%

A new palladium(IT) complex with methionine sulfoxide was
synthesized and characterized by a set of chemical and spectroscopic
lechniques. Elemental and mass spectrometry anaiyses of the solid
complex fit to the composition [Pd(CsH;NO;S),]-H,0. "*C NMR, ['H-
“*N) NMR and infrared spectra indicate coordination of the amino acid to
Pd(IT} through the carboxylate and amino groups in a square planar
geometry, bioiogical activity was evaluated by cytotoxic analysis using
bel.a cells. Determination of cell death was assessed using & tetrazolinm

salt colorimetric assay, which reflects the cells viability."



1.1.5. Ternary complexes:

The system which consists of a metal jon and more than one
type of ligand is defined as ternary complexes, Such ternary complexes
are important in analytical chemistry, and in metal ion catalyzed
reactions.

They might appear in biological fluids creating specific structures,
most frequently manifesting themselves as enzyme-metal ion-substrate
complexes. ‘This explains why ternary system has recently received
increasing attenation. This complexes have been widely studied for
several decades due to their utility as model sysiems for metal-protein
complexes observed in, for example, protein-protcin interactions and
present in certain proteins such as metalloenzymes™?

Ternary complexes of oxygen-donor ligands and heteroaromatic N-
bases have attracted much interest as they can display exceptionally high

stability.“”
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L2, Litcrature Survey
1.2.1, interaction between Palladium(ll) complexes of the type

[Pd(amine)}(H,0);]”" and amino acids, peptides and DNA

constituents.

Reactions of [Pd(en}(H,O%h]™ (en = cthylenediamine) with the
amino-acids (glycine, L-alanine, sarcosine, N,N-dimethylglycine, -
leucine, L-phenylalanine, L-proline, L-tryptophan, L-methionine and
methylcystiene) were studied by potentiometric titration®. For L.
methicnine and S-methyleystiene, equilibria (1) and (2) held principally

in selution were significant.
[Pd(en)(H,0),)** + L' = [Pd{en}(L))" + 2H,0 (Ki Yoo

[Pd(en)(H;00,)*" + HL == [Pd(en)(HL)** + 2H,0 (K" (2)

Where L™ = MeS[CH,],CH(NI,)CO; (n =1 or 2). For the remaining
amino acids only equilibria (1) were significant,

Mixcd-ligand complexes of Palladium(Il) involving diagua-
{ethylenediamine)palladium(l1) and L-aspargine or L-glutamine™ were
studied in 0.5 mol.dm™ KNO, applying a potentiometric technique. The
reaction occurred in two steps; The formation of the mixed ligand
complex [Pd(en)L]", followed by deprotonation of the amide group. The
acid-dissociation constant of the amide group of the palladium(II)
complexes, K, revealed interesting  biological implications. Under
normal physiological conditions (pH = 7.4) the two peptides coordinated
with [Pd(en)(H;0%]" in cntirely differcnt fashions; so that whereas
asparginate would be entirely present in the deprotonated from, while
glutaminate would exist solely in the prorogated form, This showed that
even though [Pd(en)(H,0),]" could catalyse the deprotonation of the

amide groups from both asparginate and glutaminate. Its catalytic action
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would be very specific under physiological conditions, being merely
confined to aspargine. The slight difference in the side chains of the two
peptide would produce dramatic differences in their behaviour towards
the palladium species.

Hay et. al ", studicd the complex formation equilibria involving
(Pd{en)(H;0),]*" and amino acid ester (L) by a potentiometric technique.
The kinetics of hydrolysis of [Pd(en)L.]** were studied by pH-static
technique and rate constants for processes (3) and (4), where A =

NH;CH(R)CO; and L = ethyl glycinate (Gly-OED,

[Pd(en)L]™* + H,O === [Pd(en)A]" + ROH + 4 (K20} (3)
[Pd(en)L)' + O == [Pd(en)A]" + R'OH (Kor). o oveneeennn, (4)

Possible mechanisms for these reactions were considered which
suggested that the reaction may involve kinetically important ion-pairing
between the complex and the incoming nucleophile prior to nucleophilic
atlack on the ester ligand.

Lim and Martin**", pointed out that the proton NMR spectra of a
mixture of uridine and thymidine respectively with [Pd{dien){OH},}*"
{where dien = diethylenctriamine), [Pd(en)(OFL),]*? and their platinum
analogues showed variation with PH. They assumed that in dien
compolex a (1:1} metal to ligand complex was formed whereas ¢n
complex both (1:1) and (1:2) metal to ligand complexes were formed.
Howcver, because of the high concentrations of nucleosides and the
metallic specics employed in the NMR study, it was not possible to
determine with precision the species distribution in solution at various
ptL, as well as the stability constants. For the platinum complexes,
because of the slow rate at which equilibrium was attained and the high

twmperature required to attain equilibrium jt was not convenient to
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determine the species distribution and to find out the stability constants
by conventionul pH titration.

For these reasons, Lim et. al™, studied the complex formation
equilibria  of aqua-(diethylenetriamine)palladium(Il) and diaqua-
ethylenediamine)palladium(Il} with uracil, uridine and thymidine.
[Pd(dien)(H20%,]**, and it was found that {(1:1) complexes are formed
with the mentioned ligands. Alternatively, [Pd{en)(H,0),]*" formed (1:1)
and (1:2) (metal:ligand) complexes. The formation constants were
evaluated. The species distribution at different p values and the mode of
coordination were discussed based on these values.

The kinctic and thermodynamic data were reporied™ for the

complex formation reactions:

[Pd(en)(H0)]"" + CT' === {Pd(en)(H,0)Cl]* + H0 (K)).......(5)
[Pd(en)(H:0)CI]" + CTI”' === [Pd(en)Cl,] + 1,0 (Kz}oore.. (6)

These species served as models for the mechanistic behaviour of
the antitumour active cis-Pt(N14;),Cl> complex. Spectrophotometric and
potentiometric techniques were employed to determine the equilibrium
constants,

The kinctic and thermodynamic data were reported for the
complex formation reactions involving N-substituted (ethylenediamine)
palladium{ll) complexes as a function of steric hindrance for the
substituent®”. The results were discussed in view of the corresponding
data for the unsubstituted {en) system and the cis-[Pt{NH;);(H;0),]*"
species.

Haring et. al.*"

, Studied the complexes of (ethylenediamine) Pd(I1}
with inosine, guanosine, adenosine and their phosphates. In the complex

formation reaction, Pd(en)*" was found to react in acidic solutions with
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N7 while in basic solutions with N,. In a wide pH range region around the
neutral pH both Ny and N, coordination cccurred leading to possible
formation of polymeric complexes.
The complex-formation reactions of Pd(Eten)Cl; (Elyen = NN,N'N-
tetracthylethylenediamine) with inosine and inosine SR-mﬂnop}mSphate
were also studied®” as influenced by nucleophile and chloride
concentration. Two consecutive reaction steps were observed under ali
experimental condititions. A detailed kinetic analysis revealed that
|Pd(Eten)CI(OH)]" was the reactive species in the first complex
formation step, for which a stcady-state approximation could be applied.
In the case of the second step, a rapid pre-equilibrium occurred,
and is followed by rate-determining substitution of aqua complex to

produce the (1:2) product specics.
[Pd(Et;en)(Nu)C1]* + 1,0 === [Pd(Etien)(NUH,02* + CI™(7)

The complex - formation equilibria™ of |Pd{R4en)Cl,] (Ryen =
N,N,NENE—tctramethylethylenediamine and N,N, N‘.N‘-tt’:traethylcthylene-
diamine) with inosine, inosine 5“-m0n0phnsphate and guanosine 5
monophosphate were investigated at different temperatures using a
potentiometric technique. The stepwise formation constants of the
complexes formed in sofution were calculated using the nen-tinear least-
square program MINIQUAD-75. The mode of binding of the DNA unit
to the Pd{1l) complexes was discussed, Comparison of the potentiometric
results with the corresponding data obtained from kinetic measurements
indicated that Ny constituted the binding site in acidic media but N, in
basic media. The concentration distribution of the various complex

species was evaluated as a tunction of pH.
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The reactions of [Pd(en)(H,0)]*" with ethanolamine, L-serine, I.-
threonine, L-homoserine and L-hydroxyproline in 0,1 M KNO; at 25C"
were studied by potentiometrie titration™™. The results were explained by
the following equilibria, where I, = ethanolamine or anionic form of the

amino acids (charges were left out for simplicity)

[Pd(em)(H;0%1"* + L == [Pd(en)L] + 2,0 (Kevroo {8)
[Pd(en)L] [Pd(en)(LH"y] + H* (K oo {9)

The value of logK, and logK', of those complexes suggested that,
for ethanoiamine, the neutral alcohol group was coordinated 1o
palladium. For L.-serine, L-thereonine and L-homoscrine, group would
hot coordinate to the metal center, but coordination would oceur upon
deprotonation of the alcohol group, For L-hydroxyproline, both the
neutral alcohol group and deprotonated hydroxy! group did not
coordinate to the metal center.

The hydrolysis of amino acid esters in mixed ligand complexes
with (bipyridyl) palladium(Il) was studied”™. The complexes were found
to undergo water hydrolysis or by hydroxide ion. The use of n-acceptor
ligands as bipyridyl led to an increase in the Lewis acidity of central

metal center and more rapid hydrolysis rates.

1.2.2. Other Palladium (11} Complexes

Pd(ll} is known to induce the ionization of peptide H near pH=3.5
to yicld tetragonal complexes with amide N donor atoms similar to Cu(ll)
and Ni(I1) peptide complexes®™®.

The formation of the Pd mixed-ligand complex, [PALLT (1) (H,l, =
L-cysteic acid, HL, = L-theonine) were studied”™. (1) was characterized
by 'H, "C NMR, absorption and CID spectra. The results indicate a

ligand-ligand interaction between the hydroxyl H atom of the L' ligand



15

and SO'; group of L”. PdL, (ML = histidine) and [Pd(H,L)CI|Cl, were
prepared®™ by reaction of PdCly with histidine in presence of NaQH or
with histidine hydrochloride, respectively. Treatment of PdL; with excess
HCL gave [Pd(HL)]Cl;. In Pdl,, histidine is bidentate whereas in
[PA(11;L),Cl;] histidine is monodentate with coordination occurring
through the umine N atom.

The complexes were characterized by IR and 'H NMR spectra.
Effects of electrostatic ligand-ligand interaction on the side chain in
ternary amino acid-Pd(I1) complexes were studied™ by measuring *C
spin-lattice relaxation times, T). The NT| values (N = the number of H
atorns bound to the C) of glutamate (Glu) in the systems containing
PA{II) and Arg. Pd(L-or D-Glu)(L-Arg), where side chain interactions
existed at considerably smaller values than those for Pd(L-or D-Glu){L-
Ala) without the interaction which were close to those of Pd(Glu),.
Comparison of the NT, values revealed that the motions of the g-carbons
are strongly dependent on the ligand-ligand interactions, whereas the B-
and y-carbons can move relatively freely even in their presence. The
motions of the side chain of Arg also were affected by the interaction.

Nine new Pd(Il) complexes of the formula [Pd(bipy)(AA)™
(where bipy is 2,2-bipyridine and AA is an anion of L-cysteine, L-
aspartic acid, L-glutei acid, L-methionine, L-histidine, L-arginine, L-
phenylalanine, L-tyrosine, or L-tryptophan, and n = 0 or 1) were prepared
by the reaction of [Pd(bipy)Cl;] with an sodium salt of amino acid in
water'®. The Pd(11) complexes were characterized by chemical analysis
and by Visible, [R and 'H NMR spectroscopy. The modes of binding of
amino acids in these Pd(I) complexes were ascertained by IR and 'H
NMR spectroscopy. The molar conductance of these complexes in water
suggested that they were either nonelectrolytes or (I; 1) electrolytes. The

complexes showed growth-inhibitory activity against L1210 lymphoid
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leukemic, P388 lymphocytic leukemia, sarcoma 180, and Ehrlich ascots
tumour cells, Some of the complexes show IDsy values comparable to or
lower than cis-diamminedichloro platinum,

Coordination of Pd{II} with ethylenediamine, diethylenertriamine
and tris (B-aminoethyl) amines was studied®" at 25 °C and ionic strength
0.1 M using pIl meter and UV measurements, Br” and O were used as
auxiliary ligands. Stability constants of the complexes formed were
calculated.

Kasselouri et al.®? siudied Pd(Il) and Pt(Il) ternary complexes
with nucleosides and amino acids. cis-PtL;Cly{l.= inosine) and cis-
PALYLCI{L = guanosme) reacted with the Na salts of amino acids to give
cis-[PILQICI (1) and cis-PdL, ClyL’ = guanosine) and cis-[PdLY,QICI(11)
respectively, (HQ = pglycine, L-iso-leucine, L-valine, L-profine, L-
alanine, L-phenylalanine). Compounds | and 1l reacted with HCI to give
cis-[PtL;(HQ)CIICI {111} and cis-[Pllf;(l-IQ}Cl]Cl (TV}, respectively, The
complexes were characterized by IR and ' NMR spectra, In I and I the
amino acidato ligands behaved as bidentate whereas in compounds 1|
and IV they behaved as monodentate, {N-bonded). All the Pd complexes
exhibited rotational isomerism in D;0, but not in DMSO-d, solutions.

Synthesis of other nine paliadium(II) complexes of the type
[Pd(Phen)(AA))" (Phen = 1, 10-phenanthroline; AA = amino acid anjon)
have been achieved®™, These palladium(Il} complexes have been
characterized by UV-visible, IR and '11 NMR spectroscopy, The binding
studies of several complexes [M(NNJAA]* (M = Pd, P, NN = 2, 2%
bipyridine, 1, 10-phenanthroline; AA = amino acid anion) with calf
thymus DNA were carried out using UV difference in absorption and
fluorescence spectroscopy. The above complexes have also screened for
cylotoxicity in P388 lymphocytic cells. Only two complexes of them,

show cytotoxicity.
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Spectrophotometric, paper ionophoresis and mass specira (fast-ion-
bombardment) methods were used to study complexation of Pd(II) aqua
tons with the aliphatic amino acids: glycine, L-alanine, DL-valine, DL-
leucine, L-proline(HL)*". At Pd : HL ratio (1:3) in 1M KCJO,, PAdHL2*
forms; in 0.1 M HCl at Pd : ML = | : 40, Pd(HL),** forms. Stabilities of
(1:1) complexes decreased with increasing aliphatic chain length of HL,
while the stabilitics of the (1:2) compiexes increased as chain lengths
increase.

[Pd(Phen)L]CI {); HL = lysine, proline, arginine, Phen = 1,10-
phenanthroline) were prepared *” from Pd(Phen)Cl, and HL and were
characierized by elemental analysis and IR spectra. Their antitumour
effects were tested by the vital dye exclusion assay and S5, in test mice,
(I) have some antitumour activities in varying degrees. The toxicity of the
complexes against mice was less and the solubility of (I} (HL = proline,
argiine) was greater than cis-P{NF;),Cl,.

The glycine chelate ring in Pd(II)-Gly-Phe complex wus planar up
to pH = 10 and was only distorted from planarity when the ligand
behaved as bidentate. '"H NMR studies of Pd(11) complexes with Ala-Tyr
and D-Leu-Tyr revealed the essential role of metal jon in inducing the

dipeptide conformation in solution®”

. In a complex with tridentate
coordination of dipeptide (pH =3-10) the most stable conformer of a
tyrosine residue was that the aromatic ring exisling in gauche position to
carboxyl and amine groups. At high pH a dipeptide behaved as a
bidentate ligand (NI, N-), while the tyrosine residue changed its
conformation drastically, and the most stable conformer was that with the
aromatic ring in trans position to the carbonyl group. The C-terminal
amino acid did not have a considerable effect on (he conformation of an

N-terminal amino acid in both kinds of complexes with Pd({I]).
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Jezowska-Trzebiatowska  ct.  al®”  studied the dipeptide:
palladium(II}:purine nucleoside lernary complexes in water solutions, The
elfect of coordination of PA(IT)-GlyX complexes (X =Tyr, Phe) to purine
nucleosides on the NMR chemical shift change of the H(2) and H(8) protons
located near donor sites was related to two contrary effects. First the
coordination of the PA(II) jon 1o N(7) (N(1)} of purines caused a downfieid
shift of the H(8) (F(2)) proton signals.

