SYNTHESIEHARACTERMIONAND
MOLECULAR MODELBIDIPHENYL GLYCOLIC
ACIDAMINO ACIMETALCOMPLEXES

Thesis submitted to the
University of Calicutin partial fulfillment of the
requirements for the award of the degree of

DOCTOR OF PHILOSOPHY IN CHEMISTRY
Under the Faculty of Science

PRANAMYA.N.P

Under the Guidance of

Dr.G.Indira D evi
Associate Professor (Retd.)
&
Dr.Susannah Seth
Associate Professor (Retd.)
&
Dr.Leon Prasanth K.
Assistant Professor

DEPARTMENT OF CHEMISTRY
THE ZAMORI N0OS GURUVAYURAPPAN
KOZHIKODE -673 014, KERALA
JANUARY 2024

CcO






Dr.G.Indira D evi

Associate Professor (Retd.)

Department of Chemistry

Zamorinbés Guruvayurappan Coll ege,
Kerala673014

CERTIFICATE

This is to certify that the thesis entitledi Synt hesi s,
Characterization and molecular modeling of Diphenyl glycolic

acid- amino acidmetalc o mp | ésxae authentic record of the

research work carried out by Ms. Pranamya.N.P under my
supervision in fulfilment of the requirements for the degree of
Doctor of Phil osophy i n Chemi st
Guruvayurappan College, Calicut and further that na theareof

has been presented before for any other degree.

ZGC, Calicut Dr.G.Indira D evi
(Supervising Teacher)

(






Dr.Susannah Seth

Associate Professor (Retd.)
Department of Chemistry

Malabar Christian College, Calicut
Kerala673014

CERTIFICATE

This is to certify that the thesis entitledi Synt hesi s,
Characterization and molecular modeling of Diphenyl glycolic

acid- amino acidmetalc o mp | ésxae authentic record of the

research work carried out by Ms. Pranamya.N.P under my
supervision in fulfilment of the requirements for the degree of
Doctor of Phil osophy i n Chemi st
Guruvayurappan College, Calicut and further that na theareof

has been presented before for any other degree.

MCC, Calicut Dr. Susannah Seth
(Co-Guide)






Dr.Leon Prasanth K

Assistant Professor

Z.G.College P.O

Department ofChemistry

Zamorinds Guruvayurappan Coll ege, Calii
Kerala673014

CERTIFICATE

This is to certify that the thesis entitledi Synt hesi s,
Characterization and molecular modeling of Diphenyl glycolic

acid- amino acidmetalc o mp | ésxae authentic record of the

research work carried out by Ms. Pranamya.N.P under my
supervision in fulfilment of the requirements for the degree of
Doctor of Phil osophy I n Chemi st
Guruvayurappan College, Calicut and further that na thereof

has been presented before for any other degree.

ZGC, Calicut Dr.Leon Prasanth.K
(Co-Guide)






DECLARATION

| hereby declare that this thesis entitled) Synt hesi s,
Characterization and molecular modeling of Diphenylglycolic

acid- amino acid metalc o mp | esxuédbamd tted to the Z
Guruvayurappan College, Calicut in fulfilment of the requirements

for the degree of Doctor of Philosophy in Chemistry is a bonafide

research work done by me under the supemviand gulance of

Dr.G.Indira Devi, Associate Professor (Retd.), Department of
Chemistry, Zamorinoés Guruvayur ap|
Dr. Susanah Seth, Associate Professor (Retd.), Department of
Chemistry, Malabar Christia@ollege, Calicut, Dr. Leon Prasanth

K. Assi stant Professor Depart ment
Guruvayurappan College, Calicutfurther declare that this thesis

has not previously formed the basis of any degree, diploma or other

or other similar title.

ZGC, Calicut Pranamya.N.P






Dedicated to
To My parents who strengthen me with their love and affection
To My husband who shares my happiness and worries
To My little angel who inspired me with her cute smile






ACKNOWLEDGEMENT

First and foremost to Almighty God for giving endless blessing

during this work as a part of his generous help throughout my life.

| wish to express my deep sense of grdé and respect to
Dr.G.Indira Devi, Associate Professor (Retd), Department of
Chemistry, Zamorinés Guruvayurappa
unfailing encouragement, outstanding guidance, valuable
suggestions and support throughout this work. | am indebted to her
giving me considerable freedom of thought and expression which |
enjoyedduring my research period.l thank her with all my heart. |

also thank Dr. Sabu.P.Gor the support and care extended for me.

| wish to acknowledge my heartfelt thanks to Dr.Susannah Seth,
Associate Professor (Retd), Department of Chemistry, Malabar
Christian College, Calicut (Co-Guide) for her meticulous
supervision,constant encouragement, and support throughout this
work. | take this opportunity to thank Dr.Leon Prasanth.K,
Assi stant Professor, Depart ment
Guruvayurappan CollegeCalicut (CoGuide) for his support
throughout this work.

| sincerely express myratitude towards Dr. Rugini Ammal,
Head of the Department of Chemistr)
College, Calicut and former heads Dr.D.K.Babu and

Dr.Malini.P.T. for providng me the necessary facilities. | would



like to express my gratitude to other teachers and-teanhing

staff of this department for their valuable help and support. | would

like to express my gratitude to Dr. Rajan.P.and Dr. Arun
Kumar, Dr. Anoop and heir research scholars of Department of

Botany, ZGC Calicut for assisting me to conduct antifungal activity

studies. | take this opportunity to thank Dr.RajaRrincipal
Zamorinodos Guruvayurappan Col |
Dr. Ramachandran for heir cooperation and support which

helped me to complete my research work.

| am thankful to CSIKalicut University, Department of
ChemistryCalicut University, Department of Physi&.Thomas
College, Thrissur and NIT Calicut for carrying out spectradan

ege,

physicechemical analysis necessary for my research work. | am

also thankful to Dr.K.Muraleedharan and Neenu Krishna.P.U for

conducting the molecular modeling studies.

My heartfelt thanks to all research scholars of the Department of

Chemistry, ZGC, Catut, especially to Ali HassaM, Pravisha.K
and Nasheetha Rahmai. T for their help, ceoperation and

support.

Most importantly, | would like to thank my father, Preman, mother

Nishg My sister Prabhishak and my brother, Sreegokul for their

love, sipport and encouragement in every hard situations. | am

deeply indebted to my husband

Sree

have completed this research. His constant support and

(



encouragement helps me throughout the research period. | am also
grateful to mydaughter Dhruvika.K for giving me humble time. |
sincerely remember and acknowledge the moral support and help
extended by my family members anthins.

PranamyaN.P






ABSTRACT

Coordination chemistry is a branch of inorganic chemistry which
deals with metals, ligands and complex2se to the wide range of
applications of coordination compounds they are gaining
momentum in the area of research for the last few decades. A
coordination compound may be defined as an most metal
atom/ion bounded bg sheath of ions/ molecules called ligands by
the coordinate bondS.he splendid beauty of nature around us is
the foremost contribution of coordination chemistry. We may
wonder how, but it is playing a vital role in our life. The
chlorophyll which contributes greenery to our eyes, the blood flows
through our body, everything and anything around us is a
contribution to coordination chemistry.The applications of
coordination compmxess encompass various fields such as
metallurgical processes, electroplating, water softening, dyes, color
photography, nuclear fuels, toxicology, medicine, catalysis,

material science etc.

Out of many flexible multifunctional ligands, amino acids and

Diphenyl glycolic acid are effective due to their wide range of
applications in analytical, catalytic, corrosion and biological

fields.So we have chosen thesempoundgdiphenyl glycolic acid

and various amino acids such as tyrosine,glycine,histidine,valine
and leucine)as the initial materials for the formation of ligands.

Diphenyl Glycolic acidamino acids are condensed together and are



coordnated to the various metal ioriBhe formation of the ligands
and metal complexes was studied using various aoalyti
techniquesasIR, UV, Thermogravimetric analysis (TG, DTA),-X
ray diffraction Various applications such as antifungal
activity,corrosion inhibition efficiency and catalytic activity of the
compounds have been studied. Also the molecular modeling

studies of the compounds hakeenstudied.

Keyword: Diphenyl glycolic acid Aminoacid, Corrosion inhibition
studies, Catalytic Studies, Antifungalstudy
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PREFACE

Coordination chemistry is a wide area of research from nineteenth
century due to their diverse applications in the different fields of
science. Transition metal complexes having electronegative atoms
like sulphur, nitrogen and oxygen play a vital rolecoordination
chemistry. Transition metal complexes with amino acids as ligands
have been the widely studied topic nowadays. Out of many flexible
multifunctional ligands, amino acids and Diphenyl glycolic acid are
effective due to their wide range of amaliions in analytical,

catalytic, corrosion and biological fields.

The metal complexes of amino acids and Diphenyl glycolic acid
have been a source of attraction to the research world due to their
antifungal, antibacterial, catalytic and corrosion inhdbiti
activities. Recent studies on the synthesis, characterization and
wide range of applications in the various fields are promising and
favourable for further research. Hence the synthesis of various
Diphenyl glycolic acidamino acid condensed ligands atigkir

transition metal complexes are considered to be interesting.

The present investigation mainly focused on the synthesis,
characterization and application study of the Diphenyl glycolic
acidamino acid ligands and their transition metal complexes. Five
new ligandsDiphenyl glycolic acietyrosine, Diphenyl glycolic acid
glycine, Diphenyl glycolic acihistidine, Diphenyl glycolic acidaline,



Diphenyl glycolic acidleucine and their transition metal complexes
have been synthesized and studied extensivwelly the aid of

physicochemical studies. The results are summarized in part I.

The thermal studies of the selected complexes were carried out
using T.G. All the TG curves were subjected to kinetic analysis and
kinetic parameters namely order of reacti@aativation energy,
entropy of activation, enthalpy of activation and free energy of
activation are evaluated using the mechanistic and- non
mechanistic equations. The results of the studies have been

reported in part Il.

Based on the Xay powder diffradbn pattern the crystal lattice
and cell dimensions of selected complexes HBBG and HBH
have been reported in part Ill. The orthorhombic crystal structure

was suggested for the complexes.

Part IV briefly explains the details of the corrosion inhibition
efficiency of the newly synthesized Diphenyl glycolic aamino
acid ligands in 0.5M HCI acid media.

The investigation of the antifungal activity of the ligands and their
selected metal complexes against various fungal strains carried out

and are desibed in the Part V

Another potential application of the selected complexes as an
efficient catalyst for the dye degradation is investigated and

summarized in PartV



The molecular modeling studies of the newly synthesized ligands
were conducted and thgeometrical optimization, NBO analysis

and MEP data of the ligands are summarized in part VII.

A detailed list of references arranged in serial order is given at the
end of each part and the thesis concludes with a brief summary.

The research work presedt in this thesis has partly been
published/under publication as indicated.
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PART 1
SYNTHESIS AND CHARACTERIZATION






CHAPTER 1

A BRIEF OUTLINE OF DIPHENYL GLYCOLIC ACID
AND AMINO ACID COMPLEXES






Introduction

1.1 Introduction

The race of inorganic chemistry instigates its expedition from
minerals and ores, as its name suggests, thdiving chemistry
which eventually steps forward to miscellaneous wings of
chemistry, for instance coordination chemistry, organathet
chemistry, bioinorganic chemistry etc. The most relevant
developments happened in the field of coordination chemistry only
about five decades ago. The world of coordination chemistry
transpires from the efforts of two prominent scientists, Werner and
Jorgenson. Here begins the era of coordination chemistry and
progress is going on till the twenfiyst century. Explanations of
the stability of the complexes, nature of the chemical bonds,
structure and reactivity were predicted by various theoriesglyam
the electronic theory of Sidgwick, crystal field theory, Ligand field
theory and molecular orbital theory. Coordination chemistry
remains a versatile field in the domain of chemistry due to its
important role in the progress of chemistry. The theaeésted to

the structure and chemical bonding were analyzed by taking
coordination complexes as the investigating ground. The
application of quantum mechanical chemistry to the chemical
bonding in coordination compounds has resulted in the formation
of modern coordination theories such as molecular orbital and
ligand field theories. Recently, a major breakthrough happened in
the field of coordination chemistry through the upcoming of

molecular modeling studies of coordination complexes.




Introduction

The splendid beautyof nature around us is the foremost
contribution of coordination chemistry. We may wonder how, but it
is playing a vital role in our life. The chlorophyll which contributes
greenery to our eyes, the blood flows through our body, everything
and anything anand us is a contribution to coordination chemistry.
Simply, we can outline coordination chemistry as a branch of
inorganic chemistry which deals with metals, ligands and
complexes. A coordination compound may be defined as a
innermost metal atom or ion boded by a sheath of ions or
molecules by the dative bonds, which are also known as coordinate
bonds. The process of coordination is an -b@de reaction. The
groups of molecules bonded directly to the metal atom are called
ligands. The stability of the aaplex is enhanced by an increase in
the basicity of the ligand or increase in acidity of metal.
Coordination complexes are compounds that have a metal center
that is bound to ligands (atoms, ions, or molecules that catgrib
electrons to the metal). Thesemplexes can be neutral or charged.
When the complex is charged, it is stabilized by neighihg

counterions.

The applications of coordination complexess encompass various
fields such as metallurgical processes, electroplating, water
softening, dyes, alor photography, nuclear fuels, toxicology,

medicine, catalysis, material science etc. The coordination
compounds are used in the extraction of cobalt and nickel by

hydro-metallurgical processes which require a lot of complex ions.
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The use of EDTA catalys is becoming increasingly popular in the
polymer industry. The use of coordination complexes such as
Phthalocyanine as dyes for fabrics is common in the pigment
industry. Some of the cyanide complexes are used as a protective
layer on surfaces for eleoplating finds applications in
photography. Hydrometallurgy involves the extraction of metals
from ores using aqueous solutions by precipitating a metal of
interest over the other metals in the solution present in the sample.

Transition metal complexes eara widely interesting topic in
coordination chemistry as a result of their remarkable magnetic
properties; abnormal arrangement features and significance in
biological systemd™®.The cations of the transition metal ions have

a tendency to form complexdsy accepting electrons from the
ligands which possess the lone pair of electrons. The small size and
greater positive charge density makes the transition metal cations
receive the lone pairs of electrons from the ligand. Transition metal
complexes act a tal role in agriculture, pharmaceutical and
industrial chemistry. One of the most important ligands used in
transition metal complex formation is the Schiff base, which is
formed by the condensation reaction of primary amines and
aldehydes or ketongsCopper is a moderately active metal with
electronic configuration 384s' which dissolves in most acids and
alkalis. It appear in nature as a metal, as sulphide, as arsenide, as

carbonate, as acetate and as sulphate etc.
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A numerous copper compounds are usegesticides, chemicals
and fungicides. Copper complexes exhibit excellent activities, such
as anticancér antitumof, antibacterid| antifilaria and antiviral®
drugs. The rate of hydrolysis of copper complexes A @mes
greater than a normal C@l) ion. Enhancement in the antiulcer
activity of Cu (ll) complexes is observed in comparison with its
parent ligand, Salicylidine anthranilic atid The Schiff base
obtained from salicylaldehyde, 2,-dthydroxy-benzaldehyde,
glycine and Lalanine and thir Cu, Ni, Zn and Co metal complexes
possess antitumoactivity'>. Cobalt is another transition metal
having a wide range of applications in the manufacture of ceramics
and enamels, coloring materials, fire retardants, pigments in paints,
metal preservates and water purification etc. It has an electronic
configuration of3d'4<’. Sahar& et al synthesized the transition
metal complexes of -Bydroxy-5-methylbenzophenone with- 2
phenylethylamine and they are characterized by micro analytical
analysis, FTIR, 'HNMR, magnetic measurements, electronic
spectra and thermal analysis methods and the complexes found to
have various geometries such as octahedral, tetrahedral and square
planar.

Amery" et al synthesized and characterized a bidentate Schiff base
derivad from benzaldehyde with X@phenyt3-methyt4-amino5-
oxo-pyrazole and their complexes of Mn (Il), Co (Il), Ni (ll), Cu
(I, Zn (1) and Cd (Il) with the aid of metal and elemental

analysis, FTIR, electronic spectra, molar conductivity, magnetic
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suscefpbility and mole ratio and they are octahedral in geometry.
From the FTIR, UW/isible, proton and'*C NMR, magnetic
moment and conductivity measurements, the tetrahedral geometry
of Ni(ll)), Zn(11), Cd(ll) and Sn(ll) metal with daminc5-(pyridyl)-
4H-1,2 A-triazole 3-thiol and square structure of the Cu(ll)
complexes were confirm&d New tridentate schiff base,
guinoxaline2-carboxalidine2-amino5-methylphenol and their
five metal complexes have been synthesized and their square
planar, tetrahedral ancct@ahedral structure have been predicted by

various spectroscopic techniqglies

Diphenyl Glycolic acidis a white crystalline molecule with the

formula G4H1,03 or (GsHs)(HO)-C-(COOH) prepared by the

heating of benzil, ethanol and potassium hydroxideture or by

the rearrangement of benzyl by the dimerisation of the
benzaldehyde. Rosa Carball@t al synthesized two new novel

complexes of Zinc(ll) with 1, phenanthroline and one of three

di fferheyndir oxycar boxyl ates ( HL Nj) d
Uhydroxycarboxylic  acids (kL Nj) Znethyflactic, HmL;

mandelic, HM or benzilic, BB). They also studied the effect of

the classicaland ndn| as si c al hydr ogg&n almandi ng
CHé  interactions in the 3D supr amc
molealar complexes. Some higher carboxylic acids and
hydroxycarboxylic acids undergo reaction with anhydrous Cu (Il)

acetate in toluene under reflux conditions. Baraffnad his ce

workers suggest antiferromagnetic coupling between two copper
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atoms using thenagnetic moment measurement and electron spin
resonance spectral data. The molecular weight determination
confirms the dinuclear nature of the complexes. There are a few
metal complexes derived fromiphenyl Glycolic acidand the

reviews about the compleg are given here.

