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ABSTRACT

The redox behavior of the metal ions, Cu(ll), Zpéihd Cd(ll) in absence and presence of the
two isomeric ligand leucine and isoleucine weredgd in agueous medium using cyclic
voltammetry. It was found that the redox processthaf respective metal ions is quasi-
reversible and some chemical reaction also occutbeaelectrode surface while electron
transfers. The study also supports that maximueraction of the metal ion occurs at 1:2

mole ratio with the anionic form of the ligand.

Chronoamperometry and chronocoulometry were alstoqmeed to further investigate the
electrochemical process. The result showed thadr dfiteraction the spike height is
decreased, indicating towards a decrease in rateleatrolysis. The charge atis also

decreased when ligand is mixed with the metal wamich indicates that interaction occurs
between metal ion and the ligand. The observatioo the Anson plot indicate that

adsorption of reactant or product occurs at thetdde surface in all cases.

The solid products obtained from the reaction efrtretal ions, Co(ll), Ni(ll), Cu(ll), Zn(ll),
Cd(Il) and Hg(ll) with anionic ligand were characted by different analytical methods.
Both leucine and isoleucine forms 1:2 complexe$ wietal ion, which is confirmed by the
elemental and metal analysis. Thermal analysisreaghat the Co and Ni complex of both
leucine and isoleucine contains two molecules gftatline water. The Cu complex of
isoleucine contains one molecule and the Zn complesoleucine contains half molecule of
crystalline water. The other complexes do not dantmy water of crystallization. The
compounds have high melting temperature and aré¢lyrinsoluble in the common solvents.
But the Ni-leucine, Co-isoleucine, Ni-isoleucinedaDu-isoleucine complexes are soluble in

methanol.

The bonding nature of the complexes was charaetbiiy spectroscopic study. IR spectral
data of the complexes indicate that the metal-tigaonding occurs through nitrogen atom of
NH, group and oxygen atom of CO@Qroup. The shifting of the absorption bands, appga

of d-d transitions and charge transfer bands inUWNeVisible absorption spectrum also
indicates the probability of forming ML coordination bonds in the complexes. The
UV-Visible diffuse reflectance spectral analysioowi that all the complexes have lower
band gap energy, indicating their good conductielgavior. The nuclear magnetic resonance

(NMR) spectral analysis demonstrated that the peakslap with each other. A peak for


Anis
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

-COOH proton appears in the ligand but in the caxpl is not seen. This may be due to

complexation of ligand with the metal ion.

The Differential Scanning Calorimetry (DSC) curvietloe complexes is sharp endothermic.
Therefore, the weight changes monitored by theranogretry involved absorption of
energy. Magnetic susceptibility data of the comptegonclude that all of them are high spin
paramagnetic complex excluding Zn, Cd and Hg corgdevhich are diamagnetic.

Density functional theory (DFT) has been employed dalculating the equilibrium

geometries and vibrational frequencies of the cengsd at B3LYP level of theory using 6-
31G(d) and SDD basis sets. In addition, frontietatalar orbital and time-dependent density
functional theory (TD-DFT) calculations are perfaanwith CAM-B3LYP/6-31+G(d,p) and

B3LYP/SDD level of theories. DFT calculation conis that Co, Ni and Cu complexes form
square planar structure whereas Zn, Cd and Hg atisfoirted tetrahedral structure. Cation-
binding energy, enthalpy and Gibbs free energy eslindicate that the complexes are
thermodynamically stable. UV-Visible and TD-DFT dites reveal that these complexes
demonstrate representative charge transfer andrdnditions bands. The experimental IR
vibrational frequencies and the absorption propsrére very consistent with the calculated
values. The HOMO-LUMO gap of the complexes is daseel from the parent ligand

indicating that metal has a noticeable effect @nftontier molecular orbital energies.
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INTRODUCTION

1.1 General background

The phrase “we are what we eat” is frequently usesignify that the compositions of our
bodies is dependent in large measure on what we kansumed. The many chemical
elements in the human body occur mainly in the fofmvater, proteins, fats, mineral salts
and carbohydrates. Each human body is built up fimod containing these five constituents

and vitamins as well.

Proteins are made of carbon, hydrogen, oxygen @noigan. Some proteins also contain

sulfur and phosphorus. They are particularly imguairtas nitrogenous substances and are
necessary for growth and development of the baatybédy maintenance and the repair and
replacement of damaged tissues, to produce metadnudi digestive enzymes, as an essential

constituent of certain hormongs

Proteins are the most abundant biological macrooatds occurring in cells. The
fundamental component of protein is the polypeptat@in composed of amino acids
residues. Twenty different amino acids are involire@rotein synthesis. They are classified
as essential and non-essential types. When takeriahe human body from the diet, the 20
standard amino acids either are used to synthgsi@eins, other biomolecules, or are

oxidized to urea and carbon dioxide as a souremefgy>.

Transition metals such as Fe, Cu, Zn, Ni, Co, Muehianportant biological functions and
their activity depends on the ability to form coexas with biological molecules. Iron is the
most important metal ion used in hemoglobin for gety transport and as an active site for
many metalloenzymes in animals. Chronic diarrho@a lee a sign of zinc deficiency, and
diarrhoea can lead to excessive zinc losses and adficiency when dietary zinc is
inadequate. Copper is essential to all living oigias as a trace dietary mineral because it is
a key constituent of the respiratory enzyme complgtochrome ¢ oxidase. In humans,
copper is found mainly in the liver, muscle, ancé&oCopper is absorbed in the gut, then
transported to the liver bound to albumin. Afteogassing in the liver, copper is distributed
to other tissues in a second phase, which invalkesprotein ceruloplasmin, carrying the
majority of copper in blood. Ceruloplasmin alsores the copper that is excreted in milk,
and is particularly well-absorbed as a copper sautobalt is the active center of a group of
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coenzymes calledobalamins. Vitamin 1, the besknown example of the type, is
essential vitamirior all animals. Cobalt in inorganic form is als micronutrien for bacteria,

algae and fundi.

All metal ions which have gained access to the husystem in sufficient amount and |
not easily excreted or toxic to an extent; themfoain damage specific organs, affect cel
nervous system or interfere enzyrc process. Thus chelating agents are used in mex
for the formation of soluble, easily excretable ahethelates. Amino acids are well kno
among the chelating agents. Again the metal ions lma present as complexes. M
complexes of amino acidse important in the biological system, for both rtive and
catalytic chemical reactions. In animals, free amatids play an important role in t
complexation of metal ions. The toxicity of sucmsois decreased by chelation. Metals
often transpded as amino acid complexes, which are generaliyemgp@d by comple
equilibria. The binding of metal ions changes tKevalues of amino acids, which can in tt
be used for activation. As well as occurring inlbgical systems, metal complexes «
actudly be used as drugs. The best example herecis-platin, the name given 1
cis-[PtCL(NH3);], which is used in cancer chemotherd®. This is a very simple comple

though there is one drawback: it has a certainesegf toxicityitself.

Leucine and isoleucine are two important isomesgeatial amino acids in humans. Both
important for protein synthesis and many metabhliactions. They are used in assist
wound healing, stimulating immune function, promgtisecretion ¢ several hormones,
synthesis of hemoglobin and regulating blood sagalr energy levels. Leucine also preve

breakdown of muscle proteins after trauma or sestes<>>.

O

H-C
] OH

CH; NH, NH,

Leucine | soleucine

Fig. 1.1:  Structure of leucine (2-amino-4-methylpentanoic acid) and
isoleucine (2-amino-3-methylpentanoic acid)
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Leucine and isoleucine both contains an amino gNjfoup and a carboxylic acid (-COOH)
group in the same carbon which makes them veryngtiggand (chelating agent) to

coordinate with metal ions.

The above considerations together with the sigmifiaole of metal ions in the biological
processes, systematic study of interactions of amatids with metals is necessary. In this
communication leucine and isoleucine complexesoofies transition metals namely Co(ll),
Ni(Il), Cu(ll), Zn(ll), Cd(Il), Hg(ll) are preparedcand characterized by spectroscopic and

electrochemical techniques.
1.2 Biological importance of metal and metal complexes

Metal ions play very significant role in biologicgystems as micronutrients. Many metals are
essential for living organisms. They are vital cam@nts of blood, bones, teeth, body
pigments, nerves, some proteins and enzymes. Tlhangppigments which impact color to
the plants and flowers contains ions like Cu(1B(IF, Co(ll) etc. Metals in living bodies are
mostly coordinated to their chemical species imoithame some of the most important ones;
we have hemoglobin in the red blood corpusclesclwvis an iron complex of porphyrin. The
iron becomes coordinated to oxygen in the lungibotm oxyhemoglobin, which is carried
through the circulatory systems to all body regatezt. The green part of plant have green
pigments called chlorophyll, which is a catalyst floe process of photosynthesis by which

the plant produce food for glucose from carbon @iexand water.

Chlorophyll
CO, + KO " > Glucose
v

Chlorophyll contains Mg as the central metal atamai ring like structure similar to
hemoglobin. Many proteins have metal ions, sucGa#$l), Mg(ll) and Zn(ll) coordinated to
them and are called metalloproteins. For exampigiuun cacinate is present in blood.
Among the vitally important biochemical processdsch are influenced by the metal ions
are:

0] Transmission of the nerve pulses in the animaldsodi

(i) Maintenance of the osmotic pressure in the animelpdant bodies\

(i)  In activation of enzymes

(iv)  Polymerization of protein sub-units

(v) The binding of RNA to ribosome
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(vi)  lon exchange in bones and other semisolid system

(vii)  Phosphoryl group transfer and phosphate bindindivalent Ca, Mg, Mn

(viii) Development of effective control over various carications of essential
components and to check concentrations of toxistamces in the body system to

avoid malignancy of the cell and many other funtio

Manganese: Manganese is a trace element distribute througti@ubody tissues and fluids.
The bone, kidney, liver, pancreas and pituitargugs contain more manganese than others.
Several manganese containing metalloproteins hege tiscovered. Two enzymes pyruvate
carboxylase and superoxide dismutase have beemtadofrom chicken liver mitochondria
and appear to occur in other animal tissue mitodhanas well. Pyruvate carboxylase is
involved in the synthesis of carbohydrates whilpesaxide dismutase is necessary for the

protection of cells from high levels of oxygen reaii*!.

Iron: Iron is the most common transition metal in biglogon is an essential element for
most life on Earth, including human beings by pgptting in a wide variety of metabolic
processes, including oxygen transport, DNA synthesnd electron transport. Most of the
iron (about 75%) in the body is present in the béubd cells, mainly as a component of
haemoglobin. Much of the rest is present in the giglnin, a compound occurring mainly in
muscles, and as storage iron or ferritin, mainlythe liver, spleen and bone marrow.
Additional tiny quantities are found binding pratan the blood plasma and in respiratory
enzymes. The main vital function of iron is in tinensfer of oxygen at various sites in the
body. Haemoglobin is the pigment in the erythrosyiteat carries oxygen from the lungs to
the tissues. Myoglobin in skeletal and heart musatzepts the oxygen from the
haemoglobin. Once the oxygen is delivered the i@s part of haemoglobin) binds the
carbon dioxide which is then transported back ®ltimg from where it gets exhaled. When
red blood cells die, their iron is released andiedrby transferrin to the bone marrow and to
other organs such as the liver and spleen. In tme marrow, iron is stored and used as
needed to make new red blood cells. Iron is algolied in the conversion of blood sugar to
energy. Metabolic energy is crucial for athletescsi it allows muscles to work at their
optimum during exercise or when competing. The petidn of enzymes (which play a vital
role in the production of new cells, amino acidsyrhones and neurotransmitters) also
depends on iron, this aspect becomes crucial duhegecovery process from illnesses or
following strenuous exercise or competing. The esdilt of iron deficiency is anemig"®8l
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Cobalt: Vitamin B, is the name generally used for a group of relatelolalt-containing
compounds, also known as cobalamins, of which cyatalamin and hydroxocobalamin are
the principal forms in clinical use. Vitamin ;B occurs in the body mainly as
methylcobalamine  (Mecobalamin) and adenosylcobalami(cobamamide) and
hydroxocobalamin. Mecobalamin and cobamamide actagmzymes in the nucleic acid
synthesis. Vitamin B substances bind to intrinsic factor, a glycoprote@treted by the
gastric mucosa, and are the actively absorbed thengastrointestinal tract. VitamimBis
extensively bound to specific plasp@teins called transcobalamins. Vitamigp B stored in
the liver excreted in the bile. Hydroxocobalaminmtines with cyanide to form cyano
cobalamin, and thus may be used as an antidotgamde toxicity. Hydroxocobalamin is
reported to be effective in controlling cyanideitity due to nitroprusside infusion and after
exposure to inhaled combustion products in residkfites ™+#.

Nickel: Nickel compounds that possess similar elemental positions but vary in
physicochemical properties can elicit markedly etéint biological effects. The crystalline
nickel sulfides and oxides that slowly dissolvebiody fluids and readily enter cells by
phagocytosis tend to be most active in producingpimalogical transformation of SHE cells
in vitro and stimulating erythrocytosis and carganesis following administration to rats.
Although water-soluble nickel salts have not bdems to initiate carcinogenesis in rodents,
the soluble nickel salts are evidently effectivecascer promoters following initiation of
tumor genesis by aromatic hydrocarbons and nitrogoes. Growing evidence suggests that
the Ni(llI)/Ni(Il) redox-couple facilitates oxygefmee-radical reactions, which may represent
one of the molecular mechanisms for genotoxicihd acarcinogenicity of nickel

compound$-*8.,

Copper: Copper is required for many diverse functions saghmelamin pigment formation,
electron transport, phospholipid synthesis, coltaggnthesis and integrity of myelin sheath.
Copper is a constituent of several enzymes. Coplagis an important role in the catalytic
activity of enzymes like cytochrome oxides whictdargoes cyclic Cu(ll)-Cu(l) transitions
as they participate in carrying electrons to oxydgeopper is also present in the active group
of an important enzyme, Lysol oxides, which makesdross linkage between peptide chains
in collagen and elastin. Ferroxidase | (cerulopiajrand ferroxidase Il are involved in the
oxidation of ferrous to ferric ion. Dopamine-hydyase present in adrenal medulla is a
copper enzyme which converts dopamine to norepmaplby adding oxygen to the beta

carbon atom. Melanocytes and melanoma tissuesroéhibeings contain copper containing
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enzyme called tyrosinase which is responsible felamin formation. Copper influences iron
absorption and metabolism of iron from liver andesttissue stores. Copper containing water
soluble proteins have been separated from brasndisThe cerebrocuprein is one of these
proteins which contain 3% copper. Other copperaiairig proteins are erythrocuprein occur
in RBC and hepatocuprein occur in liver. In aduhls copper content in whole blood is
something over 100 pg per 100 mL. Copper appeals tmvolved in young erythrocytes
formation and any deficiency of copper results aaein animals, if copper is given in place
of iron in liver and spleen hemoglobin synthesisapid. Any deficiency of copper would

results metabolic disord&r*®°

Zinc: Zinc is an essential element in human nutritiomsMof the zinc in the body is in the
skeleton, but other tissues (such as skin and aad)some organs (particularly the prostate)
have relatively high concentrations. Zinc is egseribr the function of a large number of
metalloenzymes including carbonic anhydrase, cagbeptidase, phosphatases,
dehydrogenases and transaminases. Zinc ion alsdveds in the biochemical processes
which regulate protein and nucleic acid synthesid aurnover. Zinc is essential for the
preservation of ribosomal tertiary structure. Imczideficiency, ribosomes tend to unfold.
Unfolded ribosomes do not function as templatespfotein synthesis. Therefore, synthesis
of enzymes such as DNA polymerase, thymine kinasepaoline hydroxylase is decreased.
Nucleic acid synthesis is impaired, cell replicatis inhibited and growth fails. Zinc appears
to be involved in the stabilization of plasma imsullhe plasma insulin concentration is low
on zinc deficient diet. Chronic diarrhoea can mga of zinc deficiency, and diarrhoea can
lead to excessive zinc losses and zinc deficienbgrwdietary zinc is inadequate. Zinc
supplements have been shown to reduce the incidentnsity, or duration of acute
diarrhoea in children in developing countri€towth retardation, loss of appetite and

reduced food intake has been observed in zincidatig*" !

1.3 Toxicity of metals

One of the most serious problems, facing the waoolday is the contamination of the
environment by toxic metals. One area of particultgrest is the detection of heavy metals
and metalloids in environmental matrices, complexatvith chelating agents to reduce the
degree of toxicity, characterization and the elat@h of their pathways through various
environmental compartments. Focalizing on theirdegf toxicity metal and metalloid ions

can be divided into three groups. The metal or hoéda of the first group are toxic at all
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concentrations and have no known biological fumgjahis group includes lead, cadmium
and mercury. The ions of the second group includergc, bismuth, indium, antimony and
thallium; they also have no known biological functs, but are less toxic. However, they are
still toxic if present in more than trace concetinra (ppm level). The final groups includes
essential trace metals or metalloids such as, zogper, nickel, cobalt, manganese, iron,
selenium which are required for various biochemaradl physiological processes are toxic

above certain concentrations.

Manganese: Manganese toxicity produces profound neurologidatudbances similar to
those of Parkinson’s dised$#.. In this condition, metabolism of biogenic amirepears to
be abnormal and seems to be linked to manganesdbatism. The successful treatment of

Parkinsonism with L-dopa also seems to involve gkearin manganese metabolism.

Cadmium: Cadmium is used in a wide range of manufacturingc@sses and cadmium
poisoning presents a recognized industrial hazhmrdalation of cadmium fumes during
welding procedures may not produce symptoms u@titcl36 hours have passed and these
symptoms include respiratory distress leading tionpuary edema; kidney toxicity is also a
feature of acute cadmium poisoning. Ingestion afndam or its salts has the additional
hazard of severe gastrointestinal effects. Cadmhas a long biological half-life and
accumulates in body tissues, particularly the limaed kidneys. Chelation therapy is not
generally recommended for cadmium poisoning, aljhosodium calcium edentate has been
used following acute ingestion. Chronic exposureadmium results in progressive renal
impairment and other effects. An increased incideat cancer of the prostate has been
reported in subjects exposed to high levels of ¢admbut evidence is not conclusive.
Cadmium sulphate has been used topically in somatages for the treatment of skin and
scalp conditions. Cadmium sulphate has been indlutdsome preparations for the treatment

of eye irritation™*.

Mercury: Mercury was an important constituent of drugs fentaries as an ingredient in
many diuretics, antibacterials, antiseptics, skimtroents, and laxatives. The use of mercury
in medicinal preparations has dramatically decre@ases to the toxic effects that it has in the
human body, such as nausea, vomiting, abdominal péody diarrhoea, kidney damage,
and death. Mercury readily forms covalent bondshveitilfur, and it is this property that
accounts for most of the biological propertieshsd metal. When the sulfur is in the form of

sulfhydryl groups, divalent mercury replaces thalrogen atom to form mercaptides,
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X-Hg-SR and Hg(SR) where X is an electronegative radical and R @aein. Organic
mercurials form mercaptides of the type RHg-SR'rddgals even in low concentrations are
capable of inactivating sulfhydryl enzymes and timierfering with cellular metabolism and
function. Mercury also combines with other ligamafsphysiological importance, such as
phosphoryl, carboxyl, amide, and amine groups. Qoganercurial compoundgroduce
similar toxic effects to inorganic compounds, bugyt have a more selective action on the
CNS that has proved difficult to treat. The degoééoxicity varies with the different groups
of organic mercurial’'s; those used as preservatmeslisinfectants. Methyl mercury is
notorious for its toxicity; there have been casé$etal neurotoxicity during outbreaks of
methyl mercury poisoning. Chronic mercury poisonimgy results from inhalation of
mercury vapor, skin contact with mercury or mercaoynpounds, or ingestion of mercury
salts over prolonged periods. The kidneys are dieeoprimary sites for the accumulation of
mercury in the body. All forms of mercury may beitoto the kidney although the inorganic
forms are the most nephrotoxic. In severe casesenfury poisoning chelation therapy may
be required to facilitate the removal of mercumgnirthe body. Chelating agents that may be
used include dimercaprol, penicillamine, succimar,unithiol. Some mercury salts are
effective parasiticides and fungicides. Organic cugal’s such as phenyl mercuric acetate,
borate and nitrate are also used as preserva@iber mercury salts that have been used for
their antibacterial activity include mercuric chtte, yellow mercuric oxide, and mercurous

chloride. Some mercury compounds have been useshireopathic mediciné®.

Lead: Lead poisoning (plumbism) may be due to inorgamiorganic lead and may be acute
or, more often, chronic. It has followed exposweatwide range of compounds and objects
from which lead may be absorbed following ingestmminhalation. Children are often
victims of accidental poisoning and may be vulnkrab chronic exposure to lead from
environmental pollution. Over a period of time leadcumulates in the body and it is
distributed in the soft tissues, with higher coricaions in the liver and kidneys. In the blood
it is associated with the erythrocytes. It is atlposited in calcified bone, hair and teeth.
Lead crosses the placental barrier. It is excrigt¢ke faces, urine and sweat and also appears
in breast milk. Acute effects of lead poisoningluge abdominal pain, diarrhoea, vomiting,
hypotension, muscle weakness, fatigue, abnormar lfunction and acute interstitial
nephritis. Encephalopathy may occur and is morengomin children. There may also be
kidney damage and impairment of mental function.ildeén with elevated lead

concentrations may be symptomatic apart from ietélial deficits and behavioral disorders.
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Organic lead poisoning produces mainly CNS sympidimere can be gastrointestinal and
cardiovascular effects, and renal and hepatic damdgad is absorbed from the
gastrointestinal tract. It is also absorbed byltimgs from dust particles or fumes. Inorganic
lead is not absorbed through intact skin, but dgdmad compounds may be absorbed
rapidly. Lead forms chelate with chelating age@hildren with blood lead concentration
250 nanograms/mL may require chelation therapy. @dium calcium edentate has been

widely used as a means of assessing the needefapty)>*.
1.4 Leucine and isoleucine

Leucine (leu) and isoleucine (ile) both are essé@mino acid used in the biosynthesis of
proteins. Both arei-amino acid, meaning they containsx@mino group (which is in the
protonated —NK form under biological conditions), acarboxylic acid group (which is in
the deprotonated —COUdorm under biological conditions), and a hydrocartside chain,
making them a non polar aliphatic amino acid. They essential in humans, meaning the

body cannot synthesize them and must be obtaioedtie diet.

1.4.1 Food sources and dietary needs. High Leucine and isoleucine foods include
concentrated whey, soy, pea protein, beef, fiskcken, chicken egg, almonds, oats, lentils,
corn, cow milk, beans, cheese, pork, nuts, seafepuhach, asparagus, lettuce (red leaf),
squash, cauliflower, broccoli etc. The recommendaily intake for leucine is 39 mg per
kilogram of body weight or 17.7 mg per pound. Agmer weighting 70 kg (~154 pounds)

should consume around 2730 mg of leucine pet'day

1.4.2 Pharmacology: Leucine is a dietary amino acid with the capaaitylirectly stimulate
myofibrillar muscle protein sysnthesis. This effe€leucine arises results from its role as an
activator of the mechanistic target of rapamycimTQR), a serine-threonine protein kinase
that regulates protein biosynthesis and cell grovducine metabolism occurs in many
tissues in the human body. However, most dietangite is metabolized within the liver,
adipose tissue and muscle tissue. Adipose and etisslie use leucine in the formation of

sterols and other compoun@g.

1.4.3 Toxicity: Leucine toxicity, as seen in decompensate maplgpsyrine disease, causes
delirium and neurologic compromise, and can bethfeatening. A high intake of leucine
may cause or exacerbate symptoms of pellagra ipl@eeith low niacin status because it

interferes with the conversion of L-tryptophan t@ain. Leucine at a dose exceeding
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500 mg/kg/d was observed with hyperammonemia. A$,sunofficially, a tolerable upper
intake level (UL) for leucine in healthy adult mean be suggested at 500 mg/kg/d or 35 g/d
under acute dietary conditiols’.

15 Literaturereview

Cyclic voltammetry (CV) and differential pulse vametry (DPV) were performed with a
glassy carbon electrode (GCE) modified with polygihoic acid (PGA) on the three
dihydroxybenzene isomers, catechol (CT), hydroquen(HQ) and resorcinol (RS)Y. At
bare GCE, these isomers exhibited voltammogram highly overlapped redox peaks that
impeded their simultaneous detection in binary temadary mixtures. On the contrary, at PGA
modified GCE binary and ternary mixtures of theyditoxybenzene isomers showed well-
resolved redox peaks in both CV and DPV experimente resolving ability of PGA
modified GCE proves its potential to the exploitesl an electrochemical sensor for the

simultaneous detection of these isomers.

Electrochemical behavior of catechol (CT), hydrogue (HQ) and resorcinol (RS) was
investigated in KCI, acetate buffer and phosphatieb at glassy carbon electrode using
cyclic voltammetry™. The results implied that the glassy carbon ebeletrexhibited a
synergistic and excellent electro catalytic effectthe redox behaviors of the benzenediols.
CT and HQ showed one pair of redox peaks in acatadephosphate buffer but two pairs of
redox peaks in KCI. In all cases the redox prowess quasireversible. RS behaves almost
irreversibly in all three electrolytic medium. Tleéectrochemical process in all the isomers

was diffusion controlled.

The redox behavior of Z# ion and its electrochemical nature when interacith the

pharmaceutical drug metronidazole was investigaigdG. J. Islamet al. **

. Cyclic
voltammetric (CV), chronoamperometric (CA) and cfocoulometric (CC) technique was
applied for the research. The redox process ohteel ion was found as a combination of

diffusion and adsorption controlled.

The redox behavior of Gliion and its electrochemical nature when interacith the

pharmaceutical drug metronidazole was investigaigdG. J. Islamet al. 4

. Cyclic
voltammetric (CV), chronoamperometric (CA) and clocoulometric (CC) technique was
applied for the research. The redox process ofrtbtal ion was found as a combination of

diffusion and adsorption controlled.
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Rahmanet al. investigated the interaction of Fe(lll) with niaciand pyridoxine by
UV-Visible spectrophotometry and cyclic voltammett. The metal to ligand ratio for
Fe(lll)-niacin system was found to be approximately and in Fe(lll)-pyridoxine system it
was 1:1. The redox properties of uncoordinatedIF&{&(Il) system is reversible at platinum
electrode and in presence of the ligands the sysi@sfound to be quasi-reversible in nature.

In all cases the system was diffusion controlled.

Hasanet al. studied the redox behavior of Cd(ll) and inter@ctof Cd(ll) with cyclic amino
acid, proline, in KCI, NaClQ and acetate buffer of different pH®. The cyclic
voltammogram showed that the system is two elednamsfer process and quasi-reversible.
The heterogeneous charge transfer rate constaet,sl@pe is also reported.

Hossainet al. studied the redox behavior of Zn(ll) and interactof Zn(Il) with aspartic acid
in KCI, NaClQ, and acetate buffer of different ﬂ]rjl]. The cyclic voltammogram showed that
the system is two electron transfer process andigawersible. The heterogeneous charge

transfer rate constant, Tafel slope is also redorte

Electrochemical investigation for the complexatmfiron (Fe) with ascorbic acid (AA) in
agueous medium was carried out by cyclic voltamymetnronocoulometry and differential
pulse voltammetr{*®. It has been established from Job’s plot that FeeBmplex is formed

with 1:1 ratio. The active centre of AA for comp#tion to Fe is calculated by MOPAC
(Semi empirical computation, molecular orbital pagi-PM3) computation. The stability
constant of Fe-AA complex was determined by anadiping voltammetry. The Fe-AA

complex was successfully utilized to detect anditpievely determine trace amount of AA.

The detailed redox behavior of copper-saccharin$@c) complex was examined using the
cyclic voltammertic techniqu&®. It was found that the adsorption process suppsetise

Faradic process of the complex. The effect of tieduction of the secondary ligand, 1, 10-
phenanthroline (phen), pyridine (py) and bipyrid{be) on the redox behavior of the Cu-Sac
complex was studied where these ligands contribatethe charge transfer kinetics of the

complex. The heterogeneous charge transfer rattas were reported.

The redox behavior of manganese system in Mn-SdcMm-Sac-Phen complexes were
studied using cyclic voltametric technique at gyassmrbon electrode (GCE) in KCI
electrolyte®”. The CV of Mn-Sac solution is more or less simtiarthat of uncoordinated

Mn. The presence of secondary ligand phenanthralaages the CV of Mn system largely
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compared to those of uncoordimated Mn and Mn-She. redox system was irreversible in

mn-Sac and quasi-reversible in Mn-Sac-phenantte@omplex.

The electrochemical redox behavior of Fe(ll)/Fg(#ystems formed during the oxidation of
complexes [Fe(@H44NOsS)(H,0)4].2H,0 (Fe-Sac) and [Fe(@4NOzS)(CiHsgN2)].2H,0
(Fe-Sac-Phen) have been investigated using cyoltammetry in the aqueous medidfH.
One pair of well defined cathodic and anodic peakpeared for the transfer of single
electron in the Fe-Sac complex. The electrode powas found irreversible. In the presence
of secondary ligand, 1,10-phenanthroline (Fe-Samiptomplex), the redox behavior was
guasi-reversible. The effect of pH on the redoxawédr of iron system was studied in acetate
buffer.

The electrochemical redox behavior of Mn(Il)/Mn(I'8ystem at different environment have
been investigated using cyclic voltammetf§). Two pairs of well defined cathodic and
anodic peaks appeared for transfer of two electionsvo separate steps. The electrode

process was diffusion controlled. The effect of@ithe redox system was also studied.

Electrochemical redox behavior of Fe-Vig Bomplex was investigated in HEPES buffer in
the pH range 5.1-13.1 using cyclic voltammét®y Well defined anodic and cathodic peaks
were observed in the voltammogram at pH 13.1. ABgH only one cathodic peak and at pH
5.1, only one anodic peak was found. At all the y@itues, the system was deviated from

reversible behavior.

Electrochemical oxidation of iodide and bromide Hasen studied in the presence of
benzoylacetone in dilute acetic acid medium usinglic voltammetry at carbon

24 At graphite paste and glassy carbon electrodes itidide/iodine and

electrodes
bromide/bromine systems showed reversible redoxtioa involving transfer of two

electrons. In presence of benzoylacetone the @ddiroduct iodine/bromine, undergone
chemical reaction to produce halo-derivatives. 8w process provides a route of

electrochemical synthesis of 2-iodo and 2-bromobglazetone in an undivided cell.

Cyclic voltametric (CV) studies of Cu-aspartic a@dmplex were carried out at glassy
carbon electrode in acetate buffer meditith Widely separated cathodic and anodic pair of
peaks was observed in the potential window -10500@0 mV. The electrode process was

diffusion controlled.
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Pervaizet al. synthesized amino acid derivative Schiff base égction of leucine with
salicyldehyde in basic mediulif!. The Schiff base was used as a ligand which wasted
with Co, Mn, Cu and Cd metals in order to form #stable complexes. The synthesized
ligand and metals complexes were characterizedldiyental and different spectroscopic
tools i.e. FTIR, Mass spectrometry and NMR. All gwunds including ligand and
complexes were also engaged with different badtéEseheria coli, Staphylococcus aureus,
Bacillus subbtilis) and fungal strainsA{ternaria alternate, Aspergillus flavus andAspergillus
niger) in order to check the inhibitory action of tittedmpounds. The results showed that the

metal complexes have greater antimicrobial acésithan ligand.

The synthesis and structural characterization dlttoll) complexes of amino acid Schiff
bases was prepared from salicylaldehyde and thremoaacid (valine, leucine and
isoleucine) in basic mediurf”. The metal complexes was synthesized by treatimg a
ethanolic solution of the ligand with appropriatacunt of metal salts [1:2] [M:L] ratio. The
synthesized Schiff bases and their metal compléage been investigated on the bases of
elemental chemical analysis, FTIR, electronic spéctH NMR, **C NMR, MS, molar
conductance and magnetic susceptibility measurem@&hte electronic spectrum of the metal
complexes and their magnetic susceptibility measardgs suggest octahedral structures are
the probable coordination geometries for the isalatomplexes. The Schiff bases and their
metal complexes were preliminary scanned agaimsbu& strains of microbes to study their

biological effect.

Amino acid Schiff bases with ester function K(RI&H,O (1), K(Rile)-2HO (2),
K(Rhis)-HO (3) (Rleu, Rile and Rhis represent the SchiffebasDL-leucine, L-isoleucine
and L-histidine, and ethyl-ketocyclopentylcarboxylate) were dhesized by

A. Angosoet al. %81, Compounds 1, 2 and 3 were characterized by H NRERtroscopy. The
copper(ll) complexes, Cu(RI§uH,O (4), Cu[Ril€]-H.O (5) and Cu(Rhi¥ 2H,0 (6), were
obtained with the N-deprotonated Schiff bases (RRie’ and Rhi§. The COO stretching
bands in their IR spectra suggest that the carlatxyhcts as a monodentate group when
binding with copper. The temperature dependend¢heotusceptibility for 6 may be fit to the
Curie-Weiss expression= 0.32/(T-26.2) emu mdlK™* The dehydration process of 6 leads
to the anhydrous compound, enthalpy (53+2 kJ%nahd activation energy (82+5 kJ rifpl

V. J. Tonoyan et al. reported that salicylider®,L-tyrosine ethyl ester and

Cu(Il(SalTyrOEtY were synthesized, characterized, and cbagaking antioxidant and
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prooxidant reactivities determined in a 'Za2oisobutyronitrile initiated linoleic acid
peroxidation reactioff”. Kinetics of oxygen consumption were found to benparable to
the antioxidant reactivity of 2;@itertiary-butyl-4-hydroxytoluene, due to efficient removal of
linoleic acid peroxyl radical with the formation bifioleic acid hydroperoxide, LOOH, and
correlate with the presence of tyrosyl phenolic @dups. Copper in Cu(ll)(SalTyrOkt)
accounts for prooxidant reactivity, catalyzing remo of LOOH, except at low
concentrations when its antioxidant properties datd. It is concluded that

Cu(Il(SalTyrOEt) is a unique antioxidant with prooxidant reactivity

G. S. Grigoryaret al. studied the catalytic activity of Co(ll) ion ansbleucine complex on
decay of cumene hydroperoxide in aqueous sollifbriThey presents the results of a study
of catalytic decomposition of ROOH under the influe of [Colle]” complex with
composition 1:1, which is formed in the system*Co lle + ROOH + HO, and kinetic
parameters of the reaction at the temperature ra@g8e353 K. Amino acid (Ac) and metal
ions M(Il) do not cause decomposition of ROOH safsy, which occurs at their jointly
presence in the reaction solution with the formmataf complexes [MAC] in alkaline
medium. Because of catalytic action of the formenhglex on ROOH the latter decomposes
into oxygen and corresponding alcohol.

Mixed ligand Th(IV) complexes of the type [M(2NO3.H,O] have been synthesized using
8-hydroxyquinoline (HQ) as a primary ligand andawd/or O- donor amino acids (HL) such
as L-alanine, L-phenylalanine, L-serine and L-timesas secondary ligands'. The
electrical conductance studies of the complexé&ir at 10° M concentration indicate their
non-electrolytic nature. Room temperature magngtisceptibility measurements revealed
diamagnetic nature of the complexes. Electroniogdi®n spectra of the complexes show
intra-ligand and charge transfer transitions, respely. The thermal analysis data of the
complexes indicate the presence of a coordinatedrwaolecule. The tube dilution method
has been used to study the antibacterial activitthe complexes against the pathogenic
bacteriaS aureus and E. coli. The results have been compared against thoserdfot
tetracycline, which was screened simultaneously iaditate mild antibacterial activity of
the complexes. The representative complex has s@eened for cytotoxicity (l§g) studies
againstEhrlich ascites cells andDaltons lymphoma ascites cells and shows low cytotoxic

activity.
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Mixed ligand Ni(ll) complexes of the type [M(Q)(2H.O] have been synthesized by using
8-hydroxyquinoline (HQ) as a primary ligand andasd/or O- donor amino acids (HL) such
as L-serine, L-isoleucine, L-proline, 4-hydroxy-tepine and L-threonine as secondary
ligands!®?. The metal complexes have been characterizedeohasis of elemental analysis,
electrical conductance, room temperature magnaticeptibility measurements, spectral and
thermal studies. The electrical conductance studfighe complexes in methanol at™1¥
concentration indicate their non-electrolytic natur Room temperature magnetic
susceptibility measurements revealed paramagnetiaren of the complexes. Electronic
absorption spectra of the complexes show intraztigaharge transfer and d-d transitions,
respectively. The thermal analysis data of the dergs indicate the presence of coordinated
water molecules. Tube dilution method has been tesstlidy the antibacterial activity of the
complexes against the pathogenic bact€ialiphtheriae, S. aureus and C. albicans. The
results have been compared with those of controldgcline, which was screened

simultaneously and indicated mild antibacterialvatyt of the complexes.