Synthesis and characterization of palladium(l]) and platinum(I1)
complex with  2-[1-(2-pyridyl) cthylidenc]  oxamolydragide were
investigated®”, ‘The structure was confirmed by IR, H'-NMR and "*C-

NMR spectroscopy.

1.2.3. Complexes of pyridine dicarboxvlic acids:

Potentiometric and spectrophotometreic  investipation on  the
formatien of binary complexes of Al(1l[} with dipicolonic acid at 25 ce
in aqueous 0.5 M NaClO, ionic strength is reported previously by
Napoli‘®®,

Chromium(11l} complexes of 2,2-pyridinedicarboxylic acid have
been studied by Marks ™

In 1996, Ibrahim et al'’", studied the ternary complex systems of M
= (Cu(ID, Ni(11), Co(11), He(I1), Cd(I1), Pb(1D), UOLIN), y(11) and Ce(l1l}
with dipicolonic acid (primary ligand) and N-(2-acctamido) iminodiacelic
acid or amino acids (secondary ligands) potentiometrically in aqueous
media at ionic strength 0.} M KNO; and 25.0 °C. The value of stability
constants for binary and ternary complexes formed have been evaluated
and discussed in terms of the nature of metal jons as well as the nature of
the secondary ligand . Studies showed that, except in the case of

dicarboxylic amino acids, the ternary complexes mentioned have lower
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stability than those corresponding to binary ones for the secondary
ligands .

The stability constants of mixed-ligand complexes of Cu(Il} and
Ni(I1) with dipocolinic acid and iminodiacetic acid (as primary ligands)
and some selected secondary ligands (alanine, phenanthrolin, tyrosing
Aryptophane, ethlenediamine, 1,3-propane-diamine, oxalic ac id, catechol,
catechuic acid, tiron pyrogallol,o-aminophenol, o-phenylenediamine)
have been determined by Bhattacharya and co-worker'™, in 1991, The
values have been determined potentiometrically using the SCOGS
computer programme. Study of inter-ligand stacking interaction in Cu(TF)

and Ni(Il) tenary complexes is performed by the same authors ™.

Sharma and co-workers'’™, studied the complexation equilibrium
for some ternary systems involving transition metal ions (CudIl) , Ni(If)
and Zn(1l} and some dicarboxylic acids , {thiodiacetic acid , iminodiacetic
acid and pyridine -2,6 — dicarboxylic acid) and furan -2- carboxylic acid .
The stability constants of these systems have been evaluated
potentiemetrically and free encrgies of formation (AG) have also been
calculated,

Konkani et al™!, detcrmined the stability constants of ternary
complexes of the type (Cu X Y) where X = dipicolonic acid (primary
ligand) and Y = Dl.-a-alanine, B-alanine, glycine or glutamic acid as
secondary ligands.The stability constants have been evaluated in aqueous
solution using pH technique at 25C° and at 0.1M ionic strength. Cu(Il)
formed (1:1:1) temary complexes with dipicolonic acid and the
previously mentioned amino acids. The preferential formation of the
mixed-ligand complexes over the binary ones have been discussed in

terms of equilibriem constants.
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The formation constants of the binary and lernary complexes of
chromium(Ill) involving dipicolinic acid (IDPAY™ us a brimary ligand
and DL-aspartic acid””, DL-valine'™ and L-arginine as a secondary
ligands were calculated potentiometrically as follow: 661+ 0.04,
0.78+0.05, 6.81=% 0.07 and 6.9120.05 respectivaly at f= 0,1 M and at
30°C,

1.2.4. Complexes of iminodiacetic acid (IDA):

Acid dissociation constants of iminodiacetic acid and
iminodipropionic acid, and the chelate stability constants of the
corresponding anions with cupric, nickel, cobalt, zinc and cadmium ions
are reported for a temperature of 30° and 0.1 M ionic strength™. The
replacement of acetate groups by f-propionate groups in the 1 gand
results in a considerable decrease in the stability of the chelate,

This is the first of a series of publications describing the effect of
structure of the ligand on the stability of aqueous metal complexes. The
chelating agents 10 be described are amino acids, soluble in water in the
form of their salts, which have more or less ability to combine with the
more basic metal ions, such as the alkaline earth metals, and having
appreciable affinity for transition metals and other (heavy metal) ions,
Thus all the compounds in this series may be classified as sequestering
agents. By changing these basic structures with respect to variation of
the number of acetic acid groups, and replacement of these by other
groups, it may be possible to draw logical conclusions concerning the
basic of metal ion affinity in these compounds. Thus quantitative study
of the stabilities of the corresponding metal chelates may lead to a better
understanding of the method of function of sequestering agents, and to

the development of superior sequestering agents'™,
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Potentiometric and spectrophotometric  investigations on the
complex formation equilibria of Cu" with iminodiacetate(ida®} and
hetrocyelic N-bases, viz. imidazole and benzimidazole(B), in aqueous
solution in binary and ternary systems using different molar ratios of the
reactants indicated the formation of complexes of the types , Cufida),
Cu(ida)(OH),(ida)Cu(OH)Cu(iday,Cu(B).Cu(H, B)". Cu(ida)(H,,BY",
(ida)Cu(B)Cu(ida) and (ida)Cu(H.;R)Cu(ida)". Formation constants of the
complexes at 25 £ 1° at a fixed ionic strength, 7= 0.1 mol.dm™ (NaNQ)
in aqueous solution were evaluated and the complex formation equilibria
were elucidated with the aid of speciation curves® ",

The formation constants of chromium{lI!) complexes with
iminodiacetic acid(IDA) and L-aspartic acid as the tridentate ligands
were determined by the pH method in the ionic strength, /=0.1 M and
at 25 °C 8

The formation constants of the chromium{I1) complex of
iminodiacetic acid(IDAY™ as a binary ligand and chromium(I11)-1DA-

dlMJ

DL-aspartic  aci as a termnary complex  were  calculated

potentiometrically 2.914£0.02 and 2.41 £ 0.04 at 7=0.2 M and at 45°C,
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AIM OF WORK

The work included in this thesis aimed to study the stability and
formation constants of biological important ligpands and its metal
complexes by using potentiometric technigue,
The choice of this work according to the following reasones :
|- Biological importance of the Palladium(Il) and complexes as
anticancer and antioxidant,

2-To study the effect of secondary ligand on the stability of metal
complexes,

3-The present work reports that the formation of binary and ternary
complexes by potentiometric and conductometric techniques.

4-Calculation of the stability constants of the metal complexes ,

In the present work, a systematic study of the formation of binary
and ternary complexes of Palladium(Il) involving dipicolinic acid and
iminodiacetic acid asa primary ligands and amino acids (aliphatic and
aromatic acids) as a secondary ligands by potentiometric lechnique at
30°C and 7=05M promoted usto caleulated the stability and

formation constants of ligands and its Palladium(II) complexes.
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2. Experimental

2.1. Materials:

Dipicolonic acid, iminodiacetic acid, amino acids are obtained
from Fluke, Palladium(II) chloride provided by BDH, Sodium nitrate
(grade AR), KH-phthalate solution, nitric acid, aliphatic and aromatic
carboxylic acids were from Merck.

2.2. Solutions:

Stock solutions of dipicolinic acid{DPA), imincdiacetic acid(IDA), amino
acids, aliphatic and aromatic acids were prepared by dissolving precisely
weighted amounts of the its in suitable volumes of distiiled water as
following :-

(1) - Dipicolinic acid (99%):

001M in 100ml water:

Weight =0.01x167.1x 100/1000 =0.1671gm.

(2) - Iminodiacetic acid (99.1%):
0.01M  in  100ml] water:
Weight = 0.01x133.1x 100 /1000 = 0.1331gm.

(3} - Glycine (99.7%):

001M in 100m! water

Weight = 0.01x75.07 x 100 /1000 = 0.075 [gm
(4) — Alanine (99%):

GOIM  in  100m! water

Weight = 0.01x89.09% 100 /1000 = 0.089 tgm,
(5) - Valine (99.1%):

00T M  in 100ml water:

Weight =0.01x117.15% 100 /1000 = 0.1 172gm,



(6) - Phenylalanine (99.2 %): .
0.1 M in  100ml water:

Weight = 0.0 165% 100 /1000 = 0. 165gm.

{7) - Tryptophan (99 %):
0.0IM in  100m! water:

Weight =0.01x204.23x 100 /1000 = 0.2042gm,

(8) - Methionine (99 %):
0.0IM  in  100ml water:

Weight =0.01x149.21x 100 /1000 =0, 1492gm.
(9) - Leucine (99.1 %):

GOIM in 100ml water:

Weight =0.01x131.18x 100 /1000 =0.1312gm.
(10) - Aspartic acid (98 %):

001 M in 100ml water:

Weight = 0.01x133.1 x 100 /1000 = 0.133 lgm.
(11) - Glutamic acid (99 %):

0.0l M iIn  100m! water:

Weight =0.01x147.13 % 100 /1000 =0.1471gm.
(12) - Histadiene (99 %):

0.01M  in  100ml water:

Weight = 0.01x209.63 x 100 /1000 = 0.2096gm.

(13) - Phathalic acid (99 %):
00lM in  100ml water;

Weight =0.01x166 x 100 /1000 = 0.166gm.

(14) - Salicylic acid (99 %):
00IM in  (00ml water:

Weight = 0.01x138.12 x 100 /1000 =0.1381gm.
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(15) - Succinic acid (99.5 %):
0.61M in 100ml water;
Weight=0.01>118.09 = 100 /1000 = 0.1181gm.

(16) - Malonic acid (99 %):
001 M In  100ml water:

Weight =0.01x118.09 x 100 /1000 = L 1181gm.

(17} - Malic acid (99 %):
0.1 M  in  100ml water:

Weight = 0.01x134,09 = 100 /1000 ={0.1341gm.

(18} - Oxalic acid (99 %):
00IM  in  100m! water:

Weight = 0.01x134.09 x 100 /1000 = 0.1341gm.

(19) - Tartaric acid (99 %):
00lM in 100ml water:

Weight = 0.01x134.09 x 100 /1600 = 0.1341gm,

Palladium{IT) chloride was prepared by dissolving precisely weighted
amounts of the its in suitable volumes of distilled water as following :-
PHIN0OIM  in 100ml water:

Weight = 0.01x171.31 = 100/1000 =0.1713gm.

Carbonate-free sodium hydroxide(titrant, prepared in 0.5 M NaNQ;
solutiens) was prepared® and then standardized potentiometrically
against KH-phthalate solution as following;

NaOH 0.1M  in  250ml water:
Weight = 0.1M x40 x 250 /1000 = | gm.
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Stock solutions of nitric acid were prepared by suitable dilutions of
the concentrated stock solutions(14.0M), was used for maintaining
constant ionic strength.

HNQ;(65%) 0.04M in 250m] water:

Strength=% x d x 10
=63x 14 x 10
=910

Strength =M x Maw

M=910/63 = 14
NxV=NxV

14 x V=0.04 x 250
V=004x250/14

V=0.7ml.

Where put 0.7ml of nitric acid in measuring flask 250 ml and
dilute by distilled water,

Stock solution {0.5M) of sodium nitrate was prepared by dissolving
the exact weight of it in the required volume of distilled water and then
certain volumes were used to maintain constant jonic strength.

NaNQO;(99.5% ) 0.5M  in 250ml water:
Weight = 0.5M x84.99 x 250 /1000 = 10.62gm.

KH-phthalate was prepared and used to calibrate electrode system

before and after each titration at 30 + 0.1C*,

A frech sample was weighted and solution was prepared for each
titration to exclude loss by hydrelysis or photochemical decomposition.
The geometrical structure of the ligands used in this work are

represented in scheme (3):
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Scheme (3) : Geometrical structure of the ligunds.

2.3. Experimental techniques:-

Potentiometry using glass electrode was discovered upon cbserving
an clectric potential difference set when u then glass membrane wus
placed hetween two solutions, many cations, especially protons, may be
detected.

Haber and Klemenswicz®’ showed that the response was strict and
number of tests was concerned with the clectrode properties™”*®
Jacques®™ first suggested that the glass clectrode potentiometry could be
used for determining formation constants and concentrations,

It was only afier the work of Bjerrum®" that the field was widely
extended in the 19505 and 19605, becoming then standard 100l utilized

f f - 9
{or the determination of formation constants™ >
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The method as applied for measurement of metal-complex stability
constants, has been briefly based on pH-metric titration of the ligand in
absence and presence of metal ions.

The main advantages of potentiometry are:

(1) Very little chemical reaction takes place at the electrode solutions
interface during each measurement .

(i1) Concentration of metal ions as low as 10" mol/dm? for H;0", even
less for §%, can be measured at as low as a precision as 0.05%.

(iii) The method produces formation constants with greater degree of

precision as reflected by considerably small standard deviations.

2.4. Apparatus :

All glass-ware used were pyrex and checked with the standard
burettie®. Potentiometric pPH measurement were carried out on solutiens
in a double-walled glass vessel at 30 % 0.1°C using a pll-meter CG 825
pH-meter.

The temperature was controlled by circulating water through the
jacket, from a constant temperature bath. The titration cell was equipped
with magnetic stirrer and a tightly fitting rubber stopper, and electrode
system were inserted.

The electrode system is a combined glass electrode(2-12 pH)
which was calibrated with a standrad 0.05M KI- phthalate solution (pH
= 4.01) before and afler each titration,

The electrode system was calibrated in terms of hydrogen ion
concentration instead of activitics. Thus, ail constants determined in our
work are concentration constants, Conductance of solutions were
measured with HANNA HFI 9835, Microprocessor conductivity / TDS
Meter.
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The conductance measurements were performed at 30°C «
0.01°C where the temperature was controlled by circulatin g water through

the cell jacket, from a constant temperature bath,
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2.5. Procedure and measuring techniques:-

The following mixtures are prepared to investigate the equilibria
involved in proton /or metal- ligand complexes. Mixture(a-f) was
prepared and titrate potemiometrically with standradized carbonate—free
sodium hydroxide sotution (0.1 M in 0.5M NaNQ; solution ),

(2) 0.0aM HNO; (Sml} + 0.5M NaNQ;(10ml).

{b} 0.04M HNQ; (5ml) + 0.5M NaNO;(10ml)+ 0.01M DPA or IDA(5mi)
(¢) 0.04M HNO; (Sml) + 0.5M NaNOj(10ml) + 0.0iM DPA or IDA(5ml)
+0.01M Pd(IT}ion (2ml).

(d) 0.064M HNO; (Sml) + 0.5M NaNCh{(10ml} + 0.01M amino acid or
carboxylic acid {Sml).

(e} 0.04M HNOy {(5ml) + 0.5M NaNO;(10ml} + 0.01M amino acid or
carboxylic acid (Sml)+ 0.0t M Pd(II) ion (Zml).

(D) 0.04M HNO, (5SmD) + 0.5M NaNO;(10ml) + 0.01 M Pd(lI) ion (5mi)
+0.0IM DPA or IDA (Sm!) + 0.01M amine acid or carboxylic acid (5ml)
(2) 0.01M Pd(Il) ion {i0ml) + 0.01M DPA or IDA (10ml) + 0.01M

amino acid or carboxylic actd {10ml).

Mixture(g) was titrated conductometrically ugainst 0.1M NaOH solution.
Where :-
DPA = Dipicolonic acid .
IDA = Iminodiacetic acid .
Amino acids = (glycine, alanine, histidine, leucine, aspartic, glutamic,
valine, tryptophane, methionine and phenylalanine).
Aliphatic or aromatic acids = (malic, malonic, phthalic, oxalic, tartaric,
succinic and salicylic).

In all systems, the total volume in each case was adjusted to

50 ml by adding distilled water. All pH-metric titration were performed
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a1 30 °C and /= 0.5 M (NaNO;), An irving and Rossotti pH titration
technique with modifications” " was used to determine the protonation
constants of the ligands and formation constants of the meta compilexes.,
Multiple titrations have been performed for each system. The equitibrium
constants were calculated from six indepenedent titration curves, All our
caleulations of stability constants have been determined successiully at
the optimum pH region (usually low PH region}. Thus, the formation of
hydroxy complexes or mixed-ligand complexes with hydroxy groups

could be neglected .