The different substituents in thRiphenyl Glycolic acidand its
derivatives were synthesized and their antimicrobial studies were
done by R. SudHi et al.Yongcd&® et al have prepared and
characterized the Cu(ll) and Cd (Il) complexes Diphenyl
Glycolic acicand [(1,10)phen]. Rosa Carbaflbet al has prepared

a nickel (II) mixedligand complex with benzilate and the N; N
chelating aromatic amine 1, ‘henanthrbne.Magnetic and
electronic studies proposed an octahedral geometry for the
complex. G.Indirade¥f synthesized the thermally stable fungicides
from Benzilic acidamino acid complexes of transition metals like
Ni, Cu, Mn and Co and their structure wasedetined by various
methods such as molar conductance, elemental analysis, and
spectral measurements and by using magnetic and conductance
data. Electronic spectra assigned an octahedral structure for the Co
(I) complex. G.IndiradeVf et al also synthesed a series of
complexes on condensation@iphenyl Glycolic acidwvith alanine.

An octahedral geometry was assigned to the Cu, Ni, Mn and Co

complexes.
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Iss&* et al synthesized Mn (I1), Co (11), Ni (I1), Cu (Il) and Cd (1)
complexes of benzilic and mardeesters and the spectral studies
shows that the Ni complexes are octahedral, whereas the Co and Cu
analogous are distorted octahedral.Complexes of acetates of U
(IV), Th (IV) and La (Ill) with the ligands yamino benzoic acid,
m-amino benzoic acidPiphenyl Glycolic aciénd phthalic acid
have been prepared by SiAghet al. They characterized the
complexes on the basis of IR and reflectance spectra and magnetic
susceptibility data. Maumod@tet al synthesized 1,3thiadiazole

by reaction of potassiumanthate with con.t$Os (0-3°C) and
characterized by TLC,MP,FIR and *H-NMR spectral data. The
potassium xanthate has been prepared by reactidDipsfenyl
Glycolic acichydrazide with carbon disulphide in potassium
hydroxide. The notlinear optical propédies of the Diphenyl
Glycolic acictrystals were studied by Felicdifaand coeworkers.

The crystals were synthesized by a slow evaporation method and
the unit cell parameters were evaluated by single crystal and
powder xray diffraction techniques. Also, ¢hSHG efficiency of

the crystals is also measured.

Salinf® et al obtained benzil hydrazones by the reaction of
acetophenone or its derivatives and benzophenone or its derivatives
with Diphenyl Glycolic acitiydrazide. The characterization of the
compoundswas done by IR,’'H-NMR, *C NMR and UV
spectroscopy. Synthesis and study of the Cdbiglhenyl Glycolic

acid complexes having the general formula [Ml] and
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[ML 4](ClO4), have been carried out by Jerome and Métiriehe

IR spectra indicate that thearbonyl group is coordinated with
metal and the compound acts as a monodentate ligand, and also the
UV data suggest an octahedral geometry for the complexes, which
is supported by the magnetic moment measurements. J8remaé
prepared and characterizethe Mn (Il) Diphenyl Glycolic
acidcomplexes with the general formula [MLl;] and [MLg)
(ClQy)2. The conductance measurement suggests that chloride and
perchlorate complexes behave as a 1:2 electrolyte and the
electronic spectra suggest octahedral gegmadtrthe complexes.
Also, the IR data show®iphenyl Glycolic acidcting as a
monodentate ligand in which the carbonyl group is coordinated

with the metal ion.

Smith** et al evaluated the physiological properties of the newly
synthesized amino esters of ridic acids. These compounds
exhibit an enhanced anticholinergic activity than atropine and one
among the compounds exhibits antihistamine activity. The
equilibria and the kinetics of the Fe(lll) complexes with different
U-Hydroxycarboxylic acids(glycolic DL-lactic, DL-malic, and
benzilic acids) were studied using the stopfledd method by
Mentastf>**The spectral and thermal study of the naized, oxe
centered, trinulcear carboxylabeidged chromium(lll) complexes

of hydroxycarboxylic acids wereonducted by Baranw#land his
co-workers. The structural study of the condensed products of

acephenone or its derivatives and benzophenone and its derivatives
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with Diphenyl Glycolic acithydrazide carried out by Salffet al.

The characterisation of5-(mercaptol,3,4thiadiazole2 y | y U, U
(diphenyl)methanol, which have been synthesized by the ring
closure of potassium xanthate, which is the condensed product of
Diphenyl Glycolic aciavith carbon disulphide in potassium
hydroxidée®.

Amino acids are compoundsaving a carboxylic acid chain
attached to the carbon containing an amino acid group. The
essential elements of an amino acid are carbon (C), hydrogen (H),
oxygen (O) and nitrogen (Nglthough other elements are present
in the side chains of certain amimacids. Amino acids are water
soluble, amphoteric compounds which act as a buffer over a wide
range of pH due to their capability to form both acidic as well as
basic salts due to the presence of amino and carboxyl groups. The
presence of active groupslpe them to be involved in various
reactions to form products such as esters, amides, amines,
polymers, polypeptides, hydroxy acids, ketoacids, short and long
chain acids. The presence of two effective donor atoms, axH
COOQO groups, in the skeletal structure makes the amino acid a
potential coordinating ligand.  Amino acids are the basic
constituents of proteins and also they play a vital role in processes
such as neurotransmitter transport and biosynthesis. The history of
the amino acid began in the early nineteenth century when the

compound asparagines was isolated from the asparagus by the
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French chemists LouiNicolas Vauquelin and Pierre Jean
Robiquet”.

Amino acid complexes play an important role in the history of
medidne. They have a high potential to act as antimicrobial agents.
In complexation with the metal atom, they seem to raise the ability
to act against microbes such as bacteria and fungus. Novel
complexes have been prepared by the reaction of salicylaldehyde
and opheneylenediamine with Cr (VI), Cr (lll), Pb (ll) and TiO
(I'v) i1 ons. The | igand doesndt show
but on complexion with Pb (ll) ion it shows an amazing effect
against both gram positive and gram negative bacteria isttdy
concluded by Ajailfet al. The antifungal and antibacterial
activities of Co(ll), Cu(ll), Ni(ll), and Zn(ll) metal complexes
derived by condensation ofb-diketones with glycine,
phenylalanine, valine, and histidine,which act as bidentate towards
metal ions (cobalt, copper, nickel, and zinc) have studied using
agar method. The high potential to act as cytotoxic agents was also

determined by Zahid and his coworkers.

A new ligand 2Nsalicylidene5-(p-nitrophenyl}1,3,4thiadiazole,

HL and a total offive new metal complex derivatives with the
metal ions Vo(ll), Co(ll), Rh (lll), Pd(Il) and Au(lll) have been
successfully prepared in alcoholic medium by Emad Y&Usifal.

The complexes obtained are characterized quantitatively and
qualitatively by usng micro elemental analysis, FTIR, WUVis,

mass,'H &C NMR, magnetic susceptibility and conductivity

10
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measurements. The preliminary in vitro antibacterial screening
activity revealed that complexed 8 showed moderate activity
against tested bacterial straiBtsaphylococcus aureus, Salmonella
typhi and Escherichia coland slightly higher compared to the
ligand. Amino acid complexes with trivalent metal ions Al (Ill) and
Fe (Ill) derived from the condensation of ortyposine and trans
4-hydroxyproline were investigated B and**C highresolution
NMR, Laser Desorption Mass Spectrometry (M%), and MS/MS
experiments. The binding sites are COOH and; Nitthctional
groups of ligands, while their phenolic and alcoholic groups, which

did not participate in the metal coordinaftbn

Inhibition efficiency of various metal complexes Cu (1), Co (ll),
Ni (Il) and Mn (Il) with, schiff bases synthesized from o
phthalaldehyde and amino acids, viz., glycinealanine, L
phenylalanine, then screened against three fungi. Neelakaetan
al suggested that Cu (Il) and Ni (II) complexes exhibit inhibibbn
all the studed microorganisms. However, Co (lI) and Mn (Il)
complexes exhibit less activity and VO (llI) complexedibit no
inhibition efficiency towards the microorganisms. Cu (Il), Ni ()
and Co () metal complexes of -(2-hydroxy3-
ethoxybenzylideneamingd-mettyl isoxazole and §2-hydroxy-5-
nitrobenzylidene aminop-methyl isoxazole were screened for the
antifungal activity against Aspergillus niger and Rhizoctonia
solani. According to chelation theory, the metal complestesv
better efficiency than that oigindsas explainedbyhe stud§®

11
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The increased lipophilicity that leads to the breakdown of the
permeability barrier of the cell was explained by Gtiind
Cukurova Let af®. The Cu(ll) complexeexhibit more activity
than other metal complexeshich may be due to the higher

stability constant of the Cu(ll) complexes.

A Schiff base ligand derived from acetoacetanilide and 1,3
diaminopropane were tested for their antimicrobial activities to
assess their inhibiting potential. The antifungal vaigti of the
ligands and their metal complexes were evaluated by agar diffusion
method against the fungi Candida albicans and Fusarium
oxysporum®’. The Cr(lll), Mn(lll), and Fe(lll) complexes of
Schiff base ligand derived from tgicarbonyiphenyldihydezide

and chromen,3-dione exhibits greater antifungal activity against
Aspergillus sp but show lesser activity towards Rhizoctonia sp. The
Cr (llI) and Fe (lll) complexes are more effective against
Penicillium sg® Panchdf et al synthesized some mikdigand
complexes of transition metal ions Mn(ll), Co(ll), Ni(ll), Cu(ll),
Zn(Il) and Cd(Il) by condensing the salicylidegd y ci ne- and
bipyridylamine or di(benzyliden€),8-diaminonaphthalene. Using

the disediffusion method the compounds were tdstgainst the
pathogenic bacteria S. typhi, E. coli, and Serratia marcescens. The
antibacterial study of a series of new lIron (ll) schiff base amino
acid complexes prepared by condensing amino acid and sodium 2
hydroxybenzaldehydB-sulfonate has been camted and also the
effect of HCI on the complexes studied spectrometrically. The

12



Introduction

results showed good antibacterial activity against Baeillus

cereus, Pseudomonas aeruginosa and Micrococcus bacteria

The biological study of the tridentate Schiff base formed by
condensing -Aminobenzimidazole with salicyladehyde and its Zn
complex has been studiétiMetal complexes of noveéchiff base
derived from condensation of leucine and salicyldehyde were
screened against bacterial(B. sabtilus, S. aureus and E.coli) and
fungal(A. flavus, A. alternateand A. niger.) species. The newly
prepared compounds and their metal complexes showed a higher
effect on all bacterial and fungal stains but maximum activity was
shown by Cobalt complex against B. sabtilus and A. flatus
Yiheyis Bogale Zemed® et al synthesizband characterized Four
Schiff bases,namelyd(thiophene2-yl)methyleneamino)
phenylsulphonamide(1),(22)((5-((E)-(2-hydroxyphenylimino)

methyl) thiopher-2-yl)methyleneamino)phenol(2)&-methoxy
2hydr oxybenzyl i deneamibis(@h)oghne no !l ( 3)
2yl)methylene)benzerg, 2-diamine (4) by IR, 1H NMR, WWis,

mass spectral and elemental analyses techniques. Corrosion
inhibition efficiency of these Schiff bases were evaluated using
weight loss method in a 0.1MHCI solution for mild steel and they
investigated a good inhibitory action against corrosion of mild
steel in the medium. The Schiff bases were also screened for their
in vitro antimicrobialactivities against S. aureus, K.pneumoniae, C.

albicans and C. krusei hence the result revealed that, except 4 all

13
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the synthesized Schiff bases showed significant antimicrobial

activity against all microbsunder the study.

Jayeet¥ synthesized the peroxoanadium complexes of
phenylalanine and aspartic acid and studied the biological
relevance of the complexes, which included the discovery of the
natural product amvadin in mushrooms. Mifaat al synthesized
and characterized Cobalt complexes of type [Colaxid [CoLXY]

and their three isomersis-U, -bamdgrans forms, where L is the
quadridentate ligand ethylenediamiNg MI&(S)-Uisovalerate.
Gallic acidamino acid é&lanine, leucine isoleucine, and
tryptophan)complexes of Europium were synthesized and studied
using potentiometric studies and molecular modeling studies using
the DFT method blohamed Tah¥ et al. Solimar’ et al studied

the ternary copper (lI) complexes of the ocgidene2-
aminothiophenol (L) and glycine, alanine, valine and histidine
amino acids. They were found to have five coordinated square
bipyramidal distorted trigonal bipyramidal (SBPTBP) geometry
and their thermodynamic parameters were reported. New Fe(ll)
Schiff base compounds derived from the condensation -of o
hydroxynaphthaldehyde with -&lanine, Lphenylalanine, L
aspartic acid, thistidine and Earginine have undergone
antibacterial studies and the results show that the metal complexes
are potential cmpared to that of Schiff basemino acid ligand.
Adant® et al studied the catalytic efficiency of the

monabxovanadium (IV) complexes of acetylacetonate, curcumin

14
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and 2s(Z@yidyl)thiourea for the oxidation of-a@ctene by
agueous b, in acetonitile and they exhibits high activity to the
production of epoxy product with low chemoselectivity. Catalytic
applications of the copper complexes o macrocyclic ligands
have been studied by zH8net al for alcohol oxidation. The
catalytic oxidation o styrene using @as the oxidant has been
carried out by Hongxitt et al and the catalysts are active at room
temperature and the importance of solvent has been investigated.
Rahmarfi® et al studied the catalytic reduction of dyes using the
NaBH, as the educing agent which was monitored by Wi
spectroscopy and the studies revealed that the catalyst showed
conversion ability up to 97% and its activity retained after 5
consecutive reactions. The catalytic study of the amino a€id L
valine Cu (ll) complexon crosdinked styrenedivinylbenzene
carried out by Valodk&? et al and prove to act as versatile
catalysts in the oxidation of various substrates such as benzyl
alcohol, cyclohexanol and styrene in presence tdjutyl

hydroperoxide as oxidant.

