
SYNTHESIS AND PHYSIO-CHEMICAL STUDIES
OF SOME TERNARY COMPLEXES CONTAINING

VITAMIN AS F THE LIGANDS
~. ~~,
~ %''0" jlc1./J1-;/j. -~,./"hoo.~_",. ~.j\.',.~~~~--'

THESIS
SUBMITTED IN PARTIAL FULFILMENT OF THE

REQUIREMENT FOR THE DEGREE OF MASTER OF
PHILOSOPHY (M.PHIL) IN CHEMISTRY

BY
MOHAMMAD SALIM

DEPARTMENT OF CHEMISTRY

BANGLADESH UNIVERSITY OF ENGINEERING AND

TECHNOLOGY (BUET)

DHAKA-1000, BANGLADESH

OCTOBER, 2007



CANDIDATE'S DECLARATION

It is hereby declared that this thesis or any part of is has not been

submitted ehewllere for tlte award of {my degree 01" diploma .

.Mohammad Salim
(Candidate)
M Phi! Student
Roll iI'o, 040203205 F
DrparlmenlofChemisrry
BUF;T. Dhaka, Bangladesh



ACKNOWLEDGEMENT

It is great honour for me to lake this opportunity to express my most profound
gratitude and my deepest respect to Dr, Md. Raflque Ullah, Professor,

Department of Chemistry, Bangladesh University of Engineering &

Technology (BUET), Dhaka, Bangladesh, for proposing the idea of this
research work, for his invaluable gUidance, sympathy, thoughtful suggestions,
active encouragemenl and Inspiration at all stages of my M, Phil. research
work,

I am extremely thankful to Prof, Dr. Md Wahab Khan, read, Department of

Chemistry, SUET, Prof, Dr, Md. Manwarul Islam, Prof. Dr AI-Naklb

Chowdhury, Prof. Dr, Md. MOllimul Haque, Prof. Dr, Nazrul Islam,
Department of Chemistry, SUET, for their kind help and co-operation III
different stages of my research work. I am also grateful to other teachers and
staff of Chemistry Department, SUET, Dhaka,

I am grateful to the authority of BUET for providing me the financial support
for conducting the research.

I would like to extent my thanks to Nargis Jahan Ara, lecturer of Bangladesh
Textile Ellg, Md. Saiful Islam, Enamul Haque Tareq, AbdLis Salam, Rezaur
Rahman and all other friends who shared with me to solve all the problems
confronted in the whole theSIS period

Special thanks to Md. Mamun Or Rashid of Chemistry Department, SUET for
his assistance in composing of the thesis.

I would like to express my deep gratitude to my beloved parents, brothers and

sisters for their sacrifice and continuous encouragement throughout the
research work.

Above all, all thanks are due to almighty Allah for making t;lillgs and situations
congenial and favorable for me for the task undertaken,

Mohammad Salim
Author



Thc thesis titled "SYNTHFSIS AND I'HYSIO-CHEMICAL STUDIES
OF S01ffi TERNARY COMPLEXES CO:-JTAINING VITAMIN AS
ONE Of THE LIGANDS" Submitted by MohammadSalim Roll No.
040203205 I' Session: APRIL 2002 has been accepted as
satisfactory in partial fulfiiJnent of the requirement for the
degree of MASTER OF PHILOSOPHY (M. Phil) in Chemistry on
3rd October, 2007.

BOARDOIIIlAMINIRS

cd\"t; _
1. Dr. Md. RlIfique Ullah 3 . 10 ' c'1- -

Professor
Department of Chemistry
BVET, Dhaka

2. ~'J -1O-0l-
Dr. d. Wahab khan
Professor & Head
Department of Chemistry
BVET, Dhaka.

3.
\ Dr. Md. Manwarullslam

Professor
Department of Chemistry
BVET, Dhaka

Supemsor & Chairman

Member (Ex-officIo)

Member

4.
F1;>~~ D3/iolo~
Dr. Farida Begum
Professor
Department of Chemistry
Dhaka University, Dhaka.

Member (External)



CONTENTS

Abstract

Chapter-l

Introductioll

1.1 Gellerallntrodllction

1.2 Importancc ofMelal anti Metal Complex in
Biological System

1.3 Literature Review

1.4 Aim of the present Investigation

1.5 Ligands and their Structure

Chapter-2

Experimental and Result & Discus"ion Section
2.1 Apparatus and Chemicals

2.2 Preparation of Metal Pcrchlorate

2,3 S)'llthesis of ICu(Pyri)(a-ala)J complex

2.4 Elemental analysis of [Cu(l'yri)( a-ala)! complex

2.5 Potentiometric Determination of Stability constants

• Experimental data

• Potentiometric titration curve

• Species distribution curvc

• Results and Discussion

2.6 Electronic Spcctrll Mea"urement

• Result" and I)i"cu"sion

2.7 Cyclic Vollammctry Measurement

• Results alld Discussion

Page N".
1

2

9

10

18

19

21

21

22

2J

26
32

41

51

61

80

"88



2.8 Po~~jble~trllcturc ofthc tcrn:u)' complex

Chaptcr-3

Conclu~ion

Referl;'nce~

92

93



Abstract

Ternary complexes provide models for metalloenzymes and scveral other
biological processes involving metal ions. These have great functional values
in nature, such as in blood (hemoglobin) which is an iron-complex and
functions as thc oxygen carrier of the blood stream. The principles of
coordination chemistry will thus allow an increasing understanding of the
structure and dynamic features involved in biochemical processes.

Ternal)' metal complexes of type [MAL], where M=Cu(II), Ni(IT), & Zn(ll),
A=Ascorbic Acid (AsA), Pyridoxine (Pyri), Nicotinic Acid (Nia) and L=a-

alanine(a-ala), Glycine(gly), Phenylalanine(ph-ala), and Tyrosine(tyro) havc
been investigated potentiometrically at 2SoC and at ionic strength of
O.2M(NaCI04). The stability constants have been detemlined using SCOGS
(Stability Constant of Gcneralized Species) compulcT program.

The stabilities in ternary complexes have been discussed in lernls of ligand-
ligand interaction, steric statistical, basicity of the ligands, nature of donor
sites and ellargc neutralization tactors. The stabilization is expressed in tenns
of L\logK. The L\logK values and percentage species computed gave parallel
evidence for the stabilization of ternary complexes. The stabilitics of ternary
complexes have been quantitatively compared with each other.

Ternary complexes containing Pyridoxine (Pyri) are found to be more stable
than the corresponding complexes containing Ascorbic Acid(AsA) and
Nicotinic acid(Nia). With respect to ligand L, the stability of ternmy
complexes increases in order: glycine < a-alanine < phcnylalanine <

tyrosine. Ternary complexes of Ni(JI) are found to be less stable than thc
corresponding Cu(lI) and Zn(lI) complexes.

The fOl1llalionof the complexes have been confinued by LN spectral sludies
and Cyelic Voltammogram.
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INTRODUCTION

1.1 General Introduction

Bioinorganic chemistry is a specialized field that spans the chemistry of

metal-containing molecules within biological systems. This field is

concerned with the control and use of metal iOlls in biochemical

processes. Although bioinorganic chemistry includes the study of

artificially introduced metals (e.g: medicinally), mapy natural occurring

biological processes (such as respiration) depend upon molecules

containing inorganic clements, such as metaJloproteins and these natural

processes are also studied by bioinorganic chemistry [1]. Metal complex

is a branch ofbioinorganic chemistry, where metals play very important

roles in biological system [2].

The complexes [3], in whieh a meta! is bound to two different ligands are

called mixed ligand complexes. Such systems are also known as ternary

complexes. It is now generally agreed that ternary complexes arc usually

formed in a solution containing metal ions and two different suitable

ligands. The knowledge about the chemical structure, physiological role,

deficiency diseases and available sources of vitamin are essential for

human life [4]. Recent studies involved an investigation of the

coordination behavior or some vitamins as biological important ligands,

which are essential chemicals for the maintenance of normal metabolic

functions.
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N(lCOOH
Nicotinic acid

Nicotinic acid, also known as niacin or vitamin B1 is a waler soluble

vitamin whose derivatives such as NADH, Nicotinamide adenine

dimlcleotidc (NAD), NAD+ and Nicotinamide adenine dinucleotide

phosphate (NADP) play essential roles in energy metabolism in the living

cell and DNi\ repair [5]. It is very important for human life because it

reduces very low density lipoprotein (VLDL) or bad cholesterol [6] and

increase high density lipoprotein (LOL) or good cholesterol in blood. It

also removed toxic chemicals from the body. Niacin deficiency leads to

disease pellagra, a disease with symptoms that include sunburn, diarrhea,

irritability, swollen tongue and mental confusion. High dose of niacin

may e1evale blood sugar, thereby worsening diabetes mellitus [7] and

may cases or racial flushing and itching.[8J

Pyridoxine also called vitamin Br, serves as coenzyme and is involved in

thc metabolism of protein and carbohydrates, thc production of insulin

and red and while blood cells, the synthesis of neurotransmitters,

enzymes and prostaglandins. Pyridoxal (Pl.), Pyridoxine (PN).

Pyridoxamine (PM), Pyridoxal 5- phosphate (PLP), Pyridoxine 5-

phosphate (PNP) and Pyridoxamine 5- phosphate (PMP) arc six forms of

vitamin Ro' PLP is the activc coenzyme fonn and has the most

importance in human metabolism.

) -



Pyridoxine

Pyridoxine helps the body to absorb and metabolize amino acids, to use

fats and to form red blood cells. Pyridoxine deficiency may results

smooth tongue, skin disorders, dizzines,;, nausea, anemia and kidney

stones.

Ascorbic acid or vitumin C is the enolic form of 3-oxo-L

gulofuranolactone. Ascorbic acid behaves as a vinylogous carboxylic

acid, where the double bond ("Vinyl") lransmits electron pairs between

the hydroxyl and :he carbon.

o
°HCI'IOH-CH20H

OB OH

Ascorbic acid

Ascorbic acid is the ascorbate ion. [n living organisms, ascorbate is an

antioxidant, as it protects the body against oxidative stress [9J and is a

cofactor in several vital enzymatic reactions. Ascorbic acid deficiency

causes scurvy in humans.

The biochemical reactions [10J taking places in solution involve organic

molecules with potential coordinating sites and also s.rongly coordimlting

transition metal ions. In living tissues and f1uid~,[11,12] the total ligand

-
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concentration greatly exceeds the metal content, and hence the various

complexion species compete for the metal ion~ pr.:senl. Under these

conditions formation of mixed ligand compkxes is to be expected.