2.6. Calculation of the formation constnts:

An  Irving and Rossotti pH titration technique  with
madifications™*” was used to determine the protonation constants of the
ligands and formution constants of the different binary and ternary metal

ion complexes.

2.6.1. Proton -ligand and Palladium(il)- ligand formation constant:

The protonation constants of the ligands were determined from the
titration curves (Fig.7) of solutions (atb) and (a+d) by plotiing the
parameter n'y (n'y; = average number of mole protons associated with the
ligands) with pH (Figs. 2 & 3). The stability constants pKa, and pKa, of
the ligands (DPA, 1DA, aliphatic and aromatic acids) were obtained from
the relationship as shown in Fig.(2) at n'y equal to 1.5 and 0.5 we have pH
which equal to pKa, and pKa, respectively. The stability constant pKa, of
the amino acid ligands was determined from the relationship in Fig.(3) at
n'y = 0.5,

The metal ligand formation constants were determined from the
titration curves of the solutions (a + b + ¢) and (a + d + e) by plotting the

parameter n' (n' = average number of moles of ligand coordinated to
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metal ions) versus pL (pl. = free ligand exponent at several pH values) as

shown n Figs. (4) & (5).

: : M
The formation constant of the binary complexes (log KML} wids

determined [rom the relationship as shown in Figs. (4) & (5) at n' = 0.5,

_ A A _
we have pL is equal to {log KM_.;} where KHL is the formation constant

values of the (1:1) binary complexes

An Irving and Rossotti program contains the following equations
(10-16) which were used for the calculation of stability and formation
constants of ligangs and it is metal complexcs. First, using the pH —
metric titration curves (a+b) and (a+d) the average number of moles of
protons per mole of ligand, n'y, at scveral pH values for the above

mentioned ligands was calculated using the following equations :

- GV E +NY)
ny =Y - n 0
(VD+V;)TL ..........“......”H“...”H“u..n"....{ )

‘The average number of moles of ligand coordinated te metal ion is

calculated from the relaticnship:

(V, =V, oV, _Vd)]:(EU +Nﬂ)+TE(Y“"”;{l

H =

- T 0 1
Wy +Vy)orVy +V,)nu T .
And since , {E°+ N%) >>> T, ° , thus:
- YV, -V,)or(V, -V, E"+N°)
- P § b3

VotV )or(V, +V, )nn Tﬂ
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Generally we obtain |

vl B (1/10°Y (V. 1+ V.orV
pL=log > 2 _) x(°+V"ar e)

0 g0 0
=T -nTy ’

emerrreeneernnne(13)

Thus , for binary metal complexes, equation (13) was simplified to

become as follows:

" b

1+10P*«=(1£10”)x(r/; +V,)
s

L =log!
P g v, R | F-3

0
1, —nTy,

For the binary metal complexes of dipicolonic acid, succinic,
oxalic, malic, malonic, tartaric, salicylic, and phthalic acids, equation

(13), was used in the following form:

e .

110752 (1/ 1 0P+ 10757 (171 07 Lo+

. V. {15

pl=log

where ;

Y = no. of dissociable protons of the investigated ligands (y=1 in case of

amino acids, and y = 2 in case of dipicolonic acid, iminodiacetic

acid,aromatic and aliphatic acid).



T.° = initial total molar concentration of ali primary and secondary
ligands studied in the titrated solution =1x 107 mol,dm™.
Vo= Original volume of titrated solution = 50 ¢m”.
Va Vi Vi, Vg and V, are the voiumes of NaOH consumed volumes
to reach at the same pH value lor solutions a, b, ¢, d and ¢ , respectively,
By = The proton — formation constant values of all the ligands studies .

E. = Concentration of HNQ;acid in the titrated solution in mol.dm,
N. = Concentration of NaOH in mol.dm”.

Twe = initial total molar concentration of metal ions used in the titrated

solution in mol.dm™.
pKa = the second acid dissociation constant of the secondary ligands |
pK. & pK,: = the first and the second acid dissociation constant value of

primary ligands.

B = the pH — meter reading.

Experimental  formation curves corrcsponding to the various
ligands and thelr (1:1), binary metal complexes were obtained by plotting
n'y against pH and n' against pl., respectively. The corresponding acid
formation constant values of the ligands and the stability constant values
of their complexes were determined from the constructed n'y; - pH and

pl. curves, respectively.

2.7, Ternary palladium(Il) complexes :

From the titration curves of the solutions (¢) and (f) (Fig. 7), 0'giy,
the average number of moles of the secondary ligands (amine acids,
aliphatic acids and aromatic acids) coordinated to the (1:1)} binary

complexes, [PA(DPA)}] or [PA(1DA)].
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Formation curves comespending to the different ternary
complexes under investigation were constructed by plotung n'y, versus
pLnic (Fig. 6), the corresponding formation constant for the formed
(1:1:1) mixed —ligand complexes were obtained by upplying the averuge
value method where at n'my equal 0.5, we have plny. is equal to
log K::j;, where, K-:':'EL is the formation constant values of {1:1:1) mixed-
ligand complexes formed.

N is the average number of moles of the secondary ligands is

¢alculated from the following equations,

-
V, -V} E +N° +?;J(}/—HH)J

Hmix =

0 e 16)
(V, +V. )[TM{DPJM;{CA) ]” H
and since E* + N° >> T;°

- W, =v)E N

0 e (17
(V{} + Vc )[T.H[!Jf'.i jurtL'_I)]H i

Flmix =

Where Veand V. are the volumes of NaOH consumed to rcach same pH
value in the curves (f) and (¢), respectively.

[T° (DPA) or {IDA) | is the concentration of the binary metal-
dipicalonic acid or metal-iminodiacetic acid complex which is equivalent
to the ininal metal ion concentration Ty , ny is the average number of

protans assoctated with the secondary ligand , (these values are available
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at different pH values from the binary complexing system). T°_ is the
initial concentration of the secondary ligand and v is equal | in case of
amino acid and y = 2 in case of dicarboxvylic acid. Ve, E° and N° have the
same meaning as mentioned before .

From the values of n'y, so obtained, free secondary ligand

cxponent, pl.' iy was calculated using the equation :

oY

meix = lﬂg.:
o _ Vs RO | £

By =1the acid tormation constant value for the secondary ligand
T°, = the initial total molar concentration of secondary ligands.
B = the pl — meter reading.
Thus on applying amine acids and carboxylic acids as secondary

ligand , we obtain :

-

1
|+ 107 (—-
(IUB)X (Vﬂ +Vf)

pirm'x = ]0g<
V, S 4 1)

0 - 0
TL — Mo TM

o

Formation curves corresponding to the different ternary complexes
under investigation were constructed by plotting np, Versus pLu,. , the
corresponding formation constant for the formed (1:1:1) mixed —ligand

complexes were obtained by applying the verage value method where at
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- N s‘fq“[ J‘lfA -
N mix €qual 0.5 , we have pL .. is equal to log KM,”_ where | K.-.w, is the

formation constant values of (1:1:1) mixed- ligand complexes formed,

The stability constants of the palladium(ll) complexes under
infistigation can not be determined spectrophotometerically.it was found
that there is no change in the absorbance of these complexes with the
change of pH from 2 to 2. This mean that the colour of the

palladium(1l) complexes can not effected by the change of pH.



Table(1): Potintiometric titration values of glycine system in aqueous

solution at 30 °C and I = 0.5 M (NaNO,) as example for calculation,

39

m| a b C d e f
0 2.58 2.65 238 2.55 2.71 2.55
0.25 271 2.75 2.44 2.57 2.81 2.61
0.5 2.77 2.80 2.49 2.59 2.88 2.66
0.75 2.88 2.89 2.56 2.61 298 2.73
] 3.02 2.96 2.62 2.62 3.06 2,79
1.25 3.23 3.10 2.70 2.64 3.17 2.88
1.5 3.65 3.23 2.78 3.00 3.29 2.96
1.75 5.13 3.46 2.90 4,08 3.61 3.10
2 8.30 3.60 3.00 7.40 4.20 3.22
2.25 10.39 3.80 3.18 9.64 8.17 3.44
2.5 10.81 4.40 3.35 10.45 9.29 3.78
2,75 11.11 5.25 3.74 10.66 9.89 4,33
3 11.27 6.85 4.68 1080 10.39 6.37
3.25 11.41 9.61 8.44 11.02  10.81 7.73
3.5 11.49 10.61 9.90 11.21 10.99 9.38
3.75 [1.59 10.88 1040 1134 11.14 10.22
4 11.65 IL.11 1074 1145 11.30 1058
4.25 1169 1126 1091 1155 1142 1094
4.5 11.73 1137 (106 1163 1150  11.10
4.75 11.8¢ 1146 1122 1169 1160 11.26
5 11.83 1154 1138 1173 11.65 11.35
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Where:

(a) : 0.04M HNO;(5ml} + 0.5M NaNOQ; (10ml) + 35m] water.

{b}:0.04M HNO; (Sml)+ 0.5M NaNO; (10ml)+ 30ml  water,

(C) : 0.04M HNO;(Smi)+ 0.5M NaNO; (10ml)+ 0.01M DPA(Sml) +
0.01M Metal ion(2ml) +28 m| water.

(d) : 0.04 M HNO3(5ml} + 0.5M NaNO;(10ml) + 0.01M glycine (Smly+

30ml water.

(e) : 0.04 M HNO; (3m!) + 0.5M NaNO; (10ml) + 0.01 M glycine {(5ml}
+0.01 M Pd(I1) ien {(2ml) + 28m] water.

() : 0.04M HNO; (3ml) + 0.5M NaNQO; (10ml) +0.01M metal ion
(5ml) +0.01M DPA {(Sml) + 0.01M glycine (5ml) + 20ml water.
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3. Results and discussion
3.1. Palladium(I1) complexes of dipicolinic acid (DIPA) in solution ;
The formation and stability of chelates of the palladium(1I} with
the biologically important ligands, dipicolinic acid, amino acids, aliphatic
acids and aromatic acids have been studied potentiometrically. ‘The
results eblained on titration the solution mixtures (prepared as described
in the experimental part) with NaOH solution are represented graphically
in Figs.(7-23) as plots of pH versus ml added of NaOH. Calculations of
dissociation constants of ligands and stability constants of binary and
ternary complexes were obtained from the titration curves using Irving

3699 are collected in

and Rossotti pH technique with modifications
Tables (19-23). A log K values have been evaluated and discussed .
The chelation mode of ternary complexes formed was ascertained

by conductivity measurements in solution.

3.L.1. Proton — ligand equilibria :

The protonation constants of the ligands used {DPA, amino acids
aliphatic and aromatic acids) could be calculated from the potentiometric
titration curves a, b in case of primary ligand (DPA) and curves a, d in
case of secondary ligands (amino acids, aliphatic and aromatic acids). In
all protonation reactions were observed to take place within the
potentiometrically measureable pH range (2-11). An Irving and Rossotti
pH technique with modifications™™ was used to calculate the
protonation constants of the ligands.

Protenated dipicolinic acid, H,D (D = dipicolinate dianion) can be
further protonated as the acidity of the medium increases forming a
menopositive species, H;D'. 1owever, in the pH range utilized, this
cationic form always proved negligible as checked previously using

spectrophotometreic technique™. The  first and  second proton
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association constants of neutral DPA were determined potentiometrically
in aqueous solutions, under the experimental conditions (30 °C, f =
0.5 M NaNQ,}. The values obtained are in a good agreement with the
literature values!'®,

The dissociation constant values of the amino acids, aliphatic and
aromatic acids were determined under identical conditions using the

Irving-Rossotti method described in the previous experimental section

(Table 19).

3.1.2. Formation constants of binary palladium{II) complexes:
The formation constant values of normal 1:1 binary complexes of
DPA with palladium (I1) ion have been determined from the titration
curves b and ¢ in all systems (HNO; + DPA and HNO; + DPA +
Pd(Il}, respectively), using the formula of Irving and Rossotti  as
explained in the experimemal section. Generally, it is evident that
curve ¢ clearly departs from curve b denoting strong interaction
between palladium(ll) and DPA (Fig.7). The n-pl. experimental
formation curves of (1:1) complexes of DPA with palladium(Il) (n' =
average number of DPA molecules attached per palladium(Ii) ion and pl.
= free DPA cxponent) as calculated from the equations reported in the
experimental part. In all systems no precipitation occurred at pl lower
that at which n' = 0.5, indicating that hydrolysis of binary (111} Pd(1) :
DPA is not likely to interfere in the determination of the stability

constants of these systems (Table 20).

The stability constants of (1:1) binary complexes of secondary
ligands (amino acids, aliphatic and aromatic acids) with palladium(Il)
lon are determined from the ftitration curves d and e in all systems

(HNOy+ secondary ligand and HNOQO; + secondary ligand + Pd(ll),
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respectively) using the same equations as in experimental part. It is
worthy to note that curve e clearly departs from curve d, denoting the
formation of a binary complex of secondary ligands in all Systems
investigated. The formation constants of the different(1:1) binary
Pd{Il):secondary  ligands  complexes  were  calculated  from  the
relationship between n' (n' = average number of secondary ligand
molecules bound to Pd(I1) ) and pl. (free secondary ligand exponent)
(Table 20). In all cases, no precipitation occurred at pH lower than at
which n' = 0.5, indicate that hydrolysis of the Pd(II) is not likely to
interfere in the determination of the stability constant values of the

different(1:1) Pd(II) : secondary ligund binary complexes.

3.1.3. Ternary palladium(ll) complexes:

The potentiometric titration curves of PA(1)-DPA in presence of
secondary ligands {L = amino acids, aliphatic and aromatic acids) showed
strong overlap with the iitration curves of Pd(I1)}-DPA in absence of
secondary ligand (1:1) binary complexes) at lower pH as shown by
curve fand curve e, respectively. This suggests that secondary ligand
dose not combine with the binary Pd([1)-DPA complex at lower pH .
Generally, above certain pH values which is largely dependent on the
nature of the secondary ligand used, one observes a deviation of the
ternary titration curves from that of the corresponding binary Pd([1)-
DPA ones. This shows the coordination of secondary ligand with the
binary Pd(ll)-DPA complex in stepwise manner, i.e., the secondary
ligand glycine starts complexation after the complete formation of
the binary (1:1) complex of DPA .

Thus, it may be assumed that secondary ligand would combine
with [Pd(DPA)] binary complex species in ternary systems similarly

as it dose with [PA(H,O),** binary system, In this respect it is
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worthy to indicate that in all cases of binary [Pd(DPA)] systems,
binary complexes are quite stable up 10 the pH range where the
attachment  of secondary ligand takes place forming the ternary
[PA(DPAXL)] systems. Thus one can casily deduce that the different
ternary complexes under investigation are formed before hydrolyzing
ptl of the correspending binary complexes, Generally no precipitation
had occurred for ternary systems, indicating thai hydrolysis of the
formed complexes is not likely to interfere in the determination of
the stability constants of these ternary complexes,

W'mix atd pL'ni values for the (1:1:1) PA(I) : DPA : L ternary
complex system were calculated from the titration curves as shown in
Fig.(6), using the equations reported in the experimental section,
(n'mix = average number of the secondary ligand molecules attached per
[PA(IT)-DPA] complex and pl'wi, = free secondary ligand exponent,
respectively). The formation constant values for the ternary metal
complexes were obtained from the relation between ', and Pl mix are
listed in Table (21).

For the formation of the ternary complexes of the palladium(IT)
(M) in presence of DPA (DPA = X) and secondary ligand {[. = amino

acids, aliphatic and aromatic acids), the following equilibria may be

considered :
M + X M X e (20)
MX +[. =7 MX (21)
w _ [MXL]
K MY, T
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The relative stability of the ternary complexes as compared
with that of the corresponding binary complexes can be
quantitatively expressed in different ways. The most suitable
comparison is in terms of AlogK , which represents the difference in
stabilities for the addition of ligand L to the (1:1) M(DPA)
complexes and to the aguated metal ion [M (H;0),]*" us shown by

equation (23)"'0 .