Farid khanet al. reported the voltammetric reduction of Zn(ll) ugib-lysine, L-ornithine,
L-threonine, L-serine, L-phenylglycine, L-phenylaiae, L-glutamic acid, L-aspartic acid
and vitamin B (biotin) at pH 7.30 + 0.01 and | = 1.0 M NaGl@t 25 and 35 °3. The
nature of the current voltage curves was quasisiéher and diffusion-controlled. Zh
formed1:1:1,1:1:2and1:2:1complewith these drugs as confirmed by the Schaap
and McMaster method. The sequence of the staloitistant of L-lysine < L-ornithine < L-
threonine < L-serine < L-phenylglycine < L-phenwglaine < L-glutamic acid < L-aspartic
acid complexes can be explained on the basis obitee basicity and steric hindrance of
ligands. The values of the stability constant (B)gvaried from 2.13 to 11.37 and confirm
that these drugs, i. e. L-amino acids or in conmtimnawith vitamin B or their complexes,
could be used against Zntoxicity. The thermodynamic parameters such akadoy (AH),
free energy AG) and entropy chang@&§) are also reported. The kinetic parameters k. t
transfer coefficiento), degree of irreversibility)}, diffusion coefficient (D) and standard
rate constant (k) were calculated. The values @bnfirmed the symmetric nature of the
‘activated complex’ between oxidants and reluctemtresponse to the applied potential
between the dropping mercury electrode and soluritanface.

Six ternaryo-amino acid copper(ll) complexes of the generainiaia [Cu(AA)(B)(H:O)](X)
(1-6), where AA is L-leu = L-leucine (1-3) or L-ite L-isoleucine (4-6), B is a N,N-donor
heterocyclic base, viz. 2,20-bipyridine (bpy, 1, 4)10-phenanthroline (phen, 2, 5) and
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dipyrido [3,2:20,30-f] quinoxaline (dpq, 3, 6) axd= CIO, / NOs have been synthesized,
characterized, and their DNA binding and cleavagivity studied™*. The bpy and dpq
complexes of L-ile (4,6) have been structurallyreloterized by X-ray crystallography. The
complexes show a distorted square-pyramidal (4 €u)sO, coordination geometry. The
one-electron paramagnetic complexes display a @nd Ibear 600 nm in water and show a
cyclic voltammetric response due to a Cu(ll)/Ce@yple near -0.1 V (vs. SCE) in DMF-0.1
M TBAP. All complexes are 1:1 electrolytes. Bindimgeractions of the complexes with calf
thymus DNA (CTDNA) have been investigated by abBorp emission, viscosity and DNA
melting studies. The phen and dpg complexes am lawviders to the calf thymus DNA,
giving an order: (3,6) (dpq) > (2,5) (phen) (1,8pY). The bpy complexes do not show any
apparent binding to the DNA and hence show poor idAavage activity. The phen and dpq
complexes (2,3,5,6) show efficient oxidative clegwaof pUC19 supercoiled DNA (SC-
DNA) in the presence of the reducing agent 3-meogappionic acid (MPA) involving
hydroxyl radical (OH) species, as evidenced from ¢tontrol data showing inhibition of
DNA cleavage in the presence of OH radical querssheiz. DMSO, mannitol, Kl and
catalase.

Voltammetric technique was used to study the birearg ternary complexes of cadmium
with L-amino acids and vitamin-C (L-ascorbic acad)pH = 7.30 £ 0.0ly = 1.0 M KNG; at
25°C and 35°C by F. Khaat al B%. Cd (Il) formed 1:1:1, 1:1:2 and 1:2:1 complexeihw
L-lysine, L-ornithine, L-threonine, L-serine, L-pidglycine, L-phenylalanine, L-glutamic
acid and L-aspartic acid used as primary ligand$ rascorbic acid used as secondary
ligand. The trend of stability constant of compkexeas Llysine < L-ornithine < L-threonine
< L-serine < L-phenylglycine < L-phenylalanine <glutamic acid < L-aspartic acid which
can be explained on the basis of size, basicitysa@dc hindrance of ligands. The values of
stability constant (log) varied from 2.23 to 11.33 confirm that these @rug. L-amino
acids or in combination with L-ascorbic acid oritreomplexes could be used against Cd(ll)
toxicity. The study has been carried out at 35°b a@b determine the thermodynamic
parameters such as enthalpy charide)( Free energy changA®) and entropy changa$)
respectively.

Fatma M. Elzawawy determined the stoichiometriditityg constants for La(lll) and Y(III)
L-serine complexes by potentiometric methods atedght ionic strengths adjusted with
NaClO, and at different temperaturBf. The overall changes in free energyf), enthalpy
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(AH®) and entropy AS") during the protonation of L-serine and that acpanying the

complex formation with the metal ions have beeruatad.

S. S. Khaloo and his coworkers investigated thetelehemical behavior of cysteine at a
chemically modified electrode prepared by incorfingacobalt(ll) phthalocyanine [Co(ll)Pc]
into carbon paste matrix by cyclic voltammetry apdtentiometry*”. The modified
electrode showed high electrocatalytic activity aoav cysteine; the overpotential for the
oxidation of cysteine was decreased by more thah ¥, and the corresponding peak
current increased significantly. The electrocatalprocess was highly dependent on the pH
of the supporting electrolyte. The peak currentsye@sed when the pH was raised to 6 and
totally disappeared at pH 7, resulting from the autocatalytic oxidation ofsteine by
Co(IlPc at the electrode surface. Therefore, atvplies of 6 to 8, the modified electrode
was used as a potentiometric sensor for quangtatigasurement of cysteine in the presence
of oxygen in air saturated solutions. In fact, ®e(ll)Pc/Co(I)Pc couple acts as a suitable
mediator for indirect oxidation of cysteine by dik®d oxygen at approximately neutral pH
values. Under the optimized conditions, the potenétric response of the modified electrode
was linear against the concentration of cysteindénrange of 0.6M to 2 mM. The limit of
detection was found to be QuM. The potentiometric response time wdS$ s. The electrode
showed long term stability; the standard deviatadnthe slope obtained after repeated
calibration during a period of two months was 2.8% 7). Application of the electrode in a
recovery experiment for the determination of cysteadded to a synthetic serum sample is

described.

A copper complex of isoleucine, molecular formulaGH12NOy,),, is synthesized in water-
ethanol medium and characterized by elemental asisalf¥TIR, UV-Visible spectroscopy,
thermogravimetric analysis (TGA), reflectance asmly conductivity measurement and
theoretical structure determinati6fl. The complex is soluble in methanol and decomposed
before melting. The conductivity measurement cahetl that this complex is weak
electrolyte. Optimized structure of the synthesizerqGH;.,NO,), complex is square planar
calculated by DFT level of theory.

Metal complexes of the essential amino acids leuaimd methionine, [M(L.kD),], [where
L = leucine and methionine), M = Ep Ni**, C/**, Zr?*, Cf"], have been prepared from the
reaction of chloride salt of transition metal wishdium salt of the amino acf®. The

complexes have been characterized by means ofeadfrspectrum and atomic absorption
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analysis. The IR spectrum and atomic absorptiodyaisashowed that amino acids act as
bidentate ligands. IR spectroscopy confirms thandycoordination to the metal ions through
carboxyl and amine groups. The prepared complexas poor solubility in water and in the

common organic solvents.

The stability constants of & Mn?* and UQ*" complexes with isoleucine were determined
by paper electrophoretic technig®. Present method is based upon the migration pba s
of the metal ions on a paper strip at differentgbif background electrolyte. A graph of pH
against mobility gives information about the binagmplexes and permit to calculate their
stability constants. The first and second stabdiystants of [Cu(ll) — isoleucine], [Mn(Il) —
isoleucine] and [Ug(Il) — isoleucine] complexes were found to be (&@07; 6.43+£0.03),
(3.87+0.11; 2.61+0.06) and (7.91+0.13; 5.73£0.04y fCu(ll), Mn(ll) and UQ(II)

complexes, respectively at ionic strength 0.1 Maifid a temperature of %5.

The dissociation of L-serine orthophosphateL)Hand its complexation reactions with
calcium(ll) and magnesium(ll) have been studiecbbgentiometric titration at 37C in the
0.15 molL™* potassium nitrate medium and (with the exceptiboatcium(ll) complexation)
in the 0.15 moll* tetraethylammonium bromide medidfh. A least squares interpretation of
the data has yielded dissociation constants felc End equilibrium constants for the
formation of the 1:1 metal-ion complexes MH, MHL, and ML. In addition the dimeric
species BL,, MHsL,, and MH,L, are consistent with the data and equilibrium camist for
their formation have been determined.

The binary and ternary metal complexes of Cu(lf &m(ll) with some amino acids (leucine,
isoleucine and serine) as primary ligand and pyosphate (PP), adenosine-5"-triphosphate
(ATP), as secondary ligand have been studied poteatrically at 35°C and a constant ionic
strength (1.0 mol dMKNO3) *?. The formation of various binary and ternary coempgs has
been inferred from the corresponding titration estvThe Irving and Rossotti titration
technique has been applied to determine the foomatonstants corresponding to various

complexation equilibria.

A new series of potential ligands N-[benzoylaminotomethyl]-amino acid (HL) were
prepared by the reaction of benzoylisothiocyanatk various amino acids namely histidine,

alanine, phenylalanine, serine and cystéfieThe ligands were characterized by IR, UV-Vis
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and NMR spectra. The MInH,O complexes of these ligands [M = Cu(ll), Co(l1)i(IN]

were isolated and have been characterized by U\aNisIR spectrum.

The heat effects of complex formation between n{the cobalt(ll), cadmium(ll), and
zinc(ll) ions and L-serine in aqueous solution owee ionic strength range 0.25-0.75
(background electrolyte KN§pwere determined calorimetrically at 298.15*%. The heats
of dilution of solutions of metal nitrates with atbns of the background electrolyte were
measured under identical conditions for the intohidun of the corresponding corrections.
The thermodynamic characteristics of complex forombetween @ transition metals and
L-serine were calculated. The results were analymedg the Herny theory. The complex-
forming ability of transition metals in reactiongtvthe ligand was characterized with the use
of the Irving-Williams series.

The preparation of platinum(ll) complexes contagnirserine using KPtCl,] and KI as raw
materials was undertakéf’. The cis-trans isomer ratio of the complexes in the reaction
mixture differed significantly depending on whetlidrwas present or absent in the reaction
mixture. One of the two [Ri{serN,O),] complexes(-ser =L-serinate anion) prepared using
Kl crystallizes in the monoclinic space group&2; with unit cell dimensiong = 8.710(2)

A, b=9.773(3) A,c=11.355(3) AZ = 4. The crystal data revealed that this complexaa
cis configuration. The other [Ri{serN,0);] complex also crystallizes in the monoclinic
space group R2;2; with unit cell dimensionsa = 7.0190(9) A, b = 7.7445(6) A,
c=20.946(2) AZ = 4. The crystal data revealed that this complexdteans configuration.
The®*Pt NMR chemical shifts ofrans-[Pt(L-serN,0),] and cis-[Pt(L-serN,0),] complexes
are -1632 and -1832 ppm, respective?Pt NMR and HPLC measurements were
conducted to monitor the reactions of the two LR&rN,0),] complexes with HCI. Both
19pt NMR and HPLC showed that the reactivity'sctd andtrans-[Pt(L-serN,0),] toward
HCl are different. coordinated carboxyl oxygen asorof trans-[Pt(L-serN,0),;] were
detached faster than those és-[Pt(L-serN,O),].

A series of metal(ll) complexes have been syntleessizy the reaction of chloride salts of
magnesium, calcium, iron, cobalt, copper and ziitb amino acids, DL-alanine, L-glutamic
acid and leuciné*®. Complex formation occurred at the proximal sitdsthe carboxyl

moiety and the alpha amino nitrogen by 1:2 stoict@tysic reactions which were also
confirmed by elemental analysis and FTIR data. irfe#al complexes of DL-alanine and
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L-glutamic acid are water soluble while metal-lexeccomplex has solubility in DMSO. The

purposed structures of complexes were confirmed BIMR studies.

The solid complexes [CogE10NO.S)], [Ni(CeH10NO,S)], [Cu(CsHioNO,S)] and
[Fe(GH1oNO,S)] were obtained from the reaction of cobalt(ll)ckel(ll), copper(ll) and
iron(ll) salts with the potassium salt of the amiacid deoxyalliin (S-allyl-L-cysteinelf’.
Electronic absorption spectra of the complexestyal of octahedral structures. Infrared
spectroscopy confirms the ligand coordination t® mietal ions through (COPand (NH)
groups. EPR spectrum of the Cu(ll) complex indisadeslight distortion of its octahedral
symmetry. MOssbauer parameters permitted to idetti# presence of iron(ll) and iron(lll)
species in the same sample, both of octahedral ggepnirhermal decomposition of the
complexes lead to the formation of CoO, NiO, CuQl &e0O; as final products. The
compounds show poor solubility in water and in ¢benmon organic solvents. Based on the
chemical and spectroscopic results the followinigestatic structure for the complexes is

proposed.

A series of complexes of Cu(ll) with essential amatids have been prepared with formula
[M(L) 2]** (where L = L-asparginine, L-histidine, L-lysind)he complexes were synthesized
and characterized by elemental chemical analysdestrenic and infrared spectrum. IR

spectroscopy confirms the ligand coordination ® itietal ions through carboxyl and amine

groups*®.

Unsymmetrical mixed ligand metal complexes of Hg(land UQ(I) with 2,3
dihydroxypyridine (DHP) and amino acids glycine y{glalanine (ala), valine (val) and
leucine (leu) have been synthesiZ&d All synthesized complexes were characterized by
analytical and spectral studies i.e. elementalyaiglelectronic, IR and thermal (TGA, DTA,
DSC) spectral studies. On the basis of characteizdata UQ(Il) complexes possessed six
coordinated octahedral geometry while Hg(ll) compk possessed four coordinated
tetrahedral geometryn vitro antifungal activity of the complexes was examingdiast the

fungi F. moniliformae and R. solani by using food poison technique.

Synthesis and identification of some metal commeakthree amino acid namely glycine,
alanine and valine was done by Obaid and his cosvef¥’. The complexes were prepared
by reacting the three amino acids with the metatiloride by using 50% ethanolic solution
and 50% distilled water in the molar ratio [1:1]1:0M:Gly:Ala:Val). The prepared
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complexes identified by using physical propertiteane atomic absorption and conductivity
measurements, in addition, mass, FTIR and UV-\esggectrum as well magnetic moment
data. The general formula of the complexes is N (Ala)(Val)].H.O where M(ll)
represent Cu(ll), Zn(ll), Cd(ll) and Hg(ll). The @Y complex has the formula
[Co(Ala)(Val)(OH,),] and the Ni(ll) complex has the formula Na[Ni(Af&(al)Cl].H,O. Each

of the glycine, alanine and valine behave as antéde ligand which is coordinated through
the oxygen atom of the carboxyl group (-Cp@nd the nitrogen atom of the amino group
(-NH>). The suggest geometry of the metal(ll) complexebe octahedral except the Ni(ll)
complex is square pyramid geometry. The antibaadtanid antifungal activity of the products

were also studied.

Metal(ll) coordination compounds of glycine and pylalanine were synthesized and
characterized using infrared and electronic spsctpic, and magnetic susceptibility
measurement§*. The complexes were tested for antimicrobial égtiagainstBacillus
subtilis, Staphylococcus aureus, Methicillin ResistantSaphy-lococcus aureus (MRSA),
Escherichia coli, Pseudo-monas aeruginosa, Proteus vulgaris and Candida albicans. The
stoichiometric reaction between the metal(ll) icasd ligands in molar ratio M:L (1:3)
[where M = Mn, Co, Ni, Cu and Cd; L = glycine, pgtaianine] resulted in the formation of
five-coordinate square pyramidal dinuclear geomébryboth copper complexes and six-
coordinate octahedral geometry for the other corgde The spectroscopic and magnetic
moment data suggested that the ligands coordinédeloth their amino and carboxylate ion
moieties. The complexes demonstrated better desvagainst one or more of the tested
microbes than acriflavine, the standard drug used.

Using potentiometric titrations, UV-Vis, IR and spsion diagrams, it appeared that the
simplest amino acid Glycine (Gly) is not reactimgai simple manner at all with the copper
metal ion (C@") in aqueous solutions at®5°?. The potentiometric measurements indicated
that C§* released a net of two protons (3thto the solution. Free Gly released one proton
(H") into the solution from the single ammonium gro@m the other hand, when Glycine
hydrochloride (Gly.HCI) was used instead of freey,Gboth the carboxylate and the
ammonium groups released their protons. Upon thetign of C3* with Gly.HCI in any
molar ratio, a net of four protons or more wereeaskd into the solution; one” ftom the
carboxylic acid group, the second from the ammongoup and the additional two protons
from the Cd*-aqua ligands. The proposed solution species aagvpd agreement with what

has been shown in the literature.
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Palladium(ll) complexes with Schiff bases liganasgived from salicylaldehyde and amino
acids (Ala, Gly, Met, Ser, Val) have been synthediand characterized by FTIR, UV-Vis
and H-NMR spectroscop{?®. The electrospray mass spectrometry (ES-MS) speetry
confirms the formation of palladium(ll) complexes 1/2 (M/L) molar ratio. All the Pd(Il)
complexes [Pd(SalAlg)Cl,, [Pd(SalGIy)Cl,, [Pd(SalMet)]Cl,, [Pd(SalSep)Cly,
[Pd(Salval}]Cl,; have shown antibacterial activity against Grarsi{pee bacteria
Saphylococcus aureus and Gram-negative bacteiacherichia coli.

The antibacterial properties of differently copp@d cobalt amino acids complexes on agar
plates were investigated in the present stifly The antibacterial activity of amino acid
complexes was evaluated against on three bactesiass Escherichia coli, Bacillus cereus,
Micrococcus luteus). Generally, the amino acids complexes were maiciive against gram-
positive organisms, species likdicrococcus luteus being the most susceptible strain tested.
It was registered a moderate antibacterial activagainst Bacillus cereus. The
microorganismsEscherichia coli, which are already known to be multi-resistantdtags,
were also resistant to the amino acids complexesalba to the free salts testétscherichia

coli were susceptible only to the CgGind copper complex with phenylalanine. The

complexes with leucine and histidine seem to beenamtive than the parent free ligand
against one or more bacterial species. Moderatwitgctvas registered in the case of
complexes with methionine and phenylalanine. Frdwda tomplexes tested less efficient
antibacterial activity was noted in the case of ptaxes with lysine and valine. These results
show that cobalt and copper complexes have an aatdibial activity and suggest their

potential application as antibacterial agents.

Metal complexes of N-phthaloyl glycine with Cu(1Bg(l), Cd(ll), Hg(ll), and Pb(ll) have
been prepared in aqueous methanolic soltitthriThe complexes have been characterized by
elemental analysis, thermogravimetric analysis (D&(), and mass, infrared and H-NMR
spectrum. Infrared spectrum were detected conagrrilme final residual of the thermal
decomposition of all the N-phthaloyl glycine comyss. N-phthaloyl glycine (Gly) molecule

coordinated to the metal ions through its carbaxgtoup.

The interactions of transition metals cobalt(I)damckel(ll) ions with the amino acids L-

threonine (L-thr), L-proline (L-pro) and L-lysind{ys) in aqueous solution have been
studied by using visible spectroscopic meth8d On addition of amino acids to the aqueous
solution of the metal ions, a change in the visibfgectrum is observed due to the
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replacement of the water molecules from the coatthn sphere of the aquo-complex
[M(H »0)¢]?* by the amino acid molecules.  [M®)g]*" + L = [M(H-O)sL]?* + H,O (where

M = Co(ll) and Ni(ll); L = L-threonine, L-prolineral L-lysine). The equilibrium constants
and the change of Gibbs free energy’ of the water exchange process at room temperature
have been determined. For Ni(lly®-amino acid systems the equilibrium constants have
been determined for five variable temperatures &8 K) and the corresponding

thermodynamic parametetss®, AH® andAS° have been calculated.

Synthesis of vanadium(V) complex containing L-pHalanine and synthesis of
vanadium(V) complex with aspartic acid is discusSéd The complexes are obtained as
coloured microcrystalline products. These newlytsgaized complexes are insoluble in
agueous medium and in organic solvents. The coreplexe air stable. The presences of
ligands such as peroxide £0, phenylalanine (§4::NO,), aspartic acid (§4/,NO,) are
confirmed from qualitative tests in the respectivenplexes.

Seven novel metal complexes of the second-generajinolone antibacterial agent
enrofloxacin with MA*, Fe*, Cd*, Ni#*, zn**, Cdf* and UQ?* have been prepared and
characterized with physicochemical methods andaigft, UV-Vis and nuclear magnetic
resonance spectroscopied. In the resultant complexes, enrofloxacine acts dsdentate

deprotonated ligand bound to the metal throughpyredine oxygen and one carboxylate
oxygen. The central metal atoms are six coordingité slightly distorted octahedral

geometry. Molecular modeling calculations have beeriormed in order to propose a model
for the structure of M, F€" and UQ*" complexes. The antimicrobial activity of the
complexes has been tested on three different nmiganisms. The complexes exhibit better

or equal inhibition in comparison to free enrofloixa

Some transition metal complexes of phenylalaninegemeral formula [M(GH10NOy)2];
where M = Mn(ll), Co(ll), Ni(ll), Cu(ll) and Zn(ll)were prepared in aqueous medium and
characterized by spectroscopic, thermo-gravimetfi€s) and magnetic susceptibility
analysis®®. Density functional theory (DFT) has been emplogattulating the equilibrium
geometries and vibrational frequencies of thoseptexes at B3LYP level of theory using
6-31G(d) and SDD basis sets. In addition, frontreslecular orbital and time-dependent
density functional theory (TD-DFT) calculations aperformed with CAM-B3LYP/6-
31+G(d,p) and B3LYP/SDD level of theories. DFT cddtion confirms that Mn, Co, Ni and

Cu complexes form square planar structure wheraasddpts distorted tetrahedral geometry.
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The metal-oxygen bonds in the optimized geometgllafomplexes are shorter compared to
the metal-nitrogen bonds which is consistent withrevious study. Cation-binding energy,
enthalpy and Gibbs free energy indicates that thesglexes are thermodynamically stable.
UV-Vis and TD-DFT studies reveal that these comgdedtemonstrate representative metal-
to-ligand charge transfer (MLCT) and d—d transiidsands.

Complex of iron(lll) with saccharine, [Fe{840sSN),CI] has been prepared in aqueous
medium'®®. The IR and electronic spectral analysis suggesbtedtwo saccharine molecules
were attached to the metal ion through N atom #medet was no chemically coordinated
water or crystalline water in the complex moleculbe complex was paramagnetic. The
cyclic voltammertic study indicated a quasi-revalesielectron transfer process due to the

presence of iron in the compound.

Ehsanet al. showed that, tris(2-aminoethyl)amine, tren, waacted with Co(ll), Ni(ll),
Cu(ll) and zZn(ll) in presence of ammonia and insgrece of 4,4’-bipyridyl separately in the
aqueous mediufi*. In all preparations ClQion was added as counter ion to get the solid
product. The general formulae of the prepared cergd are [M(tren)(NEJ](ClO,4), and
[M(tren)(C10HsN2)](ClOy),. Elemental analysis, IR, UV-Visible spectral arsedyhas been
used to characterize the compounds. They alsotezpdrvalues from powder photographs.
Molecular modeling of the compounds gives idea altoel structures. Bonding pattern of all
the compounds indicate slightly distorted trigobadyramidal geometry. Because of steric
hindrance of three five membered rings within matad the ligand, tren, the equatorial plane
of the trigonal bipyramid is inclined towards thigpodal ligand.

Ehsanet al. reported that, pyridoxine or VitamingBeacts with Fe(lll), Mo(VI1), Cd(ll),
Hg(ll) and U(VI1) in aqueous medium to produce salidble compound&. The compounds
were characterized by using elemental analysis dathIR and UV-Visible spectroscopic
techniques. Conductance behavior of the agueousi@oland the thermal decomposition
nature of the complexes were also studied.

Ehsan and his coworkers prepared solid complexes@gting tripodal ligand, tren with
Ag(l), Cd(ll), Hg(ll), Zr(1V) and U(VI) in ethanolmedium®®. Ag(l) and Cd(ll) formed

simple five coordinated compounds and others prediwtouble salt like compounds. The
bonding pattern of the compounds was assigned edkis of IR and UV-Visible spectral

analysis. The molecular model suggested spherisgihgmetrical trigonal bipyramidal Ag
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and Hg-compounds, slightly distorted trigonal bgyidal Cd-compound and slightly

distorted octahedral U-compound.

Mixed ligand complexes of saccharin and 4, 4-babyirivith Co(l1), Ni(Il), Cu(ll) and Zn(ll)
were synthesized in the aqueous medi®ftn Elemental analysis, IR and UV-Vis spectral
analysis were used to characterize the compoumdm powder photographs d-values were
reported. Molecular modeling of the compounds sstgge slightly distorted octahedral

geometry.

A copper complex of the loganf-N-oxalyl-a,p-diamino propionic acid, (ODAP), was
synthesized in aqueous medilff}. The empirical formula [Cu1sN-Os).2H,0] has been
suggested by elemental data. The bonding naturdéas assigned by UV-visible and IR
spectral analysis. The d-values from powder diffosc photograph were reported. A
distorted octahedral geometry was suggested by amlale model. A diffusion controlled

redox process of the metal ion was confirmed byicyoltammertic analysis.

Ehsanet al. has showed that pyridoxine or Vitaminy Bfter neutralization with calculated
amount of base (NaHCG{Preact with Mn(ll), Co(ll), Ni(ll), Cu(ll) and Zr() ions in aqueous

medium to produce complexé®!. The Cu-complex is different from the others is it
chemical composition, solubility, precipitation pess, and also in its IR and UV-Visible

spectrum.

Metal aspartates of general formula MHgNO,).xH,O where M = Ni, Cu, Zn, Cd reacts
with 2, 2-bipyridyl in the aqueous medium to produce mixegand complexes of
stoichiometry M(GHsNO,)(C1oHsN2).xH20 7. The compositions of the complexes were
confirmed by comparing the elemental analysis datam the IR spectral analysis it was
found that the bonding pattern of the metal aspesteemains same even in the presence of
secondary ligand 2, 2 bipyridyl. Thermal and conulity properties were also studied.

Tris(2-aminoethyl)amine, tren, has been reactet @it(lll) and Fe(lll) in ethanof®. The
complexes were characterized by elemental analgata, IR and UV-Visible spectral

analysis data.

Isothiocyanato complexes of first row transitiontate with quadridentate tripodal ligand,
tris(2-aminoethyl)amine, tren, were prepared andaratterized by elemental and

spectroscopic  analysis®®. The empirical formulae of the complexes were
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[M(tren)(NCS)](SCN), where M = Mn(ll), Cu(ll), NiJ and Zn(ll). In Co-compound,
chloride ion remains as counter ion. The S@x bonded to metal through the N atom. X-

ray powder pattern of the complexes were also studi

Ehsanet al. reported that DL-aspartic acid reacts with Mn(@p(lIl), Ni(ll), and Pd(ll) to
give stable complexe®. It forms 1:1 complexes with Co(ll) and Ni(ll) wieeboth the
carboxylic acid group remain deprotonated and Brhlexes with Mn(Il) and Pd(Il) where

at least one carboxylic acid group is protonated.

Ehsan prepared mixed ligand complexes, M(ASP)@Q.H M= Hg(ll) and Pb(ll),
ASP = DL-aspartic acid, L = 2:Bipyridyl and 1,10-phenanthrolifé. The complexes were

characterized by elemental and spectral analysis.

Mixed ligand complexes of Ni(ll), Cu(ll), Zn(ll) ah Cd(ll) aspartates with 1,10-
phenanthroline have been prepared and charactéffzebhe composition of the complexes
was confirmed by comparing the analytical data. ¢beplexes were thermally stable. The

spectral analysis of the complexes also reported.

Thiamin hydrochloride reacts with mercuric chloride aqueous solution to produce a
crystalline compound having the stoichiometry ;Elg(C12H1sN40S) [”®. The compound
crystallizes in the triclinic space group. The taysstructure consists of two structurally
different types of mercuric chloride species, §8lg]* (dimer) and [HgCl:g)* (tetramer) and
thiaminium cations [GH:1gN4OSF" (ratio 1:1:2). The thiamin moiety was directly bed to
a Hg atom of the tetramer through the hydroxyl @tygtom of the thiazolium side chain and
additionally to a Hg atom of the dimer through thrgrotonated N atom of the pyridinium

ring.

EPR and ENDOOR spectrum of the trigonal bipyramictgdper compexes with sulfur and
nitrogen donor tripodal ligands were studied in fitezen conditiod’®. The results showed
that unlike the tbp copper complexes with nitrogafy donor tripodal ligands, the unpaired
electron orbital is not 4, but largely deviated to,gly, or dhoxo, Which is rather similar to

those of the tetragonal copper complexes.

DL- aspartic acid has been reacted with Cr(lll) &edlll) in the aqueous mediul?. The
stoichiometry of the compounds were GiIN O,4)(OH) and
Fe(GHsNO4)(OH)(NGs).2H,0. The IR spectral studies suggested that in Carteie both
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the carboxylic acid groups are in the deprotonatate and participate in bond formation
with metal ion and in Fe-aspartate at least ong g@up remains in the protonated state. The
Fe-aspartate was further reacted with neutral igah10-phenanthroline and 2,2’-bipyridine
to give Fe(GHsNO4)(C12HsN2)(OH)(NO;) and Fe(GHsNO4)(CioHsN2)(NO3).

DL- aspartic acid reacts with Zr(1V), Ru(lll), P{) and U(VI) in the aqueous medium and
produces complex compounds of stoichiometry ZrBiBlO,)CI.2H,0,
RU(GHsNO,)CL.2H,0,  Pt(GHgNO,):CL.3H,0 and UQ(C4HsNO,).2H,0 . The
composition of the complexes were confirmed by eletal analysis and characterized by

spectral and thermal analysis.

Ehsan et al. synthesized metal complexes of L-glutamic acid gdneral formula
M(CsH7NO,).2H,0, M = Co(ll), Ni(ll), Cu(ll) and Zn(ll) in aqueousnedium”. The
compounds were chartacterized by elemental, spetttemmal, analysis. Both the carboxylic
acid group are in the deprotonated state and peatecin the bond formation with the metal

ion. The d-values of the complexes have also begorted.

Ehsan!™® reported the signals of protons and nitrogenshin ENDOOR spectra of the
trigonal bipyramidal copper complexes [Cu(tren)@NECIO,), and [Cu(tren)(NCS)](SCN)
have successfully separated by taking the ESR rgpettthe same sample at two different
microwave frequencies and taking ENDOOR spectritha@tsame positions of ESR spectra.
The NH protons in the complexes were identified by thecpss of deuteration, and tentative

assignments of other protons have also been sghjest

Ehsanet al. prepared the complexes of L-proline with Cd(Il)dakig(ll) in aqueous
medium . Elemental analysis suggest the stoichiometry bé tcompounds as
(CsHgNO,)CdCh.H,O and (GH9NO,)HQ.Cls. Spectroscopic and structural analysis suggest
that in both compound the ligand remains intact estdins its zwitterion form. The Cd
compound crystallizes in the orthorhombic systerthvgipace group R2:,2; and the Hg

compound crystallizes in triclinic system with spagoup P1.

DL-aspartic acid reacts with Zn(ll), Mo(VI), Hg(land Pb(ll) in aqueous medium to give
complexes  with  stoichiometry  ZngBsNO,).3H,O,  (MoOs3)(NH4)(CsHsNO,),
Hg(CsHsNO,).H,0, Pb(GHsNO,).0.5HO and Pb(GHeNO,)NOs.2H,0 B%  These
complexes have been characterized by elementaysisand their IR, NMR, UV, thermal

and electrolytic properties studied.
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Haideret al. prepared the complexes of DL-aspartic acid withflizuCd(1l) and Hg(ll) in
agueous medium to give complexes of stoichiometryu(GgHsNO,).4Y2H,0,
Cd(C4HsNO4).H,0 and HgGl(C4H/NO4).H,0 B, Spectral and other evidences suggest that
both the carboxylate groups in the ligand are depated in the Cu(ll) and Cd(ll) complexes

whereas in the Hg(ll) compound the aspartic ligaandains intact in its zweitterionic form.

Several compounds of 8-hydroxy quinoline e.g. 4HNO)4..H,O, RuCh(CoHegNO).
CoH/NO, HgNG(CoHeNO), TI(CoHeNO) and UQ(CH3COO)L(CoH/NO), have been
prepared and characterizEd. It was suggested that in some cases 8-hydroxyotine is
bonded with metals as anionic ligand while in otb@ses it remains neutral and may either
be bonded with metals or remains in the latticdaut any direct interaction with metals.

Niacinamide forms metal complexes of general fdam{M(CesHsN2O)]Cl;; where

M = Mn(ll), Co(ll), Ni(I1), Cu(ll) and Zn(ll) in the aqueous mediufff’. The complexes were
formulated by comparing the experimental and cateual data for C, H, N and metal. The
UV-Visible, FTIR spectral analysis and thermo graetric analysis (TGA) of these
complexes have been studied. Magnetic susceptihilues indicate that all complexes
except Zn complex are paramagnetic in nature. €tdex properties of the metal ions in the
Mn, Cu and Zn complexes have been studied by tbkccyoltammetric techniques. In all

cases the systems were quasi-reversible.

Cd(Il), Hg(ll) and Pb(Il) were reacted with nicatimide and nicotinic acid (VitamingBin

the aqueous medium to form 2:1 compf¥ The solid products obtained were formulated
by comparing the experimental and calculated dataCf H, N and metal. The complexes
were characterized by UV-Visible and FTIR specaralysis. The absence of any crystalline
or coordinated water in the complexes was confirmogdhermogravimetric analysis. The

complexes were weak electrolyte as indicated by dmeluctance behavior.

Metal complexes of niacin (3-pyridine carboxyliaddovere prepared in the aqueous medium
and characterized by different physico-chemicalhmés®®. On the basis of the elemental
analysis the empirical formula of the complexesehheen proposed as [FeGNO,)Cl.,
[Co(CeH4NO,)]CI, [Zn(CeH4NO,)]CI, [Cd(CsH4NO,)]CI, and [Hg(GH4NO,)]CI. IR spectral
data indicate that the metal-ligand bonding octlursugh nitrogen atom of aromatic ring and
oxygen atom of COQyroup. UV-Visible spectrum showed that Fe(lll) aal(Il) complexes
show d-d electronic transition in addition #e»7*, n—n* and n—oc* transitions. QSTG
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analysis data strongly supported the absence adrwablecules in the complexes and the
weight of the residue corresponds to the respectietal oxides. The redox properties of
Zn(Il), Cd(I1) and Hg(ll) in their complexes areudied by cyclic voltammetric techniques.
The charge transfer process was not reversible.

Mamun and his coworkers showed that, cystene forasl complexes of general formula
[M(CeH10N204S,)]; where M = Mn(Il), Co(ll), Ni(ll), Cu(ll), Zn(l), Cd(ll), Hg(ll) and
Pb(ll) in the aqueous mediul#’. Before reacting with metal salts the ligand sohutwas
neutralized by NaHC®solution. The complexes were formulated by conmgatihe C, H, N,
S and metal analysis data. The prepared compleges ehharacterized by UV-Visible, FTIR
spectral analysis, magnetic susceptibility, cyebtammertic analysis.