Temary complexes [13,14) have been implicated in the storage of metal

ions and their transport through membranes in the biological system

(12,15J. Taking every thing together, one is not surprised any more about

Wood's conclusion [16], "If you think that biochemistry is the organic

chemistry of living systems then you arc misled; biochemistry is the

coordination chemistry ofliving systems".

This understanding has directed the attention of chemists to the study of

dynamic equilibriua in the formation of metal complexes, involving the

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

living tissues [10,11]. The formation [17] and stability [11, 12J of such

complexes have been extmsivcly studied. For more than thrcc decades

metal interactions with nucleic acids and their constituents have received

much allention because of their biological importance in nucleic acid

processes [18] .11)is results in a large body of dna involving metal

binding sites or models [19J and structures formed [20J, The study of

mixed ligand complexes is also important from fundamental coordination

chemistry in point of view. l1)e effect of structural features of the

complexes and the natures of the ligand on the stability of the ternary

.eompkx and associated binary complexes is of great fundamental

significance [21]. This has led to the study of mutual influence of two

ligands bound to .the same metal ion and the effect of the nature of the

metal ion on the ternary complex stability.
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The formation oftefllary complex ean bc cOl1sideredto tnke place in three

different ways, a~ follows [22].

;VI+ 1\ + L ~ r,.li\L

MA+L ~ MAL

ML + A !::; MLA

J'v!K -MAf"-

KMA ==MAL

ML
K iIdLA==

[MAr]

[MIIAIlL]
[AfAL]
lMAJfL]

[A1LA]

IMLIIAI

(J)

. (I I)

......... (JII)

From eq (I) and (II) we find,

1 KMA -I KM 1 oKMog MAL - og A4AL - 00 '\IA

From cq (I) and (Ill) we f1nd

log K~~fA== 10gK~~f-A10gK~~l"

___... (IV)

.... ... (V)

On a quantitative basis, the stability or ternary complexes can be

expressed in terms of the difference in the tendency ofa ligand (A or L)

to bind with thl' free metal ion and with the metal ion already bound to

another ligand (L or A) and is repr~scnted by I'llog K.

'lo"K=logKM/1 -logKM ==logl(ML -logKM (VI)
Ll b MAL ML MLA MA'" ...

It is evidetlt form the eq"(Vl) that the intluence of both ligands is mutual

and of the sunK size in tile fonl1<ltiOl1of ternary complexes, Both ligands

are either stabilized or destabilized in their coordination to the metal ion

equally.

610g K must be a con~lant because it is the result from sLlbtraction of two

constants. From statistical consideration 6log K i, expected to be

negative, This is because when the first ligand (A) combines with a given

multivalent (hydrated) metal iOIl, it has more coordination position

6



available for bonding than when it combines with. metal ion alrcady

bonded to anothcr ligand (Ll. Hcnce thc order

M
10gK >

MA

ML
10gK

MiA
usually holds and onc expects to ob~ervc

negativc values for I'Ilog K.

The I'Ilog K valUe is the measure of the stability of ternary complexes.

Greater the value of I'Ilog K greater will be the stability of complcxes.

The stabilization factor govcrning 610g K depends on the coordinating

member of the mctal ion and the denticity of the ligand.

The difference (IogK~L -logK~ ) is generally about 0.5 to 0.8 log

units for monodentatc ligands and about -I to -2 log unit for bidentate

ligands [23J .In the cases whcre A and L are bidentatc ligands, thcre are

twelve edges of a regular octahedron (oh) available for thc first entering

5ligand, but only five fol' the sccond [24J i.c the statistical factor is T2 and

accordingly I'IlogK.,h = -0.4. for square plane (sp) a factor of

t>logK,p = -0.6 is obtained.

1 .
4,l.e,

However fol' thc distorted octahedron (do) of Cu2+ the statistical value is

more difficult to assess. Considel'ing the Jahn- Tcller inversion to be rapid

[23], there are eight equivalent attacking positions. for the first ligand can

vary from one to foul' depending on the relative ratcs of inversion. Hence

the statistical valuc is between iand ~ and I'll0gK = -0.9 (or -1.1) [0-

OJ . In case of Cu2+ and the ligands that introduce a strong ligand ficld,

the statistical exprcssion I'll0gK do = -0.9 is considered to bc most
'"
7



appropriate one [25J- Hence an experimentally determined value of

L'.logK,more or less negative than -0,9 indicate that, the lernary complex

is favoured less or more respectively. So the value of I'llogK is affected

by the nonstatistical [uctors depending on the naltircs of the ligands A and

L and structure ofthe metal ion in some cases [26].

,
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1.2 Importance of Metal and Metal Complexes in Biological
System

Metal ions play very signil1eant rolts in biological system. Many metals

arc vital component of blood, bones, teeth, body pigments, nerves, some

proteins and enzymes. The coloring pigments which impart colors to the

plants and flowers contains ions likcs Cu(ll), Fe(Il), fe(IlI), CoOl) etc.

Among the vitally important biochemical processes [27] which are

influenced by the various meta! ions arc (i) transmission of the nerve

pulses in the animal body, (ii) maintenance of the osmotic pressure in the

animal and plant bodies are controlled by various metal ions [28].

The activation of em:ymes arc controlled by various metal ions. The

enzymes from yeast and many bacteria are activated by Fe2+,Col+, or

Zn1+ ions [29].

Some metal ions play remarkable contradictory physiological roles in

different concentration and in diJTerent chemical form. Thus while

Copper is found to play important nutritional and metabolic role in the

body system, its imbalance may result in microcytic normochromic

anemia, Wilson's dist:ase de. and a number of other disease in man and

animal [30]. Cu (ll) complexes with DL-aspctric acid, L-prolin, DL-

methionine and L-glutamic acid have similar .toxieities to mice [31].

Copper and Zinc complexes have shown marked beneficial action in

physiological disorders.



1.3 LITERATURE REVmW

The study of ternary complex in solution provides simpler models for the

more complicated biochemical reactions. The synthetic ternary

complexes wIth metal atom hound to two dill'erent ligands mimic the

metalloenzymes with the metal ion bridging the can'ier ligands and

substrate.

This understanding has din:cteu the attention of chemists to study of

dynamic equilibria in the formation of metal complexes, involving the

metal ion and ligands similar to those present in biological lluids and

living tissues. The formation and stability of such complexes have been

extensively studied. Some of these important and related to present

research work have been reviewed and briefly presented here:

(I) Additional stability of (MAL) was observl'd if L coordinates

through 0., 0., (e,g. oxalic acid) [32]. It has been shown that AlogK is

positive in the complex [CuAL], due to lowering in repulsion between

metal dn electron and the ligand electrons and finally neutralization of the

ternary complex result [33,34].

(2) Beda E. Fischer and co-workers [35] observed the participation

of Co+z andNt2 in biological system. They suggested that S ligands may

have 11 accepting qualities.

(3)(i) P.O. More and co-workers studied the synthesis, spectral,

thennal and antibacterial studies on Copper (1I) and Zine(Il) complexes

using NNO donor schiff bases [36]. It is observe that eu(lI) and Zn(lJ)

'0
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complexes show enhanced antibacterial activity as compared to the

ligand.

(ii) Mixed ligand ehelates of some multidentate heterocycles with

Cobalt (II) and Nickel(ll) have been studied by P,T A;aSLlet al [37}

(4) An interesting relationship of the stability of Cu(Il) and Ni(lI)

temary complexes is observed if one of the ligands is tridentate ligand

[38,39,40]. It hus been shown that in [M(NTA) (L)] where M = Cu(ll) or

Ni(lI) and NTA = tridentate nitrilo triacetate alllon, L=

dhylenediamine(en), 1,2-propanediamine, the ,')logK is more negative in

ease of Cu(lJ) us compared to Ni(U) complexes

(5) H. Sigel and eo""'"orkers[41] have also observed that in the

systems [Cu(DET)(L)] [where DET = diethylenetriamine, L'" bidentate

L-alanineamide], i110gKis more negative.

(6)(i) Y. 1. Israeli studied [42] the formation constants of mixed

ligand complexes ofCu(l1) and Ni(l1) with NTA and various aminoacids.

(7) (ii) J. P. Tandon and coworkers [43] reported formation constants

of mixed ligand complexes [M (NTA) (hydroxy aci&.)], where M= Cu(II)

or Ni(I1), the ,')logK is more negative in case of Cu(lI) as compared to

Ni(lI) complexes.

(7) J. I. Watters and 0, Yamauchi [44,45J carried out research work

on the [Cu(ox)(L)J type ternary complexes whcre L"'catceholate and

ethylenediamine. They observed that ternary complexes containing two

negatively charged ligands are less stable. P, K, Bhattacharya and

11



coworkers [46,47,48J have further elaborated the effect of negatively
...-- _. .....--

charged on the stability constant in lerms of electronic repulsion concept.

(8) TIle effect of steric hindrance between the bulky side groups on

the coordinating ligands Land L. on the stability of the ternary

complexes has been studied by P. C. Parikh et al. and W.E. Bennett el al

[49,50J. They reporled that if the two ligands involved in the formation of

the ternary complex have substituled groups on the front or back side of

the second ligand coordinates with the melal ion forming the ternary

complex resulting in less slable complex. For example [MAL] complexes

where L=N-substituted ethylenediamine due to sterie hindrance of the

alkyl groups on the nitrogen of the ligands of N-substituted

ethylenediamine.

(9) The order of the stabilization observed by H. Sigel et al. and P.

K. Bhattacharya et al.[51,52J in ternary complexes containing two chelate

rings arc as follows:

Two five-membered rmgs > One five-membered nog and One SIX-

membered ring> Two six-membered riogs.

(10) The presence of an acid character of one of the ligand in a

lernary complex leads to a high stability. This ph,~r.omena has been

sludied by M. V. Chidambaram et al and P. 1. Patel et al[53,54]. This has

been repeatcdly confirmed [55-59]by other workers.

(11) Study of M(dpx)(pyroeateeholate) complexes [60J of the later

members of the first transition series wherc dpx =bis(2-pyridyl) amine

(dpa), bis(2-pyridyl)ketone(dpk) or bis(2-pyridyl)methane(dpm) has

"itt
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shown that th(:kmkncy for the formfllion of ternary complcxe&d",creases
within the series dpk>dpm>dpa.