AlogK =logK % —logK¥

ML LY R P (23)
=logK,y, —10gKyy
The overall stability  constant, which must be  determined
experimentally, is connected to by equation (24) as shown below :
MX M M
]DgKALYL = lngﬁﬁm—lug!{m (24)

It is observed. that in general, AlogK for the investigated ternary
complexes is negutive as expected from the statistical considerations as
shown table(21). Since the primary ligand is coordinated to the
palladium(1l} as bivalent anion, the formed binary (1:1) PA(DPA)
complexces are electrically neutral i.e., do not carry charge. Therefore, one
can deduce that the coulombic attraction forces do not have a significam
role in the reacation of (1:1) binary Pd(DPA) complexes with the
secondary ligand to yield the (1:1:1) Pd(DPA)L) ternary complexes .
Accordingly the lower stability observed for (1:1:1) ternary complexes of
mast systems studied compared to the (1:1) binary complexes of the
secondary ligand can be mainly interprete on the principle that there are

fewer number of sites available for bonding on the neutral complex of the
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primary ligand than on the aquated palladium(II) ion. Thus, the secondary
ligand is expected to bind the (1:1) complex of DPA with a smaller
formation constant than that with the aquated palladium(Il) ion i.e.,

negative value for AlogK.

The proposed structures of the complexes[Pd(I[))- DPA- glycing]
as shown in the following scheme:

Where A= (Amino acids listed in scheme(3)).

\‘I/

CDD

Where B = dibasic acid(aliphatic and aromatic acids listed in scheme (3)).

Scheme (4) : The proposed structures of the complexes
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In this respect, it is worthy to note that the coulombic attraction
forces play important role only in the formation of (1:1) Pd(ID) : L
complexes as it facilities the attraction of the negative secondary ligand
anion to the dipositive aquated palladium{Il) ions i.e., high formation
constants,

There is 7 acidic character in the primary ligand {DPA), due to
the possibility of M —N 7 bond formation. This behaviour is similar

to that observed previously in [M-dipyridyl-L] complexes.®*'?

. MY
In the temary systems studied, the values of Knm, were

found to lic in sequence (Table2!):

Aromatic acids > aliphatic acids > amino acids

The higher stability of phathalic acid complex than salicylic
acid may be explained" as follows : since the carboxylate oxygen
is not directly bound to the benzene nucleus, it therefore adjusts
stercochemically more easily than the phenolate oxygen which is
dircctly attached to the benzene nucleus. The repulsion coulombic
forces between the end oxygen will be more when both 0,0 donor
atoms arc phenolic oxygens than when they are carboxylic OXygens.
Thus AlogK should be higher when the ligand coordinates through
the two carboxylate oxygens (phathalic acid) than when it is salicylic
acid, which contains one carboxylate and one phenolate oxygen.

The higher values of AlogK with aromatic acids than aliphatic
acids may be attributed to the presence of an aromatic ring!'**!*

which alters the bonding properties of these carboxylic acids.
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J.1.4. Conductomertic titration

The cenductometeic titration curve of the ternary complexes
containing palladium(ll)), DPA and secondary ligands (amino acids,
aromatic and aliphatic acids) as showen in Figs.(24-29) us plots of
conductance versus mole of NaOH added per mole of ligand. The
studies show that there is an inflection at a =2 for all systems,
probably corresponding to the neutralization of two protons of the
primary ligand (DPA), resulting from the formation of PA{DPA) binary
complex. Between 2 <a < 3, there is a slight increase of conductance
due to the formation of the ternary complex associated with the
releasc of u proton from the secondary ligand 1o give the
[PA(DPAYLL)] complex. Beyond a = 3, the conductance increases more

uniformly due to the presence of excess sodium hydroxide.
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0 2 4
0.1M NaOH (ml)

Fig.(7) Potentiometric titration curves for PA(IT-DPA-

glyine system,
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Table(2): Potintiometric titration values of alanine system in aqueous

solution at 30 °C and f = 0.5 M {(NaNQ;).

ml a b C d g f
0 2.58 2.65 2.38 2.55 2.89 2.56
0.25 2.71 275 2.44 2.57 2.97 2.65
0.5 2.77 2.80 2.49 2.59 3.03 2.68
0.75 2.88 2.89 2.56 2.61 3.19 2.74
! 3.02 2.96 2.62 2,62 3.29 2.80
.25 3.23 3.0 2.70 2.64 3.51 2.88
1.5 3.65 3.23 2.78 3.00 3.77 2.95
1.75 5.13 346 2.90 4.08 1.01 3.03
2 8.30 377 3.00 7.40 4.34 3.13
2.25 10.39 4.00 3.18 9.64 5.20 3.30
2.5 10.81 4.33 3.35 10.45 6.47 3.44
275 11.11 5.25% 3.74 10.66 9.48 3.74
3 11.27 6.85 4.68 10.80 10.28 4.03
3.25 11.41 9.61 8.44 11.02 10.68 4.60
3.5 11.4G 10.61 9.45 [1.21 16.97 5.38
3.75 11.59 10.88 10.40 11.34 [1.13 7.12
3.87 11.65 11.11 10.74 11.45 11.27 8.06
4.25 11.69 11.26 10,91 11.55 11.40 9.85
4.5 11.73 11.37 11.06 11.63 11.50 10.28
4.75 11.8¢ [1.46 11.22 11.69 11.57 10.50
5 11.83 11.54 11.38 [1.73 11.63 10.79
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Fig {8) Potentiometric titration curves for Pd{II}-DPA-
alanine system.



Table(3): Potintiometric titration values of valine sysiem in aqueous

solution 2t 30 °C and 7 = 0.5 M (NaNO;).

ml a b c d c f
) 2.58 2.65 2.38 2.62 2.8] 2.41
0.25 2.71 2.75 2,44 2.72 2.86 2.48
0.5 2.77 2.80 2.49 2.79 2.91 2.52
0.75 2.88 2.89 2.56 2.94 2.98 2,57
1 3.02 2.96 2.62 3.05 3.08 2.63
1.25 3.23 3.10 2.70 3.20 3.19 2.71
1.5 3.65 3.23 2.78 3.35 3.30 2.78
1,75 5.13 3.46 2.90 4.02 3.51 2.85
2 8.30 3.90 3.00 7.36 3.83 291
2.25 10.39 4.12 3.18 9.68 4.30 3.01
2.5 10.81 4.59 3.35 1033 5.50 3.08
2.75 1,11 5.25 3.74 10.7 9.44 3.22
3 11.27 6.85 4.68 1098 10,25 334
3.25 11.41 9.61 8.44 11.17 1091 3.56
3.5 11.49 10.6] 9.45 32 1117 379
3.75 11.539 10.88 10,40 1145 1132 449
4 11.65 11.11 10,74 11.52 1143 6.61
4.25 11.69 11.26 1091  11.6] 11.53  B.55
4.43 11.73 1137 1106 1166 1160 951
4.75 11.80 11.46 11.22 1173 (166 10.9]

5 11.83 11.34 1138 11.78 11.72  11.12
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Fig.(9) Potentiometric titration curves for Pd{11)-DPA-
valine system,

6l
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Table(4): Potintiometric titration values of phenylalanine system in

agqueous solution at 30 o and § =0.5 M {NaN{;).

ml a b C d e i
0 2.58 2,65 2.38 292 2.80 2.77
0.25 2.71 2.75 24 3.01 289 280
0.5 2.77 2,80 2.49 3.07 2.93 2.82
0,75 2.88 2.89 2.56 3.19 3.03 2.87
I 3.02 2,90 2.62 3.37 3.10 2.90
1.25 3.23 3.10 2.70 3.54 3.25 2.05
1.5 3.63 3.23 2.78 3.95 3.36 299
1.75 3.13 3.46 2,90 6.39 3.45 3.05
2 .30 390 5.00 £.30 3.73 3.12
2.25 1039 4.12 3.18 9.38 4.34 3.20
2.5 10181 4.33 3.35 9498 6.38 3.26
2.75 11.11] 5.25 3.74 10.54 0,85 3.57
3 11.27  06.85 4.68 10.87 1040  3.52
3.25 11.4] 9.01 8.44 11.05 1094  3.69
3.5 11.49  10.61 .74 11.32 11.10  3.98
3.75 11.59  10.88 10.40 P 1.46 11.32 4.64
4 11.65 [1.11 10.74 11.56 11.46 7.32
4.253 11.69 11,26 1091 [1.66 11.34  8.74
4.5 11,73 11.37 1106 11.71 11.64 1035
4.75 11.80 11.46 11.22 11.78 11.72 1079

3 11.83 I1.54 11.38 11.84 11.77 1.9y
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Fig {10) Potntiometric titration curves for Pd(11) - DPA -
phenylalanme system.

0Hl
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Table(5): Potintiometric titration values of trvptophane sysiem  in

aqueous solution at 30°C and 1 =03 M (NaNGO;).

m| a b C d C f
0 2.58 2.65 238 2.86 2.67 2.42
(.25 2.7 2.75 2.44 2.95 2.73 2.47
0.5 277 2.80 249 3.06 2.79 2.50
0.75 2.88 2.89 2.56 3.47 2.83 2,33
1 3.02 2.96 2.62 3.30 293 2.64
1.25 3.23 3.10 2.70 3.52 3.02 2.69
1.5 3.65 3.23 2.7% 3.85 3.13 2.74
1.75 5.13 3.46 2.90 6.34 3.30 2.80
2 8.30 3.83 3.00 9.03 3.51 2.90
2.25 10.39 4.12 3.18 992 4.33 2.98
2.5 10.81 4.40 3.35 10,48 7.47 3.05
2.75 11.11 5.25 3.74 1093 10,29 3.16
3 11.27 0.85 4.68 11.16  10.79 3.32
3.25 11.41 9.61 .44 1136 1113 3.57
35 11.49 [0.61 9.45 11.59 11.29 4.20
3.75 11.39 10.88 10.40 11.65 1140 6.01
4 [1.63 [1.1! 10.74 11.72 11.49 8.51
4.25 11.69 11.26 10,91 11.77 11.60 9.50
4.5 11.73 11.37 11.06 11.79  11.67 1035
4.75 11.80 1146 i1.22 1183 1175 10.80
3 [1.83 11.54 [1.38 11.87 L8] 11.02
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Fig.(11) Potintiontric titration curves for P{11) -DPA-

tryptophane system.
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Table(6): Potintiometric titration values of methionine system  In

aqueous solution a1 30°C and [ =05 M (NaNG;).

ml a b ¢ d e I
() 2.58 2.65 2.38 2.87 2.67 2.45
0.25 2.71 2.75 2.44 2.93 2.74 2.50
0.5 2.77 2.80 2.49 3.00 2.81 2,53
0.75 2 88 2.89 2.56 3.08 2.88 2.58
| 3.02 2.96 2.62 3.20 2.94 2.62
1.25 3.23 3.1¢ 2.70 3.33 3.04 2.67
1.5 3.65 3.23 2.78 3.52 3.13 2,72
}.75 5.13 3.46 2.90 3.89 3.20 277
2 B30 3.71 3.00 6.70 3.43 2.54

2.25 10.39 3.96 318 9.05 3.70 291
2.5 10.81 4.33 335 9.73 4.10 2,98
2.75 11.11 3.25 374 10.4¢ .78 3.12

3 11.27 6.85 4.68 10,70 10.66 Kea
3.25 11.41 0.6l 8.44 10.97 10.95 3.38
3.5 1149  10.01 0.45 1106 1119 3.5%
3.75 11.59 [0.88 10,44 11.33 11.36 3.99

4 11.63 111 10.74 11.47 11,46 6.31
4.25 11.69 11.26 10.91 1159 11.54 LI
4.5 11.73 11.37 106 1167 11.62 9.50)

4.75 11.80 1146 11.22 11,79 11.69 10.049
5 11.83 11.54 11.38 1183 11.73 100,45
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2 4

0.1 MNaOH (ml)

Fig.{12) Potentiometric titration curves for PA(I[}FDPA-

methionine System
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Table(7): Potintiometric titration values of leucine system  in aqueous

solution at 30°C and [ = (.5 M {NaNO;j).

ml a b C d ¢ F
{ 2.38 2,65 238 28] 2.62 2,62
0.25 2.7 2.75 2.44 291 2.69 2.60
0.5 2.7 2.80 2.49 3.01 276 2.69
.75 2.58 2.89 2.56 3.09 2.83 2.73
! 3.1 2.96 2.62 3.21 2.93 2.77
1.25 3.23 3.10 2.70 3.39 3.06 2.83
f.5 3.65 3.23 2.78 3.67 3.18 2.86
1.75 5.13 3.46 290 5.85 3.48 2.91
2 8.30 3.90 3.00 9.39 3.86 2.98
2.25 10.39 4.12 3.18 10.12 4,55 3.07
2.5 10.81 4.53 3.33 10.56 §.89 3.14
2,75 11.11 5.25 3.74 1097 10.34 3.26
3 11.27 6.85 4.68 11,15 10,76 3.39
3.25 11.41 9.61 8.44 11.33  11.05 3.60
3.5 | 1.49 10,61 9435 1145 1123 3.94
3.73 11.59 (.88 10,40 11.53 11.36 4.70
4 11.05 11.11 10.74 L1.61 11.45 7.24
4.07 11.69 11.26 10.91 11.67 11.56 8.27
4.3 [1.73 1137 11.06 11.73 [1.61 10,68
4.75 11.80 11.46 11.22 11.78 11.66 10.95

5 11.83 11.54 1138 1183 11.72 1113
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Fig.(13)Potentiometric tiiration curves for Pd{11)}-DPA-
[uecine svstem



Table(8): Potintiometric titration values of aspartic acid system

aqueous solution at 3¢°C and [ = 0.3 M (NaNOy).

H

n

mi a b C d e F
0 2.58 2.635 2.38 2.56 2,68 2.58
0.25 2.71 2.75 2.44 2.72 2.72 2.58
(.5 2.77 2.80 2.49 2.78 2.77 2.62
0.75 2.88 2.89 2.56 2.90 2.83 2.660
! 3.02 2.96 2.62 3.010 2.91 2.70
.23 3.23 3.10 2.70 3.0 3.01 2.75
1.5 3.65 3.23 2.78 3.35 3.07 2.79
1.75 5.13 3.46 2.90 3.61 3.17 2.85
2 £.30 3.90 3.00 4.06 3.27 192
2.25 10.39 4,12 3.18 4.78 347 2.98
2.5 10.81 4,69 3.35 7.75 3.71 3.08
2.75 (AER 5.25 3.74 9.73 4.07 318
3 11.27 6.83 4,68 10.16 4.65 3.29
3.25 11.4] 0.6 .44 10.64 .00 3.43
3.5 1149 10,61 0.45 10.95 9.95 3.64
3.75 [ 1.59 10,88 10.40 11,12 10,66 3.93
4 11.63 [1.11 10.74 11.25 10.90 4.26
4.23 11.69 11.26 10.94 11.37 LL.17 4.83
3.3 [1.73 11.37 11.06 1147 1131 6.41
4.75 11.80 11.46 11.22 11,55 1141 9.94
5 11.83 11.54 11.38 11.62  11.30 10.46
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0.1 MNaOH (ml)

Fig.(14) Potentiometric titration Curves for Pd(11) - DPA-
aspartic acid system.
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Table(9): Potintiometric titration values of glutamic acid system n

aqueous solution at 30°C and § =0.5 M {NaNO;).

ml a b ¢ d e I
0 2.58 2.65 3.38 2.84 2.73 2,58
.25 2.71 2.75 2.44 2.94 2.83 2.62
0.5 2.77 2.80 2.49 3.01 2.90 2.66
0.75 288 2.89 2.56 3.09 2.97 2.70
1 3.02 2.90 2.62 318 3.05 2.74
§.25 3,23 3.10 2.70 3.33 3.16 2.79
1.5 3.65 3.23 2.78 3.48 3.27 2.83
1.75 5.13 3.46 2.90 3.78 3.45 2,88
2 8.30 3.90 3.00 4.30 3.60 2.94
2.25 10.39 4.12 3.18 5.16 3.95 3.03
2.5 10.81 4.33 3.35 8.77 4.36 3.12
2.75 [1.11 5.25 3.74 9.87 5.03 3.21
3 11.27 6.85 4.68 10.40 6.46 3.33
3.25 11.41 9.0l 8.44 10.81 G.85 3.51
3.5 11,49 10,61 9.45 11.08 1035 3.08
3.73 11.59 10.88 1040  11.26 1059 4.4
4 [1.65 1111 10.74 1130 11,19 4,46
4.25 11.6Y 11.26 10.91 11.48 11.36 3.206
4.5 11.73 11.37 11.06 1136 11.45 6.36