Some 1:2 metal complexes of DL-methionine were gmeg in aqueous mediufif’. The
empirical formula of the complexes were proposef{@sHioNO,S)LM]; where M = Mn(ll),
Co(Il), Ni(ll), Cu(ll), Zn(ll), Cd(ll) and Hg(ll). The complexes were characterized by
magnetic susceptibility data, IR, UV-Visible spattanalysis. The redox behavior of the
metal ion the complexes was studied by cyclic voiteetric analysis.

Two compounds were prepared by reacting tris(2-agthyl)amine, (tren) with Cu(ll) and
Zn(ll) in the ethanol medium .
[Cu(CGsH18N4)(NO3)]NO3 and [Zn(GH1sN4)(CIO4)]CIO4. IR, UV-Visible spectral analysis

was used to characterize the complexes. The dwaleee calculated from X-ray powder

The empirical formula was proposed as

photographs. Molecular model calculation indicadétorted trigonal bipyramidal structures
for the complexes. The cyclic voltammertic analygiges the redox process of the respective
metal ion in the complexes to be diffusion congall

Triethylenetetramine was reacted with Cr(Ill), ae(lll) in ethanol mediunf®. The solid
crystalline complexes were formulated by comparfdg H, N, M analysis data. The
complexes were characterized by UV-Visible and piecsral analysis. The molecular model

calculation suggested theans geometry for the complexes.

Triethylenetetramine was reacted with Co(ll), Ni@nd Cu(ll) in ethanol mediui®. In
each case the solid crystalline products were pitatéd out after adding SCMounter ion.
The complexes were formulated by comparing C, HyIN\nalysis data. The complexes were
characterized by UV-Visible and IR spectral analysihe molecular model calculation

suggested th&zans geometry for the complexes.
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1.6 Resear ch plan

The multifunctional activity of many metal complexbas been found to be essential for
living organisms. Attempt have been made in thesgmework to systematically study the
leucine and isoleucine complexes of transition teetaorder to get greater insight about the
amino acid-metal interactions which could help talerstand the role of metal ions in the
biological processes. Purpose of the present wtal @cluded the preparation of metal
complexes of leucine and isoleucine in solid phesa to characterize these using different
conventional methods and study their various pioggein order to establish the nature of
metal-amino acid interactions. The present studiesassociated with the following areas of
interest:

() Studies of the metal-ligand interaction electrociuaity in solution.

(i)  Synthesis of metal-leucine and metal-isoleucinmmlexes of some transition
metal such as Mn(ll), Fe(ll), Fe(lll), Co(ll), NIl Cu(ll), Zn(1l), Cd(11), Hg(ll)
and Pb(ll).

(i)  Elemental analysis of the complexes to determiag #mpirical formula.

(iv)  Studies of various physical properties such asingelpoint, solubility etc. of
these complexes.

(v) Investigation of spectral properties like IR, UVMR to help characterization of
the complexes and also to find out various stratti@atures of bonding.

(vi)  Thermal analysis of the complexes to determinentiogle of decomposition, to
understand the bonding nature between the diffespaties of the molecules,
composition of the end product and the nature efithter molecule present in the
compounds.

(vii)  Theoretical studies of the complexes.

(viii)  Based on the results obtained from the differamdies undertaken in the work, to
propose possible structures of the complexes.

(ix)  Antimicrobial activity of the complexes.
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STUDY OF METAL-LIGAND INTERACTION IN
SOLUTION

2.1 Introduction

Electrochemistry is the branch of physical chemjishat studies the relationship between
electricity, as a measurable and quantitative pimamon, and identifiable chemical change,
with either electricity considered an outcome qdaaticular chemical change or vice versa.
These reactions involve electric charges movingveeh electrodes and an electrolyte (or
ionic species in a solution). Voltammetry is thareh of electrochemistry which refers to the
measurement of current that result from the apipdinaof potential. In voltammetry,

information about an analyte is obtained by meagutine current as the potential is varied.
The analytical data for a voltammertic experimeoines in the form of a voltammogram

which plots the current produced by the analytswethe potential of the working electrode.

Cyclic voltammetry (CV) has become an important amdely used electro analytical
technique in many areas of chemistry. It is ofteaduto study a variety of redox processes, to
determine the stability of reaction products, thespnce of intermediates in redox reactions,
electron transfer kinetics and the reversibilityaafaction. CV can also be used to determine
the electron stoichiometry of a system, the diffastoefficient of an analyte, and the formal
reduction potential of an analyte, which can beduae an identification tool. In addition,
because concentration is proportional to currentaimeversible, Nernstian system, the
concentration of an unknown solution can be deteechby generating a calibration curve of
current vs. concentration. In cellular biologystused to measure the concentrations in living

organisms. In organometallic chemistry, it is usedvaluate redox mechanisms.

Chronoamperometry (CA) and chronocoulometry (CQ) #re classical electrochemical
techniques frequently used in electro analyticanaistry. Applications of this technique
include measurement of electrode surface areaysibifi coefficients, concentration, and
kinetics of both heterogeneous electron transfactiens and chemical reactions coupled to

electron transfer, adsorption, and the effectineetivindow of an electrochemical cell.
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2.2 Experimental
Materials, methods and equipments

The results of any analytical chemistry dependhenpturity of chemical used, the calibration

of the instruments and the accuracy of the metlapg$ied. Impure chemicals, non calibrated
instruments, wrong method does not give the aceuaaid precise result. So, pure and
branded chemicals should be used in analyticalggscThe instruments should be calibrated
before use. The sources of different chemicals,nbuments and brief description of the

methods used to study the metal-ligand interaciendescribed below.

2.2.1 Chemicals:All chemicals, solvents and ligand used in the weete analytical grade
obtained from E. Merck of Germany, British Drug KHeu(BDH) of England and Sigma-
Aldrich Chemical Co. of USA. Nitrogen gas manufaetuby BOL, Bangladesh. Water used

in all of the experimental processes was de-ionized

2.2.2 Methods and equipmentsDifferent electro analytical techniques are usedhis
work. The theories, experimental setup of the tephes are described on the basis of some
standard books and articl€5%,

2.2.2.1 Cyclic voltammetry: Cyclic voltammetry (CV) is a type of potentiodyniam
electrochemical measurement. In a cyclic voltamynetperiment, the working electrode
potential is ramped linearly versus time. Unlikelimear sweep voltammetry, after the set
potential is reached in a CV experiment, the wayk@hectrode's potential is ramped in the
opposite direction to return to the initial potahtiThese cycles of ramps in potential may be
repeated as many times as needed. The currerg atattking electrode is plotted versus the
applied voltage (that is, the working electroded¢eptial) to give the cyclic voltammogram
trace. The potential waveform and the resultingammmogram of such a process are shown
in Fig. 2.1. A key feature in understanding CV noeths the relationship between the
potential applied to an electrode and the resultngent is measured against the applied
potential. If the polarizable electrode is at eidpuilm with the solution in which it is
immerged, it will exhibit a potential invariant Witime and related thermodynamically to the

composition of the solution.
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Fig. 2.1: Cyclic voltammetry waveform and voltammogam

An electrochemical system containing species “Ofclwhs capable of being reduced to “R”

at the electrode can be represented by the follpwerersible electrochemical reaction.

O + ne —— R

Nernst equation for the reversible reaction is gilg

0.059 CCs
log
n CRs

where, E = Potential applied to the electroderBStandard reduction potential of the couple

vs reference electrode, n= no. of electrons inwblire the redox reaction, °C= Surface

concentration of species “O”%¢= Surface concentration of species “R”.

The parameters collected from a cyclic voltammogisnathodic peak potential (& anodic

peak potential (i), cathodic peak current,{), anodic peak currenty).

A redox couple in which both species rapidly exgeelectrons with the working electrode
is known to be an electrochemically reversible ¢euphe formal reduction potentiap Eor a

reversible reaction is centered betwegpdad E..

Epe + Epa

pc
E, =
2
The number (n) of electrons transferred during\ensble reaction is determined from the

separation between peak potentiaAE, = By - Ea = 0.059/n V
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Thus a one electron process exhibitsE of 59 mV for a reversible couple. Slow electron
transfer reaction or irreversibility of electroramisfer reaction increaseg B excess of 59
mV. In this case the reaction is kinetically cotigd. The peak current both{iand },) for a.
reversible reaction can be express by the Ran8kgcik equation.

i, = 2.69*16 n”* ADY2 C VM2

where, ) = peak current in ampere, N = electron stoichiayek = area of the electrode in
cn?, D = diffusion co-efficient in cfs®, C = concentration of the species in moltm

According to the RandlesSevcik equation the peakentiis proportional to the square root
of scan rate and is directly proportional to theaamtration of the electro active species.
Since the Randles Sevcik equation is valid for lx#thodic and anodic peaks, the ratio of

currents is unity for a reversible system.

The heterogeneous charge transfer rate constdot, teversible system can be calculated by

using the following equation.
e = NFAC,

where, jc = cathodic peak current (in ampere) n = numbel@ttron involved in the reaction
(electron stoichiomerty), F = Faraday constant (@8oulombs), A = area of the electrode
surface, €, = concentration of the species “O” (md)Land k = charge transfer rate
constant (cm¥).

For irreversible systems, the charge transfer catestant kcan be calculated by using the

following equation.
Eoc = BEyp - b(0.52 - U21loghb/D -logk;s + 1/2logv

where ¢ = cathodic peak potential (V),1k= half wave potential (V), D = Diffusion
coefficient (cnis™), b = Tafel slope = 2.303 RAN.F ; o = transfer coefficient, N= number
of electrons involved in the rate determining sRps molar gas constant = 8.314ol™,

T = Temperature (K), v = scan rate yand k = charge transfer rate constant (¢jns

(Ep)2 — (Bo)1 = (2.303RT/N,F) logV(vi/vy)
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where, (E), and (k)1 are peak potentials at scan ra; and \ respectively
The diffusion coefficient of a system can be calted by using the expressi
ipc = 2.99*16 n (@N,)"? A D2 C V2

where j. = cathodic peak current (ampere), n = total nundfeelectrons involved in th
reaction,a = transfer coefficient, , = number of electrons involved in the rate detemgi
step, A = area of the electrc surface (crf), D = Diffusion coefficient (cr’s?), C =

concentration of the electro active species (n%) and v = scan rate ().

2.2.2.2 Chronoamperometry and chronocoulometry: The electrochemical excitation
both the chronocoulometric archronoamperometric techniques is a potential spgpiea
suddenly to an electrode. The response of theretietreaction is a current decay with tir
In chronoamperometry the curr-time curve is the measured response. In chronoceily
one measurethe integral of the curre-time response i.e. the cha-time curve. Because of

the basic similarity of the two processes, theycargsidered togethu

In chronoamperometry, a potential step is appleethé working electrode and the result
currenttime response (current response or chronoamperggrammeasured. As ma
transport under this condition is solely by diffusj the -t curve reflects the change in t
concentration gradient in the vicinity of the sedaThis involves a gradual expeon of the
diffusion layer associated with the depletion of tkactant, and hence decreased slop ¢
concentration profile as time progressThe double potential step chronoamperom

experiment is illustrated iFig. 2.2.

I‘I'I
(]
I
Jipoyled

Potential
m
m
|
o
N9

Jlpouy

Time Time

Fig. 2.2: Chronoamperometry potential waveform and the current respons
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The current decays with time as given by Cottreliaion: i = nFACEF n” t
where, n = number of electron transferred, F = #@ys constant, A = electrode area,

D = diffusion coefficient, C = concentration of tbkectro active species.

The chronoamperogram shows a current spike follolaed gradual decay in current. The
spike is due to the initial electrolysis of specighe electrode surface and decay is due to

the diffusion of species to the electrode surface.

The forward step, i.e the transition from initigtential (E1) to first step potential (E2) att =
0, is that the electrode must instantly reducentie¢al from higher oxidation state to lower

one.
M+ e — MMD*

For a period, it causes a buildup of the reduced product irréiggon near the electrode.
However, in the second phase of the experiment aftdhe potential returns to E1, where
only the oxidized form is stable at the electro@ibe ionic radical produced by reduction
cannot coexist there; hence large anodic curresiings in magnitude.

In a chronocoulometry experiment, the total chgf@gthat passes during the time following
a potential step is measured as a function of tifhes obtained by integrating the current, i,
during the potential step. For a well behaved systdiffusion only), the charge observed
following a potential step to a point significantiyore negative (for a reduction) of th B

described by the integrated Cottrell equation, kmas the Anson equation.
Qu= 2nFAGD* ™ t*

The double potential step chronocoulometry expemms illustrated in Fig. 2.3or a

diffusion-only redox system. Potential step progsaim chronocoulometry are identical to
those used in chronoamperometry. The most obviduardage of recording charge rather
than current is that Q increases with time follogvan potential step, reaching a maximum at

the end of the step, where the most meaningfulr@xpatal data generally is observed.
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Fig. 2.3: Chronocoulometry potential waveform and the chargeespons:

Signal-tonoise improvements also result as the integratioth® current signal tends
“smooth” the randm noise contained in the signal. Hence, chronaeoatry is preferre:
over chronoamperometry for the measurement of reléet area (A) and diffusic
coefficients (D).

The enhanced signal observed in chronocoulomety adakes it the better technique
measurement of the kinetics of chemical reactiatiswing electron transfer. In the doul
potential step experiment illustrated in the presidigure, the reduced form of the rec
couple still in the vicinity of the electrode folling the forward «©p can be re-oxidized to
the original material during the reverse potentislep. As was the case
chronoamperometry, the signal observed in the sevstep is less than that seen in
forward step. The charge for a chemically and edetiemically rversible species on the

reverse step is given by
Q= 2nFAGDy” t 12 + (t1)"-t¥]

The values for charge measured at a time equ#2 tafter each step (designate, and Q in
the Fig. 2.4 for such a system would yield a charge rati (2t) / Q (t)] equal to 0.414.
Chemical reactions coupled to the electron transfftrcause this ratio to deviate from t

theoretical value.
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Fig. 2.4: Chronocoulometric charge

For example, if the reduced form of the specieslpced by the forward potentistep decays
to an electranactive species (Re— P), the charge observed on the reverse potetda
(Qr2) will be smaller than that for the uncomplicateabe. Values for k, the homogene:
rate constant for the follc-up reaction, can be obtained ngiworking curves derived f

varying values of.

As was the case in chronoamperometry, a changkeirapplied potential of the workir
electrode will always be accompanied by a rearnavege of the ions in the double lay
leading to a contribution the signal from capacitive current. Since the aurre integratec
over time in chronocoulometry, the charge due ®dapacitive current will still be part
the total at the end of the step. The fact théakes a very short amount of time aftee
potential step to charge the double layer does.eliew allow the user to easily distingu
between the double layer charge, and the charge due to diffusiony. If the total charge
for the forward step, Qequal to (Q + Q.), is plotted as a fution of 1 a straight line is
obtained for a kinetically uncomplicated systemhwan intercept equal to. and a slop of
2/100DCAFnN2, and a slope 2nFAGDy*t ™ . This is due to the double layer charging be
essentially “instantaneous” following thpotential step while the charge arising fr
diffusion requires time for the electro active cament to reach the electrode surface

react.

Perhaps the most important application of the aobconlometric technique is ti
determination of surface corntrations of adsorbed electro active species, dageg I'o.

Following a forward potential step of sufficient gmitude, electro active material that
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adsorbed to the surface is instantaneously elgetdl The charge resulting from tl

reaction, Qqs being faradic in nature is given
Qadsz n F AFO

with T having units of mol/c® and other variables their usual meaning. The tharge

observed (forward step) is now giver
Q = Qu+ Qust Q.= 2nFAGDy ™ t% + n F AT+ Qc

When adsorbethaterials are present, the intercept of the Ansonbggcomes the sum 0Of,gs
and Q While it is possible to ascertain a value fc; and thus (345 by running a “blank”
electrolyteenly experiment, these measurements cannot acburateount for chang

brought about by adsorption. A more suitable mefioodhe determination of 4gs.

Anson plots (Fig. 2.5) are prepared for both thevéwd and reverse potential steps, wit
vs t¥2 being plotted for the forward step ar; vs [ + (t-1)"-t"] for thereverse. For the case
where the original material is adsorbed but thetedde product is not, the difference in
intercepts of the two plots directly yields,ys Fig. 2.5 shows Anson pl¢ for the forward
potential step for a n-adsorbed analyte (left) and for a douptdential step experime

involving a preadsorbed material (righ

t1|"2_ ms
Qs

=
= =
s -
= Lok
= =
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(]
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0
0 t1"r2, ms 0 1/2

R

Fig. 2.5: Linear chronocoulometric charge
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2.2.2.3: Instrumentation of electrochemical analysi The electrochemical analysis was
studied with a PC controlled electrochemical armadymade by CH instruments at

Department of Chemistry, University of Dhaka, Battgsh.

The main instrument for voltammetry is the potesitid, which applies the desired potential
to the electrochemical cell (i.e. between a worletertrode and a reference electrode), and a
current to voltage converter, which measures tlsaltiag current. The current is typically
displayed on a recorder as a function of the agpi@ential. The current required to sustain
the electrolysis at the working electrode is preddoy the auxiliary electrode (counter

electrode).

Fig. 2.6: Computer controlled potentiostat used irelectrochemical analysis

The electrodes used in the present study were,
0] Working electrode is a glassy carbon solid disktetele.
(i) Ag/AgCI (standard KCI) electrode as reference etelsd.

(i) Counter electrode is a Pt wire.

Large supporting electrolyte concentrations areegg&ry to increase solution conductivity.
As electron transfers occur at the electrodes, stifgporting electrolyte will migrate to
balance the charge and complete the electricaliitird/ithout the electrolyte available to
achieve charge balance, the solution will be nesisib charge transfer. Large supporting
electrolyte concentrations are also necessaryma &nalyte migration. Movement of the
analyte to the electrode surface is controlled lrned modes of mass transport namely
convection, migration, and diffusion. All theoretictreatments and modeling exclude
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migration and convection of the analyte. To ensbhat these mechanisms of mass trans
are minimized, convection is reduced by thsence of stirring or vibrations, and migrat
is minimized through the use of electrolyte in higgncentration. Potassium chloride |
become the electrolyte of choice for inorganic etehemistry experiments performed
inorganic solvents as they fill the conditions of electrolyte choice. So, #ie solutions it
the present studies were prepared in freshly peelpaotassium chloride solutions (0.1

I,_,__bra ss rod

—tefloncap

silver wire
_covered

with silver

chloride

potassium
__chloride
solution

_frit

J Working
Electrode
Cou

2 e,gg: I |_ Elect

Magnetic
Stlrrerg:tor

Fig. 2.7: Electrodes and the cell stand used in eleochemical analysi:

Sinceelectrodes are capable of adsorbing species danngxperiment, the surface of 1
working electrode was polished with fine aluminavder (0.3 micron or lower) on a w
polishing cloth after every experiment. To do spaat of the cloth was made wetth
deionized water and alumina powder was sprinkled.orhe electrode was then polished
this surface by soft pressing the electrode ag#espolishing surface and then washed \

deionized water. At this point, the electrode stefavould look ke a shiny black mirror. Th
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cell was assembled and filled with 10 mL of theusoh to be examined so that the
electrodes ware sufficiently immersed. In electeonital experiments, the presence of
oxygen can also alter the electrochemical respohaealyte. Oxygen undergoes a reversible
one-electron reduction to form the oxygen radicaloa (superoxide, €@-). To avoid
interference from dissolved Qall electrolyte solutions were spurge with arrtirgas before

measurements are taken. This was done by purgiimedrgas N through the solution.
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2.3 Results and discussions

In the present study, at first the redox behavia€Zwu(Il), Zn(Il) and Cd(ll) ion was studied in

KCI supporting electrolyte using glassy carbon tetete. Then the redox behavior of the
respective metal ion was studied in presence oflitfa@d. To do so, equal volume of the
metal ion and the ligand solution were mixed togetand voltammogram of the resultant
solution was taken. The background scan was peerm test if all the components of the
cells are in good condition before adding the aeabs well as to quantify the capacitive
current. The redox behavior of the metal ion inemloe and in presence of ligand was

discussed and compared.

Chronoamperometry and chronocoulometry has achigwad importance in characterizing
the rate of electrolysis and adsorption criteriaao$ystem. The chronoamperometric and
chronocoulometric study of the metal ion in abseamo@ in presence of ligand was performed

and discussed.

2.3.1 Cyclic voltammertic study of Cu(ll) and Cu(ll)-ligand interaction in agueous
medium at room temperature

2.3.1.1 Redox behavior of Cu(ll)

The redox behavior of Cug€in 0.1 M KCI was studied using cyclic voltammertgzhnique

at glassy carbon electrode within the potentialdeim from 0.5 V to -0.5 V. The pH of the
solution was found 4.57. A CV of the system is showFig. 2.8. The voltammogram shows
two cathodic peaks (c1 and c2) at potential + G660¥2and -0.3124 V due to reduction of
Cu(ll) to Cu(l) and Cu(l) to Cu(0) respectively. dvanodic peaks is observed at potential
+0.046 V and +0.246 V due to oxidation of Cu(0)o(l) and Cu(l) to Cu(ll) respectively.

The electrode reaction may be presented by theviolh equations:

Cathodic reaction: Cu(ll) +-e> Cu(l)

Cu(l) +-e Cu(0)

Anodic reaction: Cu(0) —-e Cd(l)
Cu(l) —e Cd(lII)
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Fig. 2.8: CV of 0.01 M CuC} (red) and 0.1 M KCI (blue) at 0.03 V&

The redox behavior of Cu(ll) was also studied #edeént scan rates. Scan rate is defined as
the fraction of the potential window analyzed pait tcime. The size of the diffusion layer
above the electrode surface becomes different digpgaipon the voltage scan rate used. In a
slow voltage scan rate the diffusion layer growscimdurther from the electrode in
comparison to a fast scan. Therefore the scarveaiation is important. The variation of the
CV’s of CuC} at different scan rate is shown in Fig. 2.9. Theent-potential data obtained
from the voltammogram is tabulated in Table 2.1 @able 2.2.

0.3

Current (mA)

0.4 0.2 0.0 -0.2 -04
Potential (E/V vs Ag/AgCI)

Fig. 2.9: CV's of 0.01 M CuC;} at different scan rate
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Table 2.1: Current-potential data for 1st peak pair of the votammogram of Cu(ll) at
different scan rate

172

\ \Y + Epc + Epa + ipc - ipe AEp ipalipc

Vst Vst Volt Volt mA mA Volt

0.02 0.1414 0.0250 0.2376 0.0642 0.1250 0.2126 1.95
0.03 0.1732 0.0126 0.2458 0.0714 0.1464 0.2332 1.59
0.04 0.2000 0.0084 0.2458 0.0832 0.1626 0.2374 1.46
0.05 0.2236 0.0084 0.2458 0.0916 0.1750 0.2374 1.36
0.06 0.2449 0.0042 0.2458 0.0952 0.1809 0.2416 1.33

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremAE, = peak potential separatiogyi,.= peak current ratio

Table 2.2:  Current-potential data for 2nd peak pair of the voltammogram of Cu(ll) at
different scan rate

v vi?2 - Epc + Epe + ipc - ipe AEp ipe/ipc

Vst Vst Volt Volt mA mA Volt

0.02 0.1414 0.2624 0.0376 0.0856 0.3249 0.2248 3.79
0.03 0.1732 0.3124 0.0460 0.1143 0.3714 0.2664 3.25
0.04 0.2000 0.3082 0.0500 0.1374 0.4042 0.2582 2.94
0.05 0.2236 0.3082 0.0500 0.1584 0.4208 0.2582 2.66
0.06 0.2449 0.3082 0.0542 0.1761 0.4380 0.2540 2.49

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremAE, = peak potential separatiogyi,.= peak current ratio
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Some graphical analysis was done on the basiseofulrent-potential data and is displayed
in Fig. 2.10 to Fig. 2.12. The analysis shows it increase of scan rate peak current for
both cathodic and anodic peaks increases. Thideaationalized by considering the size of
the diffusion layer and the time taken to recorel $han. The voltammogram takes longer to
record as the scan rate is decreased. Therefaresizle of the diffusion layer above the

electrode surface becomes different depending tip@woltage scan rate. In a slow voltage
scan the diffusion layer grows much farther frora #tectrode in comparison to a fast scan.
Consequently, the flux to the electrode surfaceoissiderably smaller at slow scan rate than
it is at faster rate. As the current is proportiota the flux towards the electrode, the

magnitude of current becomes lower at slow scanaatl higher at higher scan rates.

The peak current changes almost linearly with sgjuaot of scan rate. Therefore diffusion of
the analyte occurs to the electrode surface. Thk petential separation is much larger. With
the increase of scan rate the cathodic peak gbitards negative potential and the anodic
peak shifts towards positive potential. Therefdre peak potential separation increases with
scan rate. This is may be due to ohmic drop. Tketmllytic solutions have an intrinsic
resistance R)in the electrochemical cell. While some potentatsttan compensate for most
of this solution resistance (Rc), there remainsodign of uncompensated resistance)(R
between the WE and the RE. During electrochemiaahsurements, the potential that the
instrument records may not be the potential expeed by the analyte in solution due tg R
This phenomenon is called ohmic drop. The curranttion changes with scan rate. The
peak current ratio is greater than unity and changéh scan rate. These facts indicate that
the electrode process is quasi-reversible andteffdzy chemical reactiofs %,

2.3.1.2 Redox behavior of Cu(ll) in presence of l@ine

The redox behavior of Cu(ll) in presence of zwitieic leucine (z. leu) in 1:1 mol ratio was
studied within the potential window from 0.5 V 1.5 V. The pH of the mixture was found
3.05 while the pH of z. leu and CyGlas 6.45.and 4.57 respectively. Therefore the pH o
CuCk does changed significantly after mixing with zu.lefThe voltammogram of Cu(ll)
before and after interaction is displayed in Fid.32 The voltammogram shows that the peak
potential and peak current changed significanttgraiixing z. leu with the metal ion. This
may be due to interaction of Cu(ll) with z. leu.
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Fig. 2.13: CV’s of free Cu(ll) (red), Cu(ll) in presence of z. leu (blue) and z. leu (green)

The redox behavior of Cu(ll) in presence of anideiecine (a. leu) in 1:1 mol ratio was also
studied within the same potential window. The pHie mixture was found 5.23 while the
pH of anionic leucine and CuWas 9.28 and 4.57 respectively. Here, also theopthe
metal ion solution is changed significantly afteriximg with anionic ligand. The
voltammogram of CuGlin absence and in presence of anionic leucineommpared in
Fig. 2.14. The voltammogram shows that after mixXiggnd to the metal ion solution, both
the peak potential and peak current changed. Thig Ime due to interaction of Cu(ll) with

anionic leucine.
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Fig. 2.14: CV's of free Cu(ll) (red), Cu(ll) in presence of a. leu (blue) and a. leu (green)
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The voltammogram of Cu(ll)-z. leu and Cu(ll)-a. kystem is compared with the CV of free
CuCk in the Fig. 2.15. From the voltammogram of Cu@fh see that both the peak potential
and peak current has changed after mixing withnlig&so, Cu(ll) interacts with both z. leu
and a. leu. But since the peak current is minimtn@,Cu(ll)-anionic leucine interaction may

be more pronounce over Cu(ll)-zwitterionic leucin&raction.
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Fig. 2.15: CV'’s of free Cu(ll) (red), Cu(ll) in presence of z. leu (blue) and Cu(ll) in presence of
a. leu (green)

0.04 1
< <
E £ 000
g g
5 5
© © 0.04
-0.2 T T T T T -0.08 ; : . . :
0.4 0.2 0.0 -0.2 -0.4 0.4 0.2 0.0 -0.2 -0.4
Potential (E/V vs Ag/AgCl) Potential (E/V vs Ag/AgCl)

Fig. 2.16: CV’s of Cu(ll) in presence of Fig. 2.17: CV’'s of Cu(ll) in presence of
z. leu at 1:0.5 (red), 1:1 (blue) a. leu at 1:0.5 (red), 1:1 (blue)
and 1:2 (black) mole ratio and 1:2 (green) mole ratio

The interactions of Cu(ll) with both z. leu andeu are studied at different mole ratio. The
voltammogram are compared in Fig. 2.16 and Figr.2Since the voltammogram are alike,

the variation of mole ratio does not have any eftecthe interaction of Cu(ll) with z. leu.
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But there is a significant difference in the voltaogram of Cu(ll)-a. leu system. The peak
potential has significantly changed and peak carremminimum during 1:2 interactions.
Therefore it can be said that maximum interactibi€o(ll) occurs with anionic leucine in

1:2 mole ratio.

The CV of Cu(ll) in presence of anionic leucine wstadied at different scan rate. The
voltammogram are compared in Fig. 2.18 and theesponding current-potential data are
tabulated in Table 2.3 and Table 2.4. Some graphitalysis was done on the basis of the
current-potential data and is displayed in Fig92d Fig. 2.21. The analysis shows with the
increase of scan rate peak current for both cathadd anodic peaks increases. In a slow
voltage scan the diffusion layer grows much farfr@m the electrode in comparison to a fast
scan. Consequently, the flux to the electrode saria considerably smaller at slow scan rate
than it is at faster rate. As the current is prtipoal to the flux towards the electrode, the
magnitude of current becomes lower at slow scamaatl higher at higher scan rates. Again,
the change in peak current with square root of satenis almost linear. Therefore the system
may be diffusion controlled. The peak potentialagsapon is much larger. With the increase
of scan rate the cathodic peak shifts towards neggotential and the anodic peak shifts
towards positive potential. Therefore the peak e separation increases with scan rate.
This is may be due to ohmic drop. The current fimmcthanges with scan rate. The peak
current ratio is greater than unity. These factiicete that the electrode process is quasi-

reversible and associated with some chemical @aéti®®!

0.04 -

0.00 1

Current (mA

-0.04 +

-0.08

0.4 0.2 0.0 -0.2 -0.4
Potential (E/V vs Ag/AgC

Fig. 2.18: CV's of Cu(ll) in presence of anionic lacine at different scan rate
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Table 2.3:  Current-potential data for 1% peak pair of the voltammogram of Cu(ll) in
presence of anionic leucine at different scan rate

172

\ \Y +Epc +Epe +ipc 'ipa AEp ipalipc

Vst Vst Volt Volt mA mA Volt

0.02 0.1414 0.0416 0.2166 0.0196 0.0160 0.1750 51.22
0.03 0.1732 0.0416 0.2166 0.0234 0.0143 0.1750 61.63
0.04 0.2000 0.0376 0.2292 0.0233 0.0183 0.1916 31.27
0.05 0.2236 0.0334 0.2376 0.0275 0.0242 0.2042 61.13
0.06 0.2449 0.0292 0.2460 0.0300 0.0292 0.2168 71.02

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremAE, = peak potential separatiogyi,.= peak current ratio

Table 2.4: Current-potential data for 2 peak pair of the voltammogram of Cu(ll) in
presence of anionic leucine at different scan rate

172

\ \Y 'Epc _Epe +ipc 'ipa AEp ipalipc

Vst Vst Volt Vol mA mA Volt

0.02 0.1414 0.225 0.0042 0.0155 0.0482 0.2208 3.11
0.03 0.1732 0.225 0.0042 0.0234 0.0550 0.2208 2.35
0.04 0.2000 0.254 0.0000 0.0266 0.0642 0.2540 2.41
0.05 0.2236 0.275 0.0040 0.0258 0.0733 0.2710 2.84
0.06 0.2449 0.300 0.0082 0.0258 0.0725 0.2918 2.81

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremAE, = peak potential separatiogyi,.= peak current ratio
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Fig. 2.21: Variation of current function with scanrate for (a) 1% and (b) 2 peak pair
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2.3.1.3 Redox behavior of Cu(ll) in presence of isgucine

The redox behavior of Cu(ll) in presence of zwiteic isoleucine (z. ile) in 1:1 mol ratio
was studied within the potential window from 0.5t¢/-0.5 V. The pH of the mixture was
3.02 while the pH of z. ile and CuQlas 6.20.and 4.57 respectively. Therefore the pH o
CuClL does changed significantly after mixing with z.ilThe voltammogram of Cu(ll)
before and after interaction is displayed in Fi@22 The voltammogram shows that although

the peak potential not changed significantly bet peak current decreases. This may be due
to interaction of Cu(ll) with z. ile.
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Fig. 2.22: CV's of free Cu(ll) (red), Cu(ll) in presence of z. ile (blue) and z. ile (green)

The redox behavior of Cu(ll) in presence of aniasmeucine (a. ile) in 1:1 mol ratio was
also studied within the same potential window. pheof the mixture was found 5.20 while
the pH of anionic isoleucine and Cy®@as 9.14 and 4.57 respectively. Here, the pH ef th
metal ion solution is changed significantly afteriximg with anionic ligand. The
voltammogram of CuGlin absence and in presence of anionic isoleu@neompared in
Fig. 2.23. The voltammogram shows that after miXiggnd to the metal ion solution, both

the peak potential and peak current changed. Thig Ime due to interaction of Cu(ll) with
anionic isoleucine.
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Fig. 2.23: CV's of free Cu(ll) (red), Cu(ll) in presence of a. ile (blue) and a. ile (green)

The voltammogram of Cu(ll)-z. ile and Cu(ll)-a. ggstem compared with the CV of free
CuCk in Fig. 2.24. From the voltammogram of Cu(ll) weeghat both the peak potential and
peak current has changed after mixing with liga®ad, Cu(ll) interacts with both z. ile and
a. ile. But since the peak current is minimum, @&ll)-a. ile interaction may be more

pronounce over Cu(ll)-z. ile interaction.
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Fig. 2.24: CV's of free Cu(ll) (red), Cu(ll) in presence of z. ile (blue) and Cu(ll) in presence of
a. ile (green)

54 | STUDY OF METAL-LIGAND INTERACTION IN SOLUTION



The interactions of Cu(ll) with both zwitterionisaleucine and anionic isoleucine are studied
at different mole ratio. The voltammogram are coragan Fig. 2.25 and Fig. 2.26. Since the
voltammogram are alike, the variation of mole ratioes not have any effect on the
interaction of Cu(ll) with z. ile. But there is a&sificant difference in the voltammogram of
Cu(l-a. ile system. The peak potential has deaflif changed and minimum peak current is
found during 1:2 interactions. Therefore it candagd that maximum interaction of Cu(ll)

occurs with anionic isoleucine in 1:2 mole ratio.
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Fig. 2.25: CV’s of Cu(ll) in presence of Fig. 2.26: CV’s of Cu(ll) in presence of
z. ile at 1:0.5 (red), 1:1 (blue) a. ile at 1:0.5 (red), 1:1 (blue)
and 1:2 (green) mole ratio and 1:2 (green) mole ratio

The redox behavior of Cu(ll) in presence of aniasmeucine was studied at different scan
rate. The voltammogram are compared in Fig. 2.2V tha corresponding current-potential

data are tabulated in Table 2.5 and Table 2.6. Spaghical analysis was done on the basis
of the current-potential data and is displayed iop B.28 to Fig. 2.30. The analysis shows
with the increase of scan rate peak current foh maithodic and anodic peaks increases
almost linearly. Therefore the system is diffuscamtrolled. The peak potential separation is
much larger. With the increase of scan rate théotht peak shifts towards negative

potential and the anodic peak shifts towards pasitiotential. Therefore the peak potential

separation increases with scan rate. The curremtion changes with scan rate. The peak
current ratio is greater than unity. These facticete that the electrode process is quasi-

reversible and chemical reaction may be occurrtrtheaelectrode surfadd 8.
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Fig. 2.27: CV's of Cu(ll) in presence of anionic igleucine at different scan rate

Table 2.5:  Current-potential data for 1% peak pair of the voltammogram of Cu(ll) in
presence of anionic isoleucine at different scan &

v vi? -E,. +E,; +ipe -ipe AE, ipe/ipc

Vst Vst Volt Volt mA mA Volt

0.04 0.2000 0.0042 0.2500 0.0264 0.0325 0.2458 1.23
0.05 0.2236 0.0040 0.2626 0.0276 0.0343 0.2586 1.24
0.06 0.2449 0.0040 0.2668 0.0300 0.0378 0.2628 1.26
0.07 0.2646 0.0082 0.2750 0.0312 0.0426 0.2668 1.36

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = @anodic peak currem\E, = peak potential separatiopfi,.= peak current ratio
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Table 2.6: Current-potential data for 2 peak pair of the voltammogram of Cu(ll) in
presence of anionic isoleucine at different scan ta

v V2 E,. +Epe +ipe -ipe AE, ipe/ipe

Vst Vst Volt Volt mA mA Volt

0.04 0.2000 0.2790 0.0168 0.0311 0.0846 0.2622 2.72
0.05 0.2236 0.3208 0.0168 0.0286 0.0953 0.3040 3.33
0.06 0.2449 0.3458 0.0168 0.0310 0.0998 0.3290 3.22
0.07 0.2646 0.3708 0.0126 0.0357 0.1060 0.3582 2.97

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremAE, = peak potential separatiopyi,.= peak current ratio
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Fig. 2.28: Variation of peak potential separation \ith scan rate for (a) ' and (b) 2 peak pair

0.04 0.08
@ 'pc (b)

< < ipc
‘E’ 0.001 % 0.00 4
3 3
—;‘U X
S -0.04 1 T -0.08
o ipa o

-0.08 T T : -0.16 . . .