(12) In anolll(:r s(:rics of ternary diamines, P. K, Bhattacharya and

eorworkers [46,47,54,61] have ob~erved that the tendency of mixed

ligand formation follows the order: (2,2'-pyridyl) benzimidazole>(2,2'-

bipyridyl)>:JI, IO-phenanthroline>(2,2'-pyridyl) imidazoline,

(13) The complexes containing aromatic amine~ and pyrocatechol

derivatives have been studied by P, K Bhattacharya and coworkers

[61,62] also by H, Sigcl and coworkers[G3]. Both groups conclude that

the electron density over the donor site of L has significant influence over

the stability of the ternary [CuAL] complexes, El~ctron withdrawing

substitution on L lower the stability of the complex and electron donating

subsistent increases it.

(14) In ternary complex [M(bipyridyl)(ATP) [64,65,66J the

nueleotiede is coordinated from the phosphate end and the free hase part

comes over bipyridyL This results in rigid stacking interaction between

the coordinated tertiary amine and the non-coordinated base part of the

nucleotide as confirmed by formation constant studies and NMR studies.

(15) In the complex [Cu(ATP)(Try)]l67] an aromatic ring stackirig

interaction has been observed behveen the purine moiety of ATP and the

indole of tryptophane. In mixed amino acid tcrnary complexes [68] such

as [Cu(Phenylalanine)(norvalinate)] [69) a flexible hydrophobic

interaction has been shown. Interligand interaction has abo been'

proposed in lCu(phe)(Try)] [70] where (phe""Phenylalanine, Tyr ""

Tyrosine) compJex~s due to non-coordinated side groups. In [M

(ATP)(His)] type complexes there can be eharf,e transfer flexible

13
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interaction between adcnosim: part of ATI' and imidazole part of histidine

in addition to the hydrophobic interaction between two ligands.

(16) M. M. Taqui Khan and coworkers have determined the

formation con~tants with complexes of adenine nucleotides with variety

of metal ions [71-77]. Thcy have given the relative order of stabilities of

metal adenine nucleotide complexes as ATP>ADP>AMP in accordance

with the length of the phosphate chain [71,77,78J.

(17) A. Oriodi and coworkers [77J have carried out X-ray study of

[M(bipy) (ATP)J comple;,.. According to them thcre are two types of

stacking interactions (i) IntarmolecuJar and (ii) Intermolecular.

(18) H. Sigel et a1.[78] have ~Yllthcsized the .nixcd ligand 2,2'-

bipyridyl-Cu2
+ - nucleotide complexes exist in a foldeu form that allows a

charge transfer interaction betwccn the pyridyl and purine moieties. The

stability of these adducts is inereascd by the formation of a metal IOn

bridge between the two involved aromatic moieties.

(19) An intcresting research on synthesis, crystal strueturc and

magnetic properties of tetrakis ldiaqua(l-l-l,3-dimethylviolurato)-

Copper(ll)] tetraperchlorate dihydrate have bcen investigated by L. E.

Colaclo ct al [79J. The structure of this complex is square planar. From

variable temperature magnetic susceptibility measurements the compound

was found to cxhibit a very strong antiferromagnctic character.

(20) Two ne\v fcrromagneti~, end-on azide-bridged Ni~kel(n)-

dimers [{Ni(terpy)(N)l Ill], l,bO and [Ni (terpy) ~ (N)] (H20)] CL04

.H20 (terpy =2.2'.6',2" - terpyridine) have bt:en synthesized and

,



characteri;-:ed through X-ray single crystal analysis, m speetro~eopy and

magnetic susceptibility mcasurcmcnts by M. Barandika ct al [80] . The

rcsults indicatc that thc anitifcrromagnetic contribution of the global

coupling constant is dccrca'icd.

(21) Most of the theoretical approaches concern simple archilectures

such as dimers among which those of dibridged CUll have been

particularly studied. In this respect, 1. K. Thompson and coworkes [81-

83J experimentally confirmed the angle dependence of the crossover

between ferro and aniliferromagnetic couplings for a variety of copper

(11)dimers.

(22) According to a recent study by O. Kahn and coworkers [84]

based on experimentally obtained spin density maps for a particular

copper (II) dimer cxhibiting di-fl-N], bridgcs, neither of the mechanisms

cited above is co-operative.

(23) T. Murakami et al [85] have investigation on the stabilities and

spectral properties of five coordinate mixed ligand Cu(U) eomplexcs

containing pcnta- methyl diethylenetriamine and a-amino acid.

(24) The fl-(1]'-N: 1]2-O.O)-nitrito dinuclcar compounds [Ni(fI-N02

(1\iCS)] (MedptM H20 and [Ni (!-l-NOI) (NCSh (dpt)] and thc

mononuclear nitrito compounds [Ni (N02) (NCS) (Medpt)J and [Ni

(N02) (NCS) (Medien)J where Medpt =bis (3-aminopropyl) mcthylamine

dpt =his (3-aminopropyl) amine and Medien = bis(2-aminocthyl)

mcthylamine, have been synthesized and characleriled by A. Es<.:uerd al

[86]. They reported that thiocyamate ligand appears to stabilise the

,



tridentate coordination mode of the nitrito ligand. and the dinuclear

compounds shows antiferromanetic ehawcter.

(25) H. Hoffmann and Yeager [87J have examined the effect of

various ligands coordinated to Nickel(II) on the rates of formation and

dissociation ofthc corresponding malonato complexes. Ring closure and

ring opening, respectively appear to be the rate determining proces,;es

with this six-membered chelate ring system. The rates were found to

increase steadily \vith an increase in the number of coordinated aliphatic

amines; both [Ni(pn)] and (Ni (trien)J react faster than [Ni (dien)].

(26) Cis-trans isomerism in complexes of the kinetically labile cupric

lOn was reported by K. Tomita, [88] who suggested that while bis-

glycinatocopper(II) monohydrate adopts a cis configuration, the dihydrate

of this complex exists as the trans isomer.

(27) Synthesis and X"ray crystallographic studies on Cu(ll)

complexes with alanine have becn investigated by R. D. Gillard et al [89J

. They prepared light blue platelets and dark blue prismatic crystals of

bisalaninatocopper(ll) and they concluded that thcsc represent trans and

cis modifications respcctively.

(28) D.L. Leussing et al [90] studied mIxed Ni(lI) and Zn(H)

complexes involving glyoxalate and the r.mino acids e.g. glycine, (l-

alanine and (l-aminoisobutyric acid. "Ihey obscrvcd that glyoxalatc reacts

rapidly and cleanly in these systems and offers a smaller steric

requirement than pyruvate. Besides, the mixed complexes formed in

Nickel(II)- pyruvate-glycinatc mixtures do not have structures identical

with those formed with Niekcl(II) glyoxalate-a-alanate.
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(29) Mixed ligand complexes involving amino acid dithiocarbamatcs

substituted phosphines andNi(H) have been reportcd by S. Thirumaran et

al [91]. They observed that all complexes are diamagnetic. Thermal

decomposition of dithiocarbamate moiety proceeds through the formation

(30) M. Enamullah et al [92] have determined the proton-ligand and

metal-ligand formation constants of phthalic acid with some transition

metal ions such as Zn(ll), Ni(II) Co(n) and Cdell). It was found that the

metal ions Zn(H) and Cd(Il) form complexes at low ionic strength, I :'0

O.1M.Above this ionic strength such as I = 0.15 M, these ions seem to he

inactive towards complexation with phthalate ions. The meta! iOllSCo(ll)

and Ni(lI) showed no appreciable complexation even at very low ionie

strength, J '" 0.02 M.

(31) G. R Cayley and Hague [93] studied the fornwlion of several

ternary complexes of Zn(H) of the type rZn(L)(pada)] (pada = Pyridine-

2-azo-p-dimelhylaniline), L=(dien, trien, cysl. and idi') at 25T, I

=0.3M. The formation rates for all these ternary complexes were found to

be similar to those of thc binary complex, [Zn(pada)f+ , Howcvcr, the

dissociation rates for these ternary complexes are much higher than that

of [ZnCpada)]l+.

(32) r. Nobuo et al.[94J have studied an interesting research on

. 1 " M " C " 1 f .d d.. I. d dtrmuc car cu n u comp exes 0 an oxaml c lOXlme 19an an

finally these have been extended to a bimetallic magnetic compound.

(33) T. H. Tarafder [95J carried out a research work on complex

compounds which contain a nitrogen sulfur donor ligand with lighter ,llld

hcavier metal ions and he studied the biological activities of complexes.

17',
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1.4 AIM OF THE PRESENT INVESTIGATION

Coordination chemistry has embraced the most divers' branches of

science and technology recently with its multidimensional uses, This

coordination chemistry phenomenon has tremendous significance 10 life
science. This was observed [96] from the instances of a few common

compounds of biological importance, such as hemoglobin, myoglobin,

chlorophyll, mctallocnzymes, metalloprophyrines etc. which are, by and

large coordination compounds. Therctbrc it is necessary to investigate the

action of metal ions with substances of biologically important ligands.

Previous studies involved a research \vork on the coordination behavior

of some vitamins as biologicalIy important ligands which are essential

chemicals for the maintenance of normal metabolic functions. Recent

studies also involve tyrosine as ligand, \\.hich regulate the endogenous

analgesic activity of the peptides [97]. Laek of part studies and the fact

that mixed ligand complexes' could be expected to be fnore biologically

active [98] than binary complt:x prompted us to undertake the present

work.

In the present research work we have determined the formation constants

of ternary complexes [MAL], where M refers to transition metal ion e.g.

Cu(Il), Ni(ll) and Zn(II). A refers to biologic:-..~!mportant ligands like

Nicotinic acid (Nia), Pyridoxine (Pyri) and Ascorbic acid (AsAl and L

refers to glycine, a-alanine, phenylalanine, and tyrosine. '[he values of
I'll0gKhave abo been calculated for the stability of ternary complexes.

The protonation constant, binary constant and ternary constant have been

determined potentiometrically using SCGGS (Stability Constant of
Generalized Species) computer program [99,100]. The formations of the

complexes have been confirmed by CV (Cyclic Voltammogram) and UV

spectral studies.



1.5 Ligands and their structure

In the present investigation, the formation constant as well as the stability

constant of ternary complexes of the type [MAL] have been determined

by using biological important ligands, In these complexes A refers to

Nicotinic acid (Nia), Pyridoxine (Pyri) and Ascorbic acid (AsA) L refers

to glycine (Gla), a-alanine (a-ala) phenylalanine, and tyrosine (Tyro).