4.75 11.80 11.46 i1.22 [1.66 [1.55 9.27
3 11.83 11.54 11.38  11.71 11.61 10.50
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Fig (15) Potentiometric titration curves for Pd(IT)- DPA-
glutamic acid system



74

Table(111): Potintiometric titration values of histidine svstem in agueous

solution at 30 °C and £ =0.3 M (NaNO;).

ml a b C d e f
0 2.58 2.63 2.38 2.67 2.53 2.46
(+25 2.71 2.75 2.44 2.74 2.01 2.50
0.5 2.77 2,80 249 282 2.66 2.53
(0.75 2.88 2.89 2.56 2.91 2.72 2.57
| 3.02 2,96 2.62 3.0 2.78 2.60
.25 3.23 3.10 2,70 3.5 285 2.65
1.5 3.63 3.23 2.78 3.31 2.93 2.69

1.75 313 3.40 290 3.18 3.05 2.74

2 8.30 3.80 3.00 5.25 3.14 2.78
2.25 10.39 412 318 6,25 3.26 2.85
2.5 10,81 4.54 3.35 7.50 3.46 2.90
2.75 1111 5.25 3.74 R73 3.96 2.99

3 11.27 6.85 4.68 0.43 6.33 3.08

3.25 1E41 9.601 §.44 10.18 Q.00 3117
3.5 11.49 10.61] 9.45 10.66 10.59 3.30

375 11.59 10 88 104.40 10.95 10,90 3.51
4

11.65 11.11 10.74 11,13 11.12 3.73
425  11.69 11.26 10.91] 11.31 11.23 425
4.5 .73 11.37 11.06 11.41 I1.36 .17
4.75 1 1.80 11.46 11.22 11.50 11.45 8.40

3 11.83 b.54 11.38 i1.56 [1.50 9.35
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Fig (16) Potintiometric titration curves for Pd(I1) DPA-
hisiadine system,
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Tahle(11): Potintiometric titranion values of phthalic acid  system in
aquueous solution at 30 o and F = 0.5 M {NaN()).
ml a b ¢ d g !‘
{) 2.58 2.65 2.38 2.77 2.78 2.07
0.25 2.71 2.73 244 2.82 2.84 2,70
0.3 2.77 2.80 2.49 2,93 2.80 2.72
.75 2.88 2.80 2.56 3.02 2.98 2.76
! 3.02 2.96 2.62 3.1 3.03 2.78
1.25 3.23 3.10 2.70 3.22 3.11 2.52
1.5 3.65 3.23 378 3.30 3.19 2.85
1.75 5.13 3.46 2.90 3.56 3.31 2.91
2 8.30 31.90 3.00 3.84 3.43 297
2.25 10.39 4.12 3.18 4.42 3.67 3.06
2.5 10.81 4.33 3.35 5.08 3.84 3.14
275 P11 5.25 3.74 5.72 4.32 3.25
3 11.27 6.85 4.68 6,84 5.12 3.36
3.3 11.41 9.61 g.44 9.80 6.00 3.58
3.5 11.49 10,61 0.45 10,52 6.67 3.86
3.64 11.59 10.88 10.40 11.02 7.59 4.26
4 11.05 11,11 10.74 11.23 10.09  4.80
4.25 11.69 11.26 10.91 11.40 1078  5.60
4.5 11.73 11.37 11.06 11.50 11.05 640
4.75 11.80 i 1.46 11,22 L1.63 11.26 7.61
5 11.83 11.54 11.38 11.69 1140  8.6]
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Fig(17) Potntiometric titration curves for Pd([t)- DPA-
phthalic acid system.



Table(12): Potintiometric tiiration values of salicvlic acid system

aqueous solution at 30 °C and 1 =0.5 M (NaNO,).

ml a b c d C I
() 2.58 2.05 2.38 2.8 2.62 2.58
0.25 2,71 2.735 2.44 2.87 2.69 2.61
0.5 2.77 2.80 2.49 2.93 2.75 2.63
0.75 2.88 3.89 2.56 3.01 2.80 2.67
1 3.02 256 2.62 3.10 2.86 271
1.25 3.23 3.10 2.70 3.23 2.98 2.76
1.5 3.65 3.23 2.78 3.39 3.08 2.80
1.75 5.13 3.46 2.90 3.51 3,20 2.86
2 8,30 3.90 3.00 3.82 3.35 292
2.25 10.39 4.12 3.18 3.32 3.59 3.01
2.5 10.81 4.33 3.35 7.49 3.88 3.08
2.75 11.11 5.25 3.74 10,53 5.04 317
3 11.27 6.85 4.68 10.89 6.67 3.30
3.25 11.41 9.61 8.44 11.09 9.75 3.50
35 11.49 10.61 9.45 11.25 1030 413
3.75 11.59 10.88 1040 1143 11.03 5.67
4 11.65 11.11 10,74 11.54 11.18 0.03
4.25 11.69 11.20 P09 11.6] 11.41 7.67
4.5 11,73 11.37 1ne 1171 11.51 8.55
4.75 11.80 11.46 1122 1179 1160 10.02
5 11.83 11.54 11,38  11.81 [1.67 10.32

T8

n
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tod
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Fig.(18)Potintiometric titration curves for PA{I}-DPA-
salicylic acid system.
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Table{13): Potintiometric titration values of succinic acid system in

aqueous solution at 36 °C and [ =0.5 M (NaNO;).

ml a b ¢ d e f
0 2.58 2,65 2,38 2.79 2.75 2.57
0.25 2.71 2.75 2.44 2 88 2.83 2.62
0.5 2.77 2.80 2.49 2.93 2.91 2.63
.75 2.88 2.89 2.56 3.04 3.01 2.68
I 3.02 2.96 2.62 314 3.07 2.71
1.25 3.23 3.10 2.70 3.30 3.24 2,75
[.5 3.65 3.23 2.78 3.50 3.38 281
1.75 5.13 3.34 2.90 3.88 3.70 2.88
2 8.30 3.51 3.00 4.33 3.93 2.
2.25 10.39 3.93 318 4.93 4,32 3.01
2.5 10.81 4.33 3.35 3.48 4.65 3.1
2.75 11.11 5.25 3.74 6.10 5.09 3.28
3 11.27 0.85 4,68 6.76 5.4] 3.46
3.25 11.41 2.61 8.44 10.04 6.08 3.78
3.42 11.49 10.61 945 10.67 6.83 4.16
3.75 11.59 10.88 1040 11.03 9.59 4.37
4 11.65 [1.11 10.74  11.19 10.39 5.10
4.25 11.69 11.26 1091 1135 10.84 5.69
4.3 11.73 11.37  11.06  11.49 11.04 6.50
4.75 11.80 1146 1122 1157 11.33 71.37

7
5 11.83 11.54 1138 11.65 [1.41 835
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Fig.(19) Potntiometric titration curves for Pd{1l) -DPA-

succinic acid system,
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Table(14): Potintiometric titratton values of malonic acid system in

aqueous solution at 30 °C and § = 0.5 M {NaNQ;).

ml a b c d ¢ f

d! 2.58 2.65 2.38 2.83 2,75 2.01
.25 27 2.75 2.44 2.89 2.83 2.65
0.5 277 2.80 249 2.95 2.87 2.69

0.75 2.88 2.89 2.30 3.02 2.93 273
] 3.02 2.96 2.62 3.09 2.99 2.70

1.25 3.23 300 2.70 322 3.07 2.80
1.3 3.65 3.23 278 3.30 3.13 2. 83
1.75 5.13 346 2.90 3.44 3.23 289

2 8.30 3.90 5.00 3.75 3.50 2.96
24 10.39 4.12 3.18 4,80 3.50 3.04
255 10.81 4.33 3.35 3.30 3.70 3.10
2.75 11.11 5.25 3.74 6.10 4.23 3.21
3 i}.27 6.85 4.68 6.98 4.94 3.31]
3.35 I .41 9.61 B.44 10.15 6.90 3.52
3.5 11.49 10.01 0.45 10.73 7.85 3.70
173 1139 10088 10.40) 11.06 9.44 4.20)
4 11.65 1111 10.74 1 1.24 10,24 497
4.25 11.69 11.26 10.91 [1.4] 10.77 5.83
4.5 11.73 t1.37 11.06 [1.54 11.02 6.78
4.75 11.80 11.406 11.22 11.62 11.25 7.93

5 11.83 11.54 11.38 11.7] 11.38  8.25
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Fig {20) Potntiometric titration curves for PA(IT}-DPA-
malonic acid system.
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‘Table(15): Potintiometric titration values of malic acid  system
aqueous solution at 30 °C and 7 =0.5 M (NaNO;).
ml a b C d ¢ f
0 2.58 2.63 238 284 2,79 2.67
0.25 2.71 2.75 2.44 2.90 2.84 2.7
0.5 2.77 2.8 2.49 2.96 2.89 2.74
0.73 2.88 2.89 2.56 3.04 2.96 2,79
1 3.02 2.96 2.62 3.13 3.01 2.83
1.25 3.23 3.10 2.70 3.26 3.14 287
1.5 3.65 3.23 2.78 3.42 3.24 2.91
.75 3.13 3.46 2.90 3.65 356 298
2 8.30 3.90 3.00 3.84 3.48 3.04
2.25 10.39 4.12 318 4.23 3.60 313
2.5 10.81] 4.46 335 4.74 3.87 3.25
275 i1.11 5.23 3.74 5.39 4,14 3.36
3 11.27 6.83 4.68 6.20 4.56 3.406
334 11.41 9.61 8.44 9.60 5.83 3.05
335 11.49 10.61 945 10.60 7.02 3.98
3.75 11.59 10.88 10.40 10.99 8.96 4.51
4 11.65 11.11 10.74 P17 9.67 4.584
4.25 11.69 11.26 10.91 11.36 10,76 5.44
4.5 11.73 11.37 11.06 11.48 1099 6.46
4.75 11.80 11.46 11.22 [1.58  11.23 7.56
3 11.83 11.54 11.38 11.64 1133 8.44
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Fig(21) Potntiometric titration curves for Pd{ll}-DPA -

malic acid system.
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Table(16): Potintiometric titration values of oxalic acid system in

aqueous solution at 30 °C and 7 = 0.5 M (NaNO;).

ml a b C d e f
0 2.58 265 2.38 | .99 1.86 1.90
.25 2.71 2.75 2.44 2.01 1.91 1.93
0.5 2,77 280 2.49 2.03 i.98 1.95
0.75 2.88 2.89 2.56 2.05 2.01 1.97
1 3.02 2.96 2.62 2.08 2.03 2.00
1.25 3.23 3.10 2.70 2.10 2.06 2.02
1.5 3.65 3.23 2.78 2.12 208 2.04
.75 5.13 346 2.90 2.17 2.12 2.07
2 8.30 3.60 3.00 2.21 217 2.10
2.25 10.34 3.90 3.18 2.28 2.23 214
2.5 11.00 4.33 3.35 2.30 2.27 2.17
2.73 1111 4.60 3.74 2.40 2.35 2.20
3 11.27 5.25 4.68 2.45 2.42 2.26
3.25 11.41 9.61 8.44 2.60 2.55 2.32
3.5 11.49 10.61 0.67 2.80 2.66 2.37
1.75 [1.59 10.88 10.40 3.20 2.91 2.45
11.65 11.11 10.74 4.00 3.18 2.53
4.25 11.69 11.26 10.91 5.47 3.16 2.64
, 11.73 11.37 11.06 7.00 7.28 273
4.75 11,80 11.46 11.22 098 §.66 2.02
11.83 11.54 11.38 10.30 9.53 3.20
3.2 11.88 11.62 [1.43 10.55 10.11 3.37
5.5 11.91 11.69 11.5 10.71 10.32 4.01
5.75 11.95 11.75 11.57 10.83 10.48 5.31
& 11.97 11.78 11.62 0,88 10.63 7.43
6.25 12.01 11.83 11.68 10.94 10.76 8.70
6.5 12.03 11.86 11.71 11.02 10.82 9.30
6.75 12.06 11.89 11.76 11.08 10.89 1403
7 12.08 11.92 11.81 F1.13 10.95 10.24
7.25 12.10 11.96 11.85 1118 11.04 10.40
7.5 12.12 11.98% [1.88 .21 11.09 10.58

7.75 12,13 12.01 11,90 11.24 11.12 10.69
8 12.16 £2.03 11.95 11.26 [1.16 10.80
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Fig.{22)Potentiometric titration curves for Pd{l1)-DPA-

oxalic acid system,



H8

Table(17): Potintiometric titration values of 1aranc acid  system n

aqueaus sotution at 30 °C and 7 = 0.5 M (NaNO;).

ml a h C d e )
i) 258 2,65 238 2.14 2.07 |.RY
0.25 2.71 2.15 2.44 2.7 2.1 2,01
3.5 277 2.80 2.49 2,19 213 2.02
0.75 288 259 2.56 2.22 2.18 2.04
! 3.02 2.96 2.62 2.25 220 2.05
1.25 3.23 3.110 2.70 2.32 2.27 2.07
. 3.65 3.20 2.78 2.35 2.31 2.10
1.75 5.13 3.29 2.90 2.41 2.35 2.14
2 &.30 346 3.00 2.47 2.40 2,16
2.25 10.39 3.57 3.18 258 219 218
2.6 10.81 3.96 3.35 2.84 2.55 224
275 11.11 4 .46 374 3.02 2.65 2.30
3 11.27 5.25 468 328 2.76 2.32
3.25 11.41 961 8.44 145 289 2.39
3.5 [1.35 1{.61 9.67 3.35 3.01 2.47
3.75 11.59 11.05 10.49 387 3.20 2.54
4 11.63 11.16 10.73 4.50 3.38 2.65
4.25 11.69 11.26 10.91 542 366 2.74
4.5 11.73 11.37 11.06 6,80 3.98 2,869
4.75 il.8 i1.46 11.22 0,83 4.69 304
3 [1.83 11.54 11.38 10.20 6.05 3,28
5.25 [1.88 [1.62 [1.45 10.43 7.13 3,49
5.5 1191 [1.69 11.5 10.57 Q.33 3.76
5.75 11.93 11,753 11.57 10.71 10.43 4,25
6 11.97 11.78 11.62 10.79 .56 5.39
.25 12.01 11.83 11.68 10.89 1(1.70 7.30
(0.5 12.03 11.86 11.71 10.94 10.77 .20
0,75 12.06 [ 1.89 L1.76 11.0] 10,89 9.0l
7 12.08 11.92 11.81 11.05 10.95 10,01
7.25 12.10 11.96 i1.85 11.09 11.01 10.28
7.5 12.12 11.98 11.88 11.13 11.07 10.49
7.75 12,13 12.01 11.90 11.17  11.11 10.64
h 12.16 12.03 11.93 [1.19  11.14 i(2.70
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Fig.(23)Potentiometric titration curves for Pd(IT)-DPA-
tartaric acid system.
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Table(18): Conductometric titration values for soine ternary complexes

with DPA in aqueous solution at 30°C and = 0.5 M {(NaNO3).

glvcine  alanine  aspartic  histadine succinic  phthalic

ml c C C C C C
0 845 002 1148 1467 1676 1481
025 812 832 1064 1369 1595 1408
0.5  7.70 774 985 1304 1501 1353
075 722 709 934 1239 1444 1266
| 6.91 6.68 $.86 1183 1381 1205
125 642 6.03 837 1133 1303 1138
15 6.03 5.47 798 1082 1231 1089
\75 557 4.99 746 1006 1129 1039
2 540 462 702 975 1060 9.78
225 473 434 701 9.22 9.95 9.22
s5 438 410 623 8.73 9.35 8.90
275 410 4.03 577 822 8.47 8.12
3 3.86 3.99 5.44 7.70 8.06 7.66
325 3.95 4.05 507 7.38 7.31 7.18
35 400 416 484 721 617 677
375 4.06 4.38 492 6.53 6.21 6.27
s 424 451 a7 6.12 5.85 5.9
475 447 478 480 593 5.5 5.55
45 4380 500 49 5.66 5.46 529
475 517 5.29 514 546 5.65 4.96
5 5.36 5.52 532 5.53 5.73 4.90
525 5.8 5.88 561 5.74 5.98 5.04
55 6.05 6.07 5.08 5.98 6.11 5.17

5.75 0.35 6.48 (.34 6.19 6.40 5.41
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6.25
6.5
6.75

7.25

975
10

6.35
6.88
7.19
7.65
7.92
8.44
8.66
8.95
9.23
0.72
10.05
10.36
10.77
11.33
11.49
12.06
12.41

6.87
7.13
7.31
7.93
8.34
8.73
9.11
9.52
9.91
10,52
10.74
I
11.35
11.98
12.40
12.65
12,99

6.69
7.02
7.23
1.57
7.86
8.27
8.55
8.82
9.08
.48
9.85
10.2¢
10.56
11.04
11.46
11.90
12.28

6.37
6.58
0.94
7.18
7.41
7.85
8.18
§.54
8.90
%.37
981
10.25
10.63
10.79
11.32
[1.89
12.30

0.35
(.82
6.97
7.23
7.5!
7.90
§.17
8.55
8.99
.45
9.81
10.29
10.77
11.11
11.60
12.05
12.39

LA ih
s | L4y
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6.19
6.27
6.69
6.98
7.37
7.60
7.98
8.32
8.83
9.05
9.30
9.83
10.28
10.65
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‘Pable (19): Acidity constant of ligands in aqueous solution a1 30 °C

and I = 0.5M (NaNO;).