The Co(ll), Ni(ll) and Cu(ll) chloro complexes of Benzilic
hydrazide (BH) have undergone the catalytic degradation of AB25,
IC and AB92 dyes using #, and studies reveal that activity is
dependent on metal ion and the activity decreases in the following
order Cu(I)[Ni(Il)[Co(ll) for the three target dy& Homogeneous
oxidation of 1,2cyclohexene using Ni(H) Cu(l)- and Zn(ll}

complexes (MSSA) of salicylidene anthranilate sodium salt ligand

15
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as catalyst was investigated by H&het al and among the
complexes CtSSA shows the highest catalytic potential followed
by Ni-SSA and ZRSSA complexes. The reduction ehgrophenol

to p-aminophenol catalyzedby the nickel(ll) adamantane
complexes has been investigated byiuigible spectrophotometry
by Zho® and ceworkers. Adarfi’ et al studied theCatalytic
efficiency of VOcomplexes is measured in the symmetric and
asymmetric oxidation of sulfides by using an aquee@stand the
temperature study also have been carried out. The catalytic
potential of Cu (I) and Co (ll) pyridinylimino phenolate
complexes for the (ep)oxidation of i¢9clooctene by an aqueous
H,0, under alternative conditions has also been investitfated

B. El Ibrahimf? et al reviewed the application of amino acids and
their derivatives asarrosion inhibitors for metallic alloy materials.
Amino acids are one of the encouraging compounds which can be
used as safe corrosion inhibitors and they are environmentally
friendly, nontoxic, biodegradable and relatively cheap. Also, the
development ofcomputational modeling helps to understand the
inhibition mechanism of those compounds and to develop the
recently plannned inhibitors. Through the review, the ability of
some amino acids to protect metal against corrosion through new
systems like selas€mbly monolayer (SAM) and smart coating
systems has been studied. Kabdhea al performed the quantum
mechanical calculations and molecular dynamics studies of five

amino acid derivatives which predict that amino acid derivatives

16
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have a high tendency toteract with the metal surface by donating
electrons through their amino groups and accepting electrons
through their carboxylic group. Corrosion inhibition study of
al kyl ami des -anio acidsewds ifvestigated End the
inhibitor efficiency dispayed a relationship with an alkyl chain that
increased in four carbon lengths, and observed an increase of 20%

of inhibitor efficiency and also increase in toxiéity

Statistical modeling of the corrosion inhibition process by twenty
one pyridazine deratives for mild steel in acidic medium was
investigated by the QSR approach by A&Sidt al. The study
reveals that PCR and ANN methods are relevant in comparison
with the PLS model. Revattiiand Abraham studied the inhibition
efficiency of propyl benznidazole at different concentrations at
various temperatures using PDP, EIS, adsorption and surface
studies and basic computational calculations. Efficiency increases
with concentration and shows an inverse relationship with
protection efficiency and thedaorption studies obey the Langmuir
adsorption isotherm except for all cases except for that in 1.5 HCI
at 313K Temkin adsorption isotherm. The corrosion inhibition
efficiency of mild steel in 0.25M HN©by the benzimidazole
bearing 1,3,4xadiazole deriviave, 5((2-propyt1H-
benzo[d]imidazoll-yl)methyl)-1,3,40xadiazole2-thiol (PBIMOT)

have been studied by Rugnithét al. Surface studies and quantum

mechanical studies are also conducted.
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Three 1,3,40xadiazole derivatives viz 5-((2-metht1H-
benzo[d]imidazoll-yl) methyl}1, 3, 4oxadiazole2-thiol
(MBIMOT), 5-((2-ethyl1H-benzo[d]imidazoll-yl) methyl)}1, 3,
4-oxadiazole2-thiol (EBIMOT) and 5((2-propyk1H-
benzo[d]imidazoll-yl) methyl}1, 3, 4oxadiazole2-thiol
(PBIMOT) have undergone corrosion study in sulphuric acid
towards the mild ste€l Also, the inhibitive properties of the(4-
hydroxy-3-methoxybenzylidene amin@)H-1,2 4triazole3, 5
dimethanol, HMATD against mild steel in 0.5M HCI have been
determined by weightoss measurements and electro analytical
methods. Polarization studies suggest it to be a mixed type inhibitor
by inhibiting both cathodic and anodic reactions. The metal surface
obeys Langmuir adsorption isotherm was predicted by adsorption
studies and wv#us kinetic and thermodynamic parameters have

" et al

been calculated from the adsorption stutfiésina
synthesized and studied the diffraction patterns, spectroscopic,
electrochemical and antiproliferative activity of Ruthenium
Nitrosyl complexes witlGlycine, L-Alanine, L-Valine,L- Proline,

D-Proline, L-Serine,l-Threonine and iTyrosine.

Shainy® et al studied the interaction of inhibitor on the mild steel
surface and corrosion inhibition efficiency of mild steel in HCI
using a biomolecule, Pyoverdingith the help of various methods,
i.e.gravimetric, electrochemical impedance spectroscopy and
polarization techniques at various temperatures. Surface

morphology of the mild steel was done using SEM and AFM.
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Murlidharan et al studied-Bethyt2,6-dipheny piperidin-4-one

and 2 phenyl decahydrguinoline4-one as corrosion inhibitor for
mild steel in acidic solutions and effect on hydrogen permeation by
weight loss and various electrochemical methods and studies
concluded that inhibitors act as cathodihibitor’® . 1-aryl-2,5
Dithio-hydrazodicarbonamides and their triphenyltin and dibutyltin
complexes were analyzed for corrosion inhibition in hydrochloric
acid at 25°C by electrochemical polarization technique by R&Stogi
et al. Nabel A. Negfit and ceworkers synthesized some new
hydrazine surfactants for inhibition of carbon steel alloys in acidic

media .

The monoclinic crystal structure of the Co (1), Mn (ll) and Fe (llI)
complexes with an asymmetric tetradentate Schiff base ligand
derived from delpdroacetic acid, 4nethylO-phenylenediamine
and salicylic aldehyde was predicted using the powdeayX
diffraction datd%The crystallinity of thehree novel quadridentate
Schiff base complexes, [Cu(OIAC)CI2], [Co(OIAC)CI2] and
[Ni(OIAC)CI2] [OIAC, a Saiff base ligand: (([2oxo-1H-indol-3-
ylidene]amino)chitosan)] were analysed by-ra¢ diffraction
technique and the studies reveals that the Schiff base (OIAC) has
less crystallinity when compared to the complexes of chifdsan
Hishashi and Akit®' detemined the structural changes of chloride
and bromide complexes, [Ni{f€n)(H>0),]Cl, and [Ni(Eten)]Br;

by X-ray and DSC studies. The transformation of the compounds
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from an anhydrate state to a hydrous state and vice versa was

studied and thestructure confirmed by the powder XRD data.

Selwid® et al synthesized crystalline Co (Il), Ni (I1), Cu () and Zn
(I) complexes and the patterns predict that Co(ll) and Zn (ll)
complexes show isostructural crystallinity which is greater than
that of Ni(ll) and Cu (Il) complexes. Padma Pfi§at al proposed

an octahedral geometry for the Ru(lll) complexes on the basis of
the X-ray study which also predicts that the complex crystallizes in
an orthorhombic type of lattice with dimensions likd.404, b
1.245 and €1.201 A. The monoclinic crystal structure for the Cr
(1) complexes with lattice parameters a = 4.6549, b = 8.2856, c =
5.0549, b = 90.626, a = g = 90 and volume = 194.95 have been
calculated by using computer programme FullProf suite by Parvee
Rathf” et al. The crystalline size of 29 nm suggesting the
nanocrystalline nature of Pt (II) complexes of Schiff base ligands
derived from 4aminoantipyrine and a few substituted aldehydes
was calculated using®esa.herreros

The aystalline nature of the Schiff bases derived from 2
nitrobenzaldehyde with amino acids (glycine, methionine) and their
Co(I1), Ni(Il) and Cu(ll) complexes were studied by Bibh&sdt al

and the density and particle size of the metal complexes have been
also estimated. The cubic symmetry for the Co(ll) and Ni(ll)
complexes and hexagonal or tetragonal systems for Zn(ll)
complexes of the novel Schiff base ligand -((2

hydroxynaphthaleri-yl)methylene)N-(4-phenylthiazol2-

20
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yhhydrazinecarboxamide was studiedby Nagesh and
Mruthyunjayaswamy.The powder XRD pattern of the Cu(ll),
Co(Il), Ni(ll) and Zn(Il) complexes of the Schiff base ligang42
(dimethylamino)benzylidend)l-(4-phenylthiazol2-
y)hydrazinecarboxamide have been studied by Ndgestal. The
Cu(ll) and Co(ll) belong to the hexagonal or tetragonal system,

whereas th&n(ll) complex possesses cubic symmetry.

Ali®® et al carried out the spectra thermal characterization of
pyrazinamide metal complexes and their octahedral geometry is
converted to teahedral during their thermal decomposition. The
decomposition mechanism and the thermodynamic parameters of
the decomposition steps are determined. Alothatudied the
different decomposition stages of the complexes and also the
decomposition kineticof these complexes using Co&edfern

and HorowitzMetzger methods. The high energy values obtained
indicate the thermal rigidity of them. The thermal study of the [Cu
(tmeda)(cinnamatg) 7H,O complex has been evaluated by
BatooP* with the help of thenogravimetric analysis and they also
carried out their antimicrobial study. Thermal study of the Zn (11),
Cd () and Hg (ll) Complexes of Som&l-Alkyl-N-Pheny}
Dithiocarbamates conducted using thermogravimetric analysis
(TGA) and differential scanning kaimetry (DSC) by Damial?

and ceworkers.

The thermal studies of Co (II), Ni (II), Cu (lI), Zn (1) and Pd (lI)

complexes of RKmorpholinyl isatin3-thiosemicarbazone have
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been carried out by Saw#fet al. These studies explained that the
thermal stabity of the investigated complexes is higher than their
parent ligand. Sonabdtiet al studied kinetic data of copper (I1)
with azo compounds of-&mino2-(aryldiazenyl) phenol using TG
analysis. The calculated values of Ea, A, S*, H* and G* for the
deconposition steps for ligands anitheir metal complexes are
studied. The thermogravimetric method along with the Freeman
Carroll method was used for analyzing the thermal stability of the
terpolymer ligand metal complexes and for the calculation of
activationenergy®. The thermal study of the mixed ligand derived
from the condensation of Glutamic acid with the nitriloacetic acid
and its Cu (ll), Ni (), Co (Il) and Zn (ll) complexes were
conducted using T®TG calculations by Isantil et al.

Different thernal methods have been employed to study the
structural details of the organotin(IV) complexes af®@nzyli bi

N T(2-hydroxyphenyl) i methylen dithiocarbazate (L 1 ), S
benzyli bi N 7 (benzoylphenyly methylendithiocarbazate (L 2 ), N
Tmethyl - S Tbenzyl TbiN 71 (2-hydroxylphenylethylidene)i
dithiocarbazate (L 3 ) ligands in the nitrogen atmosphere by
Ded'®Mandouf® et al analysed the chemical structures of the
copper complex of the novel azo ligand (L) 81s5 dimethyt4-[(

[ )(3- Methyl phenyl)diazenyip- tc h e -a,3dihydro3H-p zr a z o |
3-one) using T&TG curves. The complex started to decompose
from the 222324°C range and the decomposition ended in the 683
82(*C range. The various steps involved and the decomposed
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products were explained using thé-DTG curve. The mechanism

for the thermal decomposition has also been represented in the
studyThe structural characterization of diorganotin complexes of
Schiff base derivedrom 4-(diethylamino) salicylaldehyde and L

tyrosine vascarried out by Lexintj? et al.

A series of publications reports on the catalytic activity of
transition metal complexes on dye degradation have been reported.
Oxidative and hydrolytic DNA cleavage by Cu(ll) complexes of
salicylidene tyrosine and,10 phenanthroline(1) or 320 i pyr i di ne
(2) was studied by Redt§j et al and the catalytic ability follows

the order: 1>2. The theoretical models of the electronic and
molecular structures of asparagine, aspartic acid, glutamine and
glutamic acid were established and the results lmanused to
predict the direction of the inhibition reactions and the sites for
nucleophilic/electrophilic attacks. From the results Efftseveals

that the sites for nucleophilic attacks in aspartic acid glutamine are
at the nitrogen atom but at the ocambatom for asparagine and
glutamic acid. The sites for electrophilic attacks are at the oxygen
atom, carbon atom, oxygen atom and nitrogen atom.'Pai4 al
synthesized azomethine amino ligands derived from condensation
of  3-methoxysalicylaldehyde (MS) or  4-diethylamino
salicyl al de hamihe acifis)iphenyhalaniné:(P)@nd
DL-tryptophan (T)) and characterized using the elemental analysis,
infrared spectra, ultravioletisible and thermal analysis (TGA) in

dynamic air atmosphere. Biologicalaysis of the compounds and
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interaction of the complexes with €@NA was monitored using

spectral studies.

The experimental charge densities forsHEMn(CO), (dP-
CeHe)Cr(CO: ,  and  E)-{(d-CsHa)-CF=CF€-CsHa)}( -
CsHs).Fe, were studied with the help dhe quantum theory of
atoms in molecules (QTAIM) by Farudfaet al. DFT studies of
Fe, Co, Ni, or Zn metal complexes of tetradendate ligandis(2
pyridylmethyl)-1,5-diazacyclooctane fpy,) conducted by FdX®

et al reveal that the Co(ll) and Zh(Ithioethers exhibit weaker M

S bonding than Ni(ll). TDDFT studies of the unsymmetrical
tetradentate Schiff base complexes have been analysed by'$ulieta
and Coworkers. Masahird® et al conducted the theoretical
analysis of the lalanine and thomocysteine Cu(ll) complexes at

different pHs depending on the formation mechanism.

DFT calculations of the two dinuclear Ni (II) complexes of 12
(3-methylaminepropylimino)-ethyl]-phenol) have been studied

A combined experimental and theoretical stofighe chiral Schiff
base copper catalyst has been conducted by Baetaal. Ros&?

et al carried out the theoretical study of the coelenteramide
containing fluorescent proteins. Yu&het al conducted the DFT
studies to study the selectivity and dewigy of a triazole Schiff
base, 4(5-Chloro-2-hydroxybenzylidene amind)H-1, 2, 4
triazole5(4H)thione towards Zi over Cd* using the
fluorescence spectrometry. Theoretical study of electrophilic versus

nucleophilic character of transition metal qaexes of
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phosphinidene has been carried out by FiiSoet al at the DFT
levels. The metal complexes of glipizide were synthesized,;
characterization and metal percent was determined with*&RAS
.The study of unusual behaviour of the actinide elements which are

shortlived and scarce is highlighted by Korey and@arkers™’.

The photocatalytic degradation of methylene blue by cobeta
hydroxyl benzoate complexes was studied by sange&tal and

the results show that @ahb act as an excellent catalyst.The
application of cobalt bicarbonate complexes in elimination of
organic pollutants was studied by Aifitta and coeworkers.
Thermal and kinetic studies of the transition metal complexes of
some thiosemicarbazones have been repGftafest and his co
workers also reported a number of transition metal complexes of
thiosemicarbazon&s™?’. R.Reddy?® et al investigated the mixed
ligand complexes of Ni(ll) with uridine and amino acids ,L
danine,L-phenylalanine and -tryptophan. Jamur# et al studied

the antibacterial activity of thigansition metal complexes of Schiff
base derived from -fnethyl2- thiophene carboxaldehyde and 4
amino-3-hydroxy benzoic acid. The study reveals that thraséal
complexes are effective against E. faicalis and S. aureus. The
antibacterial activity of Schiff bases derived from- 4
(diethylamino)2-hydroxybenzaldehyde andnitrobenzohydrazide
and their transition metal complexes were studied by Ch#rigd
coworkers. The results shows that the compounds except

Mn(acac) complex are inefficient against the gram +ve bacteria.
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The thermal behaviour and kinetics of dihydrobis(2
mercaptobenzothiazolyl)borate and their various transition metal
complexes(Co(ll), NIl) and Cu(ll)) were studied by ahm&t et

al. The corrosion inhibition efficiency of N-cetyl3-(2-
methoxycarbonylvinyl)pyridinium bromide for X70 steel in 5M
HCI is investigated by gravimetric and electrochemical methods.
The inhibitive action of compmds was confirmed by the
theoretical calculations done by quantum chemical and molecular

dynamics simulation methotfé

Francis K. Ngounoué® et al prepared a series of Schiff base
transition metal complexes by using,-hydroxypem3-en2-
ylideneaminopbinol as ligand. The spectroscopic studies using IR,
UV, elemental analysis and conductivity proves that the obtained
Schiff base ligand acts as a tridentate ligand and the metal
complexes of Fe(lll), Mn(ll) and Co(ll) showed the tetrahedral
geometry. Antilacterial studies of the prepared metal complexes
have shown more potency against four strains of bacteria and four
strains of fungus as compare to Schiff ligands. The Schiff base
ligand and its transition metal complex have also showed fantastic
free scaveging property on comparison with garlic acid. Gajendra
Kumar* et al reported the synthesis and characterization and
antimicrobial activity of noval Schiff base and its transition metal
complexes (Cu, Ni and Co) from -&ninc4-ethyt5-
hydroxybenzaldehydand thiocarbohydrazide.
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Vatsala Pawdr® et al synthesized oxovanadium complex of
Schiff base formed by condensation of acetyl acetone with
semicarbazide hydrochloride and thiosemicarbazide in methanol.
The prepared Schiff base and its metal plax was screened for
the inhibiting activities against various strains of bacteria like
Bacillus licheniformis, Eschericha coli and Micrococcus luteus and
were compared with standard antibiotics. The results show that all
compounds exhibit strong to modéx activity. Cobalt complex of
Schiff base derived from acetyl acetone and leucine undergone
antifungal studies by Mohamm&8and his ceworkers. The cobalt
complex shows better efficiency compared to its parent ligand.
Sharda D Dakoré’ et al obtaineda new Schiff base on
condensation of -aminoantipyrine, Zuran carboxaldehyde and
acetylacetone. After that noval Schiff base complexes of N202
type have been synthesized by using chlorides of transition metals
like Co(ll), Ni(ll), Cu(ll), Zn(ll). The meal complexes were
prepared by non template methods by using triethylamine as a
catalyst. The complexes were characterized by IR, NMR, EPR
spectroscopy, magnetic moment, conductance, thermal analysis
(TGA and DTA) and powered -Ray (XRD) analysis. Square
planar structure was confirmed from the magnetic moment values.
Moderate activity was observed for Schiff base metal complexes
against various strains of microbes like Staphylococcus typhus,
Staphylococcus aureus, Escherichia coli, Bacillus subtilis.
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Mojtaba>® et al carried out the catalytic study of the aliperoxo
tungsten(VI) complex, and they found to be an excellent catalyst
for the selective oxidation of sulfide to sulfoxide. R.A.Ahmadi and