The structure of ligands (A and L) used in this study are as follows-

I. Nicotinic acid (Nia):

2. Pyridoxine (Pyri):

CH'VN
r

",I
/-10 CHlOH

CH20H

3. Ascorbic acid (AsA):



4. a-alanine (a-ala);

H3C-?H-COOJI
:NH2

5. Glycine (gly) ;

.. ..
NH2-CH,-COOH

6. Tyrosine (T0'o) ;

7. Phenyl alaline (Ph-ala) :

20,
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RESULT & DISCUSSION



F:XPERIMENTAL

2.1 Apparatus and Chemicllls

Apparatus

TOA pH-meler HM-20S, Del Mi<:roComputer with SCOGS Computer

Programm, Carl Zeiss UV visihle Spectrophotom<:ter will] CM Qumiz
Cell, Cyclic Voltarnmogram, Minoburette and Glass\ ••..arcs or Pyrex glass
were used. The mi,;roburette was calibrat<:d to 0.01 mL by the method

descrihed hy Vogel [lOll The measuring flask or various capacities,

pipettes etc were also calibrated.

Chemicals

All the chemicals used were of analytical-reagent grade or the highest

purity availahle. Doubly dislilled de-ionized water, which is non-
ahsorbent under ultraviolet radiation, \"'as used. The important chemicals

and solvent utilized throughout the experiments were listed below:

I) Sodium Perchlorate
2) Nicotinic acid
3) Pyridoxine
4) Ascorbic acid

5) Glycine
6) (l- alanine
7) Phenylalanine
8) Tyrosine.
9) Pcrchloric acid (70"/'.) [E. Merch, Germany]

2.2 Preparation of Metal Perchlorate

Metal Perchlorate was prepared from analytically pLlre metal carhonate
by treatment with 70% pcrchloric acid (AR). The lreatment was done in
the following way:
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About 100 ml 70% perchloric liGidwas taken in a 250 1111beaker and than
metal pcn:hlorate e.g. Gopper carbonate was added slowly with
continuous steering. The addition of copper carbonate was continue until
the hubble were disappears. Access amount of copper carbonate ",'as
added and kept it 12 hours to enqure the comp1cte of"the reaction. ThtUl
water-alcohol mixtme was addcd with continuous steering and filtered.
The reslliling solids were filtered, washed with ethanol till free trom
excess acid and recrystallized several times from ethano1.(Copper
perchlomli: is partially soluble in alcohol).Copper pen.:hlorate solmion
was also standardized by ioclometric titration. Nickel pet.clliorale and zinc
per~hlorate were pt.epared with the same method.

Stock solution 01' perchloric acid, sodium hydroxide and sodium
perchlorate were prepared in carbonate free dOllble ddilled de-ionized
water. Carbonate free sodium hydroxide solution was prepared according
to the literature method l102] and standardized by stan(ltird oxalic acid
solution. Standard perchlot"ic acid solution was preparcd Jrom AR 70%
acid by proper dilution and titrated with standard alkali.

2.3 Synthesis of [Cu(Pyri)(a-ala)] complex

A solution containing equimolar amount of tIle ligands pyridoxine
(5.0mmol) and o:-alanine(5.0mmol) in 40ml waler, was added to a
solution of copper pen:h lorate(5 ,Ommol) dropwise. Than add"d a solution
of"NaOH (O.02M) dropwise till the precipitation was completed. Tile
reslilting solid wn~ filtered, washed with water-a1coholmixtme. followed
by pllre alcohol and dricd in air. The crystals were grown from the COllC.
(tqueous soll1lion and sllhiected to XRD ~tlldies.

2.4 1';lemcntalanalysis of [Cu(P~'ri)(u-ala)]comple).

The complex was analysed for copper by acid dCGomposition, followed
by iodometric titration and by compicxometric titration with l:DTA using
pyrocatechol violet indicator in analyti<:al laboratory_ The result was
recorded in the table no-2.2.13
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2.5 Potentiometric Determination Stability Constant

Irving Rossotti titration technique l102,103] has been used to determine
the fonnation constants oftlle ternary complexes using scoers (Stability
ConstalJl 01'Generalized Species) computer program [99,1001

Th.:: activity coefficient of H' under experimental condition has been
considered to be equal to I and the value of the ionie product of w<ller
14.167 has been used.

For the determination of the protonation constants of the ligands(L) the
following sets of solution (50 em)) were prepared.

I) 0.021\1HC10~, O.OOlMligands(L) and 0.178M NaCI04,
2) O.OlIvIHCIO~. 0.005M ligands(L) and 0.175M NaCI04.

For the determination ofthe fomlation constalJls oHhe hinm)' complcxe~
ML, ML2• where M= Cu(II), Ni(l1) and Zn(JI), L=Ascorbie acid.
Pyridoxine. Nicotinic acid. a-alanine, Phenylalanine, Glycine and
Tyrosine. the following sets of solution (50cmJ

) having M:L in the ratio
of I :I was prepared.

J) O.02M HeI04, O.002M metal perchlorate, 0.002M ligUllds(L) and
a.176M NaCIO,.

For the determination of the tonmnion constants of the ternary complexes
[MAL], M= C\I(JI). i\'i(ll) and 7.n(Tl), A=Ascorbic acid, Pyridoxine,
Nicotinic acid. L= a-alanine. Phenylalanine, Glycine and 'Iyrosine, the
following solution (SOClll') hin'iag M:A:L in the ratio' 1:1:1 wcn;
prepared.

1) 0.021\1 ]'ICI04• 0.002M metal perchlorate, O.002M ligand (A),
o.a02M ligand (L) and a.174M NaCI04

All the prepared sets were titrated potcntiometrieally against standard
(O.02M) sodium hydroxide solution. III all the cases acid concentration
was kept 2.00 xJ(r" M and the total ionic strength (1) oftlw solution was



maintained at O.2M. Titration of each scls were can-ied oultwice to check
the reproducibility of data.

All the titrations were carried out in aCjueous medium and the temperature
was maintained at 2S"C:l:I'C during the progress of titration. Titration

were carried out by using TOA pH-METER HM- 205, having an

accuracy of :1:0.0 I pH unit. The glass electrode v.as calibrated using
buffer solution of pH 6.86 and 4.01. Hence the stability constants
calculated arc stochioilletric constants. The calculations were carried out
by computer, DelL Optiplex, GX 280.

A model input data required [or the calculation o[ formation constant in

the ternary system requires the' [oilowing details.

1. No 9fjobs to be calculated.

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

3. No ofligands (two), no. of metals (one) and the no. ofeomplex species
formed (including protonated forms of ligand, hydrolyzed metal species
etc).

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

5. No. ufdisplaceable protons on ligand (1) and ligand (2).

6. Title ofthlC experimlCnt.

7. Initial concentrations ofthe metal, ligands, miZ'~ral acid (HC04), titrant
base and total initial volume concentrations are expressed in moles/L and
volumes in mL.
8. For each titration reading bearing values of titre of base, of pH and of
INDEX (a Cjuantity which is zel"Ofor all but the last reading of experiment
when INDEX = 1)_

9. Then return to item 6 to [.ead data for next experiment and repeat until

data for all the cxperiments, indicated by item (2), have been read.
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10. Logarithm to bUSl;10 of the ionio:.:product of water and the coefficient
of hydrogen ion under thl; condition of experiment (e.g. at 25°C and I =
O.2M).

11. The on. of COristuntsto be refined and the no. of calculation o:.:)'clesto
be repeated to gel convergence in thl; formation constant values,

12, The partieulur constant to be varil;d given with serial no. us in (4) and
the logarithm increment or deeremmt \0 be applied to tIle formation
eomtant in the nUinerieal dilTerentiation.

In thl: ,l:ase of calculation of proton-ligand formation constants thl: species
L, [LHJ and [LHJ \\'I:rc considered. For the determination 01' fornwtion
constants ofthl: hinary complexl:s, the species L, lLl-ll, rLHJ, M, lML],
[ML2] wl:rl: considet.ed, Thl:se refined values were used as fi.>..cd
parameters for the refinement 01.the formation l:OI1~tantsof the ternary
complexes. The values of protonation constant and the formation
constants of binary complexes urI: in close agreclIlCnt with the vulues
reported I:arlier in the Iiteraluye [51,104]. The species consi(il:red for the
eakultltion of formation c()n~tants of the tcrnllry complexes wl:reL lLH],
[LH,j, A, lAHJ, [AI-I;:],M, rML], [ML2J, [MAJ, [MA:J and [MALl

The values of the protonation constants of the ligands and the formation
constants of the binary complexes have bccn presented in Tabk (::'.2,I to
2.2.3). The values of lonJl<ltion constallls for the ternary complexes and
L!.logK have bel:Il prl:sented in Tublc (2.2.4 to 2.2.12). pH titriltion Cllrves
have been presented in fig. 2.2.1-2.2.9 for ternary complexes.
Reprcsentative species distrihution curves as a function of pH in the
solution containing M, A and L in 1:1:1 ratio have been prescntl;d in Fig
::'.2.1010::'.2.18.
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Table - 2.2.1: Proton ligand formation constant of ligands and

formation constant of their Cu(Il) binary complexes in aqueous

medium with I = 0.2 M (NaCI04) at 2S"C:!: l"e.

Ligands log Kr Log ~tl I KCLI log KC"og CuL l"L2

u-alanine 9.13 ,12.73 5.56 9.54

phenylalanine 9.20 11.12 4.80 8.55

Glycine 9.54 12.49 6.02 10.45

Tyrosine 9.56 16.88 4.78 8.81

Nicotinic acid 4.40 13,70 7,02 13.88

Pyridoxine 8olIO 13.62 12.68 1,1\.28

Ascorhic acid 11.25 15.29 11.75 19.36

Table - 2.2.2: Proton ligand formation constant of ligands and

formation constant of their Ni(I1) binary complexes in aqueous

medium with I ""0.2 M (NaCI04) at 2S"C::!:l"e.

Ligands log K:' Log B~ log K~:L 100 K "i
'" "'iL,

a-alanine 9.13 12,73 7.60 13,69

Glycine 9.54 12.49 6.30 12.57

Phenylalanine 9.20 11.12 7.46 14.12

Tyrosine 9.56 16.88 7,38 14.28

Nicotinic acid 4.40 13.70 6.31 7.96

Pyridoxine 8,80 13.62 9.94 16.23

Ascorbic acid 11.25 15.29 9.02 16,65
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Table _ 2.2.3: Proton ligand formation constant of ligands and

formation constant of their Zn(II) binary complexes in aqucous

medium with I = 0.2 M (NaCl04) at 2S"C:t l°e.