Ligands PKa pKaz nKa
DPA 3.38+0.06 4.65 £ 0.05 -
(ilycine - 0.72+ 0.04 -
Alanine - 0.81 = 0.06 -
Valine - 067003 -
Phenyvlalanine - 223 +£0.05 -
I'ryptophan - $9.55%007 -
hcthionine - 9.34 = 0.06 -
[.eucine - 0,18 £ 0.06 -
Aspartic acid - 9 87+ 0.05 3.90 £ 0.03
Glutamic acid - 9.76 £ 0.04 4,25 £0.03
Histadiene - 9.28 + 0.07 6.32 £ ¢.07
Phathalic acid 2.82+0.04 5.47 £ 0.03 -
Salicylic acid 2.78 =0.06 13.60% -
Succinic acid 4122003 5.72£0.05 -
Malonie acid 2.84 £0.06 5.68 £0.05 -
Malic acid 3532+0.04 528007 -
Oxalic acid 1.40* 435+ (.05 -
Tartaric acid 3.10+0.03 4.42 £ 0.06 -

- L3
wpef !
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Table (20): Stability constants of binary complexes involving Pd{I1) and

dipicolonic acid or some amino acid or some aliphatic and

aromatic acid at 30 °C and # = 0.5 M (NaNO;}.

1.igands log K.:.:L

DPA 6.45 £ 0.06
(ilycine 5.93 £ 0.05
Alanine 342 40,04
Valine 6.95 £ 0.05
Phenylalanine 5.24 £ 0.04
Tryplophan 6.32£0.006
Methionine 6.25 = 0.07
l.eucine 5.84 £ 0.0
Aspartic acid 5.84£0.04
Glutamic acid 6.14 £0.06
Histadienc 647 £0.05
Phathalic acld 5.94 £ 0.07
Salicylic acid 6.39 = 0.05
Succinic acid 6.33 004
Malonic acid 5.97+£0.05
Malic acid 507+ 0.08
Oxalic acid 379+ 0.04

‘Tartaric acid

5.07 £ 0.06
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Table (21): Formation constant of the ternary complexes of Pd(il)
involving DA as a primary ligand and amino acid or aliphatic
and aromalic acid as a secondary ligand at 30 °Cand =05

M (NaNO;).

Com®  logkls,  loghl | Mook
Gilycine 535+ 0.00 11.80 -0.58
Alanine 5,30+ 0.05 11.75 0.12
Valine 3.93 £ 0.06 12.37 -1.02
I’henvlalanine 5.49 £ 0.07 11.94 0.25
I'ryptophan 6.02 £0.05 12.47 -0.3
Methionine 6.16 £ 0.04 12.61 -0.09
[.eucine 6.09 = 0.05 12.54 0.23
Aspartic acid 6.20 £0.07 12.65 .36
Glutamic acid 6.18 £ 0.04 12.63 D.12
Hisladiene 6.33 + 0.06 1278 -0.14
Phathahic acid 6.83 £0.04 13.28 (.87
Salicylic acid 65,89 £ 0.03 13.34 .50
Succinic acid 6.70 % .05 13.13 0.37
Malonic acid 6,23 £ 0.04 12.68 0.26
Malic acid 541006 11.86 .34
Oxalic acid 5.92 £0.05 12.37 0.13
Tartaric acid 5.18 £0.07 11.63 0.11
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3.2. Palladium(11} complexes of iminodiaccetic acid (IDA) in agueons
medium:

The formation and stability of binary and lemary complexes of
palladium({[1) with iminocdiacetic acid {IDA} as a primary ligand and
biologically important ligands (amino acids, aliphatic acids and aromatic
acids as a secondary ligand were studied by polentiometric technique at
50 °C and { = 0.5 M in aqueocus solutions. The results obtained on
titration the solution mixtures (prepared as described in the experimenial
part) with Na()11 solution are represented graphically in Figs (30-46) as
plots of pH versus ml added of NaOH. Calculations of dissociation
constants of ligands and siability constants of binary and 1emary
complexes were obtained from the titration curves using Irving and

Ly Ling ' -
(679 ore collected  in Tables

Rossotti pli technique with modifications
(20, 40and 41}. AlogK valucs have been evalualed and discussed .
The mode chelation of ternary complexes formed was carried out

by conductivity measurements in solution.

3.2.1. Proton — ligand equilibria :

The protonation constants of the iminodiacetic acid (1[DA) could
be caleulated from the potentiometric titration curves (a+h). Protonaied
iminodiacetic acid (F;IDA”) titrated as a biprotic acid in the pll range 2-4
due to to successive deprotonation of its two carboxylic acid groups. The
ionization of the iminium proton occurred at the pH range (8-10). The
iminodiacelate dianion coordinates as a (07, N, 07 terdented ligand. The
formation constant of the binary pd(IDA) complex was calculated from
the poleniometric titration curve ¢, An Irving and Rossotti ptl technique
with modifications ©** was used to determine the dissociation constants
of [DA and formation constant of pd{(I1DA} (Table 4). The acidity

consiants ol the secondary ligands {amino acids. aliphatic and aromatic
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acids) and formation constants of its binary complexes were calculated in

Tables (19 & 20).

3.2.2. Mived -ligand complexcs of iminodiacetic acid:

The potentiometric titration curves of [Pd(11)-IDA] in presenee of
secondary lgands (1. = amino acids, aliphatic and uromatic acids) showed,
strong overlap with the titration curves of [Pd([1}-IDA] in absence
of secondary ligand (1:1) binary complexes at lower pH (as shown by
curve fand curve ¢, respectively ) .This suggests that the secondary
ligand dose not combine with the binary [PA(11)=11DA] complex at
lower pH. Generally, above certain pH  values which s largely
dependent on the nature of the secondary ligand used. one observes a
divergence of the ternary litration curves f{rom that of the
corresponding  binary [Pd{I1)-IDA] encs. This shows the coordination
of secondary ligand with the binary [Pd(IN-IDA| complex in stepwise
manner. i.e.. the secondary lipand starts complexation after the .
complete formation of the binary (1:1) complex of IDA 10 form the
ternary [PA{INA) L] systems.

The [ormation constant values of the mixcd-ligand systems were
calculated from the experimental titration curves Figs.(30-46). using the
equations reported in the experimental by Trving and Rossoiti. [1 was
found that, in all systems, the mixed-ligand complex curve £ s devialed
considerably from the binary complex curve ¢ of the iminodiacetic acid
indicating the formation of ternary complex. The formation constant
values for the mixed-ligand systems were obtained from the relation
hetween ' and pl'ni (N'giy = average number ol the secondary ligand
molecules attached per [Pd{I1)-DPA] complex and pL'pi = free secondary

ligand exponent, respectively) are listed in Table(41}.
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Therefore, it is assumed that in the presence of both ligands
(primary, 11DA, and secondary ligand, amino acids, aliphatic and aromatic
acids) the IDA is ligated to the metal ion, then followed by ligation of
secondary ligand, i.e.. the ternary complex formation could be considered

in stepwise equilibria Egs. (25 & 26):

M o+ A T MA e (23)
MA F L T MAL o (26)
ks, = AL ,

VLT T [L] oo (27
The overall siability constani. which must  be  determined

experimentally is connected to by equation (28) as shown helow :

logK™  =logfy, —logKy,

M
......................... (28)

where A = IDA, L = amino acids or aliphatic acids or aromatic acids, M
= pulladium(ll).
Table {(41) demonstrates the difference in stabilities of the binary

and ternary complexes in terms AtogK as defined by equation (29):
AlogK =logK iy, ~logKy,

AL i e e et {(29)

= ]DgK,urL - IUgK.;rx

_ L peMA ]
In the ternary systems studicd, the valucs of KMM_ were found to

lie in sequence (Table 41) :
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Aromatic acids > aliphatic acids > amino acids

The relative stabilitics ol’ the ternary complexes with respect to
aliphatic acids and amino acids are in accord with the basicitics (pKy, +
pK,a) ol the ligands. It is well known that the increase in basicity of a
ligand increases the stability of its metal complexcs, The higher values
of alogK with aromatic acids than aliphatic acids may be attribuied
to the presence of an aromatic ring"®'® which alters the bonding

properties of these carboxylic acids.

3.2.3. Conductomertic titration

The conductometcic litration curve of the ternary complexes
containing paliadium(11), IDA as a primary ligand and secondary ligands
{amino acids, aromatic and aliphatic acids) as showenin Figs. (47-52) as
plots of conductance versus mole of base added per mole of ligand.
The studies show that there is an inflection at a =2 for all sysiems,
probably corresponding o the neutralization of two protons ol the
primary ligand (IDA}, resulting trom the formation of [P{IDA)] binary
complex. Between 2 < a < 3, there is a slight increase of conductance
due to the formation of the iemary complex associated with the
release of a  proton from the secondary ligand to give the
[PA(INAXL)) complex . Beyond a = 3, the conductance INCreases more

unilormly due to the presence of excess sodium hydroxide.
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‘Table(22): Potintiemetric titration values of glycine system with [DA in

aqueous solution at 30 °C and 7 =05 M {NaNO;).

il a b v d ¢
i} 2.58 2.87 2.66 2.14 2.07 1.93
.25 2.71 2,91 2.72 217 201 1.95
0.5 277 2.96 2.76 2.19 2.13 1.96
.75 2.88 3.02 2.83 2.22 2.18 1.9§
] 3.02 3.07 2.89 225 2.20 2,01
.25 3.23 316 2.99 232 2.27 2.04
1.5 3.65 3.23 3.08 2.35 2.31 2.06
1.75 5.13 3.35 317 2.41 2.35 2.09
2 8.30 3.46 3.32 2.47 2.40 2.14
2.25 10.39 3.67 3.54 2.58 2.49 2.18
2.5 10.81 3.91 3.81 3.00 2.55 2.22
2.75 ii.11 4.77 472 3.02 2.65 2.27
3 11.27 7.59 7.44 3.28 2.76 2.33
3.32 11.41 8.65 1047 3.45 2.89 242
3.5 11.449 10.24 10.80 3.35 3.01 248
375 11.59 10.68 11.13 3.70 3.20 2.56
4 11.65 10.84 11.29 4.50) 3,38 2.65
4.25 11.69 11.05 11,43 5.42 3.66 2.81
4.5 11.73 11.25 11.53 .80 3.98 2.92
4.75 11.80 [1.30 11.63 0.83 4.64 3.20
5 11.83 11.38 [1.72  10.20 6.05 329
5.25 .88 11.50 1178 1043 7.13 3.65
5.5 11.91 11.56 11.82 157 0.23 382
5.75 11.93 11.67 11.88 10.71 10.43 4.73
6 11.97 11.72 1190 1079 10.56 6.32
6.25 12.01 11.78 11.04 10.89 10.70 0.95
0.5 12.03 11.82 11.97 10.04 10,77 0.53
0.75 12.06 [1.87 12.01 11.01 1{).84 9.98
7 12.08 1.9 12.04 11.05 (.5 10.21
7.25 1210 11.95 12.07 11.0% 11.01 10.45
7.5 12.12 11.98 12.08 11.13 11.07 10.56
7.75 1213 12.01 1210  11.17 11.11 10.69
8 12.16 12.03 12.11 11.19 tl.14 10.77




pH

| .|

0

0 2 4 6
0.1 M NaOH (ml)

Fie.(30)Potentiometric titration curves for PA{il}-IDA-
glvcine system,
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‘Table(23): Potintiometric titration values of alanine system with DA in

aqueous solution at 3¢ o and § =0.5 M (NaNO;}

m! a b ¢ d € ¥
0 2.58 2.87 2.66 2.35 3.89 2.69
0.25 2.71 2.9] 2.72 2.57 2.97 2.74
0.5 2.77 2.96 2.76 2.59 3.03 2.78
0.75 2.88 3.02 2.83 2.01 3.19 2.82
1 5.02 3.07 2.89 2.62 3.27 2.89
1.3 3.23 3.16 2.99 2.71 343 2.96
1.5 3.65 3.23 3.08 3.00 3.76 3.05
1.75 5.13 3.35 317 4.08 4.01 3.14
2 8.30 346 332 7.40 1.34 3.25
2.25 10.39 3.07 3.54 9.64 5.20 3.46
2.5 10081 3.91 3.81 10.45 6.47 3.60
2.75 111 4.77 4,72 10.66 0.48 3.82
2.96 11.27 7.59 7.44 10.80 10.28 4356
3.25 11.41 8.86 10.47 11.02 10.68  3.10
3.5 11.49 10.24 10.80 1121 10.97 580
3.75 11.59 10.68 11.13 11.34 11.13 6,55
4 11.65 10.84 11.29 11.45 L1.27 §.20
4.25 11.69 11.05 11,43 11.55 11.40 9.03
4.5 11.73 [1.25 11.53 11.63 11.50  10.41
4,75 [1.80 11.30 11.63 11.69 11.57  10.81
5 11.83 11.38 11.72 11.73 11.63  11.03
5.25 J1.88 11.50 11.78 11.79 11.70  11.27
5.5 11.91 11.50 11.82 I 1.86 11.74  11.34

13 1 1.95 11.67 [1.88 {11.92 i1.79  11.46
& 11.97 11.72 11.90 11.95 11.83 11.54
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0 ) 4
0.1 MNaOH ()

Fig (31) Potentiometric titration curves for Pe(ll) -IDA-
alanime system,

L5
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Table(24): Potintiometric titration values of valine system with [IDA in

aqueous solution at 30 °C and 7 =0.5M (NaNO;).

ml a h C d ¢ [

0 2.58 2.87 2.66 2.62 2.8] 182
0.25 2.71 2.9] 2.72 2.72 2.86 2.86
.5 2.77 2.96 2,76 2.79 2.91 2.9
0.73 2.88 3.02 2.83 2.94 2.98 2.95

1 3.02 3.07 2.89 3.05 3.08 3.01
1.25 3.23 3.16 2.99 3.20 3.19 3.06
1.5 3.65 3.23 3,08 3.35 3.30 3.12
1.75 5.13 3.35 317 4.02 3.51 3.19

2 £.30 3.46 3.32 7.36 3.83 3.29
2.25 10.39 3.67 3.54 0.68 4.30 3.40
2.3 10.8] 3.9 3.81 10.18 5.50 3.54
2.75 1111} 4,77 4.72 10.70 9.44 3.65

3 11.27 7.59 7.44 10.98 10,27 3.86
3.25 11.41 8.65 10.47 11.17 1091 4.25
3.5 11.49 10,24 10.80 11.32 11.17 5.00
375 [1.59 10.68 1113 11.45 11.32 6.38
3.95 11,05 10.84 11.29 11.52 [1.43 7.32
4.25 11.6%9 11.05 il1.43 11.61 11.53 0.98
4.5 11.73 11.25 11.53 11.66 I1.60 10.66
4.75 11.80 11.30 11.63 11.73 11.66 11.02