0.00 0.08 0.16 0.24 0.32 0.00 0.08 0.16 0.24 0.32
SORT of scan ra SQRT of scan ra

Fig. 2.29: Variation of peak current with SQRT of san rate for (a) £'and (b) 2 peak pair
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Fig. 2.30: Variation of current function with scanrate for (a) 1% and (b) 2 peak pair

2.3.1.4 Comparison of interaction of Cu(ll) with laicine and isoleucine

The interaction of Cu(ll) with leucine and isoleneiis compared in Fig. 2.31 and Fig. 2.32.
The voltammogram are almost alike with respect &akp position and peak current.
Therefore, the metal ion interacts in a similar waigh isoleucine and leucine. This is
reasonable, because leucine and isoleucine areeistmmeach other. There is no significant
difference in their structure. Their structure odlffers in the position of the methyl group of
the hydrocarbon tail which is not the interactiote.sThe probable interaction site is the
—NH, and the —COOH group which are identical in the twgand. That's why both the

ligand gives similar interaction.
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Fig. 2.31: CV’s of Cu(ll) in presence of Fig. 2.32:  CV’s of Cu(ll) in presence of
z. ile (red) and Cu(ll) in a. ile (red) and Cu(ll) in
presence of z. leu (blue) presence of a. leu (blue)
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2.3.2 Cyclic voltammertic study of Zn(ll) and Zn(ll)-ligand interaction in aqueous
medium at room temperature.

2.3.2.1 Redox behavior of Zn(ll)

The redox behavior of Zngln 0.1 M KCI was studied using cyclic voltammertgzhnique
at glassy carbon electrode within the potentialdews from -0.6 V to -1.5 V. The pH of
ZnCl, solution was found 5.55. A CV of the system is whoin Fig. 2.33. The
voltammogram shows one cathodic peak at -1.185é&/tdueduction of Zn(Il) to Zn(0) and
one anodic peak at -0.889 V due to oxidation ofoXng¢ Zn(ll). The electrode reaction may

be presented by the following equations:

Cathodic reaction: Zn(ll) + 2e» Zn(0)

Anodic reaction:  Zn(0) — 2e Zn(ll)
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Fig. 2.33: CV of 0.01 M ZnC} (red) and 0.1 M KCI (blue) at 0.03 V&

The system was also studied at different scan.rates variation of the CV’s of Znglat
different scan rate is shown in Fig. 2.34. The eni#potential data obtained for the system is
tabulated in Table 2.7. Some graphical analysisdea® on the basis of the current-potential
data and is displayed in Fig. 2.35 to Fig. 2.3%té&ascan rates lead to a decrease in the size
of the diffusion layer; as a consequence, highereais are observed. The peak current
increases almost linearly with square root of scate. Therefore diffusion of the
electroactive species occurs to the electrode sirféhe peak potential separation is much
larger and increases with scan rate. This is magiugeto ohmic drop. The current function
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changes with scan rate. The peak current ratioeiatgr than unity. These facts indicate that

the electrode process is quasi-reversible and edupith some chemical reactiGh®®.

0.4
e —————
< 0.0 +— =
E
=
o
S
O -0.4-
'0.8 v T T T
-0.6 -0.8 -1.0 -1.2 -1.4

Potential (E/V vs Ag/AgCI)

Fig. 2.34: CV’'s of 0.01 M ZnC} at different scan rate

Table 2.7: Current-potential data of the voltammogam of Zn(ll) at different scan rate.

172

v v - Boc - B +ipc - lps AE, ine/ipc
Vst Vst Volt Volt mA mA Volt

0.02 0.1414 1.185 0.911 0.233 0.395 0.274 1.69
0.03 0.1732 1.185 0.889 0.287 0.540 0.296 1.88
0.04 0.2000 1.189 0.874 0.314 0.607 0.315 1.93
0.05 0.2236 1.196 0.870 0.343 0.650 0.326 1.89
0.06 0.2449 1.199 0.862 0.367 0.683 0.337 1.86

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremAE, = peak potential separatiogyi,.= peak current ratio
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Fig. 2.35: Variation of peak current with SQRT of €an rate
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2.3.2.2 Redox behavior of Zn(ll) in presence of laine

The redox behavior of Zn(ll) in presence of zwittarc leucine (z. leu) in 1:1 mol ratio was
studied within the potential window from -0.6 V 0.5 V. The pH of the mixture was 5.57
while the pH of z. leu and ZngEWwas 6.45.and 5.55 respectively. Therefore the pBAn€l,
does not changed significantly after mixing withleu. The voltammogram of Zn(ll) in
absence and in presence of z. leu is displayedgnZ=38. The voltammogram shows that
after mixing ligand to the metal ion solution, theak potential remains almost unchanged

but peak current decreases. This may be due t@aatien of Zn(Il) with z. leu.

61 | STUDY OF METAL-LIGAND INTERACTION IN SOLUTION



0.4

0.0

Current (mA)

-0.4

-0.6 -0.8 -1.0 -1.2 -1.4
Potential (E/V vs Ag/AgCl)

Fig. 2.38: CV's of free Zn(ll) (red), Zn(ll) in pre sence of z. leu (blue) and z. leu (green)

The redox behavior of Zn(ll) in presence of anideiacine (a. leu) in 1:1 mol ratio was also
studied within the same potential window. The pHte mixture was found 6.70 while the
pH of a. leu and ZnGlwas 9.28 and 5.55 respectively. Here, the pH @ftletal ion solution

is changed significantly after mixing with aniorligand. The voltammogram of Zng in
absence and in presence of a. leu is comparedyin2B89. The voltammogram shows that
although the peak potential remains almost unchthrigg peak current decreases after

mixing ligand to the metal ion solution,. Theref@m®(1l) also interacts with anionic leucine.
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Fig. 2.39: CV's of free Zn(ll) (red), Zn(ll) in pre sence of a. leu (blue) and a. leu (green)
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The voltammogram of Zn(ll)-z. leu and Zn(ll)-a. Isystem is compared with the CV of free
ZnCl, in Fig. 2.40. From the voltammogram of Zn(ll) weesthat peak current decreased
after mixing with ligand. So, Zn(ll) interacts withoth z. leu and a. leu. But since the peak
shape is slightly different, the Zn(ll)-a. leu irdetion may be more pronounce over

Zn(I)-z. leu interaction.
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Fig. 2.40: CV'’s of free Zn(ll) (red), Zn(ll) in pre sence of z. leu (blue) and Zn(ll) in presence of
a. leu (green)
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Fig. 2.41: CV’s of Zn(ll) in presence of Fig. 2.42: CV’s of Zn(ll) in presence of
z. leu at 1:0.5 (red), 1:1 (blue) a. leu at 1:0.5 (red), 1:1 (blue)
and 1:2 (green) mole ratio and 1:2 (green) mole ratio

The interactions of Zn(ll) with both z. leu andleu are studied at different mole ratio. The
voltammogram are compared in Fig. 2.41 and Fig2.2Snce the voltammogram are alike,

the variation of mole ratio does not have any effec the interaction of Zn(ll) with
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z. leucine. But there is a significant differennethe voltammogram of Zn(ll)-a. leu system.
The peak shape has significantly changed duringritetactions. Therefore it can be said

that maximum interaction of Zn(Il) occurs with aulin 1:2 mole ratio.

The interaction of Zn(ll) with a. leu was studiddddferent scan rate. The voltammogram are
compared in Fig. 2.43 and the corresponding cwpeténtial data are tabulated in Table 2.8.
The current-potential data obtained from the votteogram are analyzed graphically and are
displayed in Fig. 2.44 to Fig. 2.46. From the as@lyt is seen that both cathodic and anodic
peak currents increases with the increase of sasn The peak current depends on the
diffusion layer and the time taken to record thansdn a slow voltage scan the diffusion

layer grows much farther from the electrode in cangon to a fast scan. Consequently, the
flux to the electrode surface is considerably semak slow scan rate than it is at faster rate.
As the current is proportional to the flux towartk® electrode, the magnitude of current
becomes lower at slow scan rate and higher at higgen rates. Again the increase of peak
current is almost linear with square root of scate.r Therefore the system is diffusion

controlled.
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Fig. 2.43: CV's of Zn(ll) in presence of anionic lacine at different scan rate

With the increase of scan rate the cathodic pedksstowards more negative while the
anodic peak shifts towards more positive value.r@loee the peak potential separation is
much larger and increases with scan rate. Thisag be due to ohmic drop. The current

function decreases with scan rate. The peak curediat is greater than unity and changes
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with scan rate. These facts indicate that the ldetprocess is quasi-reversible and chemical

reactions may be following electron transtére,

Table 2.8:  Current-potential data of the voltammogam of Zn(ll) in presence of anionic
leucine at different scan rate

v v - By - Eg + e - ipe AE, ipe/ipc
Vst Vst Volt Volt mA mA Volt

0.02 0.1414 1.189 0.930 0.107 0.270 0.259 2.52
0.03 0.1732 1.200 0.922 0.125 0.350 0.278 2.80
0.04 0.2000 1.207 0.926 0.132 0.371 0.281 2.81
0.05 0.2236 1.211 0.922 0.138 0.379 0.289 2.75
0.06 0.2449 1.215 0.922 0.142 0.387 0.293 2.72

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = @anodic peak currem\E, = peak potential separatiopfi,.= peak current ratio
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Fig. 2.44: Variation of peak current with SQRT of €an rate
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2.3.2.3 Redox behavior of Zn(ll) in presence of iseucine

The redox behavior of Zn(ll) was studied in pregeatzwitterionic isoleucine (z. ile) in 1:1
mol ratio. The potential window was set from -0.60/-1.5 V. The pH of ZnGland z. ile
was found 5.55 and 6.20 respectively. But whetlezwas mixed with the metal salt, the pH
of the mixture becomes 5.60. Therefore the pH dZlZwloes not changed significantly after
mixing with z. ile. The voltammogram of ZnCin absence and in presence of z. ile is
compared in Fig. 2.47. The mixing of z. ile to thetal ion solution didn’t change the peak

position significantly but lowers the peak curreftis lowering of peak current may be due
to interaction of Zn(ll) with z. ile.
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Fig. 2.47: CV's of free Zn(ll) (red), Zn(ll) in pre sence of z. ile (blue) and z. ile (green)
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The voltammogram compared in Fig. 2.48 shows tiatédox process of Zn(ll) needs lower
current to occur in presence of anionic isoleucifiee pH of the mixture was found 6.80
while recording the voltammogram. Before mixing fht¢ of anionic isoleucine (a. ile) was
found 9.14 and that of ZngWas 5.55. Therefore the metal ion also interagtis anionic

form of the ligand isoleucine.

0.4

0.0

Current (mA)

-0.4

-0.6 -0.8 -1.0 -1.2 -1.4
Potential (E/V vs Ag/AgCl)

Fig. 2.48: CV's of free Zn(ll) (red), Zn(ll) in pre sence of a. ile (blue) and a. ile (green)
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Fig. 2.49: CV's of free Zn(ll) (red), Zn(ll) in pre sence of z. ile (blue) and Zn(ll) in presence of
a. ile (green)

The voltammogram of Zn(ll)-z. ile and Zn(ll)-a. i&ystem is compared with the CV of free
ZnCl, in Fig. 2.49. From the voltammogram of Zn(ll) weesthat peak current decreased
after mixing with ligand. So, Zn(ll) interacts wittoth z. ile and a. ile. But since the peak
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current and peak position is same, deprotonatiaeadéucine does not affect the interaction
with Zn(ll). Therefore, both the zwitterionic andianic isoleucine interacts with Zn(ll) in a

similar way.

The interactions of Zn(Il) with both z. ile andike are studied at different mole ratio. The
voltammogram are compared in Fig. 2.50 and Figl.23nce there is no significant change
in the voltammogram, the variation of mole raticegamot have any effect on the interaction
of Zn(Il) with z. ile. But the mole ratio variaticaifects the interaction of Zn(ll)-a. ile system.
The peak potential has significantly changed duflirijinteractions. Therefore it can be said

that maximum interaction of Zn(Il) occurs with anio isoleucine in 1:2 mole ratio.
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Fig. 2.50: CV’s of Zn(ll) in presence of Fig. 2.51: CV’s of Zn(ll) in presence of
z. ile at 1:0.5 (red), 1:1 (blue) a. ile at 1:0.5 (red), 1:1 (blue)
and 1:2 (green) mole ratio and 1:2 (green) mole ratio

The scan rate was varied while recording the C\Zmfil) in presence of a. ile. Fig. 2.52
compares the voltammogram and the correspondingragpotential data are tabulated in
Table 2.9. The analysis of the current-potentiah ddows that with the increase of scan rate
both cathodic and anodic peak currents increasks i§ reasonable because in a slow
voltage scan the diffusion layer grows much furtlem the electrode in comparison to a
fast scan. Therefore the flux to the electrodeamgriis considerably smaller at slow scan rate
than it is at faster rate. As the current is prtipoal to the flux towards the electrode, the
magnitude of current becomes lower at slow scanaatl higher at higher scan rates. But the
increase of peak current follows almost a linedati@nship with square root of scan rate.
This fact support the redox process to be diffusiontrolled. The larger and variable peak

potential separation value claims ohmic drop duartcompensated solution resistance. The
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deviation of peak current ratio from unity, the mba of current function with scan rate

indicates a quasi-reversible electrode processvieltl by chemical reactidft *®.
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Fig. 2.52: CV’s of Zn(ll) in presence of anionic isleucine at different scan rate

Table 2.9:  Current-potential data of the voltammogam of Zn(ll) in presence of anionic
isoleucine at different scan rate.

v vi2 - Epc - Epa + ipc - ipe AEp ipe/ipc
Vst Vst Volt Volt mA mA Volt

0.02 0.1414 1.177 0.952 0.104 0.278 0.165 2.67
0.03 0.1732 1.189 0.952 0.118 0.311 0.237 2.64
0.04 0.2000 1.192 0.945 0.129 0.328 0.247 2.54
0.05 0.2236 1.196 0.945 0.132 0.346 0.251 2.62
0.06 0.2449 1.200 0.949 0.136 0.360 0.251 2.65

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = @anodic peak currem\E, = peak potential separatiopfi,.= peak current ratio
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Fig. 2.53: Variation of peak current with SQRT of £an rate
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2.3.2.4 Comparison of interaction of Zn(ll) with leucine and isoleucine

The interaction of Zn(Il) with leucine and isoleneiis compared in Fig. 2.56 and Fig. 2.57.
The voltammogram are alike with respect to peaktiposand peak current. Therefore, the
metal ion interacts with isoleucine and leucina isimilar way. This can be explained by the
fact that the interaction site of both leucine &uadeucine are similar and therefore providing
similar interaction with metal.
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Fig. 2.56: CV’'s of Zn(ll) in presence of Fig. 2.57: CV’s of Zn(ll) in presence of
z. ile (red) and zn(ll) in a. ile (red) and Zzn(ll) in
presence of z. leu (blue) presence of a. leu (blue)
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2.3.3 Cyclic voltammertic study of Cd(ll) and Cd(ll)-ligand interaction in aqueous
medium at room temperature.

2.3.3.1 Redox behavior of Cd(ll)

The redox behavior of Cdgin 0.1 M KCI was studied using cyclic voltammertszhnique
at glassy carbon electrode. The potential window s&t from -0.2 V to -1.2 V. The pH of
the solution was 5.45. A CV of the system is shawhig. 2.58.
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Fig. 2.58: CV of 0.1 M CdC} (red) and 0.1 M KCI (blue) at 0.03 V&

The voltammogram shows one cathodic peak at -O8@6e to reduction of Cd(ll) to Cd(0)
and one anodic peak at -0.5874 V due to oxidatfd@dd§0) to Cd(ll). The electrode reaction
may be presented by the following equations:

Cathodic reaction: Cd(ll) + 2e> Cd(0)

Anodic reaction:  Cd(0) — 2e Cd(ll)

The variation of the CV’s of Cdght different scan rate is shown in Fig. 2.59. Theaent-
potential data for the system is tabulated in Tabl®. The current-potential data provides
some graphical analysis and is displayed in Fi§0 20 Fig. 2.62. The analysis shows with
the increase of scan rate peak current for bothodat and anodic peaks increases. This can
be explained by the fact that at faster scan fagediffusion layer grows much closer to

theelectrode in comparison to a slow scan rates€@qurently, the flux to the electrode surface
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is considerably larger at higher scan rate. Ascilveent is proportional to the flux towards
the electrode, the magnitude of current becomdsehigt faster scan rate. The linear increase
of peak current with square root of scan rate suppodiffusion controlled electron transfer
process.
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Fig. 2.59: CV of 0.01 M CdC} at different scan rate

Table 2.10: Current-potential data of the voltammogam of Cd(ll) at different scan rate.

172

\ \Y - Epc - Epa + ipc = ipe AEp ipalipc

Vst Vst Volt Volt mA mA Volt

0.02 0.1414 0.8082 0.6000 0.2214 0.7140 0.2082 3.22
0.03 0.1732 0.8250 0.5874 0.2584 0.7916 0.2376 3.06
0.04 0.2000 0.8332 0.5790 0.2916 0.8496 0.2542 2.91
0.05 0.2236 0.8332 0.5708 0.3168 0.8748 0.2624 2.76
0.06 0.2449 0.8332 0.5666 0.3527 0.9044 0.2666 2.56

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = @anodic peak currem\E, = peak potential separatiopfi,.= peak current ratio
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Fig. 2.60: Variation of peak current with SQRT of £an rate
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Ohmic drop arises due to the uncompensated soltggistance. Therefore the peak potential
separation value increases with scan rate. Theemurfunction changes when the
voltammogram records at a faster rate. The pealeruratio is much larger than unity and
varies with scan rate. These findings indicate thatelectron transfer at the electrode surface
is slow compared to the mass transport and thdtisekemical reactions are occurring at the

electrode surfacg! 8.
2.3.3.2 Redox behavior of Cd(ll) in presence of l@ine

The redox behavior of Cd(ll) in presence of zwitieic leucine (z. leu) in 1:1 mol ratio was
studied from -0.2 V to -1.2 V. The pH of the mia@wvas 4.80 while the pH of z. leu and
CdChL was 6.45.and 5.45 respectively. Therefore the pEdLL does changed significantly
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after mixing with z. leu. The voltammogram of Cil(before and after interaction is
displayed in Fig. 2.63. The voltammogram shows #ftdr mixing ligand to the metal ion

solution, the peak potential didn't changed butkpearrent decreases. This may be due to
interaction of Cd(lIl) with z. leu.
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Fig. 2.63: CV’s of free Cd(ll) (red), Cd(ll) in presence of z. leu (blue) and z. leu (green)
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Fig. 2.64: CV's of free Cd(ll) (red), Cd(ll) in presence of a. leu (blue) and a. leu (green)

The redox behavior of Cd(ll) in presence of anideiacine (a. leu) was also studied. Equal
moles of metal ion and anionic ligand were mixedetber and voltammogram of the
resultant mixture was taken. The pH of the mixtues found 7.80 while the pH of a. leu and
CdCL was 9.28 and 5.45 respectively. Therefore the pBdELL changed significantly after
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mixing with a. leu. The voltammogram of CdGh absence and in presence of a. leu is
compared in Fig. 2.64. A sharp lowering in peakrentr confirms the interaction of Cd(ll)

with anionic leucine.

The interaction of Cd(ll) with both zwitterionic dranionic form of leucine is compared in
the Fig. 2.65. Since the peak current is minimure, €d(ll)-a. leu interaction may be more

pronounce over Cd(ll)-z. leu interaction.
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Fig. 2.65: CV'’s of free Cd(ll) (red), Cd(ll) in presence of z. leu (blue) and Cd(ll) in presence of
a. leu (green)
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Fig. 2.66: CV’'s of Cd(ll) in presence of Fig. 2.67: CV's of Cd(ll) in presence of
z. leu at 1:0.5 (red), 1:1 (blue) a. leu at 1:0.5 (red), 1:1 (blue)
and 1:2 (black) mole ratio and 1:2 (green) mole ratio
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The interactions of Cd(Il) with both z. leu andeu are studied at different mole ratio. The
voltammogram are compared in Fig. 2.66 and Figr.23nce the voltammogram are alike,
the variation of mole ratio does not have any eftecthe interaction of Cd(ll) with z. leu.

But there is a significant difference in the voltaogram of Cd(ll)-a. leu system. The peak
current is minimum during 1:2 interactions. Therefat can be said that maximum

interaction of Cd(Il) occurs with anionic leucimel:2 mole ratio.
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Fig. 2.68: CV's of Cd(ll) in presence of anionic lacine at different scan rate

Table 2.11:  Current-potential data of the voltammogam of Cd(ll) in presence of anionic
leucine at different scan rate

v v - By - Ep + e - ipe AE, ipe/ipc
Vst Vst Volt Volt mA mA Volt

0.02 0.1414 0.829 0.6208 0.057 0.1428 0.2082 2.50
0.03 0.1732 0.8374 0.6458 0.066 0.1642 0.1916 2.49
0.04 0.2000 0.8416 0.6500 0.071 0.1857 0.1916 2.61
0.05 0.2236 0.8458 0.6582 0.070 0.1786 0.1876 2.55
0.06 0.2449 0.8500 0.6582 0.075 0.1896 0.1918 2.53

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = anodic peak curremhE, = peak potential separatiopyi,.= peak current ratio
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The interaction of Cd(ll)-a. leu system was studieédifferent scan rate. The voltammogram
are compared in Fig. 2.68 and the correspondinggitirpotential data are tabulated in Table
2.11. Some graphical analysis was done on the lmdisiBe current-potential data and is
displayed in Fig. 2.69 to Fig. 2.71. The analys$isvgs that the peak current changes almost
linearly with square root of scan rate, the peatemiial separation is larger and increases
with scan rate, the current function changes witlinsrate, the peak current ratio is greater
than unity. All these facts indicate a diffusionntolled quasi-reversible electron transfer
process where some sort of chemical reaction alsorang at the electrode surfadee®.,

0.1

~ 'pc
T 001

<

(O]

011

>

o

X

o

o -0.214 ipa

0.3 : :
0.0 0.1 0.2 0.3

SORT of scan ra

Fig. 2.69: Variation of peak current with SQRT of €an rate
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2.3.3.3 Redox behavior of Cd(ll) in presence of isgucine

The redox behavior of Cd(ll) in presence of zwiteic isoleucine (z. ile) in 1:1 mol ratio
was studied within the potential window from -0.2&/-1.2 V. The pH of the mixture was
5.40 while the pH of z. ile and CdQlas 6.20.and 5.45 respectively. Therefore the pH o
CdCL does not changed significantly after mixing withile. The voltammogram of Cd£l
before and after interaction is compared with thg Gf z. ile in Fig. 2.72. The
voltammogram shows that after mixing ligand to thetal ion solution, the peak potential
remains almost unchanged but peak current decre@bes may be due to interaction of
Cd(ll) with z. ile.
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Fig. 2.72: CV’s of free Cd(ll) (red), Cd(ll) in presence of z. ile (blue) and z. ile (green)

The redox behavior of Cd(ll) in presence of aniasmeucine (a. ile) in 1:1 mol ratio was
also studied within the same potential window. pheof the mixture was found 7.30 while
the pH of a. ile and Cdglwas 9.14 and 5.45 respectively. Here, the pH efrtetal ion
solution is changed significantly after mixing wiémionic ligand. The voltammogram of
CdCL in absence and in presence of a. ile is compardéig. 2.73. The voltammogram
shows that after mixing ligand to the metal ionusioh, the peak potential remains almost
unchanged but peak current decreases. This mayd&dnteraction of Cd(ll) with anionic

isoleucine.
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Fig. 2.73: CV's of free Cd(ll) (red), Cd(ll) in presence of a. ile (blue) and a. ile (green)
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Fig. 2.74: CV’s of free Cd(ll) (red), Cd(ll) in presence of z. ile (blue) and Cd(ll) in presence of
a. ile (green)

The voltammogram of Cd(ll)-z. ile and Cd(ll)-a. ggstem compared with the CV of free
CdCL in the Fig. 2.74. From the voltammogram of Cd{l¢ see that peak current has
changed after mixing with ligand. So, Cd(ll) intetsawith both z. ile and a. ile. But since the
peak current is minimum, the Cd(ll)-a. ile interanot may be more pronounce over

Cd(l)-z. ile interaction.
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The interactions of Cd(Il) with both z. ile andile. are studied at different mole ratio. The
voltammogram are compared in Fig. 2.75 and Fig6.2Since the voltammogram are alike,
the variation of mole ratio does not have any e¢ftecthe interaction of Cd(ll) with z. ile.
But there is a significant difference in the voltangram of Cd(ll)-a. ile system. The peak
potential has significantly changed and peak carremminimum during 1:2 interactions.
Therefore it can be said that maximum interactib@a(1l) occurs with anionic isoleucine in
1:2 mole ratio.

0.0 J 00 %
g R g
8 -0.3 1 8 -0.3 1
-0.6 : : -0.6 : :
-0.4 -0.8 -1.2 -0.4 -0.8 -1.2
Potential (E/V vs Ag/AgCl) Potential (E/V vs Ag/AgCI)
Fig. 2.75: CV’s of Cd(ll) in presence of Fig. 2.76: CV’s of Cd(ll) in presence of
z.ile at 1:0.5 (red), 1:1 (blue) a. ile at 1:0.5 (red), 1:1 (blue)
and 1:2 (black) mole ratio and 1:2 (green) mole ratio

The interaction of Cd(ll) in presence of anionicl&icine was studied at different scan rate.
The voltammogram are compared in Fig. 2.77 ancctiieesponding current- potential data
are tabulated in Table 2.12. Some graphical arslysis done on the basis of the current-
potential data and is displayed in Fig. 2.78 to. R@0. The analysis shows that the peak
current changes almost linearly with square rootscdin rate. Therefore the system is
diffusion controlled. The peak potential separati®much larger. With the increase of scan
rate the cathodic peak shifts towards negativerpialeand the anodic peak shifts towards
positive potential. Therefore the peak potentigbasation increases with scan rate. The
current function changes with scan rate. The peakent ratio is greater than unity.
Therefore chemical reaction competes with electransfer. The electrode process is termed
quasi-reversibl& 8!
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Fig. 2.77: CV’s of Cd(ll) in presence of anionic igleucine at different scan rate

Table 2.12:  Current-potential data of the voltammogam of Cd(ll) in presence of anionic
isoleucine at different scan rate
1/2 . . . .
\ \Y - Epc - Epa + |pc = IDE AEp IDE/IDC
Vst vs? Volt Volt mA mA Volt
0.02 0.1414 0.8208 0.6624 0.0542 0.229 0.1584 4.22
0.03 0.1732 0.8250 0.6624 0.0563 0.233 0.1626 4.14
0.04 0.2000 0.8250 0.6624 0.0619 0.247 0.1626 3.99
0.05 0.2236 0.8290 0.6624 0.0667 0.262 0.1666 3.93
0.06 0.2449 0.8208 0.6040 0.1785 0.564 0.2168 3.16

v = scan rate, ¥*= SQRT of scan rate,,E= cathodic peak potential .= anodic peak potential,.i= cathodic peak current,
ipa = @anodic peak currem\E, = peak potential separatiopfi,.= peak current ratio
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2.3.3.4 Comparison of interaction of Cd(ll) with laicine and isoleucine

The interaction of Cd(Il) with leucine and isoleneiis compared in Fig. 2.81 and Fig. 2.82.
The voltammogram are alike with respect to peaktiposand peak current. Therefore, the
metal ion interacts in a similar way with isoleugiand leucine. Similar interaction occurs

due to the presence of identical interaction siteath the ligand.
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Fig. 2.81: CV’s of Cd(ll) in presence of Fig. 2.82: CV’s of Cd(ll) in presence of
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2.3.4 Chronoamperometric and chronocoulometric stug of Cu(ll) and Cu(ll)- ligand
interaction in aqueous medium at room temperature.

2.3.4.1 CA and CC study of Cu(ll)

The Cu(ll) system was studied with chronoamperomeind chronocoulometric techniques.
The CA experiment gives a current versus time cwhigh is known as current response or
chronoamperogram. Such a current response for )ds(8hown in Fig. 2.83. The response
shows a current spike followed by a gradual decagurrent. The spike is due to initial

electrolysis of species at the electrode surfacketh@ decay is due to diffusion of molecules

to the electrode surface.
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time (Sec Time (Sec

Fig. 2.83: Current vs time plot of 1* peak Fig. 2.84: Current vs time plot for KCI
for free Cu(ll)

Chronocoulometry (CC) is the integrated form of tteonoamperometry. So, in CC the
monitored response is charge. It is also knownhasnocoulogram. Such a charge response
for Cu(ll) is shown in Fig. 2.85. The response shakat the charge atis about 130.2nC.
Now if Q value obtained from time less thais plotted against and on the same graph
—Q is plotted againgt = [¢*2 +(t-1)Y? — £, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopé#hére is no adsorption of reactant or product.
Any deviation from such behavior means adsorptiurch plot is shown in Fig. 2.86. This
shows that the two straight lines do not intergacth other at Q = 0 axis. Moreover they do
not have equal slopes. Therefore, adsorption ofttme& or products occurs at the

electrodd®%,
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Fig. 2.85: Charge vs time plot of f Fig. 2.86: Plots of Q vs t?and —Q vs
peak for free Cu(ll) of 1% peak for free Cu(ll)

2.3.4.2 CA and CC study of Cu(ll) in presence of lecine

Chronoamperometric study of Cu(ll) in presence wiitterionic leucine and Cu(ll) in

presence of anionic leucine in 1:2 mol ratio wamedoThe amperogram are shown in
Fig. 2.87 and Fig. 2.88 respectively. The resposts@wvs a current spike followed by a
gradual decay in current. The spike is due toah#ilectrolysis of species at the electrode

surface and the decay is due to diffusion of mdescto the electrode surface.
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Fig. 2.87: Current vs time plot of 1% Fig. 2.88: Current vs time plot of f'
peak for Cu(ll) in presence of peak for Cu(ll) in presence of
z. leu a.leu

The corresponding charge responses are shown in2B§ and Fig. 2.90. The response
shows that the chargestas about 44.7%C and 19.71.C for Cu(ll)-z. leu and Cu(ll)-a. leu

system respectively. The value is 130Z5for free Cu(ll). The charge may be declined due
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to interaction. Again the charge is minimum for [Du&nionic leucine system. Therefore,

Cu(I-a. leu interaction may be pronounced ove(li-z. leu interaction.
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Fig. 2.89: Charge vs time plot of f' Fig. 2.90: Charge vs time plot of 1
peak for Cu(ll) in presence peak for Cu(ll) in presence of
of z. leu a.leu

Now if Q value obtained from time less thafis plotted against/t and on the same graph
—Q is plotted againdt = [t +(t-1)*% — £/, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopéhdire is no adsorption of reactant or product.
Any deviation from such behavior means adsorpt®uch plots are shown in Fig. 2.91 and
Fig. 2.92. This shows that the two straight linesndt intersect each other at Q = 0 axis.
Moreover they do not have equal slopes. Theretatsorption of reactant or products occurs

on the electrod8*%
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Fig. 2.91: Plots of Q vs ¥?and -Q vs 6 Fig. 2.92: Plots of Q vsf? and -Q vs 0
of 1* peak for Cu(ll) in of 1% peak for Cu(ll) in
presence of z. leu presence of a. leu
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2.3.4.3 CA and CC study of Cu(ll) in presence of @eucine

Chronoamperometric study of Cu(ll) in presence witterionic isoleucine and Cu(ll) in
presence of anionic isoleucine in 1:2 mol ratio wlase. The amperogram are shown in
Fig. 2.93 and Fig. 2.94 respectively.
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Fig. 2.93: Current vs time plot of 1% Fig. 2.94: Current vs time plot of 1%
peak for Cu(ll) in presence peak for Cu(ll) in presence of
of z. ile a.ile
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Fig. 2.95: Charge vs time plot of f' Fig. 2.96: Charge vs time plot of *

peak for Cu(ll) in presence
of z. ile
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The corresponding charge responses are shown in2EH§ and Fig. 2.96. The response
shows that the chargesmais about 44.85.C and 28.24.C for Cu(ll)-z. ile and Cu(ll)-a. ile
system respectively. The value is 1305 for free Cu(ll). The charge may be declined due
to interaction. Again the charge is minimum for [Du&nionic isoleucine system. Therefore,

Cu(I-a. ile interaction may be pronounced ove(lQ+z. ile interaction.
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Now if Q value obtained from time less thais plotted against’ and on the same graph
—Q is plotted againgt = [¢*2 +(t-1)Y? — £, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slop#hére is no adsorption of reactant or product.
Any deviation from such behavior means adsorpt®urch plots are shown in Fig. 2.97 and
Fig. 2.98. This shows that the two straight linesndt intersect each other at Q = 0 axis.
Moreover they do not have equal slopes. Theretasorption of reactant or products occurs
on the electrod&9°,
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Fig. 2.97: Plots of Q vs t?and -Q vs @ Fig. 2.98: Plots of Q vs'f? and -Q vs 0
of 1* peak for Cu(ll) in of 1% peak for Cu(ll) in
presence of z. ile presence of a. ile
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2.3.5 Chronoamperometric and chronocoulometric stug of Zn(ll) and Zn(ll)-ligand
interaction in aqueous medium at room temperature.

2.3.5.1 CA and CC study of Zn(ll)

The Zn(ll) system was studied with chronoamperoimeind chronocoulometric techniques.
The CA experiment gives a current versus time cwhigh is known as current response or
chronoamperogram. Such a current response for)Zs(Bhown in Fig. 2.99. The response
shows a current spike followed by a gradual decagurrent. The spike is due to initial

electrolysis of species at the electrode surfackthe decay is due to diffusion of molecules

to the electrode surface.
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Fig. 2.99: Current vs time plot for free Zn(ll) Fig. 2.100: Current vs time plot for KCI

Chronocoulometry (CC) is the integrated form of tteonoamperometry. So, in CC the
monitored response is charge. It is also knownhagnocoulogram. Such a charge response
for Cd(ll) is shown in Fig. 2.101. The responsevghithat the charge atis about 238.49C.
Now if Q value obtained from time less thais plotted against’t and on the same graph —
Q, is plotted againgt = [t¥? +(t-t)Y* — £, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopéhdire is no adsorption of reactant or product.
Any deviation from such behavior means adsorpt&urch plot is shown in Fig. 2.102. This
shows that the two straight lines do not intergach other at Q = 0 axis. Moreover they do
not have equal slopes. Therefore, adsorption ottae&d or products occurs on the

electrodd®%,
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2.3.5.2 CA and CC study of Zn(ll) in presence of lecine

Chronoamperometric study of Zn(ll) in presencewitterionic leucine (z. leu) and Zn(ll) in

presence of anionic leucine (a. leu) in 1:2 mabratas done. The amperogram are shown in
Fig. 2.103 and Fig. 2.104 respectively. The respatoows a current spike followed by a
gradual decay in current. The spike is due toahiglectrolysis of species at the electrode

surface and the decay is due to diffusion of mdéscto the electrode surface.
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Fig. 2.103: Current vs time plot for Fig. 2.104: Current vs time plot for
Zn(Il) in presence of z. leu Zn(Il) in presence of a. leu

The corresponding charge responses are shown i?Ai@5 and Fig. 2.106. The response
shows that the chargesmat about 140.99C and 85.99.C for Zn(ll)-z. leu and Zn(ll)-a.leu

system respectively. The value is 238 4@ for free Zn(ll). The charge may be declined due
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to interaction. Again the charge is minimum for Exénionic leucine system. Therefore,

Zn(I)-anionic leucine interaction may be pronoushower Zn(ll)-z. leu interaction.
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Fig. 2.107: Plots of Q vs t?and —Q vs 0 Fig. 2.108: Plots of Q vs t?and —-Q vs 6
for Zn(ll) in presence of for Zn(ll) in presence of
z. leu a.leu

Now if Q value obtained from time less thafis plotted against‘t and on the same graph
—Q is plotted againdt = [t +(t-1)*% — £/, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopéhdire is no adsorption of reactant or product.
Any deviation from such behavior means adsorpt&rch plots are shown in Fig. 2.107 and
Fig. 2.108. This shows that the two straight lilesnot intersect each other at Q=0 axis.