Ligands log Kr Log p~ log KZn lou K 7"
'" Z"L'"' ,

a-alanine 9.13 2.73 4.64 8.60

Glycine 9.54 12.49 4.94 9.26

Phenylalanine 9.20 11.12 4.28 8.35

Tyrosine 9.56 16.88 4.18 8.27

Nicotinic acid 4.40 13.70 5.13 9.47

Pyridoxine 8.80 13.62 7.28 13.68

Ascorbic acid 11.25 15.29 8.86 14,12

Table _ 2.2.4: Stability constant of mixed ligand complexes

[Ni(AsA)(L)] in aqueous medium with I ""0.2 M (NuCIO.) at 2S'C :t

l°e.

-
System

, log K"; K!'-'iA ,
log K;';:AL "" log ',AL log K 1\:1 i'llogK

[Ni(AsA)( a -ala)] 16.40 9.02 7.38 7.60 I -0.22

{Ni(AsA)(Gly)] 14,79 9.02 5.77 6.30 -0.53

lNi(A<,A)(Ph-ala)] 16.42 9.02 7.40 7.46 -0.06

[Ni(AsA)(Tyro)] 16.60 9.02 7.58 7.38 0,20
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Table _ 2.2.5: Stability constant of mixed ligand complexes

[Cu(AsA)(L)] ill aqucous mcdium with 1= 0.2 M (NaCI04) at 25"C:t

I"e.

System log KC" log KCu log KCuA log KC" L'>.logKC"AL (,,' c," C"'
[Cu(AsA)(a ala)] 17.17 11.75 5.42 5.56 -0.14

[Cu(AsA)(Gly)] 17.54 11.75 5.78 6.02 -0.23

[Cu(AsA)(l'h-ala) ] 16.68 11.75 4.93 4.80 0.13

[Cu(AsA)(Tyro)] 16.78 11.75 5.03 4.78 0,25

Table _ 2.2.6: Stability constant of mixed ligand complexes

[Zn(AsA)(L)] in aqucous medium with 1= 0.2 M (NaClO~)at 25"C:t

l"C.

I System log K~~i\L 100 KZn 1 KlnA log K Zn L'>.logK
'" Zol\ og L",'L Co,

lZn( AsA)( a-ala}] 13.56 8.86 4.70 4.64 0.06
I

lZn(A~A)(my)l 13.72 8.86 4:86 4.94 -0.08

17n(AsA)(Ph-ala)] 13.42 8.86 4.56 4.28 0.28 ,

[Zn(AsA)(Tyro)] 13.43 8,86 4,57 4.18 0,39

,



Table - 2.2.7: Stability constant of mixed ligand complexes

[Ni(Pyri)(L)] in aqueous medium with 1= 0.2 M (NaCI04) at 25"C:t

1°C.

System log K~:,\L log K t;r; log KNiA " i'llogKN,,' ,,'c log KNil.

[Ni(Pyri)( a-ala) J 17.43 9.94 7.49 7.60 -0.11

[l\'i(Pyri)(Gly) ] I 15.76 9.94 5.82 6.30 -0.48 I
[Ni(Pyri)(Ph-ala) 1 17.36 9.94 7.42 7.46 -0,04

[Ni(Pyri)(Tyro)] 17.65 9.94 7.71 7.38 I 0,33

Table _ 2.2.8: Stability constant of mixed ligand complexes

[Cu(Pyri)(L)] in aqueous medium with I'" 0.2 M (l"aClO~) at 25"C ::I:

I"C.

System I KCu 10" K c" log, K C"A log KCu i'llogK :og CuAL o " ,.'c CuL

[C\l(Pyri)( a-ala)] 18.19 12.68 5.51 5.56 -0.05 ,
I

[Cu(Pyri)(Gly)J 18.52 12.68 5.84 6.02 -0.18 !
[Cu(T'yri)( Ph"a!a)] 17.68 12.68 5.00 4.80 0,20

,

i
lCu(Pyri)(Tyro)] 17.93 12.68 5.25 4.78 0.47 I,



Table - 2.2.9: Stability constant of mixed ligand complexes

[Zn(Pyri)(L)] in aqueous medium with 1==0.2 M (NaCI04) at 2S.C:!:

l°e.

System J g KZn log K 1:" I KznA log KLtl 810gKo ZnAL 'oA og l"AL ZnL
[Zn(l'yri)( a-ala)] 12,12 7.28 4.84 4.64 0.20

[Zn(Pyri)(Gly)] 12.25 7.28 4.97 4.94 0.03

rZn(l') ri)(Ph-ala)] 12.02 7.28 4.74 4.28 0.46

lZn(Pyri )(Tyro) 1 12.25 7.28 4.97 4.18 0.79

Table - 2.2.10: Stability constant of mixed ligand complexes

[Ni(Nia)(L)] in aqueous medium with

l°e.

I = 0.2 M (NaCI04) at 25°C :t

System N log K~\ log K NiA log K~~LJog KN:AL 6.logKN,Al

INi(Nia)( a-ala)] 13.56 6.31 7.25 7.60 -0.35

lNi(Nia)(Gly)] 12.06 6.31 5.75 6.30 -0.55

[Ni(Nia)(Ph-alal] 13.37 6.31 7.06 7.46 -0.40

lNi(Nia)(Tyro)] 13.84 I 6.31 7.53 7.38 0.15
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Table - 2.2.11: Stability constant of mixed ligand complexes

(Cu(Nia)(L)] in aqueous medium witb 1= 0.2 M (NaCI04) at 25"C :i:

JOe.

System 1 K ('" log K~ log K£,~A log KCu MogKog a,AL CoL
[Cu(Nia)(a-alal] 12.33 7.02 5.31 5.56 -0.25

[Cll(Nia)(Gly)J 12.57 7.02 5.55 6.02 -047

[Cu(Nia)(Ph-ala)] 11.62 7.02 4,60 4,80 -020

lCu(Nia)(Tyro)] 1l ,97 7.02 4.95 4.78 0.17

Table - 2.2,]2: Stllbility constant of mixcd ligand complexes

[Zn(Nia)(L)J in aqueous medium with I = 0.2 M (Na004) at 2SoC i

1°e.

System I Klll log K Zn log Kfnn~ log K Zn MogKog ZnAL ZM zoe
[Zn(Nia)(a ala)) 9.60 5.13 4.47 4.64 -0.17

[Zn(Nia)(Gly)] 9.71 5.13 4.58 4.94 -036

iZII(Nia)(Ph-ala)J 9,27 5.13 4.14 4.28 -0.14

I [Zn(Nia)(Tyro)] 9.59 5.13 4.46 4.18 0.28

Table- 2.2.13: Analytical data of [Cu(P;yri)(a-ala)] complex

Compound Color "10M Obtained %M Theoretical

[Cu(Pyri)(Gly)J Light Green 19.4 19.6
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Fig- 2.2.1: Potentiometric titration curHS uf aqueous .\ulutions eontllining IllCtal
ion" Ascorbic Acid (AsA) lllld L. (eal.h O.OOlM).
Curvc (I) Cu" +AsA +Glycine
Curve (2) Cu!+ + AsA + u-a13nine
CurH (3) Cul> + AsA + Phenyl alanine
Cun.e (4) CIl!++A,A + Tyrosine
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Fig- 2.2.2: Potentiometri~ titration curVeS of llqueous solutions ~ontaining metal
ions, Ascorbic Add(AsA) and J,. (each O.OOlM).
Curve (1) NiH + AsA +Glycine
Cun'c (2) Nil+ + A,A + a-alanine
Cnrn (3) Ne+ + AsA + Phenyl alanine
Curve (4) Nt2++ AsA + Tyrusine
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Fig_ 2.2.]: Potentiometric titration eurve~ of aqueous solutions containing meta!
ions, Ascorbic Acid(AsA) and L. (eacb 0.0011\1).
Curvc (I) Zn1+ + AsA + Glycine
Curve (2) Zn2+ + AsA + a-alanine
Curvc (3) Zn1+ + AsA + Pbenyl alanine
Cut"Ve(4) Zn2+ + AsA + Tyrosinc
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Fig- 2.2.4: Potcutiumdric titratiun curvej of aqucom solutions containing mctal
ions, l\'icoJinic acid(Nia) and L. (each U.OOIM).
Curve (I) Cul> + Nicotinic acid + Glycine
Cunc (2) Cu2+ + Nicotinic acid + a-alanine
Curve (3) Cul+ + Nicotinic acid + Phenyl alanine
Cun'c (4) Cu2+ + Nicotinic ncid + Tyrosine
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Fig- 2.2.5: Potentiometric titration curns of aqucous ~olution; containing mctal
ions, Nicotinic acid (Nia) amI L. (each O.OOlM).
Curve (I) Ni'+ +Nicotinic llcid + GI}",.iIlC
Cunc (2) Nil+ + Nicotinic acid + u-alaninc
Curn (3) Ni1++ Nicotinic acid + Phenyl alanine
Cune (4) 1\iz+ +Nicotinic acid + Tyrosine
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Fig- 2.2.6: Potentiometric litration curvcs of 3queous solutions containing meta!
ions, Nicotinic acid (Nia) 3nd L. (c3ch 0.0011'11).
Curve 0) Zn2+ + Nicotinic llcid + Glycine
Curve (2) Zn" + Nicotinic 3cid + a.alanine
Curve (3) Znl<- + Nicotinic acid + Phenyl alanine
Cnrve (4) Znl+ +Nicotinic acid + 1"yrosiuc
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Fig- 2.2.7: Potentiomctric titr"tion curve's of iHjUeou.Isolutiolls eonlnining mel,,1
ions, ]'yrido-,ine (Pyri) and L. (each O.OOlJ\'J).
Curve (1) ]\;'+ + l'yddoxine + GI}cine
Curve (2) ]\i" + Pyridoxine + u-nJal1;ne
Curn (3) [1,.;" + ]')'ritioxine + I'hell}l 'linlline
Cur,e (4) l\'j'f + Pyridoxine + TYTnsine
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J:ig- 2.2.8: Potentiometric titration curns of aqueous solution, contflining mewl
ions, Pyridoxitle (l'yri) and L. (cnch 0.001i\l).
Curvc (J) Cll'. + Pyridoxinc+ Glycinc
Curve (1) Cu2• + Pyriuoxine + tt,ablline
Curn (3) Cu2+ + Pyridoxine + Phenyl al<ll1;ne
C"rn (4) Cll'. + p} ridoxinc +Tyn,,;ne
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Fig. 2.2.9; Potentiomrtrie titr>ltion curH.I of a(jlleOll-s solutions containing flIet;)1
ions, J>yrid(l~ine (Pyri) :Inri L. (each O.OOIM).
Cllrvc (1) Zn2+ + Pyridoxine + Glycine
Curve (2) Zn2+ + Pyridoxinc + u-nlanillc
CUITC(3) Znl+ + J'yridoxillc + 1'henyl alanine
Cur,c (4) Zlll+ + Py ri(/oxinc + Tyrosin~
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function of pH.
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Fig - 2,2.11: Species distriiJution di~gram for the [eu (AsA) (GIrl] tel'n~r.\' .\ystflll
,honing the formation p('rcCllt~gcs relative to total concentration of/he m~wl a\ the
function of pH.
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function "[pH.
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Fig - 2.2.13; Species distribution dingrarn for the [l\"i(1')ri) {GI)lJ tern",} system
showing th" formation percentages reiati,e to totn] cOIltl'lltration ofllle metal", !lIt'
f"nclion of pH.