S.Amani®

prepared azo group containing Schiff bagand such

as I{3-[(3-hydroxypropylimino)methyH4-hydroxyphenylazo}-
nitrobenzene (2a), -{8-[(3-hydroxypropylimino)methyH4-
hydroxyphenylazo}-chloro-4-nitrobenzene (2b) and -{B-[(3-
hydroxypropylimino)methyH4-hydroxyphenylazo}4-chloro-3-
nitrobenzne (2c) and their Cu(ll) and Co(ll) complexes. They
have been characterised using FTIR UVC- and H-NMR
spectroscopic techniques and TG analysis. BafiZaterived a
novel Schiff base ligand from terephthaladehyde and isoniazid and
their metal complexe The prepared compounds were analyzed by
using elemental analyses, IR and electronic spectra, magnetic
moment measurements and thermogravimetric analysis. The kinetic
parameters calculated from the thermal data by both Gedfern

and Broido equation¥.Boughoue¥* et al synthesized new amine
derivatives namely -Xphenylamino)methyl]phenol, -g(4-
hydroxyphenyl)amino]methyl}phenol, 2-[(2-hydroxybenzyl)
amino]benzonitrile and-g(3 -chlorophenyl) amino]methyl}phenol
and their corrosion inhibition effiency was studied by means of
electrochemical measurements and morphological studies. The
theoretical confirmation of the outcome is done with the assistance
of techniques such as Density functional theory and molecular

dynamics simulation.
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S D Dakoré* et al prepared a new Schiff base fromamino
antipyrine, 2thiophene carboxaldehyde and acetyl acetone. After
that Schiff bases complexes ob®4 type have been prepared by
using various transition metals like Co(ll), Cu(ll), Ni(ll) and
Zn(ll). The metal complexes were characterized by various
methods like IR, NMR, EPR spectroscopy, magnetic moment,
conductance, thermal analysis (TGA and DTA) and powereayX
(XRD) analysis. The compounds undergone antimicrobial studies
against various strainsf microbes like Staphylococcus typhi,
Staphylococcus aureus, Escherichia coli and Bacillus subtilis. The
results shows that Cu(ll) and Zn(Il) complexes were found to be
moderately active against Cu(ll) and Zn(ll) complexes were
moderately active against atrains of bacteria.M.B.Fudtf et al
reacted alcoholic solution of vanillin with -&mninophenol to
synthesize a new Schiff base. Using different salts of transition
metals different transition metal complexes of the prepared Schiff
base have been sye#ized and charcterised by various methods
like microanalysis, conductivity, solubility and spectral studies.
The antimicrobial screening of metal complexes against various
strains of bacteria like E. coli, S. typhi, Klebsiella pneummiae were
conducted. Té results have concluded that some of the complexes
were active against the microoraganisms.

K.R.Patel** et al studied the thermal stability of the metal
complexes of the Schiff base derived from heterocyclic compound
and its kinetic parameters such asergy of activation (Ea),
ent hal py ( pH#) , entropy ( pS#)
calculated from the TGA data. The catalytic degradation study of
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Silver and Magnetite Nanoparticles Functioredl with a
Poly(ionic liquid) kased on Quaternized Dialkyl@tmolamine with
2-Acrylamido-2- methylpropane Sulfonateo-Vinylpyrrolidone
was conducted by A.M.At& et al. Using the kinetic study,
various kinetic parameters such as activation energy, enthalpy, and
entropy have been calculated. R.Jd8het al syntlesized the
triorganotin(lV) complexes of Schiff base (Eamino3-(2-(4-
hydroxybenzylidene)hydrazinyl) 1H-1,2,4triazole5(4H)-thione
(HL), and the antifungal activity were tested and the results were
validated by in silico molecular docking studies.

Hossain Mohammad Zakit’ et al derived a Schiff base by the
condensation of benzoin thiosemicarbazone from benzoin and
thiosemicarbazone. Their Co(ll) and Ni(ll) complexes were
synthesized and their characterization was done with the aid of
elemental analys and IR spectra. These complexes have
undergone antibacterial study by the disc diffusion technique. The
Cobalt complex exhibits higher inhibition efficiency when
compared to that of its parent ligand and its nickel complex. Rekha
Nalawadé® et al prepeed a thiocarbohydrazide derivative named
N 6 0 ; Bsf(E)-4- Fluorophenyl)methylidine]thiocarbonhydrazide
by the condensation between thiocarbohydrazide anélupro
benzaldehyde in ethanol medium. The complexes were
characterized by elemental analysigy-Visible, IR and NMR
spectroscopic techniques. The antimicrobial screening of the
synthesized compounds have been carried out and the study
reported that the prepared compound act as an efficient
antimicrobial agent.
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Few macrocyclic transition metal cphexes have been reported by
the [2+2] condensation of thiocarbohydrazide and isatin in presence
of trivalent transition metal salts by D.P. Sifghand his ce
workers. A five coordinate square pyramidal geometry was
confirmed for the complexes which werconfirmed by the
assistance of elemental analysis, conductance measurements,
magnetic measurements and mass spectral studies. The compounds
were undergone antimicrobial studies against various strains of
bacteria viz. Staphylococcus aureus, Bacillus issibEscherichia

coli, Pseudomonas aeruginosa and selected fungal strains i.e.
Aspergillus niger, Aspergillus flavus (molds), Candida albicans,
Saccharmyces cerevisiae (yeasts). Dharam Pal Stheh al
synthesizeda series of new Schiff base metal coexgls from a
tetradentate macrocyclic ligand. The Schiff base ligand was
prepared by reaction between dibenzoyl and dithiocarbohydrazide
and also their transition metal complexes were prepared by
template synthesis method. The structure of the compounds wer
determined by many elemental analysis, conductance
measurements, molecular weight determinations, magnetic
measurements and various spectral method such as electronic,
NMR, Infrared and Far infrared spectra. The five coordinated
square pyramidal geometwas suggested for all the complexes by
the electronic spectra along with magnetic moments.

1.2. Objectives and Scope of the investigation

The motive of the research is the high potential Daphenyl
Glycolic acid and its derivatives in various disciplines, such as
pharmacology, corrosion chemistidBO studyand many other
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analytical applications. The extensive literature survey on the
amino acid metal complexes revealed that the scope of the amino
acid metal compxes with Diphenyl Glycolic acidis yet to be
studied. An amino acid metal complex on condensation with
Diphenyl Glycolic acids not so far reported. Evidence shows that
such ligands have plenty of opportunities in biological activities
viz, antifungal, atibacterial, antiviral and antitumour etc.

The objectives of our study consist of the following lessons:

l. To synthesize and characterize ipheny glycolic acid
amino acids (Tyrosine, Glycine, Valine, Leucine and
Histidine) ligands and their transih metal complexes. The
condensation of thBipheny glycolic acidamino acid has
been visible by the clear color change of the solution and
they crystallized out of the solution.

Il. To accomplish the Thermogravimetric analysis of some of
the ligands adh their complexes

1. To accomplish the powder-iy diffraction studies of some
of the ligands and their complexes.

V. To carry out the corrosion inhibition study of the prepared
ligands.

V. To perform in vitro antifungal screening of the selected
ligands and complexes.

VI, To conduct the catalytic study of the selected complexes of
ligands.

VII.  To carry out DFT studies of all the ligands.
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Materials, Methods and Instuments

The current section summarizes about the general reagents utilized
and gives a brief account about the purification methods employed.
It also provides an overview of the theories and methods of various
andytical and physical techniques used to characterize ligands and
their transition metal complexes. Additionally, the procedures used
for corrosion studies, DFT, and molecular modeling studies are

briefly described.
2.1 REAGENTS

Analar grade samples of Diphenyl glycolic acid,Tyrosine, L
Valine, L-Leucine, L-Glycine, L-Histidine supplied by Merck,
Sigma Aldrich were used as received, for the preparation of
ligands. The metal salts used for the preparation of complexes were
chramium acetate, manganese acetate, ferric chloride, cobalt
acetate, nickel acetate, copper acetate, zinc acetate and cadmium
acetate. During the preparation of complexes AR grade samples of
metal salts were used. Spectroscopic grade samples of the solvents
were employed for the spectral measurememd. other
commercial reagents and solvents used for the synthesis and
characterization of compounds such as NaOH;@PONa, KOH,

HCI, methanol, ethanol DMF, DMSO, CHCétc were used as

received.
2.2 EXPEIMENTAL TECHNIQUES

A brief account about the methods employed for the

characterization of ligands and their metal complexes have been
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described below anthesynthetigprocedures for thégand andits
transition metal complexes aréescribed in the imminent
chapters/arious physicochemical methods and spectral studies
employed for elucidating the structure and geometry of the
complexes. Physicochemical method involves conductivity
measurements and magnetic susceptibility measurements. Spectral
studies were the IR and UWisible measurements. The-pdy

diffraction and thermogravimetric studies were also conducted.
2.2.1 CHN Measurements

Thecarbon,hydrogeand nitrogencontent®f the ligands and their
metal complexes were determined by analysisaoBlementar
make Vario EL 1l model CHNS analyzerhe metakontentof the

complexesvasdeterminedisingthe specifiedmethods.
2.2.2Metal percentage analysis

Themetal percentage in the complexesas estimated using
standard methodSsuchas volumetric, gravinetric,
andpyrolysismethodsThe volumetric estimation of the metal
content in the complexes was ddmedissolvingthe complexes

a mixture of nitric, hydrochloric, and perchlorazids. A known
amount ofcomplexes(0.20.3g) was digested witla concentrated
nitric acidperchloric acid mixturendthenwithconcentrated HCI.
Repeatthisprocess twoor three times by addingnewamounbf

hydrochloric acid. Theesulting solution was then quantitatively
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adjustedto 100 ml. The metal content in the colex is estimated

basedon the specificvolume of this solution.

Copper content was determined iogometrictitration by adding

Kl and titrating ther eleased iodine with standard sodium
thiosulfate Zinc and Manganese were estimated volumetrically by
comgdexometric titration using standard EDTA with Eriochrome
black TT as indicator Nickel was determined as dimethyl
glyoxymatebyprecipitationusinga gravimetric methodEstimation

of cobaltandcadmiumwasperformedby complexometric titration
using standal EDTA solution and xylenol orange indicator.

The metal content of altomplexeswas estimatedusing the
pyrolysis method. Approximately0.2g of the composite was
weighed into a quartz crucible and heatedigorously. During
intenseheating, the organicomponentof the metalcomplexare
burnedand theremainingmetal oxidesare balanced.Metatontent
wascalculatedrom the weight loss of metaixides.

2.2.3 Determinationof Molar Conductivity

The molar conductivity of thecomplexat a concentration of
approximately 18 M was determinecat28+2°Cusing a Philips

conductivitybridge.

2.2.4Magnetic measurements

Themagneticproperties of theligand and its complexes were
studiedusing the Gouy balance. The measurements done at room

temperature using the Hg[Co(NGFBRs calibrant.By considering
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the magnetic contribution of various atoms and structural @hits
diamagnetic corrections were applied using the Pascal constants.
The efective magnetic moment pegwas calculated from the

modifiedformulashownbelow,
Heff = 0 a.T

Where , is the molar susceptibility corrected for diamagnetism
and T is the absolute temperature. The theoretical value of

magnetic momestcalculated using the formula
Het=9 &aJ (J+1)
2.2.5 Electronic Spectra

The solid state electronic spectfa of the ligands and their
complexes wereecordedusinga UV-VISspectrophotometenodel
JascoV¥s50. These spectral studies carried out to asdigt t

structural information obtained from magnetic studies.
2.2.6 Infrared Spectra

IR spectroscopy is a powerful tool for the determination of the
molecular structure and identification. The characteristic bands of a
group appear at specificfrequency,regdlessof the molecule in
which the group ispresenthence it named as the finger print
spectroscopic methotRR studies of the@resentligandindits metal
complexed were recorded usingg JasceFT-IR-4100 model

spectrometer in the rang@®00 400cmusing theKBrdisc method.
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2.2.7. X-ray Diffraction study

The XRD studiesof selected ligands and their metal complexes

were recorded using anAeris research benchtop -pay

diffractometer in the ranged® 0 2 d vrayl crystatiograpkic

studies were camd out for the determination of lattice type and

unit cell dimension of complexes.-ikay pattern plots

intensity of diffraction used for finding interplanar spacing (d).
2.2.8 Thermogravimetry

Thermal analysis of the complexes, -DJA and DTG
wasperformedn a thermogravimetrianalyzerTGA Q50 V20.13
Build 39 model fitted with a thermal analyzer controller in air

atmosphere with a heating rate of TImin at NIT, Calicut.

2.2.9 Corrosion Inhibition studies

Corrosion inhibition studies were carried out at the Department of
Chemistry, The Zamorinds Guruvayur
inhibition efficiency, corrosion rate and the adsorptions studies

from the weight loss method was calculated. The details ef th

study are discussed in Pavt.

2.2.10. Antifungal studies

Antifungal studies of the ligands and its selected complexes were
conducted at t he Depart ment of C
Guruvayurappan College, Calicut in collaboration with the
Department ofBot any, The Zamorinds Guruve
Calicut. The antifungal studies of the ligand and complexes against
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various fungal strain®encillium sp., Fusarium sp., Pythium sp.,
Lasiodiplodia theobromae and Aspergilluswsre studied using
potato dextse agar mediutnThe details of the studies carriedt
are explained ifPartV.

2.2.11. Catalytic studies

The catalytic degradation study of the hazardous dyes like
methylene blue and methyl orange has been carried out at the
Depart ment of Chemistry, The
College, Calicut. The study was monitored using UV
spectrophotometeand is explaied inPartVI .

2.2.12. Molecular Modeling studies

Molecular Modeling studies of ligands were performed at the
Department of Chemistry, University of Calicut. For computational
studies, the molecules are optimized by DFT (B3LYP) method with
the 631+G (d,p) basis sets, using the Gaussian 09program. Details
of the DFT stdies are discussed RartVIl .
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CHAPTER 3

STUDIES ON Cr (11 1), Mn (1), Fe (1), Co(l),Ni (II),
Cu (1), Zn (), Cd (1) COMPLEXES OF
DIPHENYL GLYCOLIC ACID -TYROSINE
LIGAND (HBT )

3.1 Introduction

L-Tyrosine or 4hydroxyphenylalanings a noressential amino

acid produce from phenylalanine with a polar side group. The word
tyrosine originated from the Greek
it was first isolated from casein from cheese by German Chemist
Justus Von Liebig. Tyrosine has special role in the signal
transduction processes and functions as a receiver of phosphate
groups that are transferred by the way of protein kinases. In
photosynthesis, tyrosine residue acts as an electron donor in the
reduction of oxidized chlorophyll. yfosine is a precursor to
neurotransmitter and also used to improve the mental health
performance to reduce the stress hormone levels. Tyrosine helps in
the preparation of several important substances including
Dopamine, Adrenaline, Noradrenalin, thyroidormones and
Melanin.

Fig.1. Tyrosine
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Theoretical study of complexes of tyrosine with biologically
important metal cations in aqueous solutions was reported by
Agnieszkd. Bauf et al synthesized and characterize the crystal
structure and supramoleculaeatures of bicycloazastannoxides
derived from Schiff bases derived fromtyrosine. Anna’ et al
synthesized and studied the diffraction patterns, spectroscopic,
electrochemical and antiproliferative activity of Ruthenium
Nitrosyl complexes with L-Glycine, L-Alanine, L-Valine,L-
Proline, DProline, L-Serine,-Threonine and i{TyrosineThe
square pyramidal ternary Cu(ll) complexes [Cu(ll)(saltyr)(B)](1,2),
saltyr= Salicylidinet yr osi ne, B=1, 10, phenant hr
bipyridine(2) were synthesized and DNAnding and cleavage
study was determined by Reddyet al. The structural
characterization of diorganotin complexes of Schiff base derived
from 4-(diethylamino)salicylaldehyde andtlrosine were carried

out by Lexing et al

HBT is a potential bidentatiégand which has been prepared and
their transition metal complexes have also been synthesized. The
elucidation of the structure of the HBT ligand and its complexes
predicted using various spectral and physicochemical methods.
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3.2Experimental

3.21 Materials and Method

Diphenyl glycolic acid, ETyrosine, LGlycine, L-Histidine, L-
Valine, L-Leucine and metal salts were used without purification.
The solvents were purified using standard procedure. The melting
points of the ligand and the complexes weseorded with the
melting point apparatus. The Gouy balance is used to determine the
magnetic susceptibility of the complexes. The characterization of
the compounds conducted with the aid of elemental analysis,
Fouriertransform infrared (FAIR), electronc, thermal methods
and powder XRD studies. This chapter describes the method of
characterization of diphenyl glycolic aeigrosine ligand and its

various transition metal complexes in detalil.
3.2.2Preparation of HBT

0.1 M solution of diphenyl glycoli@acid in aqueous ethanol was
mixed with 0.1 M ethanolic solution of tyrosine potassium salt and
refluxed for 3 hours on water b&thThe resulting solution
concentrated for few minutes and the ligand crystallizes out and
washed with ethanol and dried ovethgdrous CaGIThe melting
point was found to be 280.
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H Aqueous
ethanql H
O OB O Do

ookt COOK* . CoOK*
| COOK

Scheme IThe reaction pathway of the ligand HBT
3.3Results and Dscussion
3.3.1 Characterization of the ligand

The ligand is characterized by CHN analysis, IR, Qpkctral
studies. The description of the ligand is discussed in the following

sections.
3.31.1Micro analytical data

The newly synthesized ligand having the molecular formula
Co3H19NOs is pale yellow in colour. Elemental analysis data is in
good agreementwith the suggested molecular formula.