Moreover they do not have equal slopes. Theretatsorption of reactant or products occurs
on the electrod8°°,
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2.3.5.3 CA and CC study of Zn(ll) in presence of @eucine

Chronoamperometric study of Zn(ll) in presencewitzrionic isoleucine (z. ile) and Zn(ll)
in presence of anionic isoleucine (a. ile) in 1:8lmatio was done. The amperogram are
shown in Fig. 2.109 and Fig. 2.110 respectivelye Tésponse shows a current spike followed
by a gradual decay in current. The spike is dueniial electrolysis of species at the
electrode surface and the decay is due to diffusfanolecules to the electrode surface.
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Fig. 2.109: Current vs time plot for Fig. 2.110: Current vs time plot for
Zn(ll) in presence of z. ile Zn(ll) in presence of a. ile

The corresponding charge responses are shown irRHAigl and Fig. 2.112. The response
shows that the chargesmais about 134.79C and 80.11.C for Zn(ll)-z. ile and Zn(ll)-a.ile
system respectively. The value is 238 49for free Zn(ll). The charge may be declined due
to interaction. Again the charge is minimum for Exé&nionic isoleucine system. Therefore,

Zn(I)-a. ile interaction may be pronounced ove(lBre. ile interaction.

Now if Q value obtained from time less thafis plotted against‘t and on the same graph
—Q is plotted againdt = [t +(t-1)*% — £/, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopehére is no adsorption. Any deviation from
such behavior means adsorption. Such plots arershowig. 2.113 and Fig. 2.114. This
shows that the two straight lines do not intergach other at Q = 0 axis. Moreover they do
not have equal slopes. Therefore, adsorption ottae& or products occurs on the

electrodd®%,
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2.3.6 Chronoamperometric and chronocoulometric stug of Cd(Il) and Cd(ll)-ligand
interaction in aqueous medium at room temperature.

2.3.6.1 CA and CC study of Cd(ll)

The Cd(ll) system was studied with chronoamperomeind chronocoulometric techniques.
The CA experiment gives a current versus time cwhigh is known as current response or
chronoamperogram. Such a current response for)dsd($hown in Fig. 2.115. The response
shows a current spike followed by a gradual decagurrent. The spike is due to initial

electrolysis of species at the electrode surfackth@ decay is due to diffusion of molecules
to the electrode surface. The charge responsed@l @ shown in Fig. 2.117. The response
shows that the chargeats about 163.114C.
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Fig. 2.115: Current vs time plot for free Cd(ll) Fig. 2.116: Current vs time plot for KCI
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Now if Q value obtained from time less thais plotted against€ and on the same graph
—Q is plotted againgt = [¢*2 +(t-1)Y? — £, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopé#hére is no adsorption of reactant or product.
Any deviation from such behavior means adsorpt&urch plot is shown in Fig. 2.118. This
shows that the two straight lines do not intergacth other at Q = 0 axis. Moreover they do
not have equal slopes. Therefore, adsorption ottae& or products occurs on the

electrode®+%,

2.3.6.2 CA and CC study of Cd(ll) in presence of lecine

Chronoamperometric study of Cd(ll) in presence wiitterionic leucine and Cd(ll) in
presence of anionic leucine in 1:2 mol ratio wamedoThe amperogram are shown in
Fig. 2.119 and Fig. 2.120 respectively. The comesing charge responses are shown in
Fig. 2.121 and Fig. 2.122. The response showstlieatharges at is about 150.78C and
41.09uC for Cd(Il)-z. leu and Cd(ll)-a. leu system redpasty. The value is 163.14C for
free Cd(ll). The charge may be declined due torattgon. Again the charge is minimum for
Cd(Il)-anionic leucine system. Therefore, Cd(lD)lkeu interaction may be pronounced over

Cd(I)-z. leu interaction.

0.8

2.74
< 18] < 041
g £
g £
o 0.9 o
6 8 0.0

0.0 4

-0.9 ; ; ; ; -0.4 ; . : :

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time (Sec Time (Sec
Fig. 2.119: Current vs time plot for Fig. 2.120: Current vs time plot for
Cd(Il) in presence of z. leu Cd(Il) in presence of a. leu

Now if Q value obtained from time less thaifis plotted againstt and on the same graph
—Q is plotted againdt = [t +(t-1)*% — £/, there will be two straight lines which intersect
with each other at Q = 0 axis with equal slopéhdire is no adsorption of reactant or product.
Any deviation from such behavior means adsorpt&rch plots are shown in Fig. 2.123 and

Fig. 2.124. This shows that the two straight lidesnot intersect each other at Q = 0 axis.
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Moreover they do not have equal slopes. Theretatsorption of reactant or products occurs
on the electrod&*%°.

0.16
0.04 4
012
3 g
& 0.081 S
& o002
(@] (©)
0.04
0.00 i T i i 0.00 T " . :
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time (Sec) Time (Sec
Fig. 2.121: Charge vs time plot for Fig. 2.122: Charge vs time plot for Cd(lIl)
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2.3.6.3 CA and CC study of Cd(ll) in presence of ¢deucine

Chronoamperometric study of Cd(ll) in presence witterionic isoleucine and Cd(ll) in
presence of anionic isoleucine in 1:2 mol ratio Wase. The amperogram are shown in Fig.
2.125 and Fig. 2.126 respectively. The correspandimarge responses are shown in Fig.
2.127 and Fig. 2.128. The response shows thathizeges at is about 146.08C and 36.78
uC for Cd(ll)-z. ile and Cd(ll)-a. ile system respeely. The value is 163.1LC for free
Cd(ll). The charge may be declined due to inteoactiAgain the charge is drastically
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declined for Cd(Il)-anionic isoleucine system. Tdfere, Cd(ll)-a. ile interaction may be
pronounced over Cd(ll)-z. ile interaction.
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Fig. 2.125: Current vs time plot for Fig. 2.126: Current vs time plot for
Cd(ll) in presence of z. ile Cd(ll) in presence of a. ile
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Fig. 2.127: Charge vs time plot for Fig. 2.128: Charge vs time plot for
Cd(Il) in presence of z. ile Cd(Il) in presence of a. ile

Now if Q value obtained from time less thaifis plotted against/t and on the same graph
—Q is plotted againgh, there will be two straight lines which interseetgh each other at
Q = 0 axis with equal slope, if there is no adsorpof reactant or product. Any deviation
from such behavior means adsorption. Such plotsslaoevn in Fig. 2.129 and Fig. 2.130.
This shows that the two straight lines do not seet each other at Q = 0 axis. Moreover they
do not have equal slopes. Therefore, adsorptiomeattant or products occurs on the

electrodd®%,
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STUDY OF METAL-LIGAND INTERACTION IN
SOLID STATE

3.1 Introduction

The interaction of transition metals with leucim&lasoleucine in solution were studied in the
earlier chapter. But to understand the interactimre deeply it should be needed to isolate
solid products and then characterize the produgtslifierent analytical techniques. The

metal complexes can be prepared by the reactiomelket metal ion and the ligand. But

sometimes it is not so easy to isolate solid prtglulo isolate solid product, sometimes the
ligand need to be deprotonated or sometimes a dapptigand need to be added to the
reaction mixture. The polarity and pH of the reaatmedium often need to change in this

purpose.

Various techniques are available to characterizéalmmmplexes. Any new synthesized
product should be formulated for further analyBlemental (CHN) analysis is the prime tool
for the formulation of any new chemical speciese Tinetal analysis is also necessary for the
formulation of metal complexes. Mass spectroscapylwe applied to identify the molecular
ion in order to determine the molecular weight. Thféerent fragments of the molecule can
be studied separately using mass spectroscopy. plingy, thermal stability, melting
temperature, crystallization temperature, heat @gpaamount of coordinated water or
moisture content in the complexes can better détecby thermal analysis especially
thermogravimetry (TG), differential scanning catoetry (DSC), differential thermal
analysis (DTA). The structural elucidation, presemd different functional groups in the
complexes can be done by Infra red (IR) and UV{lesiabsorption spectroscopy. Infrared
spectrum of a compound is actually known as itgdiprint. The nuclear magnetic resonance
(NMR) spectroscopy gives idea about the numberretdre of protons. If the solid product
comes out as crystal, then X-ray diffraction tegluei can be used to determine the molecular

structure.
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3.2 Experimental
Materials, methods and equipments

Pure and analytical graded chemicals were usedynthasis work to isolate pure solid

product. The glassware used in the preparativeegswas clean. The instruments used to
characterize the product were calibrated before Tle sources of different chemicals, the
instruments and brief description of the methodsdu® prepare and characterize the solid

product are described below.

3.2.1 ChemicalsAll chemicals, solvents and ligand used in the Isgtit and analytical work
were analytical grade obtained from E. Merck of rGamy, British Drug House (BDH) of
England and Sigma-Aldrich Chemical Co. of USA. Waised in all of the experimental

processes was de-ionized.

3.2.2 Methods and equipmentsbDifferent analytical techniques were used in thask. The
theories, experimental setup of the techniquesdeseribed on the basis of some standard
books.

3.2.2.1 Elemental analysisMicro analytical data for carbon, hydrogen andagén of the
complexes were obtained from laboratory of Org&itrcictural Chemistry (Prof. Shinmyozu
laboratory), Department of Molecular Chemistry, @rate School of Sciences and IMCE,
Kyushu University, Japan.

Fig. 3.1: Elemental (C, H, N) analyzer
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3.2.2.2 Metal analysis:Metal content of the complexes were quantitatividyermined by
complexometric titration using MBDTA solution %Y Direct titration method was

followed in all cases.

Table 3.1: Summary of determination of metal contenby complexometric titration

Metal ion Buffer pH Indicator Color Change
Co(ll) Hexamine 6 Xylenol orange Red to Yellow
Ni(ll) Aqg. NH3/NH,CI 7-10 Murexide Yellow to Violet
Cu(ll) - - Fast sulphon black Purple to green
Zn(ll) Aqg. NHy/NH,CI 10 Eriocrome black T Red to Blue
cd(n Hexamine 5 Xylenol orange Red to Yellow
Hg(ll) Hexamine 6 Xylenol orange Red to Yellow

A stock solution was prepared by dissolving commlernpound in de-ionized water with the
addition of few drops of 0.1 M Nitric acid and wasarked to a desired volume with the
addition of de-ionized water. A known volume of grepared solution was taken, adjusted to
desired pH with a suitable buffer and then titrateith standard N&DTA solution in
presence of a suitable indicator. The end pointdeiermined by detecting the color change
of the solution. Calculation of the metal conteas ldone from equivalence relationship. The

procedure of determination of metal content indbmplexes is summarized in Table 3.1.

3.2.2.3 Preparation of indicators:The preparation of the indicatdf€” used to determine

the metal content in the complexes were,

Murexide: This indicator solution was prepared by suspen@ibgy of the powdered dyestuff
in water, shaking thoroughly, and allowing the @sdived portion to settle. The saturated
supernatant liquid was used for titrations.

Eriochrome black T: This indicator solution is prepared by dissolving g of the dyestuff in
15 mL of triethanolamine with the addition of 5 ndf absolute ethanol to reduce the
viscosity.

Fast sulphon black F: This indicator solution consists of 0.5 % aquesalution of sodium
salt of 1-hydroxy-8-(2-hydroxynaphthylazo)-2-(subplaphthylazo)-3, 6-disulphonic acid.
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3.2.2.4 Chloride (Cl) ion test: Chloride content of all the complexes were quinliédy

tested by AgN@solution. A stock solution was prepared by dissg\complex compounds
in de-ionized water with the addition of few dropfsdilute nitric acid and the solution was
warmed. About 2-3 mL of the solution was taken itest tube and few drops of AgNO

solution was added to the solution.

3.2.2.5 Solubility test:The solubility of all compounds was examined (gaélrely) in water
and some common organic solvents such as methaethlanol, acetone and
dimethylformamide (DMF).

3.2.2.6 Melting point determination: The melting point of all the complexes were meagure

in a heating device, MEL-TEMP II, Laboratory Dewsamade in USA with a thermometer.

3.2.2.7 Infrared spectral analysis:Infrared spectrum is used to characterize strukctura
information about a molecule. Each type of bond itmewn different natural frequency of
vibration and two of the same type of bond in twifedent compounds is in two slightly
different environments. So, no two molecules ofedént structure have exactly the same
infrared absorption pattern. Thus, infrared spectaan be used for molecules much as a

fingerprint can be used for humaH§%%

Only those bonds that have a dipole moment thatgg®mas a function of time are capable of
absorbing infrared radiation. The changing eleatrtipole of the bond can then couple with

the sinusoidally changing electromagnetic fieldhe&f incoming radiation.

A diatomic molecule can be considered as two vilbgamasses connecting by a spring.
Whenever the spring is stretched or compressed nideybe equilibrium distance, the
potential energy of the system increases. As for laarmonic oscillator, whrn a bond
vibrates, its energy of vibration is continuallydaperiodically changing from kinetic to
potential energy and back again. The total amotienhergy is proportional to the frequency

of the vibration, Bosc Mugsc

which for a harmonic oscillator is determined bg force constant (K) of the spring or its
stiffness and the masses;(and m) of the two bonded atoms. The natural frequency of
vibration of a bond derived from Hook’s law for vdbing springs is given by the equation,

i
V_L<£> ’
S 2mc \ M
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where, K is force constant, c is velocity of ligitdv is the reduced mass of the system.

m;my
ml + m2

This equation can be used to calculate the appmeimosition of a band in the infrared
spectrum.

3.2.2.7.1 Instrumentation of infrared spectral analsis: Infrared spectrum of the
complexes were recorded on a calibrated Fouriensfoamation Infrared Spectrophotometer
(Shimadzu FTIR IR prestige-21 S/N) in the range -8600 cmi* as KBr pellets at
Department of Chemistry, University of Dhaka, Baugsh. The KBr disk was prepared by
mixing and grinding uniformly a small amount of gaem (0.1% - 0.2%) with dry and pure

KBr, then compressing the powder in a special metder pressure.

Fig. 3.2: Fourier Transformation Infrared Spectrophotometer

3.2.2.8 Electronic spectral analysisMost organic molecules and functional groups are
transparent in the portions of the electromagrsgectrum which we call the ultraviolet (UV)
and visible (Vis) regions that is the regions whexevelengths range from 190 nm to 800
nm. When continuous radiation passes through sspeaent material, then two different
phenomenons arises depending on absorption octiefteof radiation. The phenomenon are
described below on the basis of some standard B§6#S!

3.2.2.8.1 UV-Visible absorption spectral analysisWhen continuous radiation passes
through a transparent material, a portion of tltkatéeon may be absorbed. If that occurs, the

residual radiation, when it is passed through snpriyields a spectrum with gaps in it, called
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an absorption spectrum. As a result of energy glisor, atoms or molecules pass from a
state of low energy to a state of high energy. Big.depicts the excitation process, which is

guantized.

E (excited)

AE = [E (excited) - E (ground)] =vh

E (ground)

Fig. 3.3: The excitation of electron from lower tchigher energy state

The electromagnetic radiation that is absorbed drergy exactly equal to the energy
difference between the excited and ground stateghé case of ultraviolet and visible
spectroscopy, the transitions that results fromatbsorption of electromagnetic radiation in
this region of the spectrum are transitions betwelestronic energy levels. As a molecule
absorbs energy, an electron is promoted from anpied orbital to an unoccupied orbital of
greater potential energy. Generally the most prigb&tansition is from highest occupied
molecular orbital (HOMO) to lowest unoccupied malee orbital (LUMO). The absorption
of UV or visible radiation corresponds to the eatidn of outer electrons. There are three

types of electronic transition which can be consde

(i) Transitions involving p, s, and n electrons
(i) Transitions involving charge-transfer electrons

(i) Transitions involvingd andf electrons
Possible electronic transitions of p, s and n stestare:

(a) ¢ — o* transitions. Molecules which contain nothing but single bondd éack atoms
with unshared electron pairs, the only transitipossible are of the — c* type. In alkanes
this type of transition occurs. These transitiorss @ such a high energy that they absorb
ultraviolet energy at very short wavelengths.
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Fig. 3.4: Possible transition of electrons at difi@nt electronic energy levels

(b) n — ¢* transitions. In saturated molecules that contain atoms bearmiponding pairs
of electrons, transitions of the — ¢* type become important. This transition is foumd i

molecules such as water, alcohols, ethers, ammswdfur compounds.

(c) = — =* trangitions. Molecules possessing double or triple bonds involWta =7 — =*
transition. Such transitions occur in olefins, @éisnand aromatic systems.

(d) n — #* transitions: Unsaturated molecules that contain atoms such ygeaxor nitrogen
may also undergo A~ w* transitions. These are perhaps the most intergstind most

studied transitions, particularly among carbonyhpounds.

Charge-transfer transitions usually appear in ligigorption of inorganic molecules. For a
molecule to allow a charge transfer transition nin#ste a component (atom or group) able to
donate an electron and another component mustlbdabccept an electron. The absorption
of radiation involves an electron transfer fromamak orbital to an acceptor orbital. Charge
transfer transitions are common in metal-ligand pl@xes. Typical charge transfer
transitions are, transfer of an electron from aainetbital to a ligand orbital (MLCT) and

transfer of an electron from a ligand orbital tmatal orbital (LMCT).

The d-d transitions arise from transitions betwdend orbitals of the metal that have been

split in a ligand field; they are also known as dpectra.
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3.2.2.8.2 UV-Visible diffuse reflectance spectralralysis: UV-Visible diffuse reflectance
spectroscopy is an optical technique which dessrthe electronic behavior present in the
structure of the solid. This technique concernshwite relative change in the amount of
reflected light off of a surface. Diffuse reflectanspectra are taken for measuring the band
gap energy. The separation between the energyedbttest conduction band and that of the
highest valence band is called the band gap, ergagyor forbidden energy gapgEThe
semiconductor properties of a solid are stronghecaéd by the [ parameterEg can be
determined by applying the Kubelka-Munk (K-M or F(Rnethod™®”). The K-M method is

based on the following equation:

F(R) = (1-Rj/2R (i)
Where R is the reflectance, F(R) is proportionahtextinction coefficiento.
The modified K-M function is, (F(R) *v" (i)

The band gap energy is determined by plotting é¢ajsation as a function of energy in eV

and then extrapolating the slopeste 0. Where n=2.

3.2.2.8.3 Instrumentation of electronic spectral aalysis: The electronic spectrum of the
complexes were recorded on a Shimadzu UV-Visibleonding spectrophotometer (UV-
1800A), in the wavelength 190 nm - 1100 nm at Depant of Chemistry, University of
Dhaka, Bangladesh.

Fig. 3.5: Shimadzu UV-Visible spectrophotometer (UV1800)
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3.2.2.9 Nuclear magnetic resonance (NMR) spectrogpo Nuclear magnetic resonance has
been playing an important role in the fields of giogl techniques available to the chemist for
years. It is becoming a more and more useful metbgorobe the structure of molecules.
Nuclear magnetic resonance, NMR, is a physical pimemon of resonance transition
between magnetic energy levels, happening wheniatontlei are immersed in an external
magnetic field and applied an electromagnetic tamhavith specific frequency. By detecting
the absorption signals, one can acquire NMR spectAccording to the positions, intensities
and fine structure of resonance peaks, people tady sthe structures of molecules

quantitatively1®% 103

Many atomic nuclei have a property called spin. fil@e common nucleus that possesses
spin is proton. In the absence of applied magriegid, all the spin states of the nucleus are
of equivalent energy, i.e degenerate. But in ariegppnagnetic field the spin states are not
degenerate. A hydrogen nucleus may have a clocki#i$é ) or anticlockwise (- ¥2 ) spin,
and the nuclear magnetic momenty iq the two cases are pointed in opposite direstion

an applied magnetic field all protons have theignetic moments either aligned with the
field or opposed to it which is illustrated in FB)6.

Lowe Energy High Energy

Fig. 3.6: The two allowed spin states of a proton

Applied
magnetic field

Ma field

R
.
ba | —

Energy
]

4+ 1
."'."I|_+2

Fig. 3.7: The spin states of a proton in absence @imn presence of applied magnetic field
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The spin state + ¥z is of lower energy since itignad with the field, while the spin state — %2
is of higher energy since it is opposed to the iadpiield. The nuclear magnetic resonance
phenomenon occurs when nuclei aligned with an eggdield are induced to absorb energy
and change their spin orientation with respech&épplied field.

When the magnetic field is applied, the nucleusinse¢po precess about its own spin axis
with angular frequencw, called Larmor frequency. The frequency of preiogsss directly

proportional to the applied magnetic field. Thegaession generates an oscillating electric
field of the same frequency. If radiofrequency wsawé this frequency are supplied to the

precissing proton, the energy can be absorbedrgpasspin change, called resonance.

precession

- —

L1

magnetic
field

Fig. 3.8: The precession of a spinning nucleus irrgsence of an applied magnetic field

3.2.2.9.1 Instrumentation of nuclear magnetic resance (NMR) spectral analysisThe
NMR spectrum of the complexes were recorded onukdBrNMR spectrometer in methanol
solution at Wazed Miah Science Research Centeand@imagar University, Bangladesh.

Fig. 3.9: Bruker NMR spectrometer
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3.2.2.10 Thermal analysis (TA)Thermal methods of analysis are those techniquesich
changes in physical and/or chemical properties sifitasstance are measured as a function of
temperaturé*®”. Thermo gravimetry (TG) and Differential Scanni@glorimetry (DSC) are
important among the thermal techniques. The thegragimetric analysis is a dynamic
technique based on the change in the weight ofbatance recorded as the function of
temperature or time. DSC is a technique in whiah difference in energy inputs into a
substance and a reference material is measured fascaon of temperature whilst the
substance and reference material are subjecteddoteolled temperature programme.

The thermal analysis is applied for the determomatf the purity, thermal stability, and
mode of decomposition and composition of complextunes. It gives an idea about the

bond strength of various constituent parts of th@glex.

3.2.2.10.1 Instrumentation of thermal analysis:The thermo gravimetric (TG) and
differential scanning calorimetry (DSC) analysistbé complexes was carried out with a
simultaneous thermal analyzer (NETZSCH STA 449F34MF3A-1311-M) at Bangladesh
Council of Scientific and Industrial Research (BRgBIDhaka, Bangladesh.

i

i

Fig. 3.10: Thermo gravimetric analyzer

About 10 mg of the sample to be examined was takem alumina cell and was kept in the
furnace of the analyzer by means of a pan. Thenletlecomposition of the complexes was
recorded in nitrogen atmosphere from room tempegatin 900°C with a temperature rate
10°C/minute.
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3.2.2.11 Magnetic properties:The magnetic susceptibility of a complex providéedent
significant information’s about the transition nletomplexes e.g. assignment of the
oxidation state of the transition metal, sterioctoaininformation’s, information concerning
ligand field strength, antiferromagnetic interang8oin dimmers and polymers, effect of
ligands on magnetic behavior and the criterion witp or contamination of the complex to

be examined 12

The magnetic and electrical properties of molecwdes analogues. For instance, some
molecules possess permanent magnetic dipole mojrerdsan applied magnetic field can
induce a magnetic moment. The analogue of therelqmblarization P is the magnetization
M, the magnetic dipole moment per unit volume. Tregnetization in the presence of a field

strength H is proportional to H and we may write
M= H 1)
wherey is the dimensionless volume magnetic suscepibilit
A closely related quantity is the molar magnetiscgyptibility, ym
xm =% Vm 2)

where \, is the molar volume of the substance. Materiatsafbich y is positive are called
paramagnetic; those for whighis negative are called diamagnetic. The followgeneral

expression for mass susceptibiligy,in cgs units can be derived as for the Gouy method
% = (1/m) [C (R — B) + yyair * Al 3)

where, C = a constant of proportionality, R = thading obtained for tube and sample =R
the empty tube reading (normally a negative value)the sample length (in cm), m = the
sample mass (in gm), A = the cross sectional afeheotube (in crf), yvar = the volume

susceptibility of the displaced air.

For powdered sample the air correction tejy X A, may be ignored. The constant of
proportionality, C is related to the balance calilim constant (gz) of a given balance by

the formula

C = G/ 10° (4)
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Therefore the eqgn. (3) can be expressed as

%o= [Cea* 1 * (R — Rg)]/10° * m (5)
The molar susceptibility

o =g * MW (6)
where, MW = Molecular weight of the substance.

For compounds containing a paramagnetic ignwill be less than the susceptibility per
gram atom of paramagnetic iog, because of the diamagnetic contribution of tHeeiot

groups or ligand present. When the diamagneticridarion is negligible
%A = [{Cea * I * (R — R)}/10° * m] * MW (7)

For paramagnetic metal ion, the effective magmatenent, 4 in Bohr magnetrons (BM) is
(Mer)” = (3KT xa) / NB? (8)

where, N = Avogadro numbep, = The Bohr magnetron, k = Boltzmann’s constant: T

Absolute temperature. Hence,
Hett = 2.828V(T * ya) 9)

For compounds containing unpaired electrons, bbé gpin angular momentum and the
orbital angular momentum of the electrons can domte to the observed paramagnetism.
However, for a complex of transition metal iong tirbital contribution is largely quenched
by the field due to the surrounding ligands. Irs ttse we have the simple spin-only formula,

Kett = V[N(n+2)] BM (10)
where n = number of unpaired electrons.

3.2.2.11.1 Instrumentation of magnetic property anlgsis: The magnetic properties of the
complexes were studied at ambient temperature amagnetic susceptibility balance,
Magway MSB Mkl Sherwood Scientific Ltd, Cambridgéngland at Department of
Chemistry, University of Dhaka, Bangladesh.
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Fig. 3.11: Magway MSB Mk1 magnetic susceptibility blance

The magnetic susceptibility balance was calibrditestl using standard sample tube and the
balance calibration constantgfwas measured. Then the sample (blended unifornrd@gw
to be examined was packed introducing into thendda dried and previously weighed
sample tube, and the bottom of the tube was tapatlygon a wooden bench a number of
times to settle the solid particulates. This pracedvas repeated until a sufficient amount of
sample was added corresponding to a sample lehgth,the range 1.5 to 2.0 cm was
recommended. The sample mass, m in grams and thelesdength,l in cm were noted
simultaneously. The packed sample tube was plastedsample guide and was taken the
reading; R. Using these readings molar suscepil@ihd magnetic moment were calculated.

3.2.3 Preparation of the complexes

The complexes were prepared in agueous medium kiyngnihe chloride salt of metal with
the anionic ligand in 1:1 mol ratio. To do so, abbd mmol ligand was boiled with 10 mmol
NaHCG;. The mixture was then filtered. The resultant 8oluthen added to 10 mmol metal
salt solution with stirring. Immediately a precagig was formed. The precipitate was then
filtered, washed and dried over silica gel. Thedpicis were stable in light and air. It was not
possible to isolate Mn and Fe complex because dfdhysis of the respective metal salt in
the anionic ligand solution.

HgCl, dissolves in hot water but precipitated when cdoléherefore there is a probability to
remain unreacted Hg&€In the Hg complex. That's why HgCWas mixed with the anionic
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ligand in 1:2 mol ratios. The product formed wassked with boiled water several times so

that no unreacted Hg&ilemains in the complex.

The reaction scheme is presented as the followgogteon.

Hzo . filter ) MClz.nHzo
CeH13NO, + NaHCGO; S Mixture — (CgH1oNO,) » Product
Zwitterionic Anionic
ligand ligand

where M(Il) = Co(1l), Ni(Il), Cu(ll), Zn(I1), Cd(1), Hg(I1) and Pb(ll).
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3.3 Results and discussions

In the present study the metal complexes are cteaized by different analytical techniques.
Among the techniques, spectroscopy plays the imapbrrole. Several spectroscopic
techniques like IR, UV-Visible, NMR were applied study the structural features of the
complexes. Elemental and metal analysis was dorfertoulate the complexes. Thermal
analysis was done to determine the thermal stalaititl the composition of the complexes.

3.3.1 Characterization of the metal-leucine compless

The complexes were prepared by direct reaction dmtwagueous solution of the metal salt
and anionic leucine (section 3.2.3). The precipifarmed was filtered, washed and dried

over silica gel.

3.3.1.1 Formulation

Elemental analysis is the prime tool for the foratidn of any new chemical species. The
formulation of the prepared complexes were donedmparing the elemental (C, H and N)
and metal analysis data and the calculated values.

3.3.1.1.1 Elemental analysigvlicroanalysis for carbon, hydrogen, nitrogen ia tomplexes

of leucine was performed in an elemental micro ygeal Metals were estimated by
complexometric titration method using ordinary lediory glassware. Chloride content of all
the complexes was qualitatively tested by using @ghsolution. The complexes didn’t

respond to this test. Thus chloride is absentencthmplexes.

Comparing all the experimental data and theoretiahles the proposed empirical formula of

the complexes are,

Co- Leucine complex Co@l12NO,)2.2H,0
Ni- Leucine complex Ni(6H12NO»)2.2H,0
Cu- Leucine complex CugEl12NOy)2
Zn- Leucine complex Zn(§H12NOy),
Cd- Leucine complex CdgEl12NOs)2
Hg- Leucine complex Hg(§E12NO,)2
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The C, H, N data does not confirm the formatiofPbfcomplex. The percent composition of

carbon, hydrogen, nitrogen and metal of the congsdexre tabulated in Table 3.2.

Table 3.2: Percent composition of C, H, N and metah the metal-leucine complexes

Compound % C % H % N % Metal % Yield
based on
Fnd. Cal. Fnd. Cal. Fnd. Cal. Fnd. Cal.metal

Co(GH12NO,),.2H,0 40.45 4057 8.07 7.89 7.90 7.89 16.50 16.60 54

Ni(CeH12NO;),.2H,0 40.34 40.60 7.98 7.89 7.80 7.89 15.65 16.55 50

Cu(GH12NOy), 43.35 4451 7.16 7.42 8.45 8.65 1792 19.63 67
Zn(GeH1oNOy), 43.88 44.25 7.56 7.37 8.56 8.60 19.11 20.10 81
Cd(GH12NOy), 37.52 38.67 5.95 6.44 7.10 752 28.23 30.18 65
Ho(CeH1NO,), 30.96 31.26 5.10 5.21 5.90 6.08 42.60 4355 55
Pb(GH1:NO,), 158 30.82 0.77 5.14 3.10 5.99 - 44.35 -

Cal. = Calculated, Fnd. = Found
3.3.1.2 Physicochemical properties

The solubility, melting temperature of the compkexeere conducted which are described

below.

3.3.1.2.1 Solubility: Solubility of a compound actually depends on thedenof interaction
between solute and solvent molecule, lattice enesgyvation energy and temperature.
Solubility of the complexes was investigated gadiely at room temperature in some
common solvents such as water, methanol, ethametome, DMSO and is shown in
Table 3.3. The solubility analysis of the complekedicates that they are insoluble in most
of the common solvents. The lattice enthalpy of toeplexes may be higher than the
solvation energy of the solvents or it may be du¢he formation of strong M-O and M-N
coordination bond in the complexes or may be duen¢opresence of a hydrocarbon tail in
the ligand part which is the main obstacle forgbk/ation of the complexes in the mentioned

solvents.
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Table 3.3: Solubility of the prepared metal-leucinecomplexes

Compound Appearance Soluble in Insoluble in

Co(GH12NO,),.2H,0O Pink - HO, CHOH, GHsOH, CHCOCH;, DMSO
Ni(CgH1NO5),.2H,0 Sky blue CHOH H,0, GHsOH, CH,COCH,;, DMSO
Cu(GH12NO,), Blue - HO, CHOH, GHsOH, CH,COCH;, DMSO
Zn(CsH1oNO,)» Colorless - HO, CH;OH, GHsOH, CH;COCH;, DMSO
Cd(GH12NO,), Colorless - HO, CH,OH, GHsOH, CH,COCH;, DMSO
Hg(GsH12NO,), Colorless - HO, CH,OH, GHsOH, CH,COCH;, DMSO

3.3.1.2.2 Melting temperature:The temperature at which the solid and the liqindses of a
compound are in equilibrium under a pressure ofainesphere is referred to as the melting
point of the solid compound. lonic compound hashéigmelting point than covalent one.
The melting temperatures of the complexes are giwemable 3.4. Melting point of the
complexes are more than 2%D. The high melting point may be due to the ioriiaracter of

the complexes or may be due to the presence afgsivbL bond.

Table 3.4: Melting temperature of prepared metal-leicine complexes

Compound Melting temperaturéQ)
Co(GsH1:NO,),.2H,0 >250°C
Ni(CeH12NO,)2.2H,0 >250°C

Cu(GH1.NOy), >250°C
Zn(CsH1:NO,), >250°C
Cd(GH12NO,), >250°C
Hg(GsH12NOy)2 >250°C
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3.3.1.3 Infrared spectral analysis

The compounds having covalent bonds will be fouadabsorb various frequencies of
electromagnetic radiation in the infrared (IR) wagiof the spectrum. The IR spectrum
originates from the different modes of vibration afmolecule due to the absorption of
radiation energy in the IR region. However, it ssential that a change in dipole moment
occurs during the vibration. In the absorption pss; those frequencies of IR radiation will
be absorbed which match the natural vibrationajuescies of the molecule. Since every
different type of bond has a different frequencyibiration, and since the same type of bond
in two different compounds is in a different envinoent, no two molecules of different

structure will have exactly the same infrared apson pattern. This is why IR spectrum is a
very authentic identity of the compounds which I&ective. Another more important use of

the IR spectrum is that it gives structural infotima about a molecule.

In the present study, a calibrated Fourier Tramsforfrared (FTIR) spectrophotometer has
been used to record the IR spectrum of the complekiee design of the optical pathway
produces a pattern called an interferogram. Arrfietegram is essentially a plot of intensity
vs time (a time domain spectrum). A mathematicarappon known as a Fourier Transform
(FT) can separate the individual absorption fregiemnfrom the interferogram, producing a
spectrum virtually identical to that obtained wiéh dispersive spectrometer. There are,
however, great advantages in the use of FTIR becallsthe frequencies are recorded
simultaneously; there is an improvement in sigoahise (S/N) ratios, and it is easier to
study small samples or materials with weak absongtiln addition to this, the time taken for
a full spectral scan is less than 1 second andribkes it possible to obtain improved spectra
by carrying out repetitive scans and averagingcthikected signals. This is because the S/N
ratio is directly related tan, where n is the number of scans. The tentatinel basignments
have been made empirically on the basis of sonmelatel book$214

3.3.1.3.1 IR spectrum of leucineThe FTIR spectrum of leucine is shown in Fig. 3.AR.
the vibrational frequencies and their tentative doassignments are listed in Table 3.5. A
weak broad peak at 3070 ¢nis due to N-H stretching vibration of NHgroup. The C-H
stretching vibration appears at 2960 trsymmetric and symmetric stretching vibrations
for carboxyl group (COQ occur at 1575 and 1400 @mAsymmetric and symmetric N-H
bending vibration appears at 1610 tamd 1510 ci. A sharp peak at 1080 ¢happears due
to C-N stretching.
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Table 3.5: Tentative assignment of IR bands of leiree (CsH1sNO,)

Wave no. (cri) Relative intensity Tentative band assignment
3070 w, b "NHj stretching

2960 w, sh -C-H stretching

2125 ms, sp

1610 w, sh Asymmetric N-H bending
1575 w, sp Asymmetric COQtretching
1510 ms, sp Symmetric N-H bending
1400 ms, sp symmetric CO6tretching
1350 m, sp

1300 m, sp

1240 m, sp

1175 m, sp

1125 ms, sp

1080 m, sp C-N stretching

1025 m, sp

1000 m, sp

940 ms, sp

850 S, sp

760 ms, sp

660 S, Sp

550 S, Sp

450 ms, sp

400 S, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster

3.3.1.3.2 IR spectrum of leucine complexes: The FTIR spectrum of metal-leucine
complexes are shown in Fig. 3.13 to Fig. 3.19. tAk vibrational frequencies and their
tentative band assignments are listed in Tablet®.Bable 3.11. In all the complexes two
sharp bands between 3100-3360'cappears due to N-H stretching vibration for theefr
—NH, group.. The C-H stretching vibration appears @&®f 2975 cni. Two sharp peak
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ataround 1575 and 1400 ¢rappears due to asymmetric and symmetric stretahibrgtions
for carboxyl group (COQ. Asymmetric and symmetric N-H bending vibratioppears at
around 1600 crhand 1500 crit. At around 1100 cih C-N stretching vibration appears as a
sharp band. In few cases the N-H bending and —GfdQup stretching vibrations overlap
with each other and appears as a single band. &atterp of the IR spectrum of the
complexes is almost similar with each other witlw fexceptions. Most of the important
bands in all the complexes were shifted signifigambmpare to that of leucine which
indicate the formation of new compound. The intgnef bands in the complexes has been
changed in most of the cases comparing the intengibands found in the free ligand. The

IR spectrum does not confirm the formation of Pmptex.