5 11.83 11.38 11.72 11.78 11.72 11.25
5.25 11.88 11.30 (1.78 11.83 11.76 11.41
3.5 11.91 11.56 11.82 11.86 11.81 11.50
5.75 11.95 11.67 11.88 11.90 [ 1.853 11.60

6 [1.97 11.72 11.90 11.92 11.88 11.65




N7

| o

0 ? 4 6
0.1 M NaOH (ml)

Fig (32) Potentiometeic titration curves for Pd(ll) -IDA-
valine system.
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Tahle(25): Potintiometric titration values of phenylalanine system with

DA in agueous solution at 30 °C and J =05 M {(NaNC;)

ol il b c d e f
{ 2.58 2.87 2.66 292 2.80 2,86
0.25 2.7 2.91 2.72 3.01 2.89 2.89
0.5 2.77 2.96 2.76 3.07 2.93 2.93
0.75 2.88 3.02 2.83 3.19 3.03 2.98
] 3.02 3.07 2.89 3.37 3.10 3.01
1.25 3.23 3.16 2.9 3.54 3.25 3.07
|5 3.65 3.23 3.08 3.95 336 3.11
.75 5.13 3.35 317 6.39 3.45 3.18
2 8.30 3.46 3.32 £.50 3.73 3.25
2.25 10,39 3.67 3.54 9.38 4.34 3.34
2.5 1081 391 3.81 0.98 6.38 3.43
2.75 11.11 4,77 4.72 10.54 985 3.59
3 11.27 1.59 7.44 10.87 1040 375
3.25 11.41] 8.65 1047  11.05 1084 4.05
35 11.49 10.24 10.80 1132 1110 433
3.75 [1.59 10.68 11.13 1146 11.32 5.40
4 11.65 10.84 11.26 11.56 11.46 7.90
4.25 11,69 11.05 1143 11.66  11.54 990
4.5 11.73 11.25 11.53 1171 1164 1053
4,75 11.80 11.30 1163 1178 11.72 1095
5 11.83 11.38 11,72 1184 11,77 11.16
5.25 11.88 11.50 11,78 11.87 1183 1133
5.5 11.91 11.56 .82 1191 1187 1142

75 11.95 11.67 1188 1196 11.9] 11.56
6 11.97 11.72 11.90 1198  11.94  11.63
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| L

e

0 2 4 b
0.1 M NaOH (mil)

Fig (33) Potentiometric titration curves for PA(l1)- IDA-
phenylalanine svsiem.
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Table(26): Potintiometric titration values of tryptophane sysiem with

IDA in agueous solution at 30 °C and F = 0.5 M (NaNO;).

it a h C d e t
[+ 2.58 2.87 2.66 2.86 2.67 2.83
0.25 2.71 2.9] 2.72 2.95 2.73 2.87
0.5 2.17 2.90 2.76 3.00 2.79 290
0.75 2.88 3.0 2.83 3.17 2.85 293
} 3.02 3.07 2.89 3.30 2.93 2.98
1.25 3.23 16 2.99 3.52 3.02 3.04
1.5 3.653 3.23 3.08 3.85 3.13 3.08
1.75 5.13 3.35 3.17 6.34 3.30 3.14
2 8.30 346 3.32 9.03 3.51 3.19
2.25 10.39 3.67 3.54 9.92 4.33 3.28
2.5 10.81 3.91 3.81 10,48 747 3.37
2,75 11.1] 4.77 4.72 093 1029 3.51]
3 11.27 7.59 7.44 [1.16 10.79  3.63
3.25 11.41 .03 10.47 1136 1H15  3.85
3.5 11.49 10.24 10.80 11.59 1129 422
375 11.59 10.68 11,13 11.65 1140 520
4 11.63 10.92 11.29 11,72 [1.49 7.70
4.25 [1.69 11.05 11.43 11.77  11.60 858
4.5 11.73 11.25 11.53 11.79  11.67 1038
4,75 11.80 11.30 £1.63 11.83 11.75 10.B0
5 11.83 11.38 11.72 11.87 11.81 1092
5.25 11.88 11.50 11.78 11.90 1186 1118
5.5 11,91 11.56 11.82 1193 11.90 11.33
5.75 11.95 i1.67 11.88 11.96 1194 1149
6 11.97 11.72 £1.90 1199 1198 11.56




| L ]

1"

{ 2 4
0.1 M NaOH (ml)

Fig (34)Potentiometric titration curves for Pd{li)- IDA-
tryptophane system.
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Tahle{27): Potintiometric titration values of methionine  system with

IDA inagqueous solution at 30°C and [ = 0.5 M (NalNOj3).

ml a b C d e f
{ 2.58 2.87 2.66 2.87 2.67 2.84
0.235 2.71 2.91 2.72 2.95 2.4 2.88
(1.5 2.77 2.96 2.76 3.00 2.81 2.92
0.75 2.88 3.02 2.83 3.08 2,88 2.95
! 3.02 3.07 2.89 3.20 2.94 2.9%
[.25 323 3.16 2.99 3.35 3.04 3.04
1.5 3.65 323 3.08 3.52 3.13 3.10
1.75 5.13 3.35 3.17 3.89 3.26 3.16
2 8.30 3.46 3.32 6.70 343 3.21
2.25 10.39 3.67 3.54 9.05 3.70 3.30
15 10.81 391 3.8} 9.75 4.10 3.37
2.75 11.11 4,77 4,72 10.40 0.78 3.50
3 11.27 7.59 7.44 10,70 10.66 3.59
3.25 11.41 £.65 1047 1097 1095 3.79
3.5 11.49 10.24 10.80 11.16 11.19 4.03
3.69 11.59 10.68 1§.13 1133 11.36 4.50
4 11.65 10.84 11.29 11.47 11.46 7.40
2 11.69 11.05 i1.43 I1.59 11.54 8.45
4.5 11.73 11.25 [1.53 11.67 11.63 10.24
4.75 11.80 11.30 11.63 11.79 11.69 10.82
5 11.83 11.38 11.72 11.83 11.73 11.03
5.25 11.88 11.50 11,78 1180 11.79 1125
5.5 11.9] 11.56 11.82 1194 11.83 1133
5.75 11.95 11.67 1188 1200 1187 1145
) 11.97 11.72 11.90 12.03 11.91 11.533
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] —

0 2 4
0.1 M NaOH (ml)
Fig (35) Potentiometric titration curves for Pd(11) -IDA-
methionine system.
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Tahle(28): Potimtiometric tirration values of leucine system with IDA in

agueous solution at 30 o and £ =05 M {(NaNOs).

ml a b C d c
0 2.58 287 2.66 2.81 2.57 281
0.25 271 2.91 2,72 2.91 2.69 2.84
0.5 2.77 2.96 2.76 3.0] 2.76 2.88
0.75 2.88 302 2.83 3.09 2.83 2,93
! 3.02 3.07 2.89 3.2} 2.93 2.98
1.25 3.23 3.16 2.99 3.39 3.06 3.05
1.5 3.65 3.23 3.08 3.67 3.18 3.10
.75 5.13 3.35 3.17 5.85 348 3.15
2 8.30 3.46 3.32 0.39 3.80 3.25
2.25 10.39 3.67 3.54 10.12 4.55 3.32
2.5 10.81 3.99 3.81 10.56 8.89 3.42
2.75 11.11 4.77 4.72 10.97 10.34 338
3 11.27 7.56 7.44 11.15 10.76 .77
325 11.41 8.65 10.47 11.33 11.05 4.06
3.5 11.49 10.24 10.80 11.45 11.23 4.59
3.75 11.59 10.68 11.13 [1.53 11.36 5.90
4 11.65 10.84 11.29 11.61 11.45 7.60
4.25 11.69 11.05 11.43 I1.67 11.56 8.97
4.5 11.73 11.25 11.53 11.73 11.61 10.45
4.75 11.80 11.30 b1.63 11.78 11.66 10.88
5 11.83 11.38 11.72 11.83 11.72 i1t
5.25 11.88 11.50 11,78 11.86  11.78 11.33
5.5 11.91 11.56 11.82 11.90 11.8] 11.44
575 11.95 11.67 11.88 1194  11.86 11.55
o 11.97 11.72 11.90 11.86 11.88 11.03




b

0 -+ T

0 ) 3
0.1 MNaOH (ml)

Fig (36} Potentiometric titration cutves for PA([T)-IDA-
leucine system.
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Talle(29): Potintiometnie fration values of aspartic acid system with

[I3A in agueous solution at 30°C and T = 0.5 M (NaNO;).

ml a b < d £ f
0 2.58 2.87 2.60 2.536 2.68 241
(3,25 2.71 2.91 2.72 2.72 272 2.45
0.5 237 2.96 2.76 2.78 2.77 2.50
0.75 288 3.02 2.83 2.90 2.83 2.52
1 3.02 3.07 2.89 3.01 2.91 2.57
1.25 3.23 3.16 2.99 3.16 3.01 2.59
1.5 3.65 3.23 3.08 3.35 3.07 2.65
1.75 513 3.35 3.17 3.6l 3.17 2.69
2 8.30 3.46 332 4.006 3.27 2.72
2.25 10.39 3.67 3.54 4.78 3.47 2.81
2.5 10.81 3.91 3.81 7.75 3.71 2.86
2.75 1111 4.77 4,72 9.73 4,07 2.98
3 11.27 7.59 7.44 10.16 4,65 3.08
3.25% 11.41 8.65 1047 10.64 (.60 3,29
3.5 11.49 10,24 (.80 10.95 993 3.50
3.75 11.59 10.68 11,13 11.12 10.66 3.76
4 11.65 10.84 11,29 11.25 10.96 4.20
4.25 11.69 11.05 11.43 11.37 11.17 3.26
4.5 11.73 11.25 11.53 11.47 11.51 7.13
4.75 11.8 11.30 11.63 11.55 11.41 8.55

5 11.83 11.38 11.72 11.62 [ 1.50 9.72
5.25 11.88 11.50 11.78 11.69 11.58 10.97
5.5 11.91 11.56 11.82 11.74 11.64 1117
5,75 11.95 11.67 11.88 11.80 11.71 11.37

6 11.97 11.72 11.90 11.83 11.75 11.48
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) —_—
0 . 4 6
0.1 M NaOH(m!)
Fig(37) Potentiormeric tiration curves for PA(1I) -IDA-
aspartic acid sysiem
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Table(30): Potintiometric titration values of glutamic acid svstem with

IDA in aqueous solution at 30°C and [ = 0.5 M (NaNO;).

mi a b C d e t
0 2.58 2.87 2.66 2.84 2.73 2.87
0.25 2.71 2.91 2,72 2.9 2.83 2.9]
0.3 2.77 2.96 2.76 3.01 2.90 2.95
0.75 2.88 3.02 2.83 3.09 2.97 2.98
1 3.02 3.07 2.89 318 3.05 3,01
.25 3.23 .16 2.99 3.33 3.16 3.05
1.5 3.65 3.23 3.08 3.48 3.27 3.14
1.75 5.13 335 3.17 3.78 3.45 3.18
2 £.30 3.46 3.32 4.30 3.60 3.24
2.25 10.39 3.67 3.54 5.16 3.95 3.32
2.5 10.81 3.91 3.81 8.77 4.36 341
2.75 11.11 4,77 4,72 9.87 5.03 3.58
3 11.27 1.59 7.44 10140 0.46 3.72
3.25 11.41 £.05 10.47 (L8] G.85 396
3.5 11.49 10,24 1080 11.08 1035 420
3.75 11.59 10.68 1143 11.26 1099 445
4 11.63 10.84 11.29 11.36 11.19 5.15
4.25 11.69 11.05  11.43 1148 1136 033
4.5 11.73 1125 1153 1156 1145  7.56
4.75 11.80 11.30  11.63 1166 1155 978
5 11.83 1438 11,72 11.71 11.61 10.53
5.25 [1.88 11.50 1178 11,76 1167 1093
5.5 11.91 1156 1182 1180 11,75 1Li2
5.75 11.95 11.67 11,88 11.85 1179 1130
6 11.97 11,72 11.90 11.88 11.83 L1435
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0 2 4 b
0.1 MNaOH (ml)

Fig.(38) Potentiometric titration curves for P{I1) -1DA-
glutamic acid systen.
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Table(31): Potintiometric titration values of histadine system with [DA

in aqueous solution at 30 °C and £ =0.5 M {NaNO;).

ml a h C d e f
0 2.58 2.87 2.66 2.67 2.53 2.81
0.25 2.71 2.91 2,72 2.4 2.61 2,83
0.5 277 2.96 2.76 2.82 2.66 2.85
0.73 2.88 3.02 2.83 291 2.72 2.88
1 3.02 3.07 2.89 3.01 2.78 2.91
1,25 3.23 3.16 2.99 3.15 2.85 2.95
1.5 3.65 3.23 3.08 3.31 2.93 2.99
1.75 5.13 3.35 3.7 378 3.05 3.05
2 8.30 346 3.32 5.25 3.14 3.11
2.25 10.22 3.67 3.54 6.25 326 317
2.5 10.81 3.91 381 7.50 3.46 3.23
2.75 11.11 4.77 4.72 8.73 3.96 3.30
3 11.27 7.59 7.44 9.43 6.33 341

3.25 11.41 £.65 10,47 10,18 9.00 3.52
3.5 11.49 10.24 10.80 10.66 10.59 3.64
3.75 11.59 10.68 11.13 1095 10.90 3.83

4 11.65 10.84 11.29 11.13 1112 4.04
4.25 11.69 11.05 11.43 11.31  11.23 4.80
4.3 11.73 11.25 11.33 11.41 11.36 6.90
4.75 11.80 11.30 11.63 11.50  11.45 8.85

5 11.83 11.38 11.72 11.56  11.50 10.006
3.25 11.88 11.50 11.78 i1.65 11.58 10.65

5.5 11.91 11.56 [1.82 11.68 11.63 10.95
5.75 11.95 11.67 11.88 11.74 1170 11.16
6 11.97 11.72 11.90 11.78  11.74 11.30




e

10

[ud

0.1 M NaOH (ml)

Fig (39)Potentiometric titration curves for Pd(il)-DA -
histadine system
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Table(32): Potintiometric titration values of phthalic acid  system with

DA in aqueous solution at 30 °C and 1 = 0.5 M (NaNCh}.

mil a b C d C f
0 2.58 2.87 2.66 2.77 2.78 279
0.25 271 2.9] 2.72 2.82 2.84 2.83
0.5 2.77 2.96 2.76 2.93 2.89 2.85
(.75 2.88 3.02 2.83 3.02 2.98 2.89
1 3.02 3.07 2.89 3.11 3.03 2.97
1.25 3.23 3.16 2.99 3.22 3.1 3.02
1.5 3.65% 3.23 3.08 3.30 3.19 3.06
1.75 5.13 3.35 3.7 3.56 3.31 3.13
2 .30 3.46 3.32 3.84 3.43 3.21
2.25 10.39 3.67 3.54 442 3.67 3.38
2.5 10.81 3.91 3.81 5.08 3.84 341
2.75 111 4.77 4.72 5.72 4.32 3.52
3 11.27 7.59 7.44 6.84 5.12 3.69
3.25 11.4!4 8.65 10.47 0.80 6.12 3.84
3.3 11.49 1024 10.80 1052 689 428
3.68 11.59 1068 1113 1102 7.74 4.72
9 I1.65 10.84 11.29 11.23 [ 0.4 5.79
4.25 11.69 11.05 11.43 11.40 10.78 0.65
4.5 11.73 1125 11,53 1130 1165 730
4.75 11.80 11.30 1163 1163 1126 &840
3 11.83 11.38 11,72 11.69 1140 9.60
3.25 I1.88 11,50 11.78 1176 11.52  10.08
5.3 11.91 1156 11,82 1181 11.60 10.70
5.75 11.95 1167 11.88 11.8¢ 1168 1094
6 11.97 11,72 1190 1190 1175 11186
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0.1 M NaOH (ml)

Fig (40)Potentionetric titration curves for PA([[HDA-
phthalic acid system
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‘Table(33): Potintiometric titration values of salicylic acid sysiem with