(Table.1).Thdigand is soluble in all common solvents such as
methanol, ethanol, DMSO, DMF etc.

Table 1. Analytical data of ligand (HBT)

Molecular | Melting Elemental Analysis

Compound Weight point Colour | yield Found(Calculated)
C H N

Pale 70.82 | 478 | 3.56

CoHiNOs | 389 | 290C | o0 | 80 | 7095)| (488)| (3.59)

54



Characterization Studies of the Diphenyl Glycolic Aciéiminoacid
Ligand and Its Metal Complexes

3.31.2IR spectrum

The FTIR spectrum of the ligand was recorded in the range 4000
400 cm' and presented ifrig.2and the IR values are shown in
Table.2 The sharp peak at 3207 ¢nmay be attributed t®-H
stretching vibration. The broad band at 3437 is assigned té-the
stretching vibration. The bands at 1609 and 1418 are assigned

to g afm@PO@Nd sgm) (CO®OGpectivel y. The
isat1732crifand t fOpbard is@t@244 cif
Table 2IR spectral data
No.| Compound | g (-Ng (|9 (CRR [g(CQM|g(C=g A
H) | H) m) 0)
1. | CyHigNOs | 3437| 3207 | 1609 1416 1732 1244
w0 f
o
|"'|11' n&"\
60 il Y}N rﬂ Wi
°%T ~ v \ |'M
m'ﬂ‘v 7 v
\
f | |

T
3000

2000

T
2500 X
wavenumber {cm '}

T T T
1500 1000 500

Fig.2. IR spectrunof the ligand
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3.31.3. Electronic spectrum

The solid state uvisible’ spectrum of the ligand was recorded in
the region 20000 nm {ig.3) and the electronic spectral data is
given inTable3.The compound gives peaks at 279,342 and 367 nm
in which former peak indicates tmeY ~ transition and the latter

may be due to Y * transition.

bl e & e
o o ~ =3
1

absorbance
e
FY

b
</
>
/

bt
ha

e
-

0.0 5

T T T T T T T T 1
100 200 300 400 500 600 700 800 o900 1000
wavelength (nm})

Fig.3. Electronic spectra of ligand

Table 3.Electronic spectral data

No. | Compound | Band nm | cm® Assighments
1. Co3H19NO5 279 35842 |nY  *

342 29239 |~ Y *

367 27247 |© Y *
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3.2.3Preparation of the transition metal complexes

The metal complexes were prepared by adding the metal
acetate/chloride solution dropwise to the htitanolic solution of

HBT solution. A pinch of sodium acetate trihydrate was added and
was refluxed for 1 hour, and cooled to room temperature. The
crystalline precipitate was collected and washed several times with

water and dried in dessicator.
3.3.ZLharacterization of the transition metal complexes

The metal complexes were found to be insoluble in water and
soluble in dilute hydrochloric acid and partially soluble in organic
solvents like alcohol, DMF, DMSO, etc. The complexes have
undergone elemental alysis, magnetic measurements, electronic
and infrared spectral studies, molar conductance measurements and
thermal analysis. The data obtained helped to predict the properties,
structure and geometries of the complexes.

3.32.1 Elemental Analysis

The ekmental analysis of the metal complexes was conducted by
the standard methosCHN analysis carried out to found the
percentage of carbon, hydrogen and nitrogen. Ligand act as both
bidentate and tridentate in some metal complexes. The metal
complexes are formed in both 1:1 and 1:2 ratios. The details of the
metal complexes are dedmd in the following sectionsThe
Analytical data is depicted table 4
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Table.4. Molecular formulae, colours, elemental analysis data,
conductivity and magnetic moments of the complexes

Compound M\?Vlgi]ut!?r Mpe;mg Colour | yield Tl e | M%
CaaH1oNO5(HBT) 391.43 290 yzﬁ(.l)sv 80 ) _
Cr(BT)(H0) 515.43 | >300 ;igkn 20 | 855 | 152 &gzg%
Mn(BT)AH:O). 873.79 | >300 | M9 | 70 | 2055|5.68| 028
brown (6.36)
Fe(BTIHOKCL, | 55427 | >30¢ | M9% | 70 | 973 | 3.48| 1007
Co(BT)(H:O) 522.36 | >300 | Pink | 60 | 4.56 | 4.32 (ﬁ'gg)
Ni(BT)2(H0) Bluish 6.68
AH:0), 877.60 | >300 | (50| 60 | 479|338/ (6.40)
CuBT)(CHCOO) | ¢9998 | 300 | Brown | 80 | 17.36] 2.18 (g.;g)
4 .
Zn(BT)(CHCO0) | 69581 | 300 | white | 70 | 19.35|DIA | 2%/
: (8.94)
Cd(BT)(H:0), 539.841 | >300 | White | 60 |20.32| DIA (38?2)

3.32.2 Infrared studies

The characteristic IR spectra of the metal complexes of the spectra
are given inrable.5 The IR band in the region 35100 cni* due

to g (OH) stretching vibrations
that the presence of water coordinated to the metal which is further
supported by the new peaks in the regions of
750-850 cm' °*° The GO stretch at 1244 chis red shifted to
11701200 cn suggests # participation of carboxylatén the
complexation. The bands at 1590 tmnd 1344 cni assigned to
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t he QayfmCODN d g espestdely, a shift to lower
frequencies indicating the reduction of electron density in the
oxygen in carboxylate group when coordinate to the metal ion. The
di fference hspd) waard G (6@EM@r than
140 cm' suggesting unidentate nature of acetate group. New
absoption bands in the region 50®0 cni*fas si gnedd) t o
stretching vibrations *3(Fig.4-8).

Table.5.IR spectral assignments of the metal complexes

g (-C g g J

Sl.No Compound H) g (-N) (COOuym) | (COOymn) g (,8) ((|\)/|).

1 CaaH1gNO5(HBT) - 3207 1609 1416 - -
2 Cr(BT)(H,0), 3834| 3286 1591 1344 858 | 698
3 Mn(BT),(H,0), 3891| 3053 1575 1336 845 675
4 Fe(BT)(H:0),Cl, 3521| 3205 1512 1380 853 649
5 Co(BT)(H:0), 3621 3212 1507 1384 821 695
6 Ni(BT),(H,0), 3640 - 1566 1382 754 615
7 Cu(BT)(CHCOO), | - 3208 1588 1406 - 655
8 Zn(BT)(CH;COO), - 3209 1562 1395 - 687
9 Cd(BT)(H,0), 3606| 3193 1532 1402 858 689
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3.32.3Electronic spectra

The solid state electronic spectrum of the ligand was recorded in
the range 20®@00 nm and it exhibits bandszt9,342 and 367 nm

The bands attributed to then Y “ahd °~ Y~ *transitions
respectively. The shift in the valwé the bands from the ligand to
the complexes explains the coordination occur between the metal

ion and the ligand.

Chromium (11) ion is having d configuration. They exhibits three
spinallowed transitions i.'A.g  ( F.g () (W), “A.g ( F) Y
“Tig (F) (W), *Aog  ( F'J19 (F¥) (w). In the current work bands

330, 354 and 594nmespectivelf or Y * |, ‘AsmgY (*F ) a r¥d
“T.g (F) transitions suggestther octahedral stereochemistry.
Manganese (Il) ion with dconfiguration is capable of forming
spn-free as well as spipaired complexes but due to their
additional stability of the haffilled d-shell they preferably form
spinfree complexes. According to TanaBagano diagram the
three lowest energy states in order to increasing enerd¥ a(6),

“T, (G) and “A;, “E (G). Here Mn (ll) complexes sho low
intensity weak bands at 83nm due ton Y "~ * andn 419
°A19 Y'T1g (G) which have been assigned to transitions, and
respectively, in an octahedral field of Mn (II) ion.

The iron(l) ion having [Ar] 38 electronic configuration and
ground state of high spin systeld splits into the ground state is

>T.g and the only excited state of the same spin multiplicity is the
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°E, state in weak octahedral fields. The spectra consists of three
bands 1080.03 nm, 62%m and 470 nm in which the high energy
bands may be charge transfer in nature. The remaining two low
energy bands may be assigned®feg  YEg transition, which
corresponds to 10Dq.In the current work absorption band of Fe
(111) complex are in the rang282 and 330m assigned t6 Y ~ * |

n Y ~ transition. A strong charge transfer band is observed at 389
nm due to CT transition From spectral data, an octahedral

geometry is proposed for the Fél)chelate.

The electronic configuration of Co(ll) ion is’ dard in the
octahedral ligand field its ground state may be eithg®; &d in

weakfield or tg°, ed in strongfield***

Normally cobalt
complexes are in tetrahedral and octahedral environment but rarely
in planer enironment. The octahedral Col@dly complexes are
pink or reddish brown in color. The ground stateCabal(ll) in
octahedral environment &g or ’Eg. A band near 96804 nm
can be assigned to transitibfi.g Y'T 2 g1). (ncaddition to this
band, a multiple band is observed in thebles region near 426
412 nm can be assigned®B,g  ( F*T: ( P )s) tréngition. The
transition “T.g  ( F fA.g Y ] ig two electron transition and
observed at &-534 nm. In the present work ColgHlt metal
complexes two bands present in elexic spetra of Cdll) at

255,355 and 34Bm. It is assignable to octahedral geometry.
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The Nickel(ll) complexes having the atomic ground stiewith

the ground state term in an octahedral fieldAsg, in tetrahedral

field is *T, where as in square planar coewgs is'A.g.The
electronic spectrum in octahedral-aalination shows three main
bands in the regions 1,0009 0 n)n6126d 9 n)N3783B58
nm3s(.g The, bandsggd may Bleg a(sk)i ghed
T.g (DAY 9( Flg Y( Band®dg  ( FJig Y(B) (9
transitions respectively. In the current work nickel chelate exhibits
three bands in the regidb4,330 and 664m. Using energy level
diagram these band are assigned to the transitiom ( F°F.g VY
(F)D). A9 (F¥g Y(RandlAeg (FIg Y(RB) (g9

respectively, for an octahedral stereochemf&try

The electronic configuration of copper(ll) i8ahd the ground state
being °D.The ground state of the octahedrally coordinated
copper(ll) ion is’E,, in tetrahedral field i$T,g, where as for the
square planer complexes1g. The d configuration undergoes
tetragonal distortion because of Jakeller distortion and leads to
splitting of the?’Eg and’T,g levels in to®B.g, 2A1g and®B.g, *Eg
levels respectivell. The Cugll) complex electronic spectrum
shows a broad band in the region 4T® nm and is assignable to
C-T transitim. The electronic spectra of Zn(ll) and (@Y
complexes is not possible since there is no unpaired electrons and
t h e suld shell is completely filled. They show charge transfer
transitions in the range of 28860 nm and they are diamagnetic in
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nature. Most of the complexes are tetrahedral even though some
octahedral complexes have also been reported.

Table6. Electronic spectral bands and their assignments of the
metal complexes

Sl. Wave Wavelength -
No Compound number(nm) (cmd) Transition
279 30303 Y
1 Ligand(HBT) 342 28248 n ¥
367 16835 n ¥
330 30303 n ¥
2 Cr(BT)(H,0), 354 23866 n ¥
594 16835 ARy ((F) Q§(F)T
3 Mn(BT),(H,0), ﬁg 35460 n ¥
30303 c-T
282 35460 A
4 330 30303 n ¥
Fe(BT)(H0).Cl, 389 25706 no¥
255 39215 A
5 330 30303 ny*
Co(BT)(HO) 645 28985 | “T,o( F Y'A¥g
254 39370 0k
6 Ni(BT)2(H,0)» 330 30303 ny*
664 15060 ARy ( F) Q|
7 | CUBT)(CHCOO) 449 20040 C-T
4
g | Zn(BT)(CHCOO) 330 30303 ny*
. 342 20239 n ¥+
o | CdBT(HO) 288 34722 nY\“( .
330 30303

3.32.4Molar conductance

The molar conductance values of the®Idblution of the HBT
ligand and itsmetal complexes in DMSO were observed to be in

the range of <20ohm'cm’mol®. The low values of

64



Characterization Studies of the Diphenyl Glycolic Aciéiminoacid
Ligand and Its Metal Complexes

conductanclsuggest that the complexes behave as - non

electrolytes and are neutral in nature.
3.32.5Magnetic measurements

The magnetic moment values of tl®mplexes helps in the
prediction of their structure along with their electronic spectra. The
Cr (Ill) complex possesses magnetic moment of 1.52 BM. It is
suggested that if the measured value of the metal complex is in the
range of 1.22.5 BM, they possasto have an octahedral geometry.
Magnetic moment values of a low spin Mn (Il) complex having
octahedral geometry are nearly 2.5 BM and that of high spin
octahedral Mn (Il) complex is between 5.64 and 6.15 BM. In the
current case theomplex possess a valuof 5.68 BM which
suggests the octahedral nature of the complex. Fe (Ill) complex
have a magnetic moment value of 3.18 BM which corresponds to
three unpaired electrons and they possess to have an octahedral
geometry. Co(ll) complexes with one unpairedcéion can either
form octahedral as well as square planar complexes but complexes
with three unpaired electrons may form either tetrahedral or
octahedral complexes. In the present case Co (Il) complex have a
magnetic moment value of 4.32 BM suggestingrtioetahedral
geometry®’. Octahedral Ni (1) complexes have a magnetic moment
values in the range of 2.6030BM, due to sphorbit coupling or
higher state mixing with ground state. The Ni (II) complex with a

magnetic moment value of 3.38 BM indicates dstahedral
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geometry. The magnetic momerdlue of copper complex is 2.18
BM corresponding to their one unpaired electron suggesting their
octahedral geometfy?> Zn (1) complex and Cd (Il) complexes

are diamagnetic in nature.

3.32.6 X-ray diffraction

The XRD pattern of the ligand and metal complexes gives a brief
account of crystal lattice structure, interplanar distance, crystalline
size etc. PXRD sidies were discussed Rart III.

The proposed structures of the complexes arethe follows:
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Fig.9. Structure of metal complexes of the ligand HBT
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CHAPTER 4

STUDIES ON Cr (I11), Mn (I1), Fe (111), Co (Il), Ni
(I1), Cu (I1), Zn (I1), Cd (1) COMPLEXES OF HBG

4 1 Introduction

Glycine or 2Aminoethanoic acid is the simple, nessential and

the only proteinogenic amino acid with achiral carbon centre.
Glycine is a colorless, sweet tasting crystalline compound soluble

in pyridine and partially soluble in ethanol. The name glycine
comes from the Greek word means
discovered by French chemist Henri Braconnot when he
hydrolyzed gelatin by boiling it with sulfuric acid. Glycine is a
precursor to proteins and is an inhibitory neurotransmitter in the
central nervous system. Glycine provides improved bone health
and brain function. Glycine can promote the quality of our sleep

and hae the ability to lower core boy temperature.

NH,
I
H— C— COOH
|
H

Fig.10. Glycine
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Synthesis and characterization of the Schiff base derived from
salicyaldehyde and glycine and their complexes with Lanthanide
elements were reported by Zhang éf.a\ series of organotin(lV)
complexes were derived by the condensation ofifddle2,3
dione,5chloro-1-H-indole2,3d i o ne -anma acids(phenyl
alanine, isoleucine and glycine) and characterized by Har Lal and
Jangbhaddf.Hamz&* et al conducted the theoretical study of
reaction mechanism of formaldehyde and glycine Schiff base using
Spact um 0 0 8 -espritat/parametric nsodeinPM3) and
Density Functional Theory [RB3LYP/81G (d)] calculations. The
synthesis and characterization of the Schiff bases derived from
vanillin and amino acids (glycine,-derine, Ltyrosine and L
phenylalanine and their Fe(lll) complexes have been prepared by
Shaheef? et al and their characterization carried out by various
physicochemical and spectral method§E)-2-((2-hydroxy-1,2-
diphenylehylidene) amino) propanoic acid).and their Cu(ll),
Ni(Il), Co(ll), Zn(Il) and Fe(ll) complexes were synthesized and
characterized by Nuha efal

HBG is a potential bidentate ligand which has been prepared and
eight transition metal complexes have alserbsynthesized. The
elucidation of the structure of the HBG ligand and its complexes

studied using various spectral and physicochemical methods.
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4.2 Experimental
4.2.1Preparation of HBG

0.1 M solution of diphenyl glycolic acid in aqueous ethanol was
mixed with 0.1 M ethanolic solution of Glycine potassium salt and
refluxed for 3 hours on water bath. The resulting solution
concentrated for few minutes and the ligand crystallizes out and
washed with ethanol and dried over anhydrous H@ melting

point was found to be 24¢.