Table 3.6: Tentative assignment of IR bands of [CQH 1:2NO5),.2H,0]

Wave no. (crit) Relative intensity Tentative band assignment
3360 S, sp Asymmetric N-H stretching
3300 m, sp Symmetric N-H stretching
2950 S, sp -C-H stretching

2875 m, sp

1625 s, b Asymmetric N-H bending and

Asymmetric COOstretching

1475 ms, sp Symmetric N-H bending
1400 S, sp symmetric COS€lIretching
1300 ms, sp

1125 m, sp

1100 ms, sp C-N stretching

1050 ms, sp

980 m, sp

760 m, sp

600 m, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Fig. 3.14: FTIR spectrum of Ni(GH 12NO5),.2H,0
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Table 3.7: Tentative assignment of IR bands of Ni(§E1.NO,),.2H,0

Wave no. (crit) Relative intensity Tentative band assignment
3360 S, sp Asymmetric N-H stretching
3300 w, sp Symmetric N-H stretching
2950 S, sp -C-H stretching

2875 m, sp

1640 S, sp Asymmetric N-H bending
1580 w, sh Asymmetric COQtretching
1475 ms, sp Symmetric N-H bending
1410 S, sp symmetric COGtretching
1346 m, sp

1125 ms, sp

1100 ms, sp C-N stretching

1060 ms, sp

985 ms, sp

760 ms, sp

625 m, sp

710 w, sh

650 w, sh

610 w, sh

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Table 3.8: Tentative assignment of IR bands of Cu(g1:.NO,),»

Wave no. (crit)

Relative intensity

Tentative band assignment

3325

3250

2975

2925

2875

1625

1575

1480

1400

1375

1325

1150

1120

990

860

800

775

725

675

575

ms, sp

ms, sp

ms, sp

m, sp

m, sp

ms, sp

m, sp

m, sp

ms, sp

ms, sp

Asymmetric N-H stretching
Symmetric N-H stretching

-C-H stretching

Asymmetric N-H bending
Asymmetric COG@tretching
Symmetric N-H bending

symmetric COGtretching

C-N stretching

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Table 3.9: Tentative assignment of IR bands of Zn(§H1.NO,),

Wave no. (crit) Relative intensity Tentative band assignment
3325 ms, sp Asymmetric N-H stretching
3260 ms, sp Symmetric N-H stretching
2960 ms, sp -C-H stretching

2875 m, sp

1625 s, b Asymmetric N-H bending

Asymmetric COOstretching

1570 w, sh

1475 m, sp Symmetric N-H bending
1410 ms, sp symmetric CO6tretching
1110 S, sp C-N stretching

1075 S, sp

980 ms, sp

775 ms, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster

Table 3.10: Tentative assignment of IR bands of C@gH1,NO,),

Wave no. (crif) Relative intensity Tentative band assignment
3350 m, sp Asymmetric N-H stretching
3250 ms, sp Symmetric N-H stretching
2960 ms, sp -C-H stretching

1600 ms, sp Asymmetric N-H bending
1560 ms, sp Asymmetric COGtretching
1400 s, b Symmetric N-H bending

symmetric COOstretching

1080 m, sp C-N stretching
860 S, Sp

775 ms, sp

725 ms, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Table 3.11: Tentative assignment of IR bands of HGEH 1,NO,),

Wave no. (crit) Relative intensity Tentative band assignment
3150 m, b Asymmetric N-H stretching
3100 w, sh Symmetric N-H stretching
2960 ms, sp -C-H stretching

2925 m, sp

2875 m, sp

1600 S, sp Asymmetric N-H bending
1575 S, Sp Asymmetric COGtretching
1475 m, sp Symmetric N-H bending
1400 ms, sp symmetric CO6&tretching
1150 m, sp C-N stretching

800 m, sp

740 m, sp

550 m, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Fig. 3.19: FTIR spectrum of Pb-leucine complex
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3.3.1.4 Electronic spectral analysis:

In the present study the electronic spectrum dfifeuand its metal complexes were recorded
on a Shimadzu UV-Vis recording spectrophotometev-(IB00A) in the wavelength range
190 to 1100 nm.

3.3.1.4.1 UV-Visible absorption spectral analysisUV-Visible absorption spectrum was
carried out to understand the electronic transstioocur within the molecule. The absorption
spectrum of the complex was recorded on a ShimadVisible recording
spectrophotometer (UV- 1800A) in the range of 18®to 1100 nm. The complexes were
insoluble in the most common solvents and only dinplex is soluble in methanol. So, the
absorption spectrum of leucine and Ni-leucine caxphere studied in methanol solution
and shown in Fig. 3.20 — Fig. 3.22. The tentatiad assignments have been made

empirically on the basis of some standard bd¥&3°® and tabulated in Table 3.12.

The absorption band at ~ 200 nm was observed fmothganic part of the complex. The
absorption band at around 370 nm in the complex beaylue to charge transfer between
metal orbital and ligand orbital. The presence 6% =, n— n and n— ¢ bands as a single
band in the ligand and the complex indicate lowrgnealifference for these transitions (e.g.
-C=0, -NH,). Appearing of a new band at 620 nm for d-d triémss also indicate the
presence of metal ion in the complex. Shiftingled absorption bands in the complexes and
appearing of a new band for d-d transitions alsbcate the probability of forming M-L

coordination bonds in the complexes.

0.35 2.5
0.30 1 204
8 0.254 § .
c 54
& 0.204 ‘é‘
2 2
3 0.151 2 10
0.104
0.5
0.054
0.00 T T T —r 0.0 ; T " . "
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Wavelength (nm) Wavelength (nm)
Fig. 3.20: UV-Vis spectrum of leucine Fig. 3.21: UV-Vis spectrum of
(CeHleNoz) Ni(CsleNoz)z-ZHzo
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Fig. 3.22: UV-Vis spectrum of Ni(GH1,NO,),.2H,0

Table 3.12: Absorption bands of leucine and its copiex

Compound Absorption band

d-d CT IL
Leucine (GH13NO,) 201
Ni(CeH12NO,),.2H,0 620 370 206

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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3.3.1.4.2 UV-Visible diffuse reflectance spectralralysis: UV-Visible diffuse reflectance
spectroscopy is an optical technique which dessribe electronic behavior present in the
structure of the solid. This technique concernshwite relative change in the amount of
reflected light off of a surface. Diffuse reflectanspectrum are taken for measuring the band
gap energy. The separation between the energyedbitest conduction band and that of the
highest valence band is called the band gap, ergagyor forbidden energy gapgEThe
semiconductor properties of a solid are strondigcaéd by the Fparameter.

The reflectance spectrum and the correspondingggniemction of the compounds are
displayed in the Fig. 3.23 to Fig. 3.29. The deteed band gap energy of the compounds is
listed in Table 3.13. All the samples have lowenda@ap energy, indicating they may be

good conductof°”,

200 @ 200 ©)

160 150

120

% R

80

40

200 400 600 800 1000 0 1 2 3 4 5 6 7
Wavelength (nm) Energy (eV)

Fig. 3.23: (a) Reflectance spectrum and (b) (F(R)EYs E plot for leucine (GH1aNO,)
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Fig. 3.24: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Co(CsH1.NO,),.2H,0
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Fig. 3.25: (a) Reflectance spectrum and (b) (F(R)EYs E plot for Ni(CsH1.NO,),.2H,0
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Fig. 3.26: (a) Reflectance spectrum and (b) (F(R)EYs E plot for Cu(CsH12NO,),
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Fig. 3.27: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Zn(CsH1,NO,),
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Fig. 3.28: (a) Reflectance spectrum and (b) (F(R)EYs E plot for Cd(CsH12NO,),
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Fig. 3.29: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Hg(CsH1,NO,),

Table 3.13: The determined band gap energy of leug and its complexes

Sample Band gap energy (eV)
Leucine (GH3NO,) 0.7
Co(GH1oNO,),.2H,0 0.8
Ni(CsH12NO),.2H,0 0.2
Cu(GsH1NO,),. 0.7
Zn(CsH1.NO,), 0.7
Cd(GH1.NO,), 0.5
Hg(CsH12NO,), 0.7

136 | STUDY OF METAL-LIGAND INTERACTION IN SOLID STATE



3.3.1.5 Nuclear magnetic resonance (NMR) spectrahalysis

In the present study the NMR spectrum of leucine igsinickel complex were recorded on a
Bruker NMR spectrometer in methanol solution andwah in Fig. 3.30 - Fig. 3.32. The
tentative assignment of the position of the peakslane on the basis of some standard

books!'%? 1% The assignments are shown on the body of théngrap

COOH

TN T R R R N R e

Fig. 3.30: NMR spectrum of leucine (GH1sNO,)

o CH
d CH;
NH, B CH, vy CH
I I I T I T T I
4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

Fig. 3.31: NMR spectrum of leucine (GH1sNO,)
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Lucine shows a peak at chemical shift 5 ppm for @EQproton. Since the —COOH protons
are highly deshielded the peak appears most fan flee TMS position. The —CGHorotons
are most shielded. So, the —Opbak appears close to the TMS position at cherafitl 1.0.
The splitting of the peaks indicates that the prstmay be overlapping with each other.

o CH

NH

Fig. 3.32: NMR spectrum of Ni(GH 1.NO,),.2H,0

A peak for -COOH proton appears in the ligand buihe complex it is not seen. This may
be due to complexation of leucine with the metdie Tposition of the other peaks in the

complex is consistent with that of leucine.
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3.3.1.6 Thermal analysis (TA)

Thermal methods of analysis are those techniquewhith changes in physical and/or
chemical properties of a substance are measureal fasction of temperature. Thermo-

gravimetry (TG) and Differential Scanning CalorimyeDSC) are important among them.

The thermo-gravimetric analysis is a dynamic teghaibased on the change in the weight of
a substance recorded as the function of temperatutine. On the other hand, DSC is a
technique in which the difference in energy inpate a substance and a reference material is
measured as a function of temperature whilst thestamce and reference material are
subjected to a controlled temperature programmeerniél analysis is applied for the
determination of the purity and thermal stabilifyppsimary and secondary standards, phase
transition, enthalpy change, degree of crystalliniand for the determination of the
composition of complex mixtures. It gives an iddzowt the bond strength of various
constituent parts of the complex. Weight loss atelo temperature is generally due to
removal of purely lattice component or other congua simply hydrogen bonded to some

parts of ligand weakly coordinated to central matam.

3.3.1.6.1 Thermal analysis of leucineThe TG and DSC curves of leucine are shown in
Fig. 3.33. The ligand decomposes continuously & step. There is no sharp transition up to
200°C. So it can be said that the ligand do not congain water of crystallization. It is
logical since the molecular formula of the ligamm ribt contain any water of crystallization.
At about 95F°C only 2.3% of the ligand sample remains as resiSoet can be said that the

ligand almost completely decomposed.

TG /% DSC /(mW/mg)

T exol
100 4

80 A

60 -

Peak: 312.0 “C, -2.629| jmg Mass Change: -107.51 9 --2

40 4

20

100 200 300 400 500 600 700 800 900
Temperature /°C

Fig. 3.33: TG and DSC curves of leucine (115NO,)
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3.3.1.6.2 Thermal analysis of leucine complexehe TG and DSC curves of leucine
complexes are shown in Fig. 3.34 to Fig. 3.39. Weght loss at different stages of the TG
curves is explained in Table 3.14. The Co and Miglex contains two molecules of water of
crystallization. The Cu, Zn, Cd and Hg complex doescontain any water of crystallization
or coordinated water. The Co, Zn and Cd complexagosed in a wide temperature range.
On the other hand sharp decomposition occurs ofCNiand Hg complex. Co, Zn and Cd
complex may be more stable compared to Ni, Cu agdcéiplex. The residue remained
after 900°C confirms that after decomposition the Co, Ni, @n,and Cd complex almost
converted to the respective metal oxide. The Hg pexn undergone about 97%
decomposition at around 25C. The mercury oxide formed may be further decoragos
This is reasonable since HJO decomposes on expasuight or on heating producing
mercury fumes and oxygen. The Differential Scann@gorimetry (DSC) curve of the
complexes is sharp endothermic. Therefore, the eighanges monitored by

thermogravimetry involved absorption of eneld§}.

TG 1% DSC /(mW/mg)

T exo)
0

100
20

80

Peak: 113.4 *C, -1.407 mW/mg
70

60

Peak: 334.3 °C, -2.044 mW/mg

50

40

30

20 -5

100 200 300 400 500 600 700 800 900
Temperature /°C

Fig. 3.34: TG and DSC curves of Co(gH1,NO,),.2H,0
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Fig. 3.35: TG and DSC curves of Ni(gH2NO,),.2H,O
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Fig. 3.36: TG and DSC curves of Cu(gH12NO,),
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Fig. 3.37: TG and DSC curves of Zn(gH1,NO,),
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Fig. 3.38: TG and DSC curves of Cd(gH12NO5),
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Fig. 3.39: TG and DSC curves of Hg(6H12NO>),

Table 3.14: Weight loss at different stages of TGnalysis of leucine and its complexes

Compound Temperature range Mass Inference
change
Leucine(GH1sNO,)  0°C- 225°C 0% No moisture
225°C - 325°C 97 % Total decomposition
947°C 2.3 % Residue
Co(GH1NO,),.2H,0 0°C — 75°C 0% No moisture
75°C — 120°C 10 % Two water molecule may be lost
300°C - 500°C 67 % The weight loss may be due to loss ofsNH
CO,, CH,
947°C 22 % May be cobalt oxide
Ni(CeH12NO,),.2H,0 0°C - 80°C 0% No moisture
80°C - 120°C 9 % Two water molecule may be lost
300°C - 320°C 71 % The weight loss may be due to loss ofsNH
CO,, CH,
947°C 25 % May be nickel oxide
Cu(GH1NOy), 0°%- 225°C 0% No moisture or chemically bound water
225°C — 325°C 97 % The weight loss may be due to loss ofsNH
CO,, CH,
647°C 19 % May be copper oxide
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Compound Temperature range Mass Inference

Zn(CH1:NO,), 0°C-275°C E)r;/imge No moisture or chemically bound water
225°C — 900°C 65 % The weight loss may be due to loss ofyNEO,,
CH,
947°C 34 % May be zinc oxide
Cd(GH1NO,), 0°C - 250°C 0% No moisture or chemically bound water
250°C — 400°C 35 % The weight loss may be due to loss ofyNEO,,
CH,
400°C — 900°C 35% The rest of the organic part may be lost
947°C 26 % May be cadmium oxide
Hg(CH1:NO,), 0°C —200°C 0% No moisture or chemically bound water
200°C - 275°C 97 % The weight loss may be due to loss of;NEO,,
CH,
947°C 11 % May be liquid metal
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3.3.1.7 Magnetic properties

An interesting characteristic of transition metalgheir ability to form magnets. Metal
complexes that have unpaired electrons are magr®tice the last electrons reside in the d
orbitals, this magnetism must be due to having wegdad electrons. Considering only
monometallic complexes, unpaired electrons arisalme the complex has an odd number of
electrons or because electron pairing is dest&bili¥XVhen an electron in an atom or ion is
unpaired, the magnetic moment due to its spin m#kesntire atom or ion paramagnetic
The size of the magnetic moment of a system cangainpaired electrons is related directly
to the number of such electrons: the greater tmebeu of unpaired electrons, the larger the
magnetic moment. Magnetic susceptibility measunesférce experienced by a substance in

a magnetic field.

Specimen calculation:

Sample ID: Ni(GH12NO,),.2H,0

The balance calibration constant,

Cgal = Guve/ (Rs— Ry) = 1090 / (1060 + 33) = 0.9972
Where R = reading for standard sample tube.

The molar susceptibility,

Here,
R = 699
Cga* I * (R-Rp) Ro = -32
Xa = * MW | =2cm
10°* m m=0.11g
0.9972 * 2* (699 + 32) Cga = 0.9972
= x 354.8
10°* 0.11
= 4.7 * 102 cgs

The magnetic moment,
Hetr = 2.828V(T * ya) = 2.828V(300 * 4.7 * 10°) = 3.3 BM

From the result found we may decided the numbenphired electron n =1
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The magnetic properties of the complexes of leucimere examined by magnetic

susceptibility balance and are tabulated in Tall8&.3

Table 3.15: Magnetic properties of the metal-leucia complexes

Compound AA Hetr BM No. of Config. Inference
(cgs) (at 300K) unpaired
x 10° electron

Found Theo. ()

Co(GH12NO,),.2H,0 7.4 4.2 4352 3 d Paramagnetic
Ni(CeH1.NO,),.2H,0 4.7 3.3 3.0-33 2 ! Paramagnetic
Cu(GH12NO,), 1.5 1.9 1.8-2.1 1 “d Paramagnetic
Zn(CgH1,NO,), negative o* 0 o Diamagnetic
Cd(GH12NO,), negative 0* 0 o] Diamagnetic
Hg(CH12NO,), negative 0* 0 o Diamagnetic

Theo. = Theoretical values [112]. *The negativeueabfy, indicates that the tube and sample have a net diastiam. In
that case g can be considered as zero.

From the experimental results, we get the followinfprmation’s about the magnetic

properties of the complexes.

Co(GH12NO,)2.2H,0: Experimentally observed magnetic moment of Gagdimplex is 4.2,
which implies in the complex Co exists as’Cion with three unpaired electrong, (thy” &5).

The experimental magnetic moment quite agreestéliheoretical value (4.3-5.2 BM).

Ni(CsH12NO)2.2H,0: Experimentally observed magnetic moment of Ni¢bmplex is 3.3,
which implies in the complex Ni exists as*Nion with two unpaired electrons? ¢t ;).

This magnetic moment quite agrees with the themaktialue (3.0-3.3 BM).

Cu(GH12NOy),: Experimentally observed magnetic moment of Cufdlinplex is 1.9, which
implies in the complex Cu exists as°Cion with one unpaired electrons, @’ &;°). This

magnetic moment quite agrees with the theoretighles(1.8-2.1 BM).

Zn(CsH12NOy),, Cd(GH12NO,), and Hg(GH12NOy)2: The magnetic susceptibility of Zn(ll),
Cd(ll) and Hg(ll) complex shows that they has ngaired electron i.e. they possess d

configuration with diamagnetic charactef’.
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3.3.1.8 Theoretical studie

All calculations were performed with the Gaussia@ $oftware package. Gas phi
equilibrium geometries of the complexes were fubiptimized and then vibration
frequencies were calculated at density functionabty (B3LYP) using -31 G(d) and SDD
bass set. After computing the optimized structure asmatational frequencies molecul
orbital calculations were conducted with all compads using same level of theory -
analyzing the transition metal effects on the HC-LUMO energies. For calculating 1

excited state properties of the complexes, timeeddent density functional theory (-

DFT) is employed with CA-B3LYP/6-31 +G (d,p) and B3LYP/SDIP? 113117

3.3.1.8.1 Optimized structure The optimized structure of leucine and its compderee
shovn in Fig. 3.40 to Fig. 3.46. The calculated bonstahces and angles are listed i
Table 3.16 and Table 3.:

Fig. 3.40: Optimized structure of leucin: calculated at B3LYP/SDD level of theor

Fig. 3.41: Optimized structure of Co(leu, calculated at B3LYP/SDD level of theor
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Fig. 3.42: Optimized structure of Ni(leu; calculated at B3LYP/SDD level of theor

Fig. 3.44: Optimized structure of Zn(leu; calculated at B3LYP/SDD level of theor
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Fig. 3.45: Optimized structure of Cd(leu, calculated at B3LYP/SDD level of theor

Fig. 3.46: Optimized structure of Hg(leu, calculated at B3LYP/SDD level of theor

Table 3.16: Selected bond distances (A) a angles of leucine

Assignmer Leucine
C=0 1.217
c-O 1.34:
C-N 1.45¢
O-H 0.97:
N-H 1.01¢

O-CO 122.1
C-0O-H 108.t
C-CN 109.¢
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The C-O and C-N bond distances have deviated ircoingplexes compared to the ligand.
This may be due to the complex formation with thetahion. The N-M-O bond angles of the
Co, Ni and Cu complexes are close to each otheereftre they forms square planner
structure. The difference in N-M-O bond angles @aties that the Zn, Cd and Hg complexes

form distorted tetrahedral structurg 1*3-1%]

Table 3.17:  Selected bond distances (A) and anglefsthe metal-leucine complexes

Co(leu} Ni(leu), Cu(leu) Zn(leu) Cd(leu} Hg(leu)
M-O 1.884 1.854 1.815 1.976 2.126 2.128
M-O 1.882 1.854 1.817 1.991 2.115 2.125
M-N 1.969 1.921 1.929 2.068 2.339 2.488
M-N 1.973 1.925 1.928 2.068 2.334 2.521
o-C 1.340 1.338 1.379 1.325 1.336 1.342
o-C 1.338 1.336 1.381 1.324 1.332 1.348
N-C 1.513 1.511 1.516 1.510 1.512 1.502
N-C 1.510 1.512 1.517 1.511 1.518 1.497
c-C 1.547 1.545 1.545 1.559 1.571 1.563
c-C 1.548 1.547 1.549 1.559 1.572 1.565
C=0 1.258 1.258 1.228 1.265 1.251 1.250
C=0 1.258 1.258 1.228 1.265 1.252 1.248
N-M-O 85.6 86.9 87.6 85.0 78.1 75.2
N-M-O  85.9 86.4 87.8 83.6 77.6 74.5
N-M-O 945 93.6 92.3 127.5 115.9 112.3
N-M-O 941 93.1 92.3 118.5 111.9 113.9
M-N-C 110.3 110.4 110.8 108.7 108.4 107.3
M-N-C 110.5 110.1 1114 107.9 103.7 101.0
M-O-C 117.1 116.8 117.0 115.6 118.2 120.4
M-O-C 117.4 116.7 117.1 115.9 119.9 121.8
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The binding energy of the complexes is calculateterms of gas phase electronic energy,
enthalpy and Gibbs free energy. These are sumndariz&able 3.18. The positivéH and
AG values indicate that the process of formatiorthef complexes is endothermic i.e not

spontaneou§® 1131171

Table 3.18: Cation-binding energy, enthalpy, Gibbs free energyKcal/mol) of metal-leucine
complexes calculated at B3LYP/SDD level of theory

Co(leu) Ni(leu), Cu(leu) Zn(leu) Cd(leu} Hg(leu)
AE -31865 426.7 709.1 -3250.5 577.3 621.2
AH 219.6 426.7 709.1 514.5 577.3 621.2
AG 244.7 451.8 734.2 539.6 533.4 646.3
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3.3.1.8.2 Vibrational frequencies:The computed IR frequencies of the complexes have
been visualized and confirmed by Gauss view progfidm spectrums are shown in Fig. 3.47
to Fig. 3.53. The IR frequencies and their inteesibf the complexes are compared with the
ligand in Table 3.19. The computed IR frequencies @mpared with the experimental
values in Table 3.20. The experimental IR vibragidnequencies are very consistent with the

calculated values.
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Fig. 3.47: Calculated IR spectrum of leucine
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Fig. 3.48: Calculated IR spectrum of Co(ley)
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Fig. 3.49: Calculated IR spectrum of Ni(lew)
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Fig. 3.50: Calculated IR spectrum of Cu(lew)

153|

STUDY OF METAL-LIGAND INTERACTION IN SOLID STATE



4500
4000
3500
3000
2500
2000
1500

1000

500 (l»
O A‘L

400 900 1400 1900 2400 2900 3400 3900

Fig. 3.51: Calculated IR spectrum of Zn(lew)

2000
1800
1600
1400
1200
1000
800
600
400

200

0 A

400 900 1400 1900 2400 2900 3400 3900

Fig. 3.52: Calculated IR spectrum of Cd(lew)
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Fig. 3.53: Calculated IR spectrum of Hg(lew)

Table 3.19: Comparison of calculated IR frequencies and their intensities of the
metal-leucine complexes (intensities in parentheges

Compound N—Hstr. N-H str. C—H str. C=0 str. N-H bending
(asymm) (symm)

Leucine 3622(11) 3540(3) 3068(36) 1817(587) 166)1(67
Co(leu) 3555(44) 3457(13) 3121(175) 1607(1465) 1679(86)
Ni(leu), 3555(49) 3453(19) 3120(172) 1607(1545) 1676(80)
Cu(leu) 3529(94) 3437(159) 3002 (68) 1712 (249) 1668 (91)
Zn(leu), 3576(45) 3479(15) 3119(178) 1584(1171) 1681(80)
Cd(leu) 3570(14) 3467(3) 3127(83) 1650(100) 1686(27)
Hg(leu) 3600(14) 3491(4) 3127(77) 1650(215) 1688(46)
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Table 3.20:

Comparison of the scaled IR frequenciesf the metal-leucine complexes with
the experimental values (experimental values in pantheses)

Compound N—H str. (asymm) N—H str. (symm) C—H str.
Leucine 3482 (3070) 3403 (3070) 2949 (2960)
Co(leu) 3424(3360) 3329(3300) 3006(2950)
Ni(leu), 3424(3360) 3325(3300) 3005(2950)
Cu(leu) 3399(3325) 3310(3250) 2891 (2975)
Zn(leu), 3444(3325) 3351(3260) 3004(2960)
Cd(leu) 3438(3350) 3339(3250) 3012(2960)
Hg(leu) 3467(3150) 3362(3100) 3012(2960)

Scaling factor 0.9613 is applied
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3.3.1.8.3 UWVisible spectral analysis: The UV-isible absorption spectrum of tl
complexes were calculated at B3LYP/SDD B3LYP/6-31+G(d,p) level of theory and a
displayed from Fig. 3.54 to Fig. 3.60. The corregpog absorption properties are tabule
from Table 3.21 to Table 3.27. It was observed thatcalculated results are very consis

with the experimental rults.

4000
3500
3000
2500
2000
1500

Absorbance

1000
500

100 150 200 250 300
Wavelength (nm)

Fig. 3.54: Calculated U\-Vis spectrum of leucint

Table 3.21: The absorption properties of leucine calculated aCAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (' Oscillator strengths MO contributior Assignments
224 5.51 0.0051 H-1— L (13.3%

H— L (83.2% IL
219 5.64 0.0035 H-1- L (73.9% IL

H— L (15.0%
214 5.78 0.0090 Ho L+1 (72.2% IL

H— L+2 (21.6%

d-d = dd transition, CT = charge transfer transition, Ilntraligand charge trans
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Fig. 3.55: Calculated UV-Vis spectrum of Co(ley)

Table 3.22: The absorption properties of Co(ley)calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV) Oscillator sgyths MO contribution Assignments
795 1.56 0.0009 H-5> L (89.5%) d-d
769 1.61 0.0001 H-6> L (89.8%) d-d

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.56: Calculated UV-Vis spectrum of Ni(lew)
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Table 3.23: The absorption properties of Ni(leu, calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (e' Oscillator strengths MO contribution Assignments
604 2.05 0 H — L (82.8%) d-d
569 2.18 0 H-3 — L (69.9% d-d
482 2.57 0 H-5 - L (91.4% CT
470 2.64 0 H-7 — L (47.2% CT
285 4.34 0.0435 H-1— L (90.1% IL
273 4.54 0 H-2 — L (55.9% IL
256 4.83 0.0012 H-4— L (94.7% IL
249 4.96 0 H— L+1 (42.0% IL
248 4.99 0.0005 H— L+1 (46.6% IL
245 5.06 0.0002 H-151L+2 (24.1% IL

d-d = d-d transition, CT sharge transfer transition, IL = Intraligand changasfe
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Fig. 3.57: Calculated U\-Vis spectrum of Cu(leu,
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Table 3.24: The absorption properties of Cu(leu) calculated at CAM- B3LYP/6 31+G(d,p)

level of theory

Wavelength  Excitation energies (eV)  Oscillator styths MO contribution Assignments
664 1.86 0.0002 H-2-» L (53.8%) d-d
607 2.04 0.0073 H-1 L (73.6%) d-d
590 2.10 0.0689 H- L (67.4%) d-d
493 251 0.0001 H-9- L (65.4%) CT
450 2.75 0.0268 H-4- L (55.9%) CT
447 2.77 0.0009 H-3- L (93.8%) CT
435 2.85 0.0026 H-7— L (57.3%) CT
427 2.90 0.0257 H-5- L (68.4%) CT
425 2.92 0.0274 H-6- L (59.1%) CT
420 2.95 0.0008 H-8- L (84.4%) CT
d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.58: Calculated UV-Vis spectrum of Zn(lew)
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Table 3.25  The absorption properties of Zn(ley) calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV)  Oscillator styths MO contribution Assignments
293 4.23 0.0069 H- L (95.1%) IL
289 4.28 0.0036 H-1> L (95.1%) IL
256 4.83 0.0092 H-2- L (95.2%) IL
254 4.87 0.0082 H-3-» L (97.9%) IL
249 4.98 0.0006 H-H L+1 (42.8%) IL
241 5.13 0.0019 H- L+3 (43.0%) IL
240 5.15 0.0109 H-4- L (90.5%) IL
233 5.32 0.0126 H-5- L (97.3%) IL
212 5.84 0.0134 H- L+1 (60.8%) IL
202 6.13 0.0021 H-4» L+1 (41.3%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.59: Calculated UV-Vis spectrum of Cd(ley)
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Table 3.26:
level of theory

The absorption properties of Cd(ley) calculated at CAM- B3LYP/6 31+G(d,p)

Wavelength  Excitation energies (eV)  Oscillator styths MO contribution Assignments
285 4.34 0.0069 H> L (97.2%) IL
277 4.46 0.0103 H-1 L (94.8%) IL
252 4.91 0.0041 H-2 L (50.8%) IL
251 4.93 0.0094 H-2- L (50.8%) IL
H-1 — L+1 (21.9%)
249 4.97 0.0079 H-3- L (74.0%) IL
241 5.14 0.0030 H- L+4 (43.0%) IL
238 5.20 0.0014 H-4- L (85.6%) IL
232 5.34 0.0717 H-5> L (91.1%) IL
222 5.57 0.0103 H- L+1 (37.6%) IL
H — L+2 (26.1%)
221 5.60 0.0134 H- L+1 (38.2%) IL

H — L+2 (57.5%)

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.60: Calculated UV-Vis spectrum of Hg(lew)
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Table 3.27: The absorption properties of Hg(ley) calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV)  Oscillator styths MO contribution Assignments
316 3.91 0.0062 H> L (97.1%) IL
302 4.10 0.0201 H-H L (94.7%) IL
276 4.48 0.0106 H-3> L (24.4%) IL

H-2 — L (68.4%)

275 4.50 0.0031 H-3- L (70.4%) IL
255 4.85 0.0010 H-4- L (83.5%) IL
253 4.90 0.0004 H-& L+2 (64.0%) IL
245 5.05 0.0013 H- L+4 (42.1%) IL

H — L+1 (32.2%)

235 5.25 0.1751 H-5> L (84.0%) IL
225 5.50 0.0441 Ho L+1 (46.0%) IL
224 5.51 0.1614 H-6- L (72.9%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer

UV-Vis studies reveal that Co, Ni and Cu complemdastrate characteristic metal to ligand
charge transfer (MLCT) or ligand to metal chargasfer (LMCT) and d—d transitions bands.
On the other hand Zn, Cd and Hg complex does nowshny charge transfer or d-d
transition bands. This is reasonable since theemtisfe metal ions in the later case have d

configuration®® 113-117]

163 STUDY OF METAL-LIGAND INTERACTION IN SOLID STATE



3.3.1.8.4 Frontier molecular orbital: Selected frontier molecular orbital of leucine ats
complexes is displayed from Fig. 3.61 to Fig. 3a®id the correspoing molecular orbital

energy is listed in Table 3.28 and Table

HOMO LUMI

Fig. 3.61: HOMO and LUMO of leucine

Table 3.28: Energies (Hartree) of HOMO and LUMO orbital's, HOMO -LUMO gaps are
calculated at B3LYP/SDD level of theory for leucin

HOMO-5 0.44 LUMO+5 0.03
HOMO-4 0.44 LUMO+4 0.02
HOMO-3 0.4z LUMO+3 0.01
HOMO-2 0.3¢ LUMO+2 0.00
HOMO-1 0.3¢€ LUMO+1 -0.02
HOMO 0.34 LUMO -0.11 0.23
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Co(leu) : HOMO-5

Co(leu) : HOMO-4

Co(leu) : LUMO

Fig. 3.62: HOMO and LUMO of Co(leu),
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Ni(leu), : HOMO

Ni(leu), : HOMO-1

Ni(leu), : LUMO

Fig. 3.63: HOMO and LUMO of Ni(leu),
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Cu(leu) : HOMO

Cu(leu} : HOMO-1

Cu(leu} : LUMO

Fig. 3.64: HOMO and LUMO of Cu(leu),
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Zn(leu): HOMO

Zn(leu) : HOMO-1

Zn(leu) : LUMO

Fig. 3.65: HOMO and LUMO of Zn(leu),
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Hg(leu : HOMO

Hg(leu) : HOMO-1

Hg(leu) : LUMO

Fig. 3.66: HOMO and LUMO of Hg(leu),
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Cd(leu} : HOMO

Cd(leu} : LUMO

Fig. 3.67: HOMO and LUMO of Cd(leu),
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Table. 3.29:  Energies (Hartree) of HOMO and LUMO obital's, HOMO-LUMO gaps are
calculated at B3LYP/SDD level of theory for all medl-leucine complexes

Molecular orbital Co(ley) Ni(leu), Cu(leu} Zn(leu), Cd(leu) Hg(leu)
HOMO-5 -0.36 -0.30 -0.45 -0.29 -0.28 -0.29
HOMO-4 -0.36 -0.27 -0.45 -0.29 -0.28 -0.29
HOMO-3 -0.25 -0.27 -0.44 -0.27 -0.27 -0.28
HOMO-2 -0.24 -0.26 -0.44 -0.27 -0.27 -0.27
HOMO-1 -0.23 -0.24 -0.43 -0.25 -0.25 -025
HOMO -0.22 -0.24 -0.42 -0.24 -0.24 -0.24
LUMO -0.16 -0.05 -0.32 -0.04 -0.06 -0.08
LUMO+1 -0.12 -0.02 -0.16 0.00 -0.02 -0.02
LUMO+2 -0.12 -0.01 -0.16 0.01 -0.01 -0.02
LUMO+3 -0.08 0.00 -0.15 0.02 0.01 0.00
LUMO+4 -0.07 0.02 -0.13 0.03 0.02 0.01
LUMO+5 -0.06 0.03 -0.12 0.04 0.03 0.02
GAP 0.06 0.19 0.10 0.20 0.18 0.16

The HOMO-LUMO gap of the complexes is decreasedhftbe parent leucine. Therefore

metal has a noticeable effect on the frontier mdiecorbital energie§® 113117

3.3.1.9 Antimicrobial activity: Attempt was taken to study the antimicrobial atyiaf the
complexes. The samples are insoluble in water. €fber it was not possible to get any

information in this field.
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3.3.2 Characterization of the metal-isoleucine conigxes

The complexes were prepared by direct reaction detwaqueous solution of the metal salt
and anionic isoleucine (section 3.2.3). The preéaipiformed was filtered, washed and dried

over silica gel.