44



so
"u 70
" (1) rCu(1'yri)(GJ»)j- (2) ICu(PydJJ0 60~ (3) ICorCly))
E (4) Cu(I1)- 50~.•
"< 400

"-.- 30,
",.;;; 200

",,
10"

"0
1 7 3 4 5 6 7 8

pH •

Fig_ 2.2.14: Species distrihutioll diagram ror the [eu (Pyri) (GJ})llerlinry sy.,lcllI
shmtillg the fonnatiOll percentages rdntive to totnl concentration oftht melal.llS Ihe
fllnction of pH.
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Fig. 2.2.17; Species llistrihution lli"gram for the [eu (i'iia) (GJy)] teJ'nury sy"tem
.,howing the formation perccntages reLot;"e to total cOlleentration of the metal as the
functioll ofpH.
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Fig. 2.2.18: Species distribution diagran1 for lhe IZn C'\i~) (Glr)] tern,,! system
showing til e form ~lion p crcen tages rei ~tive 1010t~1concent r" tion 0 f (Ii e 1;"1et~ I as (h,
function MpH.
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Results & Discussion

[M(AsA)L] system

Stability constant ufternary complexes IMALI type where M ""Cu(I1),

Ni(ll) & Zn(II), A ""Ascorbic Acid (AsA), and L =glycine(gly),

a-alanine (a.-ala), phenylalanine (ph-ala), and tyrosine (tyro).

The analysis of the representative species distribution curves (fig-2.2.10 to

2.2.12) shov.s that in the pH range J .5-3.5, M(ll) (free metal ion) is the

major species. In the pH range 3.5- 5. [ML] and [MAJ is predominating

and in the pH range 5-6 the species [MAL] is exist. The percentage of all

other species is less than 1% in case of [M(AsA)(L)] system. This is

because ascorbic acid (AsA) forms stable binary complex M-AsA (MA) at

low pH and L combines with [MAJ to ronn [MAL] ternary complex.

It is observed that in all cases of L, 1SI protonation constant is grater than

the 2"~ protonation constant and logKl is grater than logK2 and this is

expected from statistical consideration. Only two protonation constants of

Ascorbic Acid could be detennined. These correspond to those for the

phenolic OH. The protonation of the phenolic OH is reduced because of

the presence of double bond in the furine ring.[105]

It is observed that for the complexes [Cu(AsA)(L)], [Ni(AsA)(L)] and

[Zn(AsA)(L)]; where L ""ph-ala and tyro, ~logK value (Table no-2.2.4 to

2.2.6) is less negative than the complexes where L =gly and a.-ala. This is

because of intramolecular interligand interaction. These amino acids (L)

are bidentate, hence occupy two equatorial positions or one equatorial and

one axial position. The non-coordinated side group, phenyl and hydroxy
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phenyl ring of phenylalaninl: and tyrosine respectively come over furine

ring of ascorbic acid [fig-2.5.l(C)] and hence non covalent hydrophobic

interaction is possible (106]. 11lis intramolecular interligenal interaction

stabilizes the temat)' complex leading to Jess negative l'ilogk or positive

l'ilogk values.

Another reason for positive values of l'ilogk in [Cu(AsA)(L)], [Ni(AsA)

(L)] and [Zn(AsA)(L)l where L = Tyrosine is due to hydrogen bonding

b:twccn the phenolic OH of the side group of tyrosim: and carhonyl 0 of

ascorbic acid. However, no such H-bonding interaction is possible for

phenylalanine, glycine and n alanine. This e!etlrostatic H-bondmg

intraclion [fig-2.5.I(d)] results stable terna!)' complex of positive or less

negative £l,logk values. [107J

In case of Cu(U) complexes L'llogkvalue (Table no-2.2.5) i~ less negative

then that of Ni(Il) complexes (Table 110-2.2.4) i,e. Cu2< form stable

complex than Ni2+. This is because of d9 electronic configuration of ClI>,

which is subjected to Jalm-Tcllcr distortion effel:1. DistOI11011splilS tIle

degcncraey, lower symmetry and there by increase stability of the

complex[108]. There is an additional stabilization of the octahedral

complex due to distortions l109J and hel1l:e Cu(ll) form more stable

complex.

It is intercsting fact that for the complexes of [M(AsA)(L)] whcre M =

Zn(II), L = gly, a-ala, ph-ala and tyro shows less negative or positive

6.logk values (Table no-2.2.6). Though this fact is not run as expectation

rrom thc statistical value. This observation indicates that the complex
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[Zn(AsA)(L)] is more stable as compared to the (Cu(AsA)(L)] and

[Ni(AsA)(L)] complexes (Table no-2.2.5 & 2.2.4), where L = gly, a-ala,

ph-ale, and tyro. This can be explained on the basis of the two factors .-

(l) Size of the metal atom

(2) Geometry ofthe complexes.

Ternary complexes are those complexes in which the.metal ion has l\vo or

more type of ligands in its coordination sphere, If different types of ligand

coordinate to the central metal ion easily i e accommodate the space in

there coordination sphere, the rate of the formation of ternary complexes

will move in a favourable direction and stable complexes will be formed.

When a bulky group is either attached to or present near the donor atom of

a ligand mutual repulsion among the ligands occurs and consequently the

metal-ligand bond is weakened. Thus large bulky ligands form less stable

complexes than do the analogous smaller ligands, This effect is commonly

referred to as steric hindrance (stene effect or steric strain). On the basis of

the above discussion it can be said thaI with the increase in size of the

metal atom, the ligand will coordinate more easily to the central metal ion

to fonn ternary complex. The size of the metal atom is expressed in terms

of atomic radii.

The atomic radii ofCu(IJ) Ni(n~ ;l.lldZn(H) are as follows [110].

Zn(1.25N»CuO.17N» Ni(1.15 A")

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

following order:-

[Ni(AsA)(L)] > [Cu(AsA)(L)] > [Zn(AsA)(L))

For this reason in our present investigation [Zn(AsA)(L)] and

[Cu(AsA)(L)] complexes acquires higher stability than [Ni(AsA)(L)),

Besides of the fact Zn(ll) have coordination number 4 and it follows Sp3

hybrid!zatioll in forming complex [110] i,e. its complex fits into tetrahedral

geometry, It prefers a tetrahedral geometry [lIl] over on octahedral and



square planar, as the ligand-ligand repnlsion is minimum in a tctrahedral

geometry. This is due to the fact that in a tetrahedral gcometly the four

ligands are situated at the four comers of a regular tetrahedron, The

angular distance [112] between them is 109Q28', Ellt in an octahedral and a

square planar structure the ligands are situated at on 90° angle about the

central metal ion. This leads to close proximity of ligands in an octahedral

and square planar structure. Hence octahedral and square planar stnlCture

shows higher ligand-ligandmutual repulsion over the ligand-ligand mutua!

repulsion in a tetrahedral stmcture. The complex of metal ion e.g. Cu (ll)

and Ni(Il) shows square planar and octalledrai geometry. Hence the

complex [Zn(AsA)(L)] undergo higher stability over the stability of

[Cu(AsA)(L)J and [Ni(AsA)(L)]complexes.
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[M(Pyri)(L)] system

Stability constant of tcrnar)' complexes (MAL) type where M =Cu(ll)

Ni(H) and Zn(H), A =P)Tidoxinc(Pyri) and L =glycine(gl)') (t-

alaninc(a-ala), phen)'lalaninc(ph-ala) and tyrosine(tyro).

The analysis of representative species distribution curves (plot of

concentration of various species) as a function of pH (fig-2.2.12 to 2.2.15)

shows that in the pH range 1-3 M(JI) is the Major species. In the pH 3-5

[MAJ, [ML] is the major species and in the pH range 5-7 [MAL] exist. The

percentage of the species [ML21, [MA21 are very less. This indicates that

the formation of [}.1AL] ternary complexes takes place by simultaneous

coordination of A and L with the Metal ion.

M+A+l~Mi\L

It is observed that in all cases of L, l't protonation constant is grater than

the 2"d protonation constant and logKI is grnter than logK2 and this is

expected from statistical consideration. Only two protonation constants of

Pyridoxine could be dctermined. These cOJTespond to those for the

phenolic OH and pyridyl nitrogen (tertiary amine).

It is reported that for the complexes of lM(Pyri)(L)J whl.:rl.:M =Cu(IJ),

Ni(Tl) & Zn(ll), I1JogK value (Table no-2.2.7 to 2.2.9) is less ncgative

even positive for L =ph-ale and tyro than L =gly & a-ala. This is because

of intramolecular interligand interaction. These amino acids are bidentate,

which occupy two equatorial positions or one equatorial and one axial

position. The non-coordinatcd side group of phenyl and hydroxyphenyl of

phenylalanine and tyrosine respectively come over the pyramidal ring of

pyridoxine leading to an intramoleculer stacking interaction [fig-l.5.2(C)].
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Tbis interligand interaction stabilizes the ternaI)' complex landing to less

negative ~logK or positive ~logK.

Another reason for extra stabilization (positive ~logK) of tyrosine complex

is due to hydrogen bonding between the phenolic OH of the side group of

tyrosine and alcoholic a of pyridoxine. However, no sllch H-bonding

interaction is possible for ph-ala, a-ala & gly. This electrostatic H-bondmg

interaction [fig-2.5.2(0)] results stable ternary complex of positive or less

negative ~logK value.