COOK*
COOK* COOK* COOK*

H
@——OH +H2N—(|3—H — < >7‘ HN—C—H

Scheme.2.The reaction pathway of the ligand HBG
4.3 Results and Dscussion
4.31. Characterization of the ligand

The ligand is characterized by CHN analysis, IR, UVstudies. The
descriptia of the ligand is discussed in the following sections.

71



Characterization Studies of the Diphenyl Glycolic Aciéiminoacid
Ligand and Its Metal Complexes

4.3.1.1Micro analytical data

The newly synthesized ligand having the molecular formula
Ci16H13NO4is white crystalline powder. Elemental analysis data is
in good agreement with the suggestedolecular formula.
(Table.7).The ligand is soluble in all common solvents such as
methanol, ethanol, DMSO, DMF etc.

Table.7 Analytical data of ligand (HBG)

_ Elemental Analysis
Molecular | Melting

i Found(Calculated

Compound Weight point Colour | yield ( )
C H N

Pale 71.02 | 4.64 | 3.54

C16H13NOy 283 242 C

80

yellow (70.95)| (4.88)| (3.59)

4.31.2. IR spectrum

Table 8.IR spectral data

g

No. | compound| % 0-| g ( c@@m g (com|g( c= &
H)

0)

1. | CuHuNO, | 3%23] - 1593 1491 1726 | 1254

The FTIR spectrum of the ligand was recorded in the range 4000
400 cm' and presentein fig.11. Theband at 3432m™ is assigned
to the NH strething vibration. The bands at 9% and 1491cm
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Fig.11. IR spectrum of the ligand

4.31.3. Electronic spectrum

The

The solid state uvisible spectrum of the ligand was recorded in

the region 20000 nm (figl2) and the spectral data is given in
table 9The compound gives peaks at 26 i ndi cat e s

transition’

Table 9.Electronic spectral data
No.| Compound | Band nm cmt Assignments
1. C16H13NO, 260 38461 Yo
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Fig.12 Electronic spectra of ligand
4.3.2 Preparation of the transition metal complexes

The metal complexes were prepared by adding the metal
acetate/chloride solution drop wise to the hot ethanolic solution of
HBG solution. A pinch of sodium acetate trihydraias added and
was refluxed for 1 hour, and cooled to room temperature. The
crystalline precipitate was collected and washed several times with
water and dried in dessicator.

4.3.3 Characterization of the transition metal complexes

The metal complexes wer®und to be insoluble in water and
soluble in dilute hydrochloric acid and partially soluble in organic
solvents like alcohol, DMF, DMSO, etc. The complexes have
undergone elemental analysis, magnetic measurements, electronic
and infrared spectral studjasolar conductance measurements and
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thermal analysis. The data obtained helped to predict the properties,
structure and geometries of the complexes.

4.3.3.1Elemental Analysis

The elemental analysis of the metal complexes was
conducted by the standard meth8d3HN analysis carried out to
found the percentage of carbon, hydrogen and nitrogen. Ligand act
as both bidentate and tridentate in some metal complex&s. Th
metal complexes are formed in both 1:1 and 1:2 ratios. The details
of the metal complexes are described in the following secfidres.
analytical data of the HBG and its metal complexes are tabulted in
table 10.

Table.10. Molecular formulae, colours, etental analysis data,
conductivity and magnetic moments of the complexes

Molecular Melting
Compound Wei Point | Colour | yield Tl e | M%
eight °c)
Cy6H1sNOL(HBG) 283 2a2 | Pale 1 gy | og | . i
16" 113 4 ye"OW .

Dark 7.02
Cr(BG)(CHsCOO), 740 >300 | oo | 60 | 372|446 oo
Dark 8.36
Mn(BG),(H,0), 656.94 >300 Brown 70 9.8 | 1.82 (8.28)
Light 10.07
Fe(BG)(H0).Cl, 554.27 >300 Brown 70 | 10.12]| 3.26 (10.12)
Co(BGK(H,0)(CH,COO) | 522.36 | >300 | Pink | 60 | 5.4 |3.98 (ﬂ'gg)
. Bluish 14.11
Ni(BG)(H,0), 415.69 >300 Green 60 7.3 | 3.16 (14.06)
Coffee 10.90
Cu(BG)(CHCOO), 58255 | >300 | g ot 60 | 45 | 132] (g
. 15.47
Zn(BG)(H,0)s 422.37 | >300 | White | 70 | 6.8 |DIA | 125
. 26.05
Cd(BG)(HO0), 431.41 | >300 | White | 60 | 7.2 [DIA | S0
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4.3.3.2Infrared studies

The characteristic IRspectrums of the metal complexes of the
spectra are given in Table.11 and expresented in fig :28. The

IR band in the regio84003600cm*due to g ( OH) r emai
metal complexes indicating that the hydrogen atom of the OH
group of thewater moécules which is further supported by the
peaks at 800 cthregion? '° The N'H stretching peak observed at

3437 cmt is shift from its positbn may be due to the presence of

new OH stretching bands in that particular regidime GO stretch

at 1244 crt is red shifted to 1170200 cm suggests the
participation of enoli¢ OH in the complexation. The bands at 1590
cm'and 1344ciassi gned t.gmyt haen dg s@) Q QXD O
respectively, a shift to lower frequencies indicating the reduction of

electron density in the oxygen in carboxylate group when

(¢)]
o

coordinate to the metal i.9#. Th
and g symp GQeater than 140 ¢hsuggesting unidentate
nature of acetate group. New absorption bands in the region 460
560 cm'assign e d  t -®) sgetclfing vibration§*3
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Table 11.IR spectral assignments of the metal complexes

dg(-N g g v
No Compound 9 ( a M -
P H) | H) | (©0Ouwm) | (€O0um) | 9 (| ()
1 | CiH1aNO4(HBG) 3453 1593 1491 -
2 | Cr(BG)(CHsCOO), 3448| - 1622 1444 829 | 637
3 | Mn(BG),(H,0), 3389| - 1599 1446 814 | 638
4 | Fe(BG)(HO).Cl, 3456| - 1613 1447 832 | 673
5 | Co(BG)(H,0)(CHCOO) | 3492| 3687 1598 1448 856 | 674
6 | Ni(BG)(H,0)4 3358 3612 1565 1409 848 525
7 | Cu(BG)(CHCOO) - - 1647 1446 - 695
8 | Zn(BG)(H.0)s 3358| 3596| 1654 1492 836 | 622
9 | Cd(BG)(H:0), - 13480 1639 1446 842 | 696
90"“‘\» { . "-\‘:\ .‘"’»I“II';H"} e‘/‘f i

E w0 “\M/ / [-"\"I“ H \“.Mi . 65|

% Jl ‘ 5 604

;: 601 \ I E 50 -

o e e W:\Ef':um;:ru(“cm‘)‘éoa . . 4000 JSIOO 30‘00 25‘00 20‘00 -1SIGIJ WOIDO 560
Wavenumber(cm™)
Fig.13.IR spectrum of the Fig.14. IR spectrum of the
CoBG complex CrBG complex
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Fig.17.IR spectrunof the Fig.18. IR spectrum of the ZnBC
MnBG complex complex

4.3.3.4Electronic spectra

The Igand UV spectrum exhibits barad 260 nm attributed to the
Y * and nY * transitions respecti:
the bands from the ligand to the complexes explains the
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coordination occur between the metal ion and the ligand.
Chromium (11) ion with d® configuration shows three ispallowed
transitions i.e’Axg  ( FTag (¥) (), “Ag  ( F*Tg (¥) (w),

‘A.g ( F)YTigXP) (v at 264 nm, 423 nm and %8nm
respectively suggesting the octahedral stereochemistry of the
chromium complexes. The octahedral geometry of Mn (ll) ion is
confirmed by the appearance of bands at 248 and 342 nm.
According to Tanab&ugano diagram the three lowest energy
states in ater to increasing energy &f€; (G), “T» (G) and*A4, “E

(G). Manganese (ll) ion belongs td sistem may form either high
spin or lowspin complexes. They show two low intense band at
406nm due tc°’A;g Y'Aig (G) transition and another at 687nm
°A1g N1g (G) transition which is in accordance with an
octahedral geometry. Here Mn (lI) complexes show intense bands
at 342 nm due tdA.g Y'Aig (G) which has been assigned to
transitions in an octahedral field of Mn (Il) ion. The iron (lIl) ion
having absorptionband in the range 386 assigned fa.g YEg
transition. A strong chargansfer band is observed at 386:.
From spectral data, an octahedral geometry is proposed for the Fe
(111) chelate.

The transition’T.g (g (YP)), “Tug  ( F*Axg Yo and
“Tig  ( F1 (P )s) is(two electron transition and observed at
686-534 nmfor Co(ll) complexesin the present work cobalt (I1)
metal complexes two bands present in eteot spectra of Co (Il)
at 525 and 60 nm. It is assignable to octahedral geom¥tyThe
absorption band at237,386 and 667nm are due to the

transitiom Y *°Ag  ( FTig Y( Denddg ( FTg (P)
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( 9 respectively, for an a@ahedral stereochemistry of Ni(ll)
chelate’® The Cyll) complex electronic spectrum shows a broad
band in the region 47800 nm and is assignable teddransition.
The band at 634 nm suggests their octahedral geomigtry.

The electronic spectra of Zn (ll) and Cd (Il) complexes is not
possible since thelie no unpaired electrons andéhd 6 s usb s hel |
completely filled. They show charge transfer transitions in the

range of 399420 nm and they are diamagnetic in nature. Most of

the complexes are tetrahedral even though some octahedral
complexes have also been reporfBde spectral values are shown

in table 12.

Table.12. Electronic spectral bands and their assignments of the
metal complexes

SI.No Compound Wave Wavelt_alngth Transitions
number(nm) (cm™)
1 | Cr(BG),(CH;COO) 264 37879 | “A,g ( F)YTYg (F)
423 23640 | “A.g ( F YTYg (F)
584 17123 | ‘Ag ( FITH(P)
2 | Mn(BG),(H,0), 248 40322 |nYVY
342 29240 | °A,g Y'A.g (G)
3 | Fe(BG)(HO)LCl, 336 29761 | °A,g YEg
388 25773 | °A.g Y'A.g (G)
4 | Co(BG)(H,0)(CH,COO) 525 19047 | ‘T.g Y*T.g
660 15151 | “T.g Y*Ag
5 237 42194 |nY*
Ni(BG)(H,0). 386 25906 | °A.g Y°T.g(F)
667 14992 | °A,g Y3T.,g(P)
6 | Cu(BG)(CHCOO), 634 15772 | “B.g Y?A.g
7 | Zn(BG)(H,0), 229 43668 | n Y*
262 38167 | VY *
344 29069 Y
8 | Cd(BG)(HO), 235 42553 |[nY*
266 37594 | 'Y *
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4.3.3.5Molar conductance

The molar conductance values of the®Mlution of the HBG
ligand and its metal complexes in DMSO were observed at room
temperature and all the chelates exhibits low values of conductance
in the range of €0ohm'cn’mol™ suggesting the neelectrolytic

nature™®
4.3.3.6Magnetic measurements

The magnetic momentalues of the complexes helps in the
prediction of their structure along with their electronic spectra. The
Cr (lll) complex mssesses magnetic moment of 1B4. It is
suggested that if the measured value of the metal complex is in the
range of 1.22.5 BM, they possess to have an octahedral geometry.
Magnetic moment values of a low spin Mn (Il) complex having
octahedral geometrgre nearly 2.5 BM and that of legh spin
Octahedral Mn (II) complex is between 5.64 and 6.15 BM. In the
current case th complex possess a value of 46. BM which
suggests the octahedral nature of the complex. Fe (lll) complex
havea magnetic moment value of 3.3 which corresponds to
three unpaired electrons and they possess to have an octahedral
geometry. Co(ll) complexes witbne unpaired electron can either
form octahedral as well as square planar complexes but complexes
with three unpaired electrons may form either tetrahedral or
octahedral complexé&8.In the present case Co(ll) complex have

magnetic moment value of 3.98M suggesting their octahedral
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geometry. Octahedral Ni(ll) complexes have a magnetic moment
values in the range of 2.6030BM, due to sphorbit coupling or
higher state mixing with ground st&te?” The Ni(Il) complex with

a magnetic moment value of 3.HM indicates its octahedral
geometry. The magnetic momerdlue of copper complex is 1.32
BM corresponding to their one unpaired electron suggesting their
octahedral geometry. Zn(ll) complex and Cd(ll) complexes are

diamagnetic in nature.
4.3.3.7Thermal analysis

The metal complexes were subjected to thermal studibghe aid

of TG-DTA, DTG data and is discussed art Il. The data
provides information about the kinetic parameters, mechanism of
decomposition and probable assignments in the decongositi

curve. The kinetic parameters studied by non isothermal method.
4.3.38 X-ray diffraction

The XRD pattern of the ligand and metal complexes gives a brief
account of crystal lattice structure, interplanar distance, crystalline

size etc. PXRD stiies wee discussed iRart Ill.
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Fig.19. Structure of metal complexes of the ligand HBG
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CHAPTER 5

STUDIES ON Cr (I11), Mn (Il), Fe (I 1), Co (ll), Ni
(I), Cu (I), Zn (II), Cd (1) COMPLEXES OF HBH

5.1Introduction

Histidine or 2Amino-3-(1H-imidazol4-yl)propanoic acid is a
semtessential amino acid which plays an role in immunity, gastric
secretion, protein beynthesis and sexual functions. Histidine was
first isolated by German physician Albrecht Kossel and Sven
Gustaf Hedin. It is the precursor of histamine, carnosine
biosynthesis and also serves as biomarker for skeletal muscle
damage. Histidine is used fdreumatoid arthritis, allergic diseases,
ulcers and anemia caused by kidney failure or kidney dialysis.
Histidine is an odorless, white crystalline powder soluble in water.

Fig.20.Histidine
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Histidine analogues obtained by the reaction betweéfistidine
and 3,5di-tert-butyl-2-hydroxybenzaldehyde and their five novel
tin complexes have been prepared by Aridtiegal. The corrosion
inhibition efficiency of the complexes of-Histidine Schif base
derived from 2, 44lihydroxybenzaldehyde and
2ZydroxyZlZhaphthaldehyde have been synthesized by B&fastie
al. Template synthesis of Schiff base derived fiquimoxaline2-
carboxaldehyde and-histidine and their metal complexes were
synthesizedby Manju®® et al. The antimicrobial activities of
manganese (Ill) complexes of2-hydroxy1-naphthalidene)
histidine was evaluated by Sakiyarand coworkersNeelofar?
reveals the excellent antioxidant and antimicrobial activitieBnof
(I) complexes of various Schiff base derivatives dfiy2iroxy-1-
naphthaldehyde (HN) with-histidine.