3.3.2.1 Formulation

Elemental analysis is the prime tool for the foratidn of any new chemical species. The
formulation of the prepared complexes were donedwparing the elemental (C, H and N)

and metal analysis data and the calculated values.

3.3.2.1.1 Elemental analysisMicroanalysis for carbon, hydrogen, nitrogen ia tomplexes

of isoleucine was performed in an elemental micnalyzer. Metals were estimated by
complexometric titration method using ordinary leddory glassware. Chloride content of all
the complexes was qualitatively tested by using @ghsolution. The complexes didn’t

respond to this test. Thus chloride is absentencthmplexes.

The percent composition of carbon, hydrogen, nérognd metal of the complexes are
tabulated in Table 3.30. The C, H, N data doesanfirm the formation of Pb complex.

Table 3.30: Percent composition of C, H, N and melt& the metal-isoleucine complexes

Compound % C % H % N % Metal % Yield
Fnd. Cal. Fnd. Cal. Fnd. Cal. Fnd. Cal. barf:tilon
Co(GH12NO,),.2H,0 41.21 4056 7.94 7.89 7.91 7.89 1550 16.62 55
Ni(CeH1.NO,),.2H,0 40.42 40.60 8.08 7.89 7.89 7.89 1555 16.55 52
Cu(GsH12NO,),. H,O 4237 4217 784 7.61 820 820 17.45 18.59 60
Zn(CgH1,NOy),. % HO 36.42 43.11 6.72 7.49 7.06 8.38 18.34 19.46 46
Cd(GH12NO,), 36.89 3867 612 644 7.16 752 2890 30.18 48
Hg(CsH12NOy), 30.10 31.26 498 521 582 6.08 42.89 4355 50

Pb(GH1:NO,), 410 30.82 0.69 5.14 0.79 5.99 - 44.35 -

Cal. = Calculated, Fnd. = Found
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Comparing all the experimental data and theoretiahles the proposed empirical formula of

the complexes are:

Co- isoleucine complex
Ni- isoleucine complex
Cu- isoleucine complex
Zn- isoleucine complex
Cd- isoleucine complex

Hg- isoleucine complex

3.3.2.2 Physicochemical properties

CotE1NO,),.2H,0
Ni(6H12NO2),.2H,0
CUELNO,),. HyO
ZNn(ENO,),. ¥ HO
Cd{B812NOy),

Hg@El1o2NO),

The physical appearance, solubility, melting terapee of the complexes were conducted

which are described below.

3.3.2.2.1 Solubility: Solubility of a compound actually depends on thedenof interaction

between solute and solvent molecule, lattice enesgyvation energy and temperature.

Solubility of the complexes was investigated qadiely at room temperature in some

common solvents such as water, methanol, ethametole, DMSO and is shown in

Table 3.31.

Table 3.31: Solubility of the prepared metal-isolecine complexes

Compound Appearance Soluble in Insoluble in

CO(C6H12N02)22H20 Pink CHOH H,O, GHsOH, CH;,COCH;, DMSO
Ni(CeleNOZ)z.ZHzo Sky blue CmH Hzo, CQH5OH, CHg,COC"b, DMSO
CU(CGleNOZ)z. Hzo Blue C"&OH Hzo, CQH5OH, CHg,COC"b, DMSO

Zn(CgH1,NOy),. % H,O Colorless
Cd(GH12NO,), Colorless

Hg(CeH12NOy), Colorless

KO, CHOH, GHsOH, CHCOCH;, DMSO
HO, CHOH, GHsOH, CH,COCH;, DMSO

HO, CHOH, GHsOH, CH,COCHs, DMSO

The solubility analysis of the complexes indicatkat they are insoluble in most of the

common solvents. The lattice enthalpy of the comgdemay be higher than the salvation

173|

STUDY OF METAL-LIGAND INTERACTION IN SOLID STATE



energy of the solvents or it may be due to the &iom of strong M-O and M-N coordination
bond in the complexes or may be due to the preseinaerydrocarbon tail in the ligand part

which is the main obstacle for the salvation of¢beplexes in the mentioned solvents.

3.3.2.2.2 Melting temperature:The temperature at which the solid and the liqindges of a
compound are in equilibrium under a pressure ofainesphere is referred to as the melting
point of the solid compound. lonic compound hashéigmelting point than covalent one.
The melting temperatures of the complexes are givehe Table 3.32. Melting point of the
complexes are more than 2%D. The high melting point may be due to the ioriiaracter of

the complexes or may be due to the presence afgsivbL bond.

Table 3.32: Melting temperature of prepared metal-$oleucine complexes

Compound Melting temperature °C)
Co(GsH1:NO,),.2H,0 >250°C
Ni(CgH12NO,),.2H,0 >250°C
Cu(GH12NOy),. H,0 >250°C
Zn(CsH12NO,),. % H,O >250°C
Cd(GH1NO,), >250°C
Hg(GsH12NO2)2 >250°C
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3.3.2.3 Infrared spectral analysis

The compounds having covalent bonds will be fouadabsorb various frequencies of
electromagnetic radiation in the infrared (IR) wagiof the spectrum. The IR spectrum
originates from the different modes of vibration afmolecule due to the absorption of
radiation energy in the IR region. However, it ssential that a change in dipole moment
occurs during the vibration. In the absorption pss; those frequencies of IR radiation will
be absorbed which match the natural vibrationajuesncies of the molecule. Since every
different type of bond has a different frequencyibfration, and since the same type of bond
in two different compounds is in a different envinoent, no two molecules of different

structure will have exactly the same infrared apson pattern. This is why IR spectrum is a
very authentic identity of the compounds which I&ective. Another more important use of

the IR spectrum is that it gives structural infotima about a molecule.

In the present study, a calibrated Fourier Tramsforfrared (FTIR) spectrophotometer has
been used to record the IR spectrum of the complekiee design of the optical pathway
produces a pattern called an interferogram. Arrfietegram is essentially a plot of intensity
vs time (a time domain spectrum). A mathematicarappon known as a Fourier Transform
(FT) can separate the individual absorption fregiemnfrom the interferogram, producing a
spectrum virtually identical to that obtained wiéh dispersive spectrometer. There are,
however, great advantages in the use of FTIR becallsthe frequencies are recorded
simultaneously; there is an improvement in sigoatise (S/N) ratios, and it is easier to
study small samples or materials with weak absongtiln addition to this, the time taken for
a full spectral scan is less than 1 second andrihlkes it possible to obtain improved spectra
by carrying out repetitive scans and averagingcthikected signals. This is because the S/N
ratio is directly related tan, where n is the number of scans. The tentatine basignments
have been made empirically on the basis of sonmelatel book$214

3.3.2.3.1 IR spectrum of isoleucineThe FTIR spectrum of isoleucine is shown in Fi$S3.

All the vibrational frequencies and their tentatlhv@nd assignments are listed in Table 3.33.
A weak broad peak at 3125 ¢ris due to N-H stretching vibration &H3 group. The C-H
stretching vibration appears at 2960 tmsymmetric and symmetric stretching vibrations
for carboxyl group (COQ occurs at around 1500 and 1410 trAsymmetric and symmetric
N-H bending vibration appears at 1590 tand 1450 cmi. A sharp peak at 1140 €m

appears due to C-N stretching.
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Table 3.33: Tentative assignment of IR bands of it&ucine (GH13NO,)

Wave no. (cri) Relative intensity Tentative band assignment
3125 w, b "NHj stretching

2960 w, sp -C-H stretching

2550 w, b

2125 m sp

1590 S, sp Asymmetric N-H bending
1500 S, Sp Asymmetric COGtretching
1450 w, sh Symmetric N-H bending
1410 ms, sp symmetric CO6tretching
1300 m, sp

1200 m, sp

1140 m, sp C-N stretching

800 S, Sp

700 S, Sp

550 S, Sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster

3.3.2.3.2 IR spectrum of isoleucine complexesThe FTIR spectrum of metal-isoleucine
complexes are shown in Fig. 3.69 to Fig. 3.75. tAk vibrational frequencies and their
tentative band assignments are listed in Table &3Bable 3.39. In all the complexes two
sharp bands between 3100-3350 cappears due to N-H stretching vibration for theefr
—NH, group. The C-H stretching vibration appears atiatdo2960 crit. Two sharp peak at
around 1575 and 1400 &mappears due to asymmetric and symmetric stretohibrations
for carboxyl group (COQ. Asymmetric and symmetric N-H bending vibratioppears at
around 1600 crhand 1460 cm. At around 1100 cih C-N stretching vibration appears as a
sharp band. In few cases the N-H bending and —Qfd@up stretching vibrations overlap
with each other and appears as a single band. &kterp of the IR spectrum of the
complexes is almost similar with each other witi fexceptions. The position and intensity
of most of the important bands in all the complewese changed significantly compare to
that of isoleucine which indicate the formationnegiw compound. The IR spectrum does not

confirm the formation of Pb complex.
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Table 3.34: Tentative assignment of IR bands of CGH1.NO,),.2H,0

Wave no. (crit) Relative intensity Tentative band assignment
3340 w, sp Asymmetric N-H stretching
3290 w, sp Symmetric N-H stretching
2960 m, sp -C-H stretching

2930 w, sh

2875 m, sp

1650 m, b Asymmetric N-H bending and
1590 m, b Asymmetric COG@tretching
1460 mS, sp Symmetric N-H bending
1400 ms, sp symmetric COSretching
1375 m, sp

1355 m, sp

1310 m, sp

1140 ms, sp

1100 w, sh

1075 S, sp C-N stretching

1045 ms, sp

760 m, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Table 3.35: Tentative assignment of IR bands of NigH1,NO,),.2H,0

Wave no. (crif) Relative intensity Tentative band assignment
3340 ms, sp Asymmetric N-H stretching
3285 m, sp Symmetric N-H stretching
3165 w, sh

2960 ms, sp -C-H stretching

2925 w, sh

2875 m, sp

1650 m, sp Asymmetric N-H bending
1580 ms, sp Asymmetric CO&tretching
1475 m, sp Symmetric N-H bending
1410 S, Sp symmetric COGtretching
1375 m, sp

1360 ms, sp

1310 m, sp

1150 ms, sp

1100 w, sh

1080 S, sp C-N stretching

650 m, sp

575 m, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulsler
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Table 3.36: Tentative assignment of IR bands of CQgH12NO,),. H,O

Wave no. (cn) Relative intensity Tentative band assignment
3300 m, sp Asymmetric N-H stretching
3250 w, sh Symmetric N-H stretching
3160 m, sp

2975 ms, sp -C-H stretching

1610 w, sp Asymmetric N-H bending
1600 ms, sp Asymmetric COGtretching
1460 m, sp Symmetric N-H bending
1400 ms, sp symmetric CO6tretching
1125 m, sp C-N stretching

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster

Table 3.37: Tentative assignment of IR bands of Z&H 1.NO»),..%2 H,O

Wave no. (crit) Relative intensity Tentative band assignment
3325 w, sp Asymmetric N-H stretching
3260 w, sh Symmetric N-H stretching
2960 S, sp -C-H stretching

2940 W, sp

2875 m, sp

1600 s, b Asymmetric N-H bending

Asymmetric COOstretching

1475 m, sp Symmetric N-H bending
1400 ms, sp symmetric CO6tretching
1100 S, sp C-N stretching

800 S, Sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulster
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Table 3.38: Tentative assignment of IR bands of C@gH1,NO,),

Wave no. (crif) Relative intensity Tentative band assignment
3300 m, sp Asymmetric N-H stretching
3260 m, sp Symmetric N-H stretching
3160 w, sh

2960 ms, sp -C-H stretching

2925 w, sp

2875 m, sp

1620 m, sp Asymmetric N-H bending
1575 m, sp Asymmetric COGtretching
1460 w, sh Symmetric N-H bending
1400 m, sp symmetric COGtretching
1120 S, sp C-N stretching

1060 S, sp

860 S, sp

750 S, Sp

630 m, sp

570 m, sp

525 w, Sp

430 w, Sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulsler
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Table 3.39: Tentative assignment of IR bands of HGgH 1,NO,),

Wave no. (crif) Relative intensity Tentative band assignment
3200 m, b Asymmetric N-H stretching
3100 w, sh Symmetric N-H stretching
2975 ms, sp -C-H stretching

2940 m, sp

2875 m, sp

1600 w, sh Asymmetric N-H bending
1575 w, sh Asymmetric COGtretching
1460 m, sp Symmetric N-H bending
1400 S, sp symmetric COG&tretching
1175 S, sp C-N stretching

750 S, sp

700 m, sp

575 ms, sp

VS = very strong, s = strong, ms = medium strong, medium, w = weak, sp = sharp, b = broad, shoulsler
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Fig. 3.75: FTIR spectrum of Pb-isoleucine complex
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3.3.2.4 Electronic spectral analysis

In the present study the electronic spectrum ofeigone and its metal complexes were
recorded on a Shimadzu UV-Vis recording spectropmeter (UV- 1800A) in the
wavelength range 190 to 1100 nm.

3.3.2.4.1 UV-Visible absorption spectral analysisUV-Visible absorption spectrum was
carried out to understand the electronic transstioccur within the molecule. The complexes
were insoluble in the most common solvents but @dy Ni and Cu complexes are soluble in
methanol. So, the absorption spectrum of these lsanwere studied in methanol solution
and shown in Fig. 3.76 to Fig. 3.79. The absorptiamd assignments have been made

empirically on the basis of some standard bdtk2°® and explained in Table 3.40.
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Fig. 3.76: UV-Vis spectrum of isoleucine (gH13NO,)
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Fig. 3.77: UV-Vis spectrum of Co(GH1.NO,),.2H,0
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Fig. 3.79: UV-Vis spectrum of Cu(GH1,NO,),.H,O

Table 3.40: Absorption bands of isoleucine and itsomplex

Compound Absorption band
d-d CT IL
Isoleucine (GH1aNO,) - - 200
Co(GH12NO,),.2H,0O 535 - 240
Ni(CgH1NO5),.2H,0 625 380 208
Cu(GH12NO,),.H,O 605 - 240

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer

The absorption band at ~ 200 nm was observed fmothganic part of the complex. The
absorption band at around 380 nm in the Ni-compbey be due to charge transfer between

metal orbital and ligand orbital. The presence 6% =, n— n and n— ¢ bands as a single
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band in the ligand and the complex indicate lowgyelifference for these transitions (e.g. -
C=0, -NH,). Appearing of a new band at 535 nm, 605 nm arwré® for d-d transitions also
indicate the presence of metal ion in the comple$ésfting of the absorption bands in the
complexes and appearing of a new band for d-d itrans also indicate the probability of

forming M—L coordination bonds in the complexes.
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3.3.2.4.2 UV-Visible diffuse reflectance spectralralysis: UV-Visible diffuse reflectance
spectroscopy is an optical technique which dessribe electronic behavior present in the
structure of the solid. This technique concernshwite relative change in the amount of
reflected light off of a surface. Diffuse reflectanspectrum are taken for measuring the band
gap energy. The separation between the energyedbitest conduction band and that of the
highest valence band is called the band gap, ergapgyor forbidden energy gapgEThe

semiconductor properties of a solid are strondigcaéd by the Fparameter.

The reflectance spectrum and the correspondingggniemction of the compounds are
displayed in the Fig. 3.80 to Fig. 3.86. The deteed band gap energy of the compounds is
listed in Table 3.41. All the samples have lowenda@ap energy, indicating they may be

good conductof°”,
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Fig. 3.80: (a) Reflectance spectrum and (b) (F(R)EYs E plot for isoleucine (GH1sNO)
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Fig. 3.81: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Co(CsH1.NO,),.2H,0
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Fig. 3.82: (a) Reflectance spectrum and (b) (F(R)EYs E plot for Ni(CgH1.NO,),.2H,0
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Fig. 3.83: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Cu(CsH1,NO,),.H,0
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Fig. 3.84: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Zn(CeH1.NO,),.% H,0
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Fig. 3.85: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Cd(CsH1.NO,),
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Fig. 3.86: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Hg(CsH1,NO,),

Table 3.41: The determined band gap energy of isaleine and its complexes

Sample Band gap energy (eV)
isoleucine (GH13NO,) 0.7
Co(GH12NO,),.2H,0O 1.2
Ni(CgH12NO;),.2H,0 0.8
Cu(GH12NO,),. H,O 0.9
Zn(CeH12NO,) 2.2 H,O 0.1
Cd(GH12NO,), 0.6
Hg(CeH12NO,), 0.6
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3.3.2.5 Nuclear magnetic resonance (NMR) spectrahalysis

In the present study the NMR spectrum of isoleu@nd its complex were recorded on a
Bruker NMR spectrometer in methanol solution andwah in Fig. 3.87 - Fig. 3.91. The
tentative assignment of the position of the peakslane on the basis of some standard

books!'%? 1% The assignments are shown on the body of théngrap

COOH

NH

WL
AL KT i N NI, T o

14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm

LT B |

Fig. 3.87: NMR spectrum of isoleucine (gH1sNO,)

a CH 5 CHs
y CHs
BCH || yCH,
e _‘M__ 0y b b _,f\\ / \______MM_M o~ e
A 3T5 ' 3.1.0 ' 215-7 gio : 1'5 i il 1.0 l | ppm

Fig. 3.88: NMR spectrum of isoleucine (gH1sNO5)
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Isolucine shows a peak at chemical shift 5 ppm-{GOOH proton. Since the —-COOH

protons are highly deshielded the peak appears fan$tom the TMS position. The —GH
protons are most shielded. So, the s@ak appears close to the TMS position at chemical
shift 1.0. The splitting of the peaks indicated tth@ protons overlap with each other.

All'in
a
NH, bundle

B CH

o CH v CHy
y CH;
o CH;

e hasa s SRR sz
5 i FRAIRN LN B A e R A R BB ARt T T T T
12 11 10 9 8 7 6 5 4 3 2 1 ppm

Fig. 3.89: NMR spectrum of Co(GH12NO,),.2H,0O

NH, o CH All in a bundle
B CH 3 CHs
’Y CH3 ’Y CH2

14 13 12 11 10 9 8 7

Fig. 3.90: NMR spectrum of Ni(GH 1.NO,),.2H,0
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All in a bundle

0 CHs

NH, a CH y CH,
vy CH;

14 13 12 " 10 9 8 7 6 5 , 4 3

Fig. 3.91: NMR spectrum of Cu(GH12NO),.H,0

In the complexes the chemical shift position foe iy, 8 protons appear as a bundle and
cannot isolated while in isoleucine they are gdiinct and isolated. A peak for -COOH
proton appears in the ligand but in the complexsitnot seen. This may be due to

complexation of isoleucine with the metal.
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3.3.2.6 Thermal analysis (TA)

Thermal methods of analysis are those techniquewhith changes in physical and/or
chemical properties of a substance are measureal fasction of temperature. Thermo-
gravimetry (TG) and Differential Scanning Calorimye{DSC) are important among the
thermal techniques.

The thermo-gravimetric analysis is a dynamic tegheibased on the change in the weight of
a substance recorded as the function of temperatutene. On the other hand, DSC is a
technique in which the difference in energy inpate a substance and a reference material is
measured as a function of temperature whilst thestamce and reference material are
subjected to a controlled temperature programmeerniél analysis is applied for the
determination of the purity and thermal stabilifyppimary and secondary standards, phase
transition, enthalpy change, degree of crystallinthe investigation of correct drying
temperature and for the determination of the cortiposof complex mixtures. It gives an

idea about the bond strength of various constitparis of the complex.

3.3.2.6.1 Thermal analysis of isoleucinéthe TG and DSC curve of isoleucine is shown in
Fig. 3.92. The ligand decomposes continuously i step. There is no sharp transition up to
200°C. So it can be said that the ligand do not congaig water of crystallization. It is
logical since the molecular formula of the ligamm ribt contain any water of crystallization.
At about 956C only 0.08% of the ligand sample remains as resi8o it can be said that the

ligand almost completely decomposed.

TG /% DSC /(mW/mg)

T exol

100 0

=

80
-2

60

40 Peak: 280.8 *C, -6|3B4 mW/mg

20

100 200 300 400 500 600 700 800 900
Temperature /°C

Fig. 3.92: TG and DSC curves of isoleucine ¢813NO5)
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3.3.2.6.2 Thermal analysis of isoleucine complexebhe TG and DSC curve of isoleucine
complexes are shown in Fig. 3.93 to Fig. 3.98. Weaht loss at different stages is described
in Table 3.42. The Co and Ni complex contains twalenules of crystalline water. The Cu
complex contains one water molecule and Zn comptaxain half molecule of water of
crystallization. Cd and Hg complex does not contamy water of crystallization or
coordinated water. The Co, Zn and Cd complex decsegbin a wide temperature range. On
the other hand sharp decomposition occurs for Ni,a@d Hg complex. Co, Zn and Cd
complex may be more stable compared to Ni, Cu agdcéiplex. The residue remained
after 908C confirms that after decomposition the Co, Ni, @n,and Cd complex almost
converted to the respective metal oxide. The Hg pexn undergone about 98%
decomposition at around 28C. The mercury oxide formed may be further decoragos
This is reasonable since HJO decomposes on expasuight or on heating producing
mercury fumes and oxygen. The Differential Scann@aorimetry (DSC) curve of the
complexes is sharp endothermic. Therefore, the eighanges monitored by

thermogravimetry involved absorption of enetd§.

TG /1% DSC /(mW/mg)

texol 5 g
100

90 r2.5

80 20

Peak: 494.4 “C, 2.246 mW/mg

70
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50

Peak: 193.9 °C, 0.07972 mW/mg

40 L0.5

Peak: 96.0 °C, -0.4297 mW/img

301
+0.0

20
+-0.5

10

100 200 300 400 500 600
Temperature /°C

Fig. 3.93: TG and DSC curves of Co(gH1,NO,),.2H,0
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Fig. 3.94: TG and DSC curves of Ni(gH12NO,),.2H,O
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Fig. 3.95: TG and DSC curves of Cu(gH12NO,),.H,0
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Fig. 3.96: TG and DSC curves of Zn(gH1,NOy)..%2 H,0O
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Fig. 3.97: TG and DSC curves of Cd(gH12NO,),
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Fig. 3.98: TG and DSC curves of Hg(6H12NO),

Table 3.42: Weight loss at different stages of TGnalysis of isoleucine and its complexes

Compound Temperature  Mass Inference
range change
Isoleucine (GH1aNO,) 0°%- 200°C 0% No moisture
200°C -300°C 94 % Total decomposition
947°C 0.08 % Residue
Co(GH12NO,),.2H,0 0°C - 100°C 5% Moisture and two water molecule may be lost
100°C -200°C 14 %
200°C - 500°C 50 % The weight loss may be due to loss of;NH
CO,, CH,
647°C 15 % May be cobalt oxide
Ni(CsH12NO,),.2H,0 0°C - 100°C 0% No moisture
100°C -170°C 9% Two water molecule may be lost
300°C -320°C 72% The weight loss may be due to loss of;NH
CO,, CH,
947°C 18 % May be nickel oxide
Cu(GH1,NO,),.H,0 0°c- 100°C 0% No moisture
100°C — 140°C 5% One water molecule may be lost
150°C - 270°C 75 % The weight loss may be due to loss of;NH
CO,, CH,
947°C 25 % May be copper oxide

202

STUDY OF METAL-LIGAND INTERACTION IN SOLID STATE



Compound Temperature  Mass Inference
range change
Zn(CsH12NO,),. % H,O 0°c- 170°C 0% No moisture or chemically bound water

170°C - 180°C 3%

280°C - 500°C 60 %

half water molecule may be lost

The weight loss may be due to loss of;NH

CO,, CH,

647°C 38 % May be zinc oxide
Cd(GH1NO,), 0°C —280°C 0% No moisture or chemically bound water
280°C —-350°C 45 % The weight loss may be due to loss of;NH
CO,, CH,
350°C — 600°C  35% Rest of the organic part may be lost
647°C 14 % May be cadmium oxide
Hg(CsH1NO), 0°C - 180°C 0% No moisture or chemically bound water

180°C - 350°C 98 %

647°C

0.86 %

The weight loss may be due to loss of;NH
CO,, CH;,

The mercury oxide has also decomposed.
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3.3.2.7 Magnetic properties

An interesting characteristic of transition metalgheir ability to form magnets. Metal
complexes that have unpaired electrons are magr®tice the last electrons reside in the d
orbitals, this magnetism must be due to having wegdad electrons. Considering only
monometallic complexes, unpaired electrons arisalme the complex has an odd number of
electrons or because electron pairing is dest&bili¥XVhen an electron in an atom or ion is
unpaired, the magnetic moment due to its spin m#kesntire atom or ion paramagnetic
The size of the magnetic moment of a system cangainpaired electrons is related directly
to the number of such electrons: the greater tmebeu of unpaired electrons, the larger the
magnetic moment. Magnetic susceptibility measunesférce experienced by a substance in

a magnetic field.

Specimen calculation:

Sample ID: [Co(GH12NO»)..2H,0]

The balance calibration constant,

Cgal = Guve/ (Rs— Ry) = 1090 / (1060 + 33) = 0.9972

where R = reading for standard sample tube.

. Here,
The molar susceptibility,
R=1724

*I*(R-R

XA = CBaI ( 0) « MW IRO =2_32
9 =2cm
10" m m=0.11g
0.9972* 2* (1724 + 32) Cga = 0.9972
= x 354.8B
10°* 0.11

=1.13*10% cgs

The magnetic moments = 2.828V(T * ) = 2.828V(300 * 1.13 * 10%) = 5.2 BM

From the result found we may decided the numbenpgired electron n = 3
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The magnetic properties of the complexes of isofEuovere examined by magnetic
susceptibility balance and are tabulated in Tabl@.3From the experimental results, we get

the following information’s about the magnetic peojes of the complexes.

Table 3.43: Magnetic properties of the complexes ddoleucine

Compound AA Het BM No. of Config Inference
(cgs) (at 300K) unpaired
x 10° Found Theo. electron (n)
Co(GH1:NOy),.2H,0 11.3 5.2 4.3-5.2 3 d Paramagnetic
Ni(CgH1.NO,),.2H,0 4.0 3.1 3.0-3.3 2 ! Paramagnetic
Cu(GH12NO,),.H,0 1.35 1.8 1.8-2.1 1 °d Paramagnetic
Zn(CsH1oNO,),. % H,O negative 0* 0 o] Diamagnetic
Cd(GH12NO,), negative o* 0 tf Diamagnetic
Hg(CH12NO,), negative 0* 0 f Diamagnetic

Theo. = Theoretical values [112] *The negative eattiy, indicates that the tube and sample have a net diagtiam. In
that case gk can be considered as zero.

Co(GH12NO2)2.2H,0O: Experimentally observed magnetic moment of Gagdimplex is 5.2,
which implies in the complex Co exists as’Cion with three unpaired electrong, (thy” &5).

The experimental magnetic moment quite agreestéliheoretical value (4.3-5.2 BM).

Ni(CgH12NO)..2H,O: Experimentally observed magnetic moment of Ni¢bmplex is 3.1,
which implies in the complex Ni exists as*Nion with two unpaired electrons? ¢t ;).

This magnetic moment quite agree with the theaaktialue (3.0-3.3 BM).

Cu(GH12NO2)2.H,0: Experimentally observed magnetic moment of Gwddimplex is 1.8,
which implies in the complex Cu exists as*Cion with one unpaired electrons, ((ﬂzg6 eg3).

This magnetic moment quite agree with the thecaittialue (1.8-2.1 BM).

Zn(CsH12NOy)2. %2 HO, Cd(GH12NO2). and Hg(GH12NO2),: The magnetic susceptibility of
Zn(Il), Cd(Il) and Hg(ll) complex shows that thegshno unpaired electron i.e. they possess
d'° configuration with diamagnetic charactef’.
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3.3.2.8 Theoretical studie

All calculations were performed with the Gaussia@ $oftware package. Gas phi
equilibrium geometries of the complexes were fubiptimized and then vibration
frequencies were calculated at density functionabty (B3LYP) using -31 G(d) and SDD
bass set. After computing the optimized structure asmatational frequencies molecul
orbital calculations were conducted with all compads using same level of theory -
analyzing the transition metal effects on the HC-LUMO energies. For calculating 1

excited state properties of the complexes, timeeddent density functional theory (-

DFT) is employed with CA-B3LYP/6-31 +G (d,p) and B3LYP/SDIP? 113117

3.3.2.8.1 Optimized structure The optimized structure of isoleucine and its carps are
shown in Fig. 3.99 to Fig. 3.105. The calculateshdbalistances and angles are listed
Table 3.44 and Table 3.

I
J

J J

@

9

Fig. 3.99: Optimized structure of isoleucin calculated at B3LYP/SDD level of theor

Fig. 3.100: Optimized structure of Co(ile, calculated at B3LYP/SDD level of theor
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Fig. 3.103: Optimized structure of Zn(ile, calculated at B3LYP/SDD level of theor
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Fig. 3.105: Optimized structure of Hg(ile, calculated at B3LYP/SDD level of theor

Table 3.44: Selected bond distances (and angles of isoleucine

Assignment Isoleucine
C=0 1.214
Cc-O 1.353
C-N 1.465
O-H 0.973
N-H 1.017
O0-C-O 122.6
C-O-H 107.1
C-C—N 105.6
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The C-O and C-N bond distances have deviated ircoingplexes compared to the ligand.
This may be due to the complex formation with thetahion. The N-M-O bond angles of the
Co, Ni and Cu complexes are close to each otheereftre they forms square planner
structure. The difference in N-M-O bond angles @aties that the Zn, Cd and Hg complexes

form distorted tetrahedral structurg 1*3-1%]

Table 3.45:  Selected bond distances (A) and anglefsthe metal-isoleucine complexes

Co(ile), Ni(ile), Cu(ile), Zn(ile), Cd(ile), Ho(ile),

M-O 1.856 1.855 1.877 1.992 2.124 2.127
M-O 1.858 1.855 1.877 1.981 2.124 2.125
M-N 1.936 1.921 1.993 2.074 2.340 2.534
M-N 1.936 1.922 1.994 2.079 2.353 2.505
0-C 1.312 1.338 1.310 1.327 1.336 1.349
0-C 1.312 1.339 1.309 1.328 1.337 1.347
N-C 1.496 1.512 1.495 1.512 1.513 1.501
N-C 1.495 1.512 1.495 1.510 1.517 1.499
c-C 1.549 1.553 1.564 1.565 1.577 1.569
c-C 1.550 1.554 1.565 1.566 1.575 1.566
c=0 1.226 1.257 1.219 1.263 1.251 1.248
c=0 1.226 1.257 1.220 1.263 1.250 1.248
N-M-O  85.6 85.9 85.2 83.1 77.001 74.0

N-M-O  85.8 85.8 85.1 83.5 77.219 74.4

N-M-O  94.2 94.1 94.9 128.4 116.1 114.9
N-M-O  94.4 94.1 94.8 114.9 115.2 114.2
M-N-C  107.5 109.2 105.6 106.1 102.6 103.1
M-N-C  106.8 109.1 105.9 106.6 105.5 100.1
M-O-C  116.2 116.6 116.5 115.3 118.8 120.8
M-O-C  116.0 116.6 116.4 115.5 118.6 120.2
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The binding energy of the complexes is calculateterms of gas phase electronic energy,

enthalpy and Gibbs free energy. These are sumndariz&able 3.46. The positivéH and

AG values indicate that the process of formatiorthef Ni, Zn, Cd and Hg complexes is

endothermic i.e not spontaneous. On the other lhamdation of Co and Cu complexes is

exothermic i.e spontaneoli

% 113-117]

Table 3.46: Cation-binding energy, enthalpy, Gibbs free energyKcal/mol) of the metal-

isoleucine complexes calculated at B3LYP/SDD levef theory

Co(ile), Ni(ile), Cu(ile), Zn(ile), Cd(ile), Hg(ile),

AE -1052715.37  696.53 -904755.03  784.39 840.86 891.0
AH -775663.87  696.53 -904755.03  784.39 840.86 891.06
AG -775651.32  709.09 -904742.48  796.94 853.41 903.61
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3.3.2.8.2 Vibrational frequencies:The computed IR frequencies of the ligand and the
complexes have been visualized and confirmed bysS&Saiew program. The spectrum is
shown in Fig. 3.106 to Fig. 3.112. The IR frequescand their intensities of the complexes
are compared with that of ligand in Table 3.47. Thenputed IR frequencies are compared
with the experimental values in Table 3.48. Theeexpental IR vibrational frequencies are

very consistent with the calculated values.
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Fig. 3.106: Calculated IR spectrum of isoleucine
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Fig. 3.107: Calculated IR spectrum of Co(ile)
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Fig. 3.108: Calculated IR spectrum of Ni(ile)
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Fig. 3.109: Calculated IR spectrum of Cu(iley
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Fig. 3.110: Calculated IR spectrum of Zn(iley
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Fig. 3.111: Calculated IR spectrum of Cd(iley
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Fig. 3.112: Calculated IR spectrum of Hg(iley

Table 3.47: Comparison of calculated IR frequencieand their intensities of the metal-
isoleucinecomplexes (intensities in parentheses)

Compound N-H strN-H str. C—H str. C=0 str. N—H bending

(asymm) (symm)

Isoleucine 3613(5) 3511(3) 3088(20) 1815(267) 162%p(

Co(ile), 3529(27) 3455(10) 3115(95) 1746(1505) 1682(49)

Niile), 3560(43) 3464(18) 3127(154) 1610(1551) 1688(71)

Cu(ile), 3530(97) 3439(114) 3119(84) 1713(243) 1676(109)

Zn(ile), 3579(35) 3476(12) 3126(141) 1593(1154) 1685(69)

cd(ile), 3569(11) 3465(3) 3120(128) 1646(851) 1687(39)

Hg(ile), 3599(11) 3488(4) 3121(113) 1654(46) 1688(37)
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Table 3.48: Comparison of the scaled IR frequenciesf the metal-isoleucine complexes
with the experimental values (experimental values in paren#ses)

Compound N—H str. (asymm) N-H str. (symm) C—H str.