It is also observed that ~logk value is more negative for the Ni(lI)

complexes (Table no-2.2.7) compared to eu(n) complexes (Table no-

2.2.8) in case of glycinc, a- alanine, phenylalanine and t)Tosine. This is

because of Jahn-Teller effect.

'1he complexes [Zn(Pyri)(L)] are more stable as compared to the

[Cu(Pyri)(L)J and [Ni(Pyri)(L)] complexes, whcre L = gly, a-ala, ph-ala

and tyro. This can be cxplained on the basis of the size of metal atom

which involves in complexion. With the increase in size of the metal atom,

the ligand can donate electron pairs more easily to the central metal iOll.

For this, the sterie effect between bulky group of ligand is decreased ill

complex compound and hence more easily it can fonn complexes of

greatcr stability. The size of the atom is expressed in terms of atomic radii.

The atomic radii ofthe Zn (I .25A 0) metal atomsare higher than that of the

atomic radii of ell (1.17 N) and Ni (1.15A")metal atom [110]. For this

reason, in our present investigation the IZn(Pyri)(L)] complexes acquires

higher stability compared to the stability of [ClI(Pyri)(L)]and [Ni(Pyri)(L)]

complexes.
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Besides of the fact that Zn(11) have coordination number 4, and it complex

fits into a tetrahedral stmcturc. It prefers a tetrahedral geometry over an

octahedral or square planar, as the ligand-ligand repulsion is minimum in a

tetrahedral geometry p 11]. This is due to the fact that the four ligands are
situated at the four comcrs of a regular tetrahedron. The tetrahedral angle

is 190°28'. But in an octahedral and a square planar structure the ligands

are situated at a 90° angle about the central metal ion [i 12J. This leads to

close proximity of ligands in an octahedral and a square planar stJUcture.

Hence octahedral and square planar structure shows higher ligand-ligand

nllltual repulsion over ligand-ligand mutual repulsion in tetrahedral

stmcturc. The metal ion Ni(JI) and eu(n) in complex shows octahedral and

square planar geometry. Hence the complex [Zn(Pyri)(L)] undergo higher

stability over the lCu(Pyri)(L)J and [Ni(Pyri)(L)] complexcs.

It is also obscrved that [M(Pyri)(L)] complex is more stable than

[M(As1\)(L)] and [M(Nia)(L)] complexcs. This is because of M -7 N

tertiary amine Jl - interaction. As a result the electron density over the

metal ion is reduced. Thus the (]"-bonding tendency ofL to combine v.ith

[MAf+ is increase. So M -7 A, ~-interaction goes on increase and the

temary complex is stabilized more.
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[M(Nia)(L)] system

Stability constant of ternary complexes IMAL] type where M ::oCu(IJ),

Ni(ll) & Zn(lI), A =Nicotinic acid(Nia) and L =glycine(gly), u-

alanine(a-ala), phcnylalanine(ph-ala) and tyrosine(t)To).

The analysis afthe representative species distribution curves (Fig-2.2.16 to

2.2.18) shows that in the pH range 1-3, meta! iOIl is the major species. In

the pH range 3-5, the species [MAJ [ML] is predominating. In the pH

range 5-7, the species [.MAL] exist.

It is observed that for the complexes of [M(Nia)(L)] where M =eu(H),

Ni(JI) & Zu(II), ~logK value (Table 00-2,2.10 to 2.2.12) is less negative

even positive for L =ph-ala and lyro than L =gly & a-ala. This due to the

fact that intramolecular interligand interactIOn involves in complex. The

/lon-coordinated side group of phenyl and hydroxyphenyl of phenylatanine

and tyrosine respectively come over the pyridyl ring of the Nicotinic Acid

(fig-2.5J(C)] and hence non covalent hydrophobic interaction is possible.

This intramolecular interligand interaction stabilizes the ternary complex,

leading to more positive L'..logKvalues.

Another reason for extra stabilization of tyrosine complex is due to

hydrogen bonding between the phenolic OR of the side group of tyrosine

and carboxylic 0 of Nicotinic Acid (fig-2.5.3(D)]' Howe\lcr, no such H-

bonding interaction is possibk for ph-ala, a-ala & gly. This electrostatic

H-hondillg interaction results stahle ternary complex of positive or less

negative fllogK value.
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It is investigated that for the complexes of [M(Nia)(L)] type the L'llogK

values are more negative in case of Ni(lI) complexes (Table no-2.2.10)

compared to CU(ll) complexes (Table no-2.2.11). This is because ofthc

presence of Jahn-Teller effect.

It is also reported that for the complexes of [M(Nia)(L)] where M '"

Zn(II), L '" gly, a-ala, ph-ala and tyro shovis less negative L'llogK values

Cfable no-2.2.12) as compared to [Cu(Nia)(L)J and [Ni(Nia)(L)J

complexes (Table no-2.2.11 & 2.2, 10) where L "'gly, a-ala, ph-ala & tyro.

This observation can be explained on the basis of the following two

factors:-

(I) Si7,eof the metal atom

(2) Geometry of the complexes.

Ternary complexes are the complexes in which the metal ion has two or

mOrt;:type of ligands in its coordination sphere. If difTerenttype of ligands
•

coordinated to the central metal ion easily i.e. uccommodated the space in

their coordination sphere, the rate of the formation of ternary' compkxes

will move in favorable direction and stable complexes will he formed. On

the basis orthe ahove discussion it can he said that with the increase in si~e

of the metal atom the ligand will eoorditl(lte more easily to the central

metal ion and form stable ternary complex. The size 0rthe metal atom i,

expressed in terms of atomic radii. The atomic radii of Cu(lI), Ni(ll) &

Zn(II) are as follow-

ZII (1.25N) > Cu (1.17 N) > Ni (1.15N)

A mulual repulsion among the ligunds in a ternary complex decreases in

the following order-

[Ni(Nia)(L)J> [Cu(Nia)(L)J > [In(Nia)(L)]
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For this reason, in our present investigation, the [Zn(Nia)L)] complexes

acquires higher stability as compared to the stability of [Cu(Nia)(L)] and

[Ni(Nia)(L)] complexes.

Another reason is Zn(H) has coordination number 4, and it follow

spJ hybridization in fOffiling complexes i.e. its complex fits into a

tetralJedral geometry. It prefers a tetrahedral geometry [Ill] over

octahedral or square planar, as the ligand-ligand repulsion is minimum in a

tetrahedral geometry, This is due to the fact that in tetrahedral the angular
distance between ligands is 109° 28' . But in octahedral and square planar

structure of Ni(l!) & Cu(ll) complexes follows the angular distance of <L-

M-L is 90° . This leads to closely space of ligands which unstabilizes thc

complex.
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UV SPECTRA MEASUREMENT



ELECTRONJC SPECTRA MEASUREMENT

Ultraviolet and visible spectra can give qualitative knowledge of

electronic properties. The ab.,orption of light in the UV, visible region

(200-S00nm) by a metal ion depends on the electronic transition \vithin

the ion and also on the type and strength of ligand to metal bonding.[ 113]

The transition consists of usually nonbonding or bonding orbital to the
"

next higher energy orbital i.e. antibonding 11. In general the ions and

complexes of clements in the first two transition series absorb broad

bands of visible radiation in at least one of their oxidation state:; and are,

as a consequence, colored. Here absorption involves transitions between

filled and unfilled d-orbilal with energies that depend on the ligands

bonded to the melal ions. The energy differences between (he~e d-orbital

(and thus the positions of the corresponding absorption peaks) depend on

the position orthe clement in the periodic table, its oxidation state and the

nature of the ligand bonded to it. In fact a complex may be idcntified by

its absorption characteristics, i, e. based on the po~iti(lns of the maxima

and the minima in the absorption spectrum 1lnd their intensities

(absorbance or molar extinction coefficient values).

Many investigators [114] have carried out rbearch on eleclronic spectra

of metal earbonyls. They have been ;:.rJp;::'~~clthat [Zn(CO)~f is morc

stable than the well-know rNi(C01J].

Absorption spectra of [Ti(H20)6JJ- have been observed by T. M. Dunn et

al. [115]. Absorption of light by [Ti(l-IP)6JJ+ ion involving a ;hill of an

eleClnm from t2~ level to eg level. This transition gives the [Ti(H20)6]3+

ion its purple color.
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According to the \vell-know concept of average environment introduced

by C. K. Jorgensen and R. D. Hancock [116,117], the wave numbers of

the bands of an octahedral complex MA,B6_x will approximately be

obtained by interpolation between the wave numhers of the

corresponding bands of the pure complexes MAoand MB6.

Two geometrical isomers (Cis and Trans) of the complex MA)3] have'

been investigated by Nakamoto et al.[118] . "Ihese investigations have

been carried out by absorption spectra, They proposed that the Trans

isomer is more ,table than the Cis r,omer.

Several investigators [118-120] carried out research work on the charge

transler spcetra of Fe]', [FcCl,] 2' and [FcBr,] 2+ species. rhey observed

that the strong bands moves to longer wavelengths in complexes ofFe3".

a~ the ligand becomes more easily oxidized.

Electronic spectra of the complexcs of oxoanadium (IV) \vith

salicylaldiminc and 2-hydroxy-I-naphthyldiamine were recorded by J',K

Bhattacharya [12Ij.The electronic ~pectrapredicts [hat the comple,es of

oXDvanadium(IV) have "quare pyratnidal structure with coordinating

atoms of the schiff base in the ~quare plane and the oxygen atom ill the

axial position.

Ultraviolet and visible spectral studies of the complexe~ of copper (II)

with 1,10-phenanthroline, catechol and o-phenylenediamine \vere

investigated by J. P. Patel ct al. [122]. These complexes show that the

greater stability of the mixed ligand complex is due to lowering 1Il

repulsion between metal dlI-clectrons and the ligand electrons.
•
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H. Kabir [123] investigated the electronic spectra of the complex of

Cu(H) & Ni(ll) with tryptophane, catechol, glutamic acid. ATP &

malonic acid. The complexes ofNi(TJ) arc more stable than those of the

complexes ofCu(TJ) when one the ligands is tridentate.

Recently Nargis jallan Am [124] investigated the electronic spectra of the

complex ofCu(H), eo(ll) & Ni(TI)with thiamine, riboflavin, glycine and

tl)"ptophans. The complexes of Cu(IT) are more stable than those of the

complexes ofNi(JI) when one of the ligand is bidentate.