HBH is a potential bidentate ligand which has been prepared and
eight transition metal complexes have also been synthesized. The
elucidation of the tsucture of the HBH ligand and its complexes

studied using various spectral and physicochemical methods.
5.2 Experimental
5.2.1Preparation of HBH

0.1 M solution of diphenyl glycolic acid in aqueous ethanol was
mixed with 0.1 M ethanolic solution of histiee potassium salt and

refluxed for 3 hours on water bath. The resulting solution
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concentrated for few minutes and the ligand crystallizes out and

washed with ethanol and dried over anhydrous £HB@ melting
point was found to b& 9 2. €Tk analytical da of the HBH

ligand and its metal complexes is discussedlite.13

HN—\\

N N
AqhueOLIIS / \ H / NH
et
Ooe L B Oq—nt—ned
CH, KOH — ‘ ‘ =
| N
cook* KO——C——CH—NH, COOK* COOK*

Scheme.3Scheme of preparation of HBH ligand
5.3 Results and Discussion

5.3.1Characterization of the ligand

5.3.1.1 Micro analytical data

The newly synthesized ligand having the molecular formula

Co0H13N304is white crystalline powder. Elemental analysis data is

in good agreement with the suwgged molecular formula. (Table

13).The ligand is soluble in all common solvents such as metthano

ethanol, DMSO, DMF etc.
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Table.13Analytical data of ligand (HBH)

_ Elemental Analysis
Compound Molecular | Melting | &, yield |__Found(Calculated)
Weight point
C H N
Pale 65.24 | 4.82 | 10.98
CaoHioNsO, | 365 292 | veliow | 80 | (65.68)| (5.19)| (11.49)

5.3.1.2 IR spectrum

The FTIR spectrum of the ligand was recorded in the range -4000

400 cm' and presentedn fig.21 and the values are given in

table.14he sharp peak at 336M" may be attributed to M

stretching vibrationThe bands at 1652nd 142 cni' are assigned

to g afm@FO@nNd

is at 1861 crita n d

sgm (€®OGpectivel y. The

t tOpbaryl is @t@172 chf

Table.14IR spectral data

PR g
No. | compound | % {1 (N- |9 ( c@@ g (com|o( c €

H) 0)
1. | CyoH17N3O,4 | 3367 | 2954 1652 1492 1861 | 1172
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Fig.21. IR spectrum of HBH ligand

5.3.1.3Electronic spectrum

The solid state uvisible spectrum of the ligand was recorded in

the region 208000 nm (fig.22) and the values are given in

table.15The compound gives peaks 2654 nm in which former

peak indicates ‘the ~Y * transi

89
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Table.15.Electronic spectral data

No.| Compound | Band nm cm™ Assignments
1. | CyHi17/N3O4 254 38461 Y+
90 -
80
704
60 <

absorbance
5

4+ - - o
200 300 400 500 600 700 800

wavelength(nm)

Fig.22 Electronic spectrum of HBH ligand
5.4.TPreparation of the transition metal complexes

The metal complexes were prepared by adding the metal
acetate/chloride solution drop wise to the hot ethanolic solution of
HBH solution. A pinch of sodium acetate trihydrate was added and
was refluxed for 1 hour, and cooled to room temperatuhe T

crystalline precipitate was collected and washed several times with

water and dried in dessicator.
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5.5.1Characterization of the transition metal complexes

The metal complexes were found to be insoluble in water and
soluble in dilute hydrochloric acidnd partially soluble in organic
solvents like alcohol, DMF, DMSO, etc. The complexes undergo
elemental analysis, magnetic measurements, electronic and infrared
spectral studies, molar conductance measurements and thermal
analysis. The data obtained helpéd predict the properties,

structure and geometries of the complexes.
5.5.1.1Elemental Analysis

The elemental analysis of the metal complexes was conducted by
the standard metho8sCHN analysis carried out to found the
percentage of carbon, hydrogendamtrogen. Ligand act as both
bidentate and tridentate in some metal complexes. The metal
complexes are formed in both 1:1 and 1:2 ratios. The details of the
metal complexes are describediainle.1@&nd its further details are

discussed ithe following setions.
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Table.16. Molecular formulae, colours, elemental analysis data,
conductivity and magnetic moments of the complexes

Compound | "yt | "point | Colour |vied | | eur | M6
CaHioNeOy (HBH) | 3654 | 202 y;?;sv 80 | 2.6

Cr(BH)(CH,COO) | 639.99 | >300° ;2';] 60 |3.8|1.62 (gég)
Mn(BH)(CH.COO), | 642.94 | >300 | MM | 70 |35 556 ©92)
FeBH)HO)CL | 51475 | >300 | MM | 70 | 638382 (11%_85%
Co(BH)(H0)s 482.93 | >300 | Pink | 60 |5.6|4.26 (1324212)
(Cro0) s64.69 | >300 | DS | 60 |49|298| (030
Cu (BH)(HO) 48755 | >300 | Brown | 80 |7.8|1.78 &g:gg)
Zn (BH)(H.0) 487.37 | >300 | White | 70 | 8.1 DIA (1133-91%2)
Cd (BH)(H:0), 500.41 | >300 | White | 60 | 5.6 DIA (2223'.‘118)

5.5.1.2Infrared studies

The characteristic IR spectra of the metal complexes of the spectra

are given inTable.T7and IR sepctra is represented in figZ3The

IR band in the region 3408600 cmtrdue t o g ( OH) r emai
metal complexes indicating that the hydrogen atom of the OH

group of the water molecules which is further supported by the

peaks at 800 cthregior’'®The GO stretch at 1172m* is red

shifted to 11701200 cm' suggests thearticipation of enolid OH

in the complexation. The bda at 1652cm’ and #92 cm*

assigned t.gmmt haen dg g @EEpEOLOely, a shift
to lower frequencies indicating the reduction of electron density in
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the oxygen in carboxylate growghen coordinate to the metal ion.

The

di fferenceympetawe e g, & G€@O O

than 140 cnt suggesting unidentate nature of acetate group. New

absorption bands in the region 5800 cmi*tas si gne dd) t o

stretching vibrations 3,

Table.16.IR spectral assignments of the metal complexes

g g
No. Compound (HO)- (|:1)- (CO()gasymer (€O gsymm) (H?O) g O()4V
1. CyoH19N305 - 3367 1652 1402 - -
2. | Cr(BH)(CH,COO), | 3606| 3410| 1794 1415 - | 530
3. | Mn(BH)(CH,COO), | - |3434| 1639 1412 - | 520
4. | Fe(BH)HO).Cl, - |3433] 1631 1496 | 853 | 434
5. | Co(BH)(HO) 3621|3497 1641 1446 821 | 545
6. | Ni(BH)2(H,0), 3640 3432 1501 1491 754 | 460
(CH:COO),
7. | cu (BH)(H0), - | 3408 1592 1468 | 845 | 481
8. | Zn (BH)(H,0), - | 3409| 1598 1410 762 | 434
Cd (BH)(H,0), 3606 | 3410| 1594 1415 858 | 447
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Fig. 25 IR spectrum of CoBH Fig.26.IR spectrum of NiBH
complex complex

5.5.1.3Electronic spectra

The electronic spectrum of the ligand exhibits band25&t nm
attributed to then Y ~ * t r.dmesed shiftanrthe value of the
bands during complex formation indicates the involvement of
ligand in metal coordinatiomhe electronic spectra tabulatedin
table 17.
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Chromium (1) ion is having d configuration. They exhibits three
spinallowed transitions i.€'A,g  ( FT.g (B) (W), ‘A.g  ( F) Y
“T.g (F) (w)at 365 nm and 497m respectively suggesting the
octahedral stereochemistry of the chromium plaxes. The
electronic spectra d¥in (Il) complexes she@ low intensity weak
bands at 200 and 34t due ton Y~ ‘and °Ai;g  “%¥g (O
respectively, suggests octahedral field of Mn (I1) ion.

In the current work, absorption band of Fi)(complex are irnthe
range 336 and 388m assignedo °A.g Y*A.g (G)transition. From
spectral data, an octahedral geometry is proposed for the Fe (lll)

chelate.

The electronic spectra Col)Ilcomplexes are characterised by a
band near 90804 nm can be assigned to tramsit’T.g Y'T2g

( 9. In addition to this band, a multiple band is observed in the
visible region near 42812 nm can be assigned‘®g ( F*T: Y
( P)s) tréngitior*™> The transition'T.g  ( F*A.g V) ig two
electron transition and observed86-534 nm. In the present work
cobalt (II) metal complexes two bands present in eleitrgmectra

of Co (Il) at 478 and nm. It is assignable to octahedral
geometry. In the present work nickel chelate exhibits thagels in
the region 336m and 510hm. Using energy level diagram these
band are assigned to the transitidng  ( F3¥.g Y ( D)%A.d g
(F)°TY ( Benddg ( FTig Y ( B Yespéctvely, for
an octahedral stereochemisft¥he octahedral geometry of the Cu
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(1) complex shows &road band at 276m and is assignable tedd

transitiort 18

The electronic spectra of Zn (ll) and Cd (Il) complexes is not
possible since there I s no unpaitre:
completely filled. They show charge transfeansitions mn the

range of 206840 nm and they are diamagnetic in nature. Most of

the complexes are tetrahedral even though some octahedral
complexes have also been reported.

Table.17. Electronic spectral bands and their assignments of the
metal complexes

SI.No | Compound Wave Wavelength(cm) Transitions
number(nm)
1 Cr complex 365 27397 ‘Ag ( FITY
497 20120 (F) “Ag ( F
g (F)
2 Mn complex 200 50000 ny’  *
342 29239 °A1g Y'Alg
©)
3 Fe complex 336 29762 ny’  *
388 25773 °A.g Y'Alg
(G)
4 Co complex 478 20920 “Tg YT
660 15151 “T.g Y* AL
5 Ni complex 336 29761 *Ag Y Tg(F)
510 19607 *A.g Y3T.g(P)
6 Cu complex 276 36231 ’E,g Y°T1g
7 Zn complex 229 43668 nysx
262 38167 Yy
344 29069 Ak
8 Cd complex 235 42553 ny*
340 29411 Y
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Fig.27. Electrontc spectrum ol Fig.28. Electront spectrum of
CrBH NiBH

5.5.1.Molar conductance

The molar conductance measurements in DMSO were carried out

ata concentrationof ’5 ol uti on at 28e C. The H
metal complexes in were observedb® in the range of-200hm

lem’mol™ and their lower values suggests the -etectrolytic

naturé®.

5.5.1.9Magnetic measurements

The magnetic moment values of the complexes helps in the
prediction of their structure along with their electronic spectra. Th
Cr (1) complex possesses magnetic moment of 1.52 BM. It is
suggested that if the measured value of the metal complex is in the
range of 1.22.5 BM, they possess to have an octahedral geometry.
Magnetic moment values of daw spin Mn (II) complex having
octahedral geometry are nearly 2.5 BM and that of an high spin
Octahedral Mn (II) complex is between 5.64 and 6.15 BM. In the
current case the complex possess a value of 4.64 BM which
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suggests the octahedral nature of tbenglex. Fe (Ill) complex
hawe a magnetic moment value 083.BM which corresponds to
three unpaired electrons and they possess to have an octahedral
geometry. Co(ll) complexes with one unpaired electron can either
form octahedral as well as square plac@nplexes but complexes
with three unpaired electrons may form either tetrahedral or
octahedral complexes. In the present case Co (Il) complex have a
magnetic moment value of 4.32 BM suggesting their octahedral
geometr{®. Octahedral Ni (1) complexes hexa magnetic moment
values in the range of 2.6030BM, due to sphorbit coupling or
higher state mixing with ground state. The Ni (Il) complex with a
magnetic moment value of 3.38 BNnhdicates its octahedral
geometry". The magnetic moment value of coppemplex is 1.25

BM corresponding to their one unpaired electron suggesting their
octahedral geomett Zn (I1) complex and Cd (Il) complexes are
diamagnetic in nature.

5.5.1.6 hermal analysis

The metal complexes were subjected to thermal studieghveitaid

of TG-DTA, DTG data. The data provides information about the
kinetic parameters, mechanism of decomposition and probable
assignments in the decomposition curve. The kinetic parameters
studied by non isothermal ith@d and discussed in part Il

5.5.17X-ray diffraction

The XRD pattern of the ligand and metal complexes gives a brief
account of crystal lattice structure, interplanar distance, crystalline

size etc. PXRD stiies were discussed in part 11l
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Fig.29. Structure oimetal complexes of the ligand HBH
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CHAPTER 6

STUDIES ON Cr (111), Mn (1), Fe (I I1), Co (I1),
Ni (1), Cu (1), Zn (1), Cd (1) COMPLEXES
OF HBV

6.1Introduction

Valine or 2Amino-3-methylbutanoic acid is an essential amino
acid which helps in the biosynthesis of proteins. Valine is a
branched chain amino acid which is provided to the body through
foods contaiing protein, such as meats, dairy products, soy
products, beans and legumes. Valine was named from valeric acid
which is found in the roots of the plant valerian. It was first isolated
from casein by the German Chemist Emil Fischer in 1901.Valine is
an alphatic and hydrophobic amino acid in nature. The valine is an
insulin resistant and maintains mental vigor, muscle coordination

and emotional calm.

lelllr-{.

Fig.30.Valine

A tritentate Schiff base ligand derived frorvanilin and Lvaline

is complexed with vanadium metal ion in a distorted octahedral
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environment and the binding properties of the complex binds to
calf thymus DNA have been investigatedN-(salicylidine)}L-
valine and its copper complex have been prepared and were
characterized by the single crystal XRD, W& and FTIR?
Thermal study and antibacterial activity of the schiff base formed
by condensing 4hlorobenzaldehyde and some amino acid-(DL
Alanine, DL-Phenyalalinane and Dlaline) have been reported by
Salami et &. Onestep synthesis and structural assignment of five
new chiral dialkyltin complexes of NalicylideneL-valine and its
potential to act as a chiral Lewis acid catalyst have been reported
by Tian et ai*. Bencela et al synthesized Ni (Il) and zn (Il) meal
complexes of schiff base derived from Citral and Valine and the

antimicrobial activity was investigat&d

HBV is a potential bidentate ligand which has been prepared and
eight transitionmetal complexes have also been synthesized. The
elucidation of the structure of the HBV ligand and its complexes

studied using various spectral and physicochemical methods.
6.2 Experimental
6.2.1Preparation of HBV

0.1 M solution of diphenyl glycolic acid in aqueous ethanol was
mixed with 0.1 M ethanolic solution of valine potassium salt and
refluxed for 3 hours on water bath. The resulting solution

concentrated for few minutes and the ligand crystallizes out and
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wadhed with ethanol and dried over anhydrous GaGé melting
point was found to be 24¢.

Aqueous

o]
@——OH +H2N—TH—E—OK+%:I> </_\> ‘ HN—E TH—CH3

CH—CHs; CHg
COOK* COOK* COOK*
CH,4

Scheme 4The reaction pathway of the ligand HBV
6.3 Results andDiscussion
6.3.1 Characterization of the ligand

The ligand ischaracterized by CHN analysis, IR, UYHNMR
studies. The description of the ligand is discussed in the following

sections.
6.3.1.1Micro analytical data

The newly synthesized ligand having the molecular formula
C19H190NOy is white crystalline powder. Elemtal analysis data is

in good agreement witlthe suggested molecular form(ifable
18).The ligand is soluble in all common solvents such as methanol,
ethanol, DMSO, DMF etc.
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Table 18 Analytical data of ligand (HBV)

Compound

Elemental Analysis
Colour |yield | Found(Calculated)
C H N

Molecular | Melting
Weight point

CigHigNO, | 327.39 | 249 C

Pale
yellow

80 | (70.95) (4.88)| (3.59)

6.3.1.2. IR spectrum

Table.19IR spectral data

No. | Compound | g (-B) | o(N-H) |9 ( CQA (9 ( COM|g( C=| &
1. | CigHigNO, 3368 3207 1592 1382 1832 1200

The FTIR spectrum of the ligand was recorded in the range 4000
400 cm' and presented ifig.31and the IR spectral values are
tabulated intable 19 The sharp peak at 3368 t¢nmay be
attributed to NH stretching vibration. The bands at 1592 and 1382
cmtare assi gngh) teondy sghnQE@aiely.
The g (C=0) baaddi s HOdhagdis@a®l200c m

Cm_1.6
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Fig.31. IR spectrum of the HBV ligand

6.3.1.3. Electronic spectrum

The solid state UWisible spectrum of the ligand was recorded in

the region 20000 nm (fig.2) and values are tabulatedtable 20

The conpound gives peaks at 260 and 348 in which former

peak indicates tcdtbe lattey mdy bd dumtosi t i on

nY * transition

Table 20.Electronic spectral data

No.| Compound | Band nm cmt Assignments
1. C19H19NO, 260 38461 20
343 29154 ny *
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Fig.32.Electronic spectra of ligand
6.2.2 Preparation of the transition metal complexes

The metal complexes were prepared by adding the metal
acetate/chloride solution drop wise to the hot ethanolic solution of
HBV solution. A pinch of sodium acetate trihydrate was added and
was refluxed for 1 hour, and cooled to room temperature. The
crystallineprecipitate was collected and washed several times with

water and dried in dessicator.
6.3.2 Characterization of the transition metal complexes

The metal complexes were found to be insoluble in water and
soluble in dilute hydrochloric acid and partiallglgble in organic
solvents like alcohol, DMF, DMSO, etc. The complexes have

undergone elemental analysis, magnetic measurements, electronic

10¢€
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and infrared spectral studies, molar conductance measurements and
thermal analysis. The data obtained helped toigrélte properties,
structure and geometries of the complexes.

6.3.2.1. Elemental Analysis

The elemental analysis of the metal complexes was conducted by
the standard methodsCHN analysis carried out to found the
percentage of carbon, hydrogen and nitrogen. Ligand act as both
bidentate and tridentate in some metal complexes. The metal

complexes are formed in both 1:1 and 1:2 ratios. The details of the

metal complexes arabuated in table 21 and further details are
tabulated in table 21 and further details dascribed in the

following sections.