INDA in aqueous solution at 30 °C and £ =05 M (NaNO;)

mil a b c d e F
0 2.58 2187 2.66 2.80 2.62 2.78
0.25 2.71 2.91 2.72 2.87 2.69 2.83
0.3 2.77 2.96 2.76 2.93 2.75 2.87
0.75 2 88 3.02 2.83 3.01 2.80 291
| 3.02 3.07 2.89 3.10 2.86 2.96
1.25 3.23 316 2.99 3.23 2.98 3.01
1.5 3.65 3.23 3.08 3.39 3.08 3.05
[.75 5.13 3.35 3.17 3.31 3.20 3.12
2 §.30 3.46 332 3.82 3.33 3.16
2.25 10.39 3.67 3.54 4.32 3.59 3.24
2.5 1081 3.91 3.81 7.49 3.88 3.33
275 L1 4.77 4.12 10.53 5.04 3.40
3 11.27 1.59 7.44 10.89 6.67 3.51
3.25 11.41 8.65 10.47 11.09 9.75 4.23
35 | 1.49 10.24 10.80 11.25 10.30 0.22
375 L1.59 10.68 [1.13 11.43 11.03 7.22
4 11.65 10.84 11.2%9 [1.54 11.18 4.8
4.25 11.69 11.05 11.43 11.61 11.4] Q.09
4.5 [1.73 11.25 11.53 J1.71 11.51 10.11
4.75 L 1.20 11.30 [1.63 11.79 11.60 10.44
3 11.83 11.38 11.72 [1.8] 11.67 10.77
5.25 11.88 11.50 11.78 11.91 11.73 11.00
5.5 11.91 11.56 11.82 11.95 11.79 11.19
5.73 1 1.95 11.67 [1.88 11.99 11.84 11.29

6 11.97 11.72 11.90 12.01 11.89 11.41
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) 4

0.1 M ¥aOH {ml)

Fig(41)Potentiometric titration curves for PA(II)M-DA-
salicvlic acid system
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Table(34): Potintiometric titration values of suceinic acid system with

IIDA inagueous solution at 30 °C and 1 = 0.5 M (NaNOy),

m} a b C d c f
0 2.58 2.87 2.66 2.79 2.75 2.81
.25 2.71 291 2.72 2,88 2.83 2.84
0.5 2.77 2.96 2.76 2.93 2.91 2.86
0.75 288 3.02 283 3.04 3.01 191
] 3.02 3.07 2.89 3.14 3.07 2.94
1.25 3.23 3.16 2.99 3.30 3.24 2.99
1.5 3.65 3.23 3.08 3.50 3.38 3.03
1.75 5.13 3.35 317 3.88 3.70 3.10
2 8.30 3.46 3.32 4.33 3.94 3.15
2.25 10.39 3.67 3.54 4.93 4.32 3.26
2.5 10.8] 3.91 3.81 5.43 4.65 3.38
2.75 1111 4.77 4.72 6.10 5.09 3.52
3 11.27 7.59 7.44 6.76 541 3.08
3.2;5 11.44 B.65 10.47 10.04 6.08 4.03
3.5 11.4% 10.24 10.8 10.67 7.06 434
3.75 11.59 10.68 11.13 I1.03 9.59 4.77
4 11.65 10.84  11.29 11,19 10.39 5.24
4.23 11.69 11.05  11.43 11.35 10.84 6.00
4,45 11.73 11.25 11.53 11.49 11.09 0,83
4.62 11.80 11.30 11.63 11.57 11.33 7.45
4.92 t1.83 11.38 11.72 11.63 il.4] 8.46
5.25 11.88 1150 11,78 11.71 11.51 9.23
5.5 11.91 11.56  11.82 11.76 11.506 10.07
5.75 [ 1.95 11.67 11.88 11.82 L 1.66 10.56
6 11.97 11.72 1130 11.86 11.71 10.69
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0 ) ]
0.1 MNaOH (ml)

Fig (42)Potentiometric titration curves for Pd(i)- IDA-
suceinic acid system,




Table(35): Potintiometric titraLiot

12X

1 values of malonic acid  system wilh

IDA in agucous solution at 30 °C and § =0.5 M (NaNQO,}

m! a b c d e I
0 2.58 2.87 2.06 2.83 2.75 2.72
0.25 2.71 291 2,72 2,89 2.83 273
0.5 277 2.96 2.76 2.95 2.87 2.76
0.75 2.88 3.02 2.83 3.02 2.93 2.79
1 3.02 3.07 289 3.09 2.99 2.81
1.25 3.23 3.16 2.99 3.22 3.07 2.86
1.5 3.65 323 3.08 3.30 3.13 291
1.75 5.13 335 307 3.44 3.23 295
2 8.30 346 3.32 3.75 3.30 2.9%
231 10.39 3.67 3.54 4,98 3.50 3.05
25 10.81 391 381 3.36 3.70 311
2.75 11.11 4.77 4.72 0. 10 4.23 323
3 11.27 7.39 7.44 6.98 4.94 3.30
3.34 11.4) 0.06 10.47 10.13 6.90 3.50
3.5 11.49 10.24 10.80 [0.73 1.70 3.00
3.75 11.59 10.68 11.15 11.06 0.44 3.88
4 11.65 10.84 11.29 11,24 1024 4.12
4.25 11.69 11.05 11.43 11.4] 10.77 4.75
4.5 11.73 11.25 1.53 11.54 11.02 5.74
4.75 11.80 11.30 11.63 11.62 11.25 7.55
5 11.83 [1.38 11.72 11.71 11.38 8.33
5.25 11.88 11.50 11.78 [1.78 11.52 8.85
5.5 11.91 11.56 11.82 11.83 | 1.60 9.40
5.75 11.93 [1.67 [1.88 11.87 1 1.68 9,95
6 11.97 11.72 11.90 11.91 11.72 10.55




0 ) 4
0.1 M NaOH (mi)

Fig {43)Potentiometric titration curves for PA(I1}DA-
malonic acid svstem.
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Table(36): Polintiomelric titration values of malic acid system with IDA

in agueous solution at 30 °C and § = 0.5 M (NaNO;).

ml a b C d e f
0 2.58 2.87 2.66 2.84 2.79 2.74
0.25 2.71 291 2.72 2.90 2.84 2,78
0.3 2.77 2.96 2.76 2.96 2.89 2.82
0.75 2 88 3.02 2,83 3.04 2.96 2.86
| 3.02 3.07 2.89 3.13 3.01 2.90
1.25 3.23 3.16 2.99 3.26 3.14 2.95
1.5 3.05 3.23 308 3.42 3.24 2,99
1.75 5.13 3.35 3.17 3.65 3.36 3.07
2 £.30 3.46 3.32 3.84 3.48 3.14
2.25 10.39 3.67 3.54 4.23 3.66 3.22
2.5 10.81 3.91 3.81 4,74 3.87 3.30
2.75 11.11 4.717 4.72 5.39 4.14 3.43
3 [11.27 7.59 7.44 6.20 4.56 3.56
3.22 [1.4] 8.98 10.47 9.60 6.01 3.68
3.36 11.49 10.24  10.80 10.60 6.80 3.82
375 11.59 10,68 11.13 10.99 8.96 4,410
4 11.65 10.84  11.29 11.17 9.82 4,77
4.25 11.69 11.05 1143 11.36 10.76 5.41
4.5 11.73 11.25  11.53 11.48 10.99 6.38
4.75 11.80 11.30 11.63 11.58 11.23 7.25
5 11.83 11,38 11.72 11.64 11.33 8.50
5.25 11.88 11.50  §1.78 11.74 1146 0.78
5.5 11.91 11.56 11.82 11.77 11.54 10.20
5.75 11.95 11.67 11.88 11.81 11.63 10,68
6 11.97 11.72 11.90 11.86 11.66 10.87
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0 2 4 6
0.1 M NaOQH (ml)

Fig (44)Potentiometric titration curves for Pd(I)-IDA-
malic acid sysiem
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Table{37): Potintiomctric titration values of oxalic acid system with [DA

in aqueous solution a1 30 °C and § =05 M (NaNO;).

ml | b c d e t
() 258 287 2.66 | .99 | 86 1 .88
(.25 2.71 291 272 2.01 1.91 1.93
0.3 277 2.96 2.76 2.03 1.98 1.95
0.75 2.88 3.02 2.83 2.05 2.01 1.97
1 3.02 3.07 2.89 208 2.03 2.00
1.25 3.23 3.16 2.99 210 2.06 2.02
1.3 3.65 3.23 3.08 2.12 2.08 2.04
1.75 513 335 3.17 2.17 2.12 2.07
pl 8.30 3.46 3.32 2.21 217 2.10
225 1{3.39 3.67 3.54 2.28 2.23 2.14
2.5 10.81 3.91 3.81 2.30 2.27 2.17
2.75 11.11 4.77 4.72 2.40 2.35 2.20
3 11.27 7.59 7.44 2.45 2.42 2.26
3.25 11.41 8.65 [0.47 2.4) 2.55 232
3.5 11.49 10.24 10.80 2.80 2.66 2137
375 11.59 1068 11.13 3.26 291 2453
4 11.65 10.84 11.29 4.00 3.18 253
475 I 1.69 [1.05 I1.43 5.47 4. 16 2.04
4.5 11.73 11.25 [1.53 7.00 7.28 275
4.75 11.80 11.30 11,63 .98 2.60 292
3 11.83 11.38 11.72 10.36 0.53 3.20
5.25 11.88 11.50 [1.78 10.55 10.11 3.57
5.5 11.91 11.36 11.82 10.71 10.32 4.01
3.75 11.95 11.67 11.88 10.83 10.48 5.31
6 11.97 11.72 11.90 10.88 10.63 7.43
6.25 12.01 11.78 11.94 1{).04 10.76 8.05
6.3 12.03 11.82 11.97 11.02 10.82 Q.30
6.75 12.06 11.87 12.01 11.08 10.8% 10.03
7 12.08 11.590 12.04 11.13 10.95 10.24
7.25 12,10 11.95 12,017 11,18 11.04 10.40
7.5 12.12 1 1.08 12.08 11.21 11.09 10.58
7.75 12.13 12.01 12.10 11.24 [1.12 10.69

8 12.16 1203 12.11 11.26 11.16 13.80
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Fig (45)Potentiometric titration curves for Pd{f1}-[DA-
osalic acid system.
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Talle(38): Potintiometric titration values of tarlaric acid system with

IDA in agueous solution at 30 °C and § =0.5 M (iNaNO;).

ml a b c d e f
0 2.58 2.87 2.06 2.14 2.07 1.93
0.25 2.7 2.91 2.72 2.17 2.11 1.95
0.3 277 2.96 2.76 2.19 213 1.96
0.73 2.88 3.02 2.83 232 218 1 .98
} 3.02 3.07 2.89 2.25 2.20 2.01
1.25 3.23 316 2.99 2.32 2.27 204
[.5 3.65 3.23 3.08 2.35 2.31 2.06
.73 5.13 3.35 317 2.41 2.35 2.09
2 8.30 3.46 332 2.47 2.40 2.14
2.25 10.39 3.67 3.54 2.58 2.49 2.18
2.5 10.81 3.91 3.81 3.00 2.55 222
2.75 [1.11 4,77 4.72 3.02 2.65 227
3 11.27 7.59 7.44 328 2.76 2.33
3.32 11.41 8.65 10,47 3.45 2.89 2.42
3.5 11.49 10,24 10,80 3.55 3.01 2 48
3.75 [1.59 10.68 11.13 3.70 3.20 2.56
3.97 11.65 10.84 11.29 4.50 3.38 2.65
4,25 1.69 11.05 11.43 542 3.60 2.81]
4.3 11.73 11.25 11.5] 6,80 3.08 2.92
4,75 |1.80 11.30 11.63 9,83 4.69 3.20
3 i1.83 11.38 11.72 10.20 6.05 3.29
5.25 11.88 11.50 11.78 10.43 7.13 3.65
5.5 11.91 11.56 11.82 10.57 923 3.82
5.75 [1.95 11.67 11.48 10.71 10.43 4.73
6 11.97 11.72 11840 10.79 10.56 6.32
H,23 12.01 11.78 11.94 10.89 10.70 6.9
6.5 12.03 11.82 11.97 10.94 10.77 9.33
H.75 12.06 11.87 12,01 1 1.0 10.89 G.98
7 12.08 11.90 12.04 11.05 10.95 10.21
7.25 12,10 11.95 12.07 11.09 11.01 [0.45
7.5 12.12 1 1.98 12.08 11.13 }11.07 10.56
7.75 12.13 12.01 12.10 11.17 11.11 10.69

8 12.16 12.03 12.11 P19 11.14 10.77
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Fig (46)Potentiometric titration curves for Pd({II)-[DA-
tartaric acid system.
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Table{39): Conductometric titration values for somne ternary complexes

with 1DA in aqueous solution at 30°C and f= 0.5 M (NaNO3).

glycine  alanine aspartic  histadine  succinic phthalic

ol C C C C C C
0 7.34 s06 10890  12.86 1292 I3.66
0.25 7.14 740 1006 1228 1208  13.05
0.5 6.76 600 947 1161 1159 126!
0.75 6.24 6.35 884 095  11.01 1193
| 5.93 5.9 g15 1051 1054 1438
1.25 5.63 so8 778 1005 980 1090
1.5 5.25 4.92 7.31 9.52 036 10.46
175 486 474 683 9.11 8§83 9.9
2 456 421 6.66 8.67 g48 9.8
225 435 389 591 8.14 765 B85
25 4.08 3.78 562 7.85 731 842
2,75 3.80 369  5.18 732 661  1.89
3 2.73 3.65 5.00 7.02 632 7.47
3.25 3,67 383 478 6.64 566 696
3.5 3.57 4,01 4.66 6.37 541 7.00
3.75 370 419 4.69 6.04 501 6.13
4 189 436 47 5.81 473 586
325 419 464 48 5.58 465 552
45 451 4.93 4.86 5.43 4.67 5.20
475 493 530 5.13 5.38 478 5.13
5 5.23 5.63 5.24 5.45 496 5.16
5.25 5.68 604 566 5.73 516 537
5.5 600 646 577 5.92 533 5.5

5.75 6.5 0.83 6.38 6.358 5.61 5.95
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7.25

Q.75
10

7.22
7.71
£.06
8.56
8.93
9.37
9.78
10.32
10.63
119
11.44
11.88
12.32
12.64
13.11
13.49
13.80

6.87
7.04
7.68
8.03
8.45
8.70
5.40
9.64
10.21
10.35
11.17
11.57
11.94
12.47
12.8%
13.23
13.57

6.62
6.93
7.25
772
7.08
£.43
§.85
G.24
9.79
0.98
10.51
10.86
11.22
j1.65
12.13
12.61
12.8%

3.76
5.94
6.17
6.39
6.63
6.89
7.19
7.49
g.15
8.30
8.69
9.26
9.00
9.97
10.43
10.78
[1.38

608
6.34
0.73
6.90
6,98
7.30
7.63
7.90
8.36
®.95
0.27%
0.82
10.29
10.85
1.2
11.75
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Table (30):Stability constants and formation constant of INA and ity

binary complex in aqucous solution a1 30 “C and [ = 0.1 M.

Ligand

pKaI

logK :;;

(DA

1.80%

6,08

*From ref, (81}

Tahle(41):Formation constant ol the ternary complexcs of pd{IT}

involving 1[)A as a primary ligand and amino acid or aliphatic and

aromatjc acid asa secondary ligand a1 30°Cand [= 0.1 M.

Hgands —logK i logfi Alogh
Glveine 3.24 +0.04 11.32 -0.69
Alanine 517 £0.07 11.25 -0.25
Valine 6.31 £ 0.05 12.39 -(.64
Phenylalanine 520+ 0,05 11.28 -0.04
Tryptophan 596+ 0.06 12.04 -(0.36
Methionine 5.72 £ 0.05 11.80 -0.53
[.eucine 592 0.06 12.00 0.08
Aspartic acid 5.64 £ 0.05 11.72 0.07
Glutamie acid 6.23 £ 0.06 1231 0.09
Histadiene 6.31 £0.05 12.39 -0.16
Phathalic acid 6.62 £ 0.06 12.70 0.68
Salicvlic acid £.54 £ 0.04 12.62 0,15
Succinic acid 6.42 + 0.04 12.50 0.09
Malonic acid £.03 £0.06 12.11 (.06
Malic acid 5.10 £ 0.05 11.18 .03
Oxalic acid 5804003 11.88 0.03
Tartaric acid 5.09 % .05 11.17 0.02
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