In the present investigation, our aim is to observe the electronic spectra of

the compounds of M, [MAJ, [ML], and [MAL] where M= Cu(H), Ni(ll)

and Zn(TJ); A=Pyridoxine and Nicotinic Acid; L= Glycine(Gly). Solution

of[MA], [MLJ were prepared by mixing M(U) and 1\ in 1:1 ratio: M(n)

and L in 1: I ratio. For [MALl, the metal ion and two ligands were mixed

in the ratio 1:J:1. The pH of each solution was adjusted at the optimum

position of the foonation of complexes. Optimum pH for the maximum

formation of complexes was obtained from computer output and species

distribution curves. A Carl Zeiss UV-visible spectrophotumeter, with CM

Quartz cell was used fur the electronic spectral measurements. Electronic

spectra were obtained in the range of 800-200nm in aqueous media. n1e

absorption bands of the complexes in UV region results from d-d, n- IT

and IT- n* electronic transitions. The pattern of maxima, in longer

wavelength which is due to the metal to ligand charge transfer transition.

The IN visible spectra of the samples are shown in fig-2.3.1 to 2.3.15.

The results of electronic spectra measurement are summarized in the

Table-2.3.1
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Tab1e-2.3.1: UV visible spectral data of some Cu(II), Ni(ll) and Zn(Il)

complexes:

Compounds Maximum Wave Length(A,",,)nm

Cu(C104)2 346
Ni(CI04)2 393 I
Zn{CI04)2 214 I
[Cu(Nia)] 241
[Ni(Nia)] 241
[Zn(Nia)] 240
[Cu(Pyri)J 299 241
[Ni(Pyri)] 297 241
[Zn(Pyri)] 294 242

lCu(Nia)(gly)J 773 304
[l\'i(Ni a)(gl y)J I 614 302 I
[Zn(Nia)(gly)] 581 346 297
(Cu(Pyri)(gly)} J21 321
(Cu(Pyri)(gly)] 605 320 I
(Cu(Pyri)(gly)J 600 319
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RESULT & IlISCUSSION

The spectral bands of Cu(ll), Ni(IJ) and Zn(ll) as a metallic perchlorate arc

nl)46nm, 393nrn. & 214nm. The absorption spectra oflMAJ e.g. [Cu(Nia)J,

[Ni(Nia») and (Zn(Nin)] exhibit bands 81 241nm, 241nm and 240nm. The

[MAl exhibits new bend lit lo••••.er wavelength in comparison 10 the spectral

bands of metal perchlorate. The appearance of new band indicates Ihal

Nicotinic Acid(Nia) capable of coordinating with metal.

The absorption spcctmm of free pyridoxine (Pyri) exhibits bands at 236.9nm

llnd 289.1om [121]. On coordination with the melDl ion, the complex of the

type [MAJ e.g. [Cu(Pyri)J, [Ni(Pyri)] and [Zn(Pyri)] shows two bands

individually. lbese absorption bands are 241nm & 291nm; 241nm &

297nm: 242nm & 294nm respectively. The Ilppcarnnce of new band and

shift in 1(-> 11:' transition sho••••'S Ihal then: is interaction between 11orbital of

metal ion and those of Pyridoxine molecule.

It is normally eXflCctcdthat in mixed ligand complex [MAL], Ihe ligand field

created is average of the ligand field in the binary complexes [MAl] and

[MLlJ. However. in the complexes rMAL]. the d-d transition band is at

higher energy than in [MAJ or [ML]. The ligands A(Nicotinic Acid and

Pyridoxine) and L(gly) create stronger field in [MAL] than in [MAl or

(ML]. This leads of greater splitting of d orbitals in [MAL] and dod

lransition band shifts of higher energy region.
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CYCLIC VOLTAMMETRY MEASUREMENT

Cyclic Voltall1111etry (CV) comprises a group of electro-analytical

methods in which information about the analyte derived fom1 the

measurement of current as a function of applied potential. The cell of

cyclic voltammetry is madeup of there electrodes immersed in a solution

containing the analyte and also an excess of a non-reactive electrolyte

called a supporting electrolyte .One of the three electrodes is the working

electrode, whose potential is varied linearly with time. Its dimensions are

kept small in order to enhance its tendency to become polarized. The

second electrode is a reference electrode (commonly a saturated calomel

electrode) whose potential remains constant throughout the experiment.

The third electrode is a counter electrode, which is often a coil of

platinum wire or a pool of mercury that simply serves to conduct

electricity fh)m the signal source through the solution to the

microclectrode. The potential of the micro working electrode is varied

(scanned slowly) and the resulting current is recorded as a function of

applied potential. The recording is called a voltammogram. Cyclic

voltammetry has become an important tool in the study of mechanisms

and rates of redox processes pr.rticularly in organic and in inorganic

systems. Now a-days this electrochemical technique is employed to study

of the coordination chemistry which is the part of inorganic chemistry.

T. A Petersen ct al [125J have carried a piece of research work on

reduction of O2 on the basis of the cyclic voltammetry (CV). At an initial

potential of -9. 75V, the forward scan starts and at -1.15 V, 0) begins to
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be reduced to super oxide (02) ion and the cathodic peak is reached at-

1.25V. The anodic peak is obtained at about -1.25V and the oxidation of

O2 ion back to O2 occurs.

A research work have been carried out on cyclic voltammetry for a

solution of 6.0mM in K.1Fc(CN)6and l.OM in KN03 by I'.T. Kissinger et

al [126J. They observed that a cathodic current is developed at OAV and

at point -o.15V the scan direction is switched.

W.R Heineman el aL[127] prepiired a cyclic voltammogram of the

agricultural insecticide parathion in 0.5 MpH 5 sodium acetate buffer in

50% ethanol.

H. Kabir M,phil research, BUET [123J have studied the cyclic

voltammograms of the complex of [MAL] type where M = Cli (J!) & Ni

(ll) ; A = Folic acid L = Tryptophane, glutamic acid llnd malonic acid.

The cyclic voltammograms indicate the formiition oftemary comrie)...

Cyclic voltammograms ofB1oH1, and HIOHIl -l soilition~ have been

observed by DDnald E, Smith et al [128]. Those voltammograms showed

an irrever~ible Qxidalion wave at about -IAV and a re,ersible couple

centered at about -O.5V. The cyclic voltammetric oxidation waves at -

IAV were characterized by considerable distortion and erratic behavior-

particularly at lower scan rates,

A shift in the half-wave potential of a metal ion in solution in the

presence of an added ligand (anion or neutral molecules) is indicative of

complex formation. 1. j. Lingane [129J observed that the half~wave



potential for the reduction of a metal complex is generally more negative

than that for reduction of the corresponding simple metal ion_

Table"2.4.1: Results of cyclic Voltam1l1etry of copper perchlorate and

their different complexes.

Compound, Eeo E 1>Ep"'Ep, E, L),Ep-(Ep,+ Ep,)!2,
(Anodic) (Cathodic) mY mY

mV mY
Cu(CI04)1 ISO -40 190 I 55

[Cu(T'h-ala)] 180 685 865 252.5

[Cu(l'yri)] 300 I -700 1000 200
fCu(Pyri)(ph-ala) ] 450 -495 945 22.5
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Fig. 2.4.1: Cyclic Voltammogram of [Cu{CIOj),1 system in aqueous media at
platinum electrode.
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In the present investigation eydic voltammograms of complexes of M(ll),

[MA], [ML] and [MAL] type have been studied where M=Cu(II);

'A=Pyridoxine and L= Phenylalanine. Cydil: voitalllmograms of the

Cu(U) wmpk.\.es WI.TC recorded at Pt electrode in allueous media.

Typil:al voltammograms are glVCll 111 fig-2.4.1 to 2.4.4. The

voltammograms were obtained at a scall rate of IOOmY/S for all thc

\'olt~llnmetric experiments stlldied in this work. Solution or [1'vlA], rML]

and lMAL J were prepared by mixing of M(Il), A and I, in 1:1 and I: 1: I _',I
ratio respectively. The pH or cach ~olution was adjLlsted at the optimum

position of the formation of complexes. Optimum pH lor the maximum

formation of complexes was obtained from computer output and species

distrihution Cllrves. The voltammetric characteristics are presented in

Table-2.4.I. The voitamlllograms exhibits one oxidation and one

reduction peak for all the complex compounds and copper perchlorate.

In the above cases the anodic peak potemial of complexes shifted towards

more positive potential from the peak of the metal pcn:hlorate indicate

the formation or the complex compounds ll23]. On the other hand. the

cathodic peak potential of the fornKd comple'xes ~hifted towards the more

negative potential indicate the breakdown ofthc formed complexes. This

is beClluse or the slow transfer of electrons. The slowness is due to the

formation of complex compound~. rile value of L'lEI! l(Lp,,-"Lp,)/2j is the

mean potential indicatc Ihe transition potential betwcen the o"idation and

reduction process.
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Fig. 2.5.1: Structure of (1\) [M(AsA){Gly))
(B) [M(Asl\)(a-ala)]
(e) [M(AsA)(ph-ala)]
(D) [M(AsA)(Tyr)]
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Fig. 2.5.2: Structure of (A) [M(Pyri)(Gly)J
(6) [M(Pyri){u-ala)]
(C) [M(Pyri)(ph-alal]
(D) [M(Pyri)(Tyr)J
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Fig. 2.5.3: Structure of (A) [M(Nia)(Gly)J
(B) [M(Nia)(a-ala)]
(C) [M(Nia)(ph-a.la.)]
(D) [M(Nia)(Tyrlj
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CONCLUSION



Conclusions

Present studies involved an investigation of the coordination behavior of

the complex type [MAL] where A, L are biologically important ligands.

Some amino acid (L) and three different vitamins (A) Ascorbic acid,

Pyridoxine, Nicotinic acid were used as ligands. The metal ions used

C "N.'~ dZ ,~Th . B. dwere U , I , an n. e protonatlOn constant, lIlal)' constant an

Ternary constant have been determined potentiometrically by using

SCaGS computer program. The formation of the complexes has been

confirmed by UV spectral studies and Cyclic Voltammogram. From the

results obtained in this study following conclusion can be drown:

• Ternary complexes [MAL], where L=Trosinc are more stable than

other natural ligands.

• Ternary complexes ofZn and Cu are more stable than Ni complex.

• Pyridoxine form more stable ternary complexes than ascorbic acid.

• Ascorbic acid form more stable ternary complexes than Nicotinic

acid.

A single clystal of tIle complex lCu(Pyri)(a-ala)] is 0::.:~i~"c1.Attempt has

been made to determine the structure of this r.omplcx. For this X-ray

diffraction analysis is essential which is under process.
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