Isoleucine 3473 (3125) 3375 (3125) 2968 (2960)

Co(ile), 3392(3340) 3321(3290) 2994(2960)

Ni(ile), 3422(3340) 3330(3275) 3006(2960)

Cu(ile), 3393(3300) 3306(3250) 2998 (2975)

Zn(ile), 3440(3325) 3341(3260) 3005(2960)

Cd(ile), 3431(3300) 3331(3260) 2999(2960)

Hg(ile), 3460(3200) 3353(3100) 3000(2975)

Scaling factor 0.9613 is applied.
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3.3.2.8.3 UWVisible spectral analysis The UV~isible spectrum of the complexes wt
calculated at B3LYP/SDD and B3LYF-31+G(d,p) level of theory and are displayed ft
Fig. 3.113 to Fig. 3.119. The corresponding absmm properties are tabulated from
Table 3.49 to Table 3.55. It was observed that#ieulated results are very consistent \

the experimental resul

3500
3000
2500
2000

1500

Absorbance

1000

500

100 150 200 250 300
Wavelength (nm)

Fig. 3.113: Calculated U\-Vis spectrum of isoleucin

Table 3.49: The absorption properties of isoleucine calculated at CAN- B3LYP/6-31+G(d,p)
level of theory

Wavelength  Excitation energies (e' Oscillator strengths MO contributior Assignments
232 5.34 0.0012 H— L (89.2% IL
213 5.81 0.0078 H— L+1(36.1% IL

H-1— L (32.0%

210 5.90 0.0025 H-1— L (42.0%  IL
H — L+1 (38.5%

200 6.19 0.0241 Ho L+2 (75.2%  IL

H— L+1 (16.5%

d-d = dd transition, CT = charge transfer transition, Ilntraligand charge trans
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Fig. 3.114: Calculated UV-Vis spectrum of Co(ile)

Table 3.50: The absorption properties of Co(ile) calculated at CAM- B3LYP/6- 31+G(d,p)
level of theory
Wavelength Excitation energies (eV)  Oscillator styths MO contribution Assignments
753 1.64 0.0024 H-4> L (93.3%) d-d
742 1.66 0.0016 H-6> L (23.5%) d-d
H-5— L (53.8%)
681 1.81 0 H-6- L (45.1%) d-d

H-5 — L (34.8%)

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.115: Calculated UV-Vis spectrum of Ni(ile)

Table 3.51: The absorption properties of Ni(ile} calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (e\Qscillator strengths MO contribution Assighments
597 2.07 0 H— L (83.1%) d-d

563 2.20 0 H-3— L (64.2%) d-d

479 2.58 0 H-4— L (88.4%) CT

466 2.65 0 H-7— L (45.8%) CT

282 4.38 0.0373 H- L (95.4%) IL

271 4.57 0 H-2— L (53.4%) IL

253 4.88 0.0041 H-5- L (83.3%) IL

251 4.94 0.0005 H-1> L+2 (25.8%) IL

248 4.99 0.0001 H- L+2 (80.2%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Table 3.52:
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Fig. 3.116: Calculated U\-Vis spectrum of Cu(ile),

level of theory

The absorption properties of Cu(ile, calculated at CAM- B3LYP/6 31+G(d,p)

Wavelength  Excitation energies (e

Oscillator strengths

MO contributior

Assignments

804

638

614

577

549

513

512

500

1.54

1.94

2.01

2.15

2.25

241

2.42

2.47

0.0001

0.0091

0.0002

0.0053

0.0047

0.0483

0.0033

0.0230

H-6— L (48.5%
H-2- L (57.1%

H-3— L (41.9%
H-3— L (37.5%
H-4— L (43.4%

H-5— L (66.2%

H-8 — L (60.0%

H-7— L (43.8%

d-d

d-d

d-d

CT
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d-d = dd transition, CT = charge transfer transition, Ilntraligand charge trans
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Fig. 3.117: Calculated UV-Vis spectrum of Zn(ile)

Table 3.53: The absorption properties of Zn(iley calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV)  Oscillator styths MO contribution Assignments
288 4.30 0.0056 H-1> L (45.4%) IL
285 4.34 0.0011 H- L (47.7%) IL
253 4.89 0.0037 H-2- L (42.8%) IL
251 4.92 0.0033 H-2-> L (47.2%) IL
249 4.96 0.0191 H-3> L (93.0%) IL
243 5.09 0.0027 H-1> L+2 (40.9%) IL
237 5.22 0.0142 H-4- L (95.1%) IL
233 5.30 0.0091 H-5- L (95.4%) IL
210 5.89 0.0118 H-1- L+1 (43.7%) IL
206 6.00 0.0011 H-4» L+1 (31.8%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.118: Calculated UV-Vis spectrum of Cd(ile)

Table 3.54: The absorption properties of Cd(ile) calculated at CAM- B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV)  Oscillatorsgiths MO contribution Assighments
279 4.44 0.0048 H> L (90.5%) IL
276 4.49 0.0089 H-1> L (91.3%) IL
253 4.90 0.0008 H-1- L-2 (38.6%) IL
251 4.92 0.0084 H-2- L (35.3%) IL
250 4.94 0.0089 H-2- L (54.6%) IL
249 4.97 0.0125 H-3- L (93.4%) IL
238 5.19 0.0023 H-4- L (92.8%) IL
232 5.33 0.0615 H-5-> L (90.0%) IL
223 5.54 0.0130 H-1- L+1 (53.3%) IL
218 5.68 0.0039 H- L+2 (71.3%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Fig. 3.119: Calculated UV-Vis spectrum of Hg(ile)

Table 3.55: The absorption properties of Hg(ile) calculated at CAM- B3LYP/6-31+G(d,p)
level of theory
Wavelength  Excitation energies (eV) Oscillatorsgths MO contribution Assighments
308 4.02 0.0014 H-> L (96.2%) IL
299 4.14 0.0250 H-> L (94.0%) IL
279 4.44 0.0057 H-2> L (62.5%) IL
274 4.52 0.0110 H-3- L (68.5%) IL
258 4.79 0.0010 H-4- L (46.8%) IL
256 4.83 0 H-4- L (38.2%) IL
254 4.88 0.0002 H-1- L+2 (45.1%) IL
237 5.23 0.1183 H-5> L (70.7%) IL
229 5.40 0.1929 H- L+1 (46.0%) IL
226 5.46 0.0796 H- L+1 (36.3%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer

UV-Visible spectral studies reveal that Co, Ni & complex demonstrate characteristic

metal to ligand charge transfer (MLCT) or ligandntetal charge transfer (LMCT) and d—d

transition bands. On the other hand Zn, Cd and éigptex only demonstrate intraligand

charge transfer (IL). This is reasonable sinceréspective metal ions in the later case have

d'° configuratio

r][59, 113-117]
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3.3.2.8.4 Frontier molecular orbital: Selected frontier molecular orbital of isoleuciand
its complexes is displayed from Fig. 3.120 to Rdl26 and the corresponding molect

orbital energy is listed in Table 3.56 and 3

HOMO LUMO

Fig. 3.120: HOMO and LUMO of isoleucine

Table 3.56: Energies (Hartree) of HOMO and LUMO orbital’'s, HOMO -LUMO gaps are
calculated at B3LYP/SDD level of theory for isoleuioe

HOMO-5 0.45 LUMO+5 0.02
HOMO-4 0.45 LUMO+4 0.02
HOMO-3 0.4z LUMO+3 0.01
HOMO-2 0.3¢ LUMO+2 0.00
HOMO-1 0.3€ LUMO+1 -0.03
HOMO 0.34 LUMO -0.12 0.22
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Co(ile), : HOMO-3

Co(ile), : LUMO

Fig. 3.121: HOMO and LUMO of Co(ile),
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I

9

Ni(ile), : HOMO

Ni(ile), : HOMO-1

Ni(ile), : LUMO

Fig. 3.122: HOMO and LUMO of Ni(ile),
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Cu(ile),: HOMO-4

Cu(ile), : LUMO

Fig. 3.123: HOMO and LUMO of Cu(ile),
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Zn(ile), : HOMO

Zn(ile), : HOMO-1

Zn(ile), : LUMO

Fig. 3.124: HOMO and LUMO of Zn(ile),
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Hg(ile), : HOMO

Hg(ile), : HOMO-1

Hg(ile), : LUMO

Fig. 3.125: HOMO and LUMO of Hg(ile),
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Cd(ile), : HOMO

Cd(ile), : LUMO

Fig. 3.126: HOMO and LUMO of Cd(ile),
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Table 3.57: Energies (Hartree) of HOMO and LUMO orlital's, HOMO-LUMO gaps are
calculated at B3LYP/SDD level of theory for all medl-isoeucine complexes

Molecular Orbital Co(iley Ni(ile), Cu(ile) Zn(ile), Cd(ile), Hg(ile),
HOMO-5 -0.45 -0.36 -0.45 -0.28 -0.28 -0.29
HOMO-4 -0.45 -0.36 -0.44 -0.28 -0.28 -0.29
HOMO-3 -0.44 -0.35 -0.44 -0.26 -0.27 -0.28
HOMO-2 -0.44 -0.18 -0.44 -0.26 -0.27 -0.27
HOMO-1 -0.42 -0.16 -0.42 -0.24 -0.25 -0.26
HOMO -0.42 -0.15 -0.41 -0.24 -0.25 -0.25
LUMO -0.36 -0.14 -0.32 -0.05 -0.06 -0.08
LUMO+1 -0.26 -0.12 -0.17 -0.01 -0.02 -0.03
LUMO+2 -0.17 -0.11 -0.17 0.01 -0.02 -0.02
LUMO+3 -0.17 -0.09 -0.15 0.01 0.00 0.00
LUMO+4 -0.14 -0.06 -0.13 0.02 0.02 0.01
LUMO+5 -0.14 -0.05 -0.12 0.04 0.03 0.02
GAP 0.06 0.01 0.09 0.19 0.19 0.17

The HOMO-LUMO gap of the complexes is decreasethftioe parent isoleucine. Therefore

metal has a noticeable effect on the frontier mdiecorbital energie§® 113117

3.3.2.9 Antimicrobial activity: Attempt was taken to study the antimicrobial atyiaf the
complexes. The complexes are insoluble in wateerdfore it was not possible to get any

information in this field.
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SUMMARY

4.1 Metal-ligand interaction in solution

The electrochemical study demonstrates that thalnwet interacts with both the zwitterionic
and anionic form of the ligand. But the metal-amdigand interaction is more pronounced
over metal-zwitterionic ligand interaction. Maximuimteraction occurs in 1:2 mole ratios.
The phenomenon that the peak current changes almestly with square root of scan rate,
the peak potential separation is much larger aedptrak current ratio is greater than unity
indicates that the redox process of the respectieéal ion may be quasi-reversible and
coupled with some chemical reaction. The interactibCd(ll) with leucine and isoleucine is

compared in Fig. 4.1 to Fig. 4.4.
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Fig. 4.1: CV’'s of free Cd(ll) (red), Cd(ll) in Fig. 4.2: CV’s of free Cd(ll) (red), Cd(l)
presence of z. leu (blue) and Cd(ll) in presence of z. ile (blue) and
in presence of a. leu (green) Cd(ll) in presence of a. ile (green)
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Fig. 4.3: CV’s of Cd(ll) in presence of Fig. 4.4: CV’'s of Cd(ll) in presence of
a. leu at 1:0.5 (red), 1:1 (blue) a. ile at 1:0.5 (red), 1:1 (blue)
and 1:2 (green) mole ratio and 1:2 (green) mole ratio
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The chronoamperometric and chronocoulometric arsabisggests adsorption of reactant or
products occurring at the electrode while elecsislyThe current response, charge response

and the Anson plot for the Zn(ll)-anionic leucinedaZn(ll)-anionic isoleucine system are

displayed in Fig. 4.5 — Fig. 4.10.
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Fig. 4.5: Current vs time plot for Zn(ll)
in presence of a. leu
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Fig. 4.6:  Current vs time plot for zZn(ll)
in presence of a. ile
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Fig. 4.7: Charge vs time plot for Zn(lIl)
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Fig. 4.8: Charge vs time plot for Zn(ll) in
presence of a. ile
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4.2 Metal-ligand interaction in solid state

Leucine and isoleucine both forms 1:2 complexes wittal. The complexes were prepared
in aqueous medium by direct reaction between th@almsalt and anionic ligand. The reaction

scheme is shown below. The precipitate formed was filtered, washed and dried over

silica gel.
HO filter - MCl,.nH0
CgH13NO, + NaHCQT> Mixture —— (CgH1,NO,)” — 3 Product
Zwitterionic Anionic
Ligand ligand

The formulation of the prepared complexes were dgneomparing the elemental (C, H and
N) and metal analysis data and the calculated saldemparing all the experimental and

theoretical data for C, H, N and M, the proposegieical formula of the complexes are,

Co-leucine complex

Ni-leucine complex

CO@H 15N 02)2.2H20

Ni(€H12NO,)2.2H,0

Co-isoleucine complex

Ni-isoleucine complex

COéelzNOQ)g. 2H,0O

Ni¢1:12NO2)2.2H,0

Cu-leucine complex Cu@E1,NOy), Cu-isoleucine complex  CugB:,NO,),.H,O
Zn-leucine complex Zn(§H1.NO,), Zn-isoleucine complex  Zngl:,NO,)..%2 HO
Cd-leucine complex Cd@E1oNOy), Cd-isoleucine complex  Cd{B:.NO,),
Hg-leucine complex  Hg(§H1.NO,), Hg-isoleucine complex  Hg¢H;,NO,),

Table 4.1: Percent composition of C, H, N and metah the leucine complexes

Compound % C % H % N % Metal % Yield
based on
Fnd. Cal. Fnd. Cal. Fnd. Cal. Fnd. Cal. metal
Co(GH12NO,),.2H,0O 4045 4057 807 789 790 7.89 16,50 16.60 54
Ni(CgH12NO;),.2H,0 40.34 4060 798 789 780 7.89 1565 16.55 50
Cu(GH12NO,), 4335 4451 716 742 845 865 17.92 19.63 67
Zn(CeH12NO,), 4388 4425 756 737 856 8.60 19.11 20.10 81
Cd(GH12NO,), 3752 3867 595 644 710 752 28.23 30.18 65
Hg(GsH12NO,), 3096 31.26 510 521 590 6.08 42.60 43.55 55
Pb(GH1.NO,), 158 3082 0.77 514 310 5.99 - 44.35 -
Cal. = Calculated, Fnd. = Found
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Table 4.2: Percent composition of C, H, N and metah the isoleucine complexes

Compound % C % H % N % Metal % Yield
based on
Fnd. Cal. Fnd. Cal. Fnd. Cal. Fnd. Cal. metal

Co(GH1NOy),.2H,0  41.21 4056 7.94 7.89 791 7.89 1550 16.62 55
Ni(CeHoNO,),2H,O  40.42 4060 808 7.89 7.89 7.89 1555 16.55 52
Cu(CsH12NO,),. H,0 4237 4217 7.84 761 820 820 17.45 1859 60

Zn(CGHNO,). 2 HO 3642 43.11  6.72 7.49 7.06 8.38 18.34 19.46 46

Cd(GH12NOy), 36.89 38.67 6.12 6.44 7.16 7.52 28.90 30.18 48
Ho(CeH1NO,), 30.10 31.26 4.98 5.21 5.82 6.08 42.89 4355 50
Pb(GH1:NO,), 410 30.82 0.69 5.14 0.79 5.99 - 44.35 -

Cal. = Calculated, Fnd. = Found

Thermal analysis ensures that the Co and Ni compfiédoth leucine and isoleucine contains
two molecules of water of crystallization. The Camplex of isoleucine contains one
molecule and the Zn complex of isoleucine conta@lé molecule of water of crystallization.

The other complexes do not contain any water cftatlyzation.

The complexes are insoluble in the most common esblwvith few exceptions. The
Ni-leucine, Co-isoleucine, Ni-isoleucine and Culésmine complexes are soluble in

methanol. The melting temperature of all the comgsds more than 24T.

Table 4.3: Solubility of the prepared metal-leucinecomplexes

Compound Appearance Soluble in Insoluble in

Co(CsH1NO,),.2H,0 Pink - HO, CHOH, GHsOH, CHCOCH;, DMSO
Ni(CgH1,NO,),.2H,0 Sky blue CHOH H,0, CHsOH, CH;COCHs;, DMSO
Cu(GH12NO,), Blue - HO, CHOH, GHsOH, CH,COCH;, DMSO
Zn(CsH1oNO,)» Colorless - HO, CH;OH, GHs0OH, CH;COCH;, DMSO
Cd(GH12NO,), Colorless - HO, CH;OH, GHs0OH, CH;COCH;, DMSO
Hg(CsH1:NO,), Colorless - HO, CHOH, GHsOH, CHCOCH;, DMSO
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Table 4.4: Solubility of the prepared metal-isoleuine complexes

Compound Appearance Soluble in Insoluble in
Co(GH12NO,),.2H,0 Pink CHOH H,O, GHsOH, CH;,COCH;, DMSO
Ni(CeleNOQ)z.ZHzo Sky blue CmH Hzo, C2H5OH, CHg,COC"b, DMSO
CU(CeleNOZ)Q. Hzo Blue Cl‘&OH Hzo, C2H5OH, CHg,COC"b, DMSO
Zn(CsH1oNO,),. % H,O Colorless - KO, CH;OH, GHsOH, CH;COCH;, DMSO
Cd(GH12NOy), Colorless - HO, CHOH, GHsOH, CH,COCH;, DMSO
Hg(GH12NO,), Colorless - HO, CHOH, GHsOH, CH,COCH;, DMSO
100 120
1004 Cu-Leucine Cu(gH,,NO,),
801 Cu-Leucine Cu(gH,,NO,),
60 -
'_
S
40 1
20 - _
Leucine (GH,;NO,) Leucine (GH;NO,)
0 T T T T T T
4000 3500 3000 2500 2000 2000 1500 1000 500
Wave number (cﬁJr) Wave number (cﬁJr)
Fig. 4.11: Comparison of IR spectrum of leucine an€u-leucine complex
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100 | Ni-Isoleucine Ni(GH,,NO,),.2H,0 100{ Ni-Isoleucine Ni(GH,,NO,),.2H,0
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0 Isoleucine (GH,;NO,) (GH.NO,)
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Fig. 4.12: Comparison of IR spectrum of isoleucinand Ni-isoleucine complex
The IR spectrum of leucine and isoleucine is comgavith their complex in Fig. 4.11 and

Fig. 4.12. The comparison of IR bands of leucind &mwoleucine with their complexes are

given in Table 4.5 and Table 4.6. Leucine and isule both show a weak and broad peak at
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around 3100 crhdue to NH' stretching. But the complexes show two sharp baetseen

3100-3350 cnt due to asymmetric and symmetric stretching of fitee —NH groups.

Asymmetric and symmetric stretching for carboxybugy (COO) occurs at around 1575 and

1400 cn* for both ligand and the complex. The ligand asdcismplexes exhibit two bands
for N-H bending near 1600 and 1475 tnThe C-H and C-N stretching occurs at around
2960 and 1100 cihrespectivelyThe change in position and intensity of the bamdshe

complex compare to that of ligand confirms the ctaxfpormation.

Table 4.5: Comparison of IR bands of leucine andstcomplexes

Compound v(N-H)  ©v(N-H) v(C-H) v (NH) v(COO) v (NH) v(COO) v (CN)
assym. sym. str. asym. asym. sym. sym. str.
str. str. bending str. bending str.
cmt cmt cm? cmt cmt cmt cmt cmt
Leucine (GH1sNO,) 3070 2960 1610 1575 1510 1400 1080
Co(GH12NO,)».2H,0 3360 3300 2950 1625 1475 1400 1100
Ni(CgH12NO,)».2H,O 3360 3300 2950 1640 1580 1475 1410 1100
Cu(GH12NOy), 3325 3250 2975 1625 1575 1480 1400 1120
Zn(CeH1oNOy), 3325 3260 2960 1625 1475 1410 1110
Cd(GH12NOy), 3350 3250 2960 1600 1560 1400 1080
Hg(GH1.NO,), 3150 3100 2960 1600 1575 1475 1400 1150
Table 4.6: Comparison of IR bands of isoleucine aniis complexes
Compound V(N-H) ©o(N-H) v(C-H) v (NH) v(COO) v (NH) v(COO) v (CN)
assym. sym. str. asym.  asym. sym. sym. str.
str. str. bending str. bending Str.
cmt cmt cmt cmt cmt cmt cmt cm?
Isoleucine(GH13NO,) 3125 2960 1590 1500 1450 1410 1140
Co(GH12NO,),.2H,0 3340 3290 2960 1650 1590 1460 1400 1075
Ni(CgH12NO,)».2H,0O 3340 3285 2960 1650 1580 1475 1410 1080
Cu(GH12NO,),.H,O 3300 3250 2975 1610 1600 1460 1400 1125
Zn(CH1NOy),. 2 HO - 3325 3260 2960 1600 1475 1400 1100
Cd(GH12NOy), 3300 3260 2960 1620 1575 1460 1400 1120
Hg(GsH1.NO,), 3200 3100 2975 1600 1575 1460 1400 1175
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The comparison of IR spectrum of Ni-leucine andiddleucine complex is shown in
Fig. 4.13. The figure shows that the pattern of [Respectrum of the complexes is almost
similar with each other with a few exceptions, whiodicates that all the complexes have

similar bonding pattern and composition.
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Fig. 4.13: Comparison of IR spectrum of Ni-leucinend Ni-isoleucine complex

The UV-Visible spectrum of ligand and their metahwplexes are shown in the Fig. 4.14 -
Fig. 4.17. The comparison of absorption bands aengin Table 4.7. The presence of
characteristic metal-ligand charge transfer bamdkdad transition bands in the Co, Ni and

Cu complex indicate the probability of forming<VvL coordination bonds.
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Fig. 4.14: UV-Vis spectrum of leucine (gH13NO,)
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Fig. 4.15: UV-Vis spectrum of Ni-leucine complex [NCgH1,NO,),.2H,0]
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Table 4.7: Absorption bands of ligand and its commxes

Compound Absorption band
d-d CT IL

Leucine (GH3NO,) - - 201
Ni-leucine complex [Ni(gH1,NO,),.2H,0] 620 370 206
Isoleucine (GH1aNOy) - - 200
Co-isoleucine complex [CogH1.NO,),.2H,0] 535 - 240
Ni-isoleucine complex  [Ni(gH1.NO,),.2H,0] 625 380 208
Cu-isoleucine complex [CugB1,NO,),.H,O] 605 - 240

d-d = d-d transition, CT = charge transfer tranaitik. = Intraligand charge transfer

The reflectance spectrum and the correspondingggrienction of ligand and the complexes
are displayed in Fig. 4.18 to Fig. 4.21 respecyivéhe determined band gap energy of the
complexes is reported in Table 4.8. The complexasg Ibe good conductor because of having

low band gap energy.
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Fig. 4.18: (a) Reflectance spectrum and (b) (F(R)Eys E plot for leucine (GH1sNO,)
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Fig. 4.19: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Co-leucine complex
[CO(@H 12N02)2.2H20]
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Fig. 4.20: (a) Reflectance spectrum and (b) (F(R)Eys E plot for isoleucine (GH1aNOy)
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Fig. 4.21: (a) Reflectance spectrum and (b) (F(R)Eys E plot for Co-isoleucine complex

[Co(§H12NO,),.2H,0]

Table 4.8: The calculated band gap energy for theoonplexes

Leucine complex

Band gap energy (eV)

Isoleucinapmex

Band gap energy (eV)

Leucine (GH13NO,)
CO(C6H12N02)2.2H20

Ni(CeleN 02)2. 2 Hzo

Cu(GH12NO,),
Zn(CsH12NO,),
Cd(GH12NO,),

Hg(CeH12NO,),

0.7

0.8

0.2

0.7

0.7

0.5

0.7

Isoleucine (EH13NO,)
Co(GH12NO,),.2H,0
Ni(GH1.NO,),.2H,0
Cu(GH12NO,)2.H,O
Zn(GH12NO,)».%2 H,O
Cd(GH12NO,),

Hg(GH1.NOy),

0.7

1.2

0.8

0.9

0.1

0.6

0.6
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The nuclear magnetic resonance (NMR) spectral aisalgemonstrated that the protons
overlap with each other. A peak for -COOH protopesps in the ligand but in the complex
it is not seen. This may be due to complexatiohgaind with the metal. The position of the
other peaks in the complex is consistent with tidigand. The NMR spectrum of ligand and
some complexes are displayed in Fig. 4.22 to FRy .4

COOH

\ T \ \ i T T T T T T T T \ T
14 13 12 1 10 9 8 7 6 5 4 3 2 1 ppm

Fig. 4.22: NMR spectrum of leucine (GH1sNO,)

oa CH
8 CH,
NH CH
- B CH, !
T I T I T T T T
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

Fig. 4.23: NMR spectrum of leucine (GH13NO)
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Fig. 4.24: NMR spectrum of Ni-leucine complex [Ni(6H12NO5), .2H,0]

COCH
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e
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Fig. 4.25: NMR spectrum of isoleucine (gH13NO,)
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Fig. 4.26: NMR spectrum of isoleucine (gH1sNO,)
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Fig. 4.27: NMR spectrum of Co-isoleucine complex [@CgH1,NO,),.2H,0]

The Differential Scanning Calorimetry (DSC) curvietloe complexes is sharp endothermic.
Therefore, the weight changes monitored by theraogretry involved absorption of
energy. The TG and DSC curves of ligand and theptexes are presented in Fig. 4.28 to

Fig. 4.31.
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Fig. 4.28: TG and DSC curves of leucine (113NO,)
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Fig. 4.29: TG and DSC curves of Co-leucine complg¢&€o(CgH1.NO,),.2H,0]
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Fig. 4.30: TG and DSC curves of isoleucine ¢813NO5)
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Fig. 4.31: TG and DSC curves of Ni-isoleucine comgt [Ni(CeH 1,NO,),.2H,0]

Magnetic susceptibility data of the complexes codel that all of them are high spin
paramagnetic complex excluding Z8d and Hg which are diamagnetic. The magnetic

properties of the complexes of ligand are summdnadable 4.9 and Table 4.10.
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Table 4.9: Magnetic properties of the complexes déucine

Compound XA Het BM No. of  Config. Inference
(cgs) (at 300K) lérllggrr::
x 10° Found Theo. ")
Co(GH1:NOy),.2H,0 7.4 4.2 4.3-5.2 3 d Paramagnetic
Ni(CeH1:NO,),.2H,0 4.7 3.3 3.0-3.3 2 & Paramagnetic
Cu(GH1.NO,), 1.5 1.9 1.8-2.1 1 “ Paramagnetic
Zn(CsH1oNO,)» negative 0* 0 tf Diamagnetic
Cd(GH1.NO,), negative o* 0 tf Diamagnetic
Hg(CH12NO,), negative 0* 0 tf Diamagnetic

Theo. = Theoretical values. *The negative valugohdicates that the tube and sample have a net disetiam. In that
case g can be considered as zero.

Table 4.10: Magnetic properties of the complexes ddoleucine

Compound XA Heft BM No. _of ] Config. Inference
unpaire
)chéz Foun(c";1 : 300K2I'heo. electron ()

Co(GH1:NOy),.2H,0 11.3 5.2 4.3-5.2 3 d Paramagnetic
Ni(CeH1.NO,),.2H,0 4.0 3.1 3.0-3.3 2 & Paramagnetic
Cu(GH12NO,),.H,0 1.35 1.8 1.8-2.1 1 °d Paramagnetic
Zn(CsH1oNO,),. % H,O negative 0* 0 o] Diamagnetic
Cd(GH1.NO,), negative 0* 0 tf Diamagnetic
Hg(CH12NO,), negative 0* 0 tf Diamagnetic

Theo. = Theoretical values. *The negative valugohdicates that the tube and sample have a net disetiam. In that
case g can be considered as zero.

Theoretical calculations ensures that the Co, Ni @u complexes forms square planner
structure while the Zn, Cd and Hg complexes formtalted tetrahedral structure. The

optimized structure of ligand and the complexesdsplayed in Fig. 4.32 — Fig. 4.37.
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Fig. 4.32: Optimized structure of leucini calculated at B3LYP/SDD level of theor

Fig. 4.33: Optimized structure of Co(leu, calculated at B3LYP/SDD level otheory

Fig. 4.34: Optimized structure of Zn(leu, calculated at B3LYP/SDD level of theor
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Fig. 4.35: Optimized structure of isoleucin calculated at B3LYP/SDD level of theor

Fig. 4.36: Optimized structure of Co(ile, calculated at B3LYP/SDDlevel of theory

Fig. 4.37: Optimized structure of Zn(ile, calculated at B3LYP/SDD level of theor
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The experimental IR vibrational frequencies andahgorption properties are very consistent
with the calculated values. The computed IR fregie=nare compared with the experimental
values in Table 4.11 and Table 4.12. The absorgtroperties of leucine and the Ni(leaye
tabulated min Table 4.13 — Table 4.16. The UV-\lesitudies reveal that Co, Ni and Cu
complex demonstrate characteristic metal to ligahdrge transfer (MLCT) or ligand to
metal charge transfer (LMCT) and d—d transitionsdsa On the other hand Zn, Cd and Hg
complex does not show any charge transfer or dadsition bands because of theif d

configuration.

Table 4.11: Comparison of the scaled IR frequenciesf the metal-leucine complexes with
the experimental values (the experimental values ia parentheses)

Compound N-H str. (asymm) N-H str. (symm) C—H str.
Leucine 3482 (3070) 3403 (3070) 2949 (2960)
Co(leuy 3424(3360) 3329(3300) 3006(2950)
Ni(leu), 3424(3360) 3325(3300) 3005(2950)
Cu(leu} 3399(3325) 3310(3250) 2891 (2975)
Zn(leu), 3444(3325) 3351(3260) 3004(2960)
Cd(leu} 3438(3350) 3339(3250) 3012(2960)
Hg(leu) 3467(3150) 3362(3100) 3012(2960)

Scaling factor 0.9613 is applied.

Table 4.12: Comparison of the scaled IR frequenciesf the metal-isoleucine complexes with

the experimental values (the experimental values is iparentheses)

Compound N—H str. (asymm) N-H str. (symm) C—H str.
Isoleucine 3473 (3125) 3375 (3125) 2968 (2960)
Co(ile), 3392(3340) 3321(3290) 2994(2960)
Ni(ile), 3422(3340) 3330(3275) 3006(2960)
Cu(ile), 3393(3300) 3306(3250) 2998 (2975)
Zn(ile), 3440(3325) 3341(3260) 3005(2960)
Cd(ile), 3431(3300) 3331(3260) 2999(2960)
Hg(ile), 3460(3200) 3353(3100) 3000(2975)
Scaling factor 0.9613 is applied.
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Table 4.13: The absorption properties of leucine deulated at CAM-B3LYP/6 31+G(d,p) level

of theory
Wavelength Excitation energies (eV) Oscillatorsgtas MO contribution Assighments
224 5.51 0.0051 H-1 L (13.3%)
H — L (83.2%) IL
219 5.64 0.0035 H-1 L (73.9%) IL
H — L (15.0%)
214 5.78 0.0090 H> L+1 (72.2%) IL

H— L+2 (21.6%)

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer

Table 4.14: The absorption properties of Ni(lew) calculated at CAM-B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV) Oscillatorisgths MO contribution Assignments
604 2.05 0 H— L (82.8%) d-d
569 2.18 0 H-3— L (69.9%) d-d
482 2.57 0 H-5— L (91.4%) CT
470 2.64 0 H-7— L (47.2%) CT
285 4.34 0.0435 H-+ L (90.1%) IL
273 4.54 0 H-2— L (55.9%) IL
256 4.83 0.0012 H-4- L (94.7%) IL
249 4.96 0 Ho L+1 (42.0%) IL
248 4.99 0.0005 H- L+1 (46.6%) IL
245 5.06 0.0002 H-1- L+2 (24.1%) IL

d-d = d-d transition, CT = charge transfer tranaitik. = Intraligand charge transfer
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Table 4.15:  The absorption properties of isoleucinealculated at CAM-B3LYP/6-31+G(d,p)
level of theory

Wavelength Excitation energies (eV)  Oscillator sgyths MO contribution Assighments
232 5.34 0.0012 He L (89.29%6) b
213 5.81 0.0078 H> L+1(36.1%) IL

H-1— L (32.0%)
210 5.90 0.0025 H- L (42.0%) IL
H — L+1 (38.5%)
200 6.19 0.0241 Ho> L+2 (75.2%) IL

H — L+1 (16.5%)

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer

Table 4.16: The absorption properties of Ni(ile} calculated at CAM-B3LYP/6 31+G(d,p)
level of theory

Wavelength Excitation energies (eV) Oscillator sgths MO contribution Assignments
597 2.07 0 H— L (83.1%) d-d

563 2.20 0 H-3— L (64.2%) d-d

479 2.58 0 H-4— L (88.4%) CT

466 2.65 0 H-7— L (45.8%) CT

282 4.38 0.0373 H-1> L (95.4%) IL

271 4.57 0 H-2— L (53.4%) IL

253 4.88 0.0041 H-5- L (83.3%) IL

251 4.94 0.0005 H-H L+2 (25.8%) IL

248 4.99 0.0001 H- L+2 (80.2%) IL

d-d = d-d transition, CT = charge transfer tranaitih. = Intraligand charge transfer
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Selected frontier molecular orbital of ligand ahéit complexes is displayed from Fig. 3.
to Fig. 3.41. The HOM-LUMO gap of the complexes is decreased from themgdrgand.
Therefore metal has a noticeable effect on theti'omolecular orbital energie

HOMO LUMO

Fig. 4.38: HOMO and LUMO of leucine

HOMO LUMC

Fig. 4.39: HOMO and LUMO of Co(leu),
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HOMO LUMC

Fig. 4.40: HOMO and LUMO of isoleucine

HOMO LUMO

Fig. 4.41: HOMO and LUMO of Co(ile),

So, leucine forms 1:2 complexes with transitionateand the following common structt
formula can be proposed the new species:

CHz— CH- CH;~
CHa,

O
N\
; \ / \ CHj
CH

CH-CH+ CH-CH 2H,0

NN

Square planner structure foMe C&*, Ni**
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O/\/\ cH,

CH;— CH-CH,~CH CH CH5- CH CHj
|
CHj \ / \

Square planner structure fofi Cu*

o)
e - \ CHj

CHy~ Ch~CHy- CH CH‘CHz CH-CH,

/ \O/

Distorted tetrahedral structure forMe Zr*, Cdf*, Ho*

Isoleucine forms 1:2 complexes with transition rneetnd the following common structural

formula can be proposed for the new species:

Of/\ /\ CH

CH;— CH,— CH-CH CH-CH-CHs-CHj; 2H,0
! /
CHs "\ c
J/ A\
N o O
H, °

Square planner structure’M= Co™*, Ni#*
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o\/\ /\ -

CHz— CH,— CH-CH CH—CH-CHZ CHs | H,0

NN

Square planner structure’iE Cu*

— (=] —

O
O\ -~ \ H2 CH
/ / \ °
C

CH—CH CHy~ CH|Lh H0
/ \0/

CHg— CH— ICH

Distorted tetrahedral structure foPMe Zrf*

o O
N Hy
C N CH3

—CHzCH
CHg~ CHp= CH- CH CH CH-CHz-CHy

S / \0/\

Distorted tetrahedral structure foe Cd*, Ho?*
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CONCLUSION

The electrochemical study concludes that the metalinteracts with both the zwitterionic
and anionic form of the ligand. But the metal-amidigand interaction is more pronounced
over metal-zwitterionic ligand interaction. Maximunteraction occurs in 1:2 mol ratios. The
redox behavior of the respective metal ion in abseand presence of the ligand was
guasi-reversible and coupled with some chemicalctima Chronoamperometry and
chronocoulometric study concludes that adsorptibmeactant and product occurs at the

electrode surface in all cases.

The solid products were isolated from the reactbthe metal ions, Co(ll), Ni(ll), Cu(ll),
Zn(Il), Cd(ll) and Hg(ll) with the anionic ligandBoth leucine and isoleucine forms 1:2
complexes with metal ion, which is confirmed by tlemental and metal analysis. Thermal
analysis ensures that the Co and Ni complex of bebine and isoleucine contains two
molecules of crystalline water. The Cu complexsafi@eucine contains one molecule and the
Zn complex of isoleucine contains half moleculegfstalline water. The other complexes do
not contain any water of crystallization. The compds have high melting temperature and
are mostly insoluble in the common solvents. Bug tNi-leucine, Co-isoleune,

Ni-isoleucine and Cu-isoleucine complexes are deliromethanol.

The IR spectral data of the complexes indicate taimetal-ligand bonding occurs through
nitrogen atom of Nklgroup and oxygen atom of CO@roup. All the complexes have similar
bonding pattern. The shifting of the absorptiondsarappearing of d-d transitions and charge
transfer bands in the UV-Visible absorption speutralso indicates the probability of
forming M—L coordination bonds in the complexes. The comperay be good conductor
because of having low band gap energy. The NMR pedkhe complexes overlaps with
each other. A peak for -COOH proton appears idigla@d but in the complex it is not seen.

This may be due to complexation of ligand with rhaia.

The Differential Scanning Calorimetry (DSC) curvietloe complexes is sharp endothermic.
Therefore, the weight changes monitored by theraogretry involved absorption of
energy. Magnetic susceptibility data of the comptegonclude that all of them are high spin

paramagnetic complex excluding Zn, Cd and Hg corgdevhich are diamagnetic.
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Density functional theory (DFT) calculation confsnthat Co, Ni and Cu complexes form
square planar structure whereas Zn, Cd and Hg atisjoirted tetrahedral structure. Cation-
binding energy, enthalpy and Gibbs free energy evahdicates that these complexes are
thermodynamically stable. The experimental IR \ioraal frequencies and the absorption
properties of the complexes are very consistenh whie calculated values. Metal has a

noticeable effect on the frontier molecular orbéakrgies.

Both leucine and isoleucine forms 1:2 complexes wiansition metals and the following

common structural formula can be proposed forhalrtew species:

O/\/\ cH,

CHs— CH- CH,— CH CH CH, CH-CH,
|

L eucine complexes

\/\ CH

CHs— CH,~ CH- CH CH CH- CH,~CHj

S

| soleucine complexes
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