Table 21. Molecular formulae, colours, elemental analysis data,
conductivity and magnetic moments of the complexes

Molecular | Melting . 1 o
Compound Weight point Colour | yield € off M%
Pale

Ci1oH1sNO4(HBV) 327.39 249 yellow 80 | 45| - -
Dark 10.32
Cr(BV)(H,0),(CH,CO0O), | 533.38 >300 green 60 | 6.5 | 1.38 (10.28
Mn(BV)(H20)s 454.32 | >300 | Brown | 70 | 8.3 | 452| 1086
(10.78
Reddish 13.38
Fe(BV)(H,0).Cl, 554.27 >300 brown | 70 |102|3.28 (13.32
Co(BV),(H,0), 749.71 | >30¢ Pink 60 | 6.7 | 4.16 (g'gg
. Bluish 16.96
Ni(BV) »(H,0), 877.69 >300 green 60 | 5.9 | 3.21 (16.40
Cu(BV)(CHCOO), 626.93 | >300 | Brown | 80 | 7.3 | 1.29 (g'ég
Zn(BV)(CH;COO0), 628.77 >300° | White | 70 | 6.9 | DIA (g'gg
Cd (BV)(H,0), 475.80 >300° | White | 60 | 8.9 | DIA (2‘3"23
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6.3.2.2. Infrared studies

The characteristic IR spectra of the metal complexdbeobpectra
are given in Table 22The IR band irthe region 350100 cm'
may be d WHgstrdtching gibrafidd of the liganthe IR
band in the region 3468600 ctdue to g ( OH)
metal complexes indicating that the hydrogen atom of the OH
group of the water molecules which is fumthsupported by the
peaks at 800 cihregior?'®. The GO stretch at 1208m* is red
shifted to 11701200 cnT suggests the participation of enadli©H

in the complexation. The bands at 1590 'cmnd 1344 cm

assigned ti.gmmt haen dg sg) GEpEOtLEly, a shift
to lower frequencies indicating the reduction of electron density in

remaii

the oxygen in carboxylate group when coordinate to the metal ion.

The differenceasmpetweeygn & gEEO O
than 140 cnt suggesting unidentateature of acetate group. New
absorption bands in the region 5300 cnitas si gne dd) t o

stretching vibrations 3.

10¢
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Table 22IR spectral bands and their assignments of the metal

complexes
g(-q ~ 98|
No. Compound (N- g (CQRAN | 9 ( CYMD 2 (M-
| 0)
1. | CioH1oNOL(HBV) - [ 3368 1592 1382 - 552
2. | Cr(BV)(H,0),(CH,COO), | 3406 | - 1492 1346 847 | 510
3. | Mn(BV)(H,0), 3434 - 1653 1447 806 | 522
4. | Fe(BV)(H,0),Cl, 3428 - 1628 1384 858 | 428
5. | Co(BV),(H,0), 3631 3389 1545 1357 837 | 499
6. | Ni(BV),(H,0), 3642 | 3391 1584 1413 804 | 522
7. | Cu(BV)(CH,COO), - [ 3328 1559 1374 - 528
8. | Zn(BV)(CH,COO0), - [ 3398 1558 1384 - 425
9. | Cd (BV)(H,0), - [ 3389 1559 1423 857 | 418
70 60
50
B 2w
£ o 3
g £ 20
E > &
| Y m
10 10
o0 3000 2om 1000 a0 2000 o s

‘wavenumber(cm ')

Fig.33.IR spectrum of CdBV ligand
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Fig.35.IR spectrum of MnBV ligand
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Fig.34.IR spectrum of CoBV ligand
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Fig.36.IR spectrum of NiBV ligand
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6.3.2.3Electronic spectra

Electronic spectra of the ligand were recorded in the rang®200

nm and it exhibits bands 260 and 343nm which is attributed to

the Y * and nY " * transitions resp
the metal ion with the ligand is detected by the red shift of these

bands.

The band appearing around 264 nm, 428 nm and B80in the
spectra of Chromium [Il) complex suggests the octahedral
geometry.Here Mn (Il) complexes showw intensity weak bands
at 432nm due to®A;g g (G) and314nm dueto ~ Y~ *

transitions, and respectively, in an octahedral field of Mn (Il) ion.

The absorption band ofeF(lll) complex In the range 480m
assigned t,g Y’Eg transition. Two bands observed 88 &nd
336 nm due t6Ag YYA.g ( G) a rFbm $p¥ctral data, an

octahedral geometry is proposed for the Fe (lll) chelate.

The electronic spectra of cobalt)(thetal complexgive three bands
at 252, 331 and 361m. It is assignable to octahedral geométry
The nickel(ll) complexes exhibit two -dl transitions in the
electronic spectra at abobi¥4,394 nm and 252m due to’A.g (F)

Y TP 189 (FIg VY ( Rand(y transitions
respectively’. The Cu (Il) complex electronic spectrum shows a
broad band in the region 4780 nm and is assignable tedd
transition'” *® The electronic spectra of zn (I) and Cd (ll)

11C



Characterization Studies of the Diphenyl Glycolic Aciéiminoacid
Ligand and Its Metal Complexes

complexes do not show any characteristi¢ glansition bands and
they are diamagnetic in nature.

Table 23 Electronic spectral bands and their assignments of the
metal complexes

Wave Wavelength
SI.No | Compound number ) Transitions
(cm™)
(nm)
264 37879 ‘Ag ( FITXY (P
1 Cr complex 428 23364 ‘Ag ( FITY (F)
590 16949 ‘Ag ( FITY (P)
5 Mn complex 314 31847 . ny’ =
432 23148 A.g Y'A.g (G)
336 29762 .
3 Fe complex igg ggégg °A:g Y'Aig (G)
252 39682 ar | o4
4 Co complex 331 30211 411_—19 \.\(.(4 ng
361 27700 19 7 A0
252 39682 ny*
5 Ni complex 394 25380 A0 Y3T9(F)
674 14836 A0 Y3T.9(P)
331 30211 ny*
6 Cu complex 356 28089 Y
531 18832 ’E,g Y?T19
330 30303 ny*
7 Zn complex 347 28818 Y
358 27932 Yy
235 42553 nyr
8 Cd complex 341 29325 N

6.3.2.4Molar conductance

The low molar conductance values of thé*$6lution of the HBV
ligand and its metal complexes in DMSO suggest that the

complexes behave as netectrolytes and are neutral in nattite.
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6.3.2.9Magnetic measurements

The magnetic moment values of the complexes helps in the
prediction of their structure along with their electronic spectra. The
Cr (Ill) complex mpssesses magnetic moment of 1B€. It is
suggested that if the measured value of the metal complex is in the
range of 1.2 2.5 BM, they possess to have an octahedral gegmet
Magnetic moment values of law spin Mn (Il) complex having
octahedral geometrgre nearly 2.5 BM and that of ligh spin
Octahedral Mn (II) complex is between 5.64 and 6.15 BM. In the
current case the a@mplex possess a value of 4.8M which
suggests the octahedral nature of the complex. Fe (Ill) complex
hawe a magnetic moment value of 8.BM which corresponds to
three unpaired electrons and they possess to have an octahedral
geometry. Co(ll complexes with one unpaired electron can either
form octahedral as well as square planar complexes but complexes
with three unpaired electrons may form either tetrahedral or
octahedral complexes. In the present case Co(ll) complex have a
magnetic momenvalue of 416 BM suggesting their octahedral
geometry’® Octahedral Ni(ll) complexes have a magnetic moment
values in the range of 2.6030BM, due to sphorbit coupling or
higher state mixing with ground state. The Ni(ll) complex véth
magnetic momentvalue of 3.21BM indicates its octahedral
geometry?! The magnetic momewalue of copper complex is 1.29
BM corresponding to their one unpaired electron suggesting their
octahedral geomet”?Zn(ll) complex and Cd(ll) complexes are
diamagnetic in nature.
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CHAPTER 7

STUDIES ON Cr (111), Mn (1), Fe (Il 1), Co (II),Ni
(I1), Cu (I1), Zn (), Cd (1) COMPLEXES OF HBL

7.1 Introduction

Leucine or2-Amino-4-methylpentanoic acid is an essential amino
acid which is used in the biosynthesis of proteins. In humans it
cannot be synthesized in our body it must be provided through our
diet by taking the food such as meats, dairy products, soy products
andbeans. Leucine exhibit pharmacological activity in humans and
shows the ability to stimulate the myofibrillar muscle protein
synthesis. This pyruvate family amino acid is important for the
blood sugar level regulation, wound healing and growth hormone

production.

Fig.38.Leucine

The Schiff base ligand derived from the condensation of leucine

and 2acetylpyridine and their metal complexes were synthesized
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and characterized by Hosny et'alThe antimicrobial study of the
leucine derivative with salicyldeldg was studied by Perv&zand
coworkers with different bacteriaEécheria coli, Staphylococcus
aureus, Bacillus subbtilis) and fungal strains (Alternaria alternate,
Aspergillus flavus and Aspergillus niger). The Fe(ll) and Cu(ll)
complexes of leucinewere synthesized and characterized by
Asemavé®. The antibacterial study of these complexes was
evaluated by the agar diffusion method. The synthesis and
characterization of a series of nickel (Il) complexes of Schiff bases
obtained by theondensation o2-hydroxy-3-methylbenzaldehyde
and 2, 4dihydroxy-benzaldehyde with glycine, Dalanine, DL
valine, DL-methionine, Lleucine, and Dtphenylalaninavere
reported® The theranostic potential of binuclear amino acid Schiff
base derived by condensing LeucinedaSalicyladehyde was
reported”.

HBL is a potential bidentate ligand which has been prepared and
eight transition metal complexes have also been synthesized. The
elucidation of the structure of the BEU ligand and its
complexes studied using various ejpal and physicochemical
methods.

7.2 Experimental

7.2.1 Preparation of HBL

0.1 M solution of diphenyl glycolic acid in agqueous ethanol was

mixed with 0.1 M ethanolic solution of Leucine potassium salt and

11€
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refluxed for 3 hours on water bath. Thesulting solution
concentrated for few minutes and the ligand crystallizes out and
washed with ethanol and dried over anhydrous H@ melting

point was found to be 280 .

o

” Aqueous
. ethanol H
R @7HN_T_HZC_TH_CH3

CH
CoOK* ’ K* K+ crts
COOK COOK
CH—CH,

CHs

Scheme 5The reaction pathway of the ligand HBL
7.3Results and Discussion
7.3.1 Characterization of the ligand

The ligand is characterized by CHN analysis, IR, UV studies. The

description of the ligand is discussed in the following sections.
7.3.11 Micro analytical data

The newly synthesizedigand having the molecular formula
Co3H19NOs is pale yellow in colour. Elemental analysis data is in
good agreement with the suggested molecular formula. (P&ple
The ligand is soluble in all common solvents such as methanol,
ethanol, DMSO, DMF etc.
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Table 25 Analytical data of ligand (HBL)

' Elemental Analysis
Compound Molecular | Melting | . yield |__Found(Calculated)
Weight Point
C H N
Pale 71.02 | 6.89 | 4.23
CaHzNO, | 34141 | 260 | ()0 | 80 | 7650) (673)| (4.0)
7.3.12 IR spectrum
Table 26 IR spectral data
il o | g g g | 2
No. | Compoun O- | (N- C-
p (H) (H) (COOasymm) | (COOgymm) | (C=0) (O)
1. | CyoHNO, | 3398 - 1617 1388 1732 | 1174

The FTIR spectrum of the ligand was recorded in the range 4000

400 cm' and presented in fig.39he broad band &398cn is

assigned to the @ stretching vibration of phenolic oxygen. The

N-H stretching bands were overlapped by theH Gstretching

vibration. The bands at 1617 and 1388cmr e assi gned t
(COOsymm and sgmrespedt@® | y. The gsa C=0) b
1732cm*and t fOgbamy is@@17dm™®

11¢
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Fig.39. IR spectrum of the ligand
7.3.13 Electronic spectrum

The solid state uvisible spectrum of the ligand was recordaed

the region 20000 nm (fig.40 and spectral data are tabulated in
table 27The compound gives peaks at 260 and 867 nm in which
former peak indicates the ~Y *

due to nY'’™* transition.

Table 27 Electronic spectral data

No.| Compound | Band nm cm’ Assignments
264 38461 Yo

1. C20H21NO4 325 11534 ny’  *
361 30303 ny *

11¢
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Fig.40. UV spectrum of the ligand

7.3.ZPreparation of the transition metal complexes

The metal complexes were prepared by adding the metal
acetate/chloride solution dropwise the hot ethanolic solution of

HBL solution. A pinch of sodium acetate trihydrate was added and
was refluxed for 1 hour, and cooled to room temperature. The
crystalline precipitate was collected and washed several times with

water and dried in dessicator
7.3.3Characterization of the transition metal complexes

The metal complexes were found to be insoluble in water and
soluble in dilute hydrochloric acid and partially soluble in organic

solvents like alcohol, DMF, DMSO, etc. The complexes have

12C
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undergone elemental analysis, magnetic measurements, electronic
and infrared spectral studies, molar conductance measurements and
thermal analysis. The data obtained helped to predict the properties,

structure and geometries of the complexes.
7.3.31 Elemental Analysis

The elemental analysis of the metal complexes was conducted by
the standard metho8s.CHN analysis carried out to found the
percentage of carbon, hydrogen and nitrogen. Ligand act as both
bidentate and tridentate in some metal complexdse Tnetal
complexes are formed in both 1:1 and 1:2 ratios. The details of the
metal complexes ar@bulated in table 28 and further details are

described in the following sections.

Table.28. Molecular formulae, colours, elemental analysis data,
conductivty and magnetic moments of the complexes

Molecular | Melting . 1 o
Compound Weight point Colour | yield €eff M%
CooH23NO, (HBL) 341.41 260 | White | 80 | 28| - -
Cr(BL)(H,0),)(CH,COO), | 487.99 | >30@ | P&k | 70 | 65 | 1.56| 10-69
2H2N-TT8 ' green ' ' (10.65)
Mn(BL)(H,0), 46794 | >300 | Brown | 60 | 6.8 | 5.08] 11.74
Light 11.07
Fe(BL)(H,0),Cl, 554.27 | >300 brown | 70 | 89 (376 (11.92)
Pink 7.58
Co(BL); (H;0), 776.93 | >30¢ brown | 60 | 7-8 (438 (7.62)
Ni(BL) o(H;0), 776.69 | >300 Z'r‘é'z'r‘] 60 | 85 |3.27| 7.55
Cu(BL)(H,0),)(CH,CO0), | 55855 | >3000 | Grey | 70 | 7.2 [ 1.42] 11.37
Zn(BL)(H,0), 476.37 | >300 | White | 60 | 16.4| DIA | 13.3026
Cd(BL)(H.0), 489.41 | >300 | White | 60 | 12.7| DIA | 22.9686

121



Characterization Studies of the Diphenyl Glycolic Aciéiminoacid
Ligand and Its Metal Complexes

7.3.32Infrared studies

The characteristic IR spectra of the metal complexdbeobpectra

are given in Tabl29 and the IR spectrum shown in figure4d

The IR band in the region 35@100 c due to g ( OH)
coordinated in the metal complexes indicating that the hydrogen
atom of the HO group is attached toatmetal'° The GO stretch

at 1174 cm™ is red shifted to 11001150 cm® suggests the
participation of enoli¢ OH in the complexation. The bands at 1617
cm'and 1388 clas si gned tagmmyt haen dg <gk) Q COCD O
respectively, a shift from the values indicates the binding of oxygen

in carboxylate group when coordinate to the metal ion. The

di fference hspd) waanrd G (6@ than

140 cm® suggesting unidentate nature of acetate group. New
absorption bands in the region 4660 cma s si gnedd) t o g

stretching vibration&™™*3

Table 29.IR spectral assignments of the metal complexes

No. | Compound 99 N |g(cam | o(com| om| n
|y 0)
1. | C,oH,aNO, (HBL) 3398 - 1617 1388 - -
2. | Cr(BL)(H,0),)(CHsCOO), | - | 3411 1629 1385 835 | 543
3. | Mn(BL)(H,0), -~ [ 3359 1598 1318 812 | 498
4. | Fe(BL)(H,0),Cl, -~ [ 3418 1624 1384 798 | 432
5. | Co(BL), (H,O), 3631 | 3501 1546 1360 837 504
6. | Ni(BL),(H,0), 3641 | 3357 1636 1409 828 547
7. | Cu(BL)(H,0),)(CH,COO) | - | 3318 1610 1396 853 | 571
8. | Zn(BL)(H.0), -~ | 3325 1653 1367 810 | 561
9. | Cd(BL)(H,0), 3407| - 1796 1416 857 | 458
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7.3.33 Electronic spectra

The electronic spectrum of the ligand was recorded in the range
200900 nm and it exhibits bands 264,325 and 36 nm. The
bands attributed to the ~Y * and
Theshift in the value of the bands from the ligand to the complexes
explains the metal coordination with thgdnd and is tabulated in

table 30.

Chromium (I1) ion is having d configuration and they exhibits

three spirallowed transitions i.e’A,g  ( FAT.g () (W), “Asg

( F) “Tg (F) (w), “A2g ( F*Nag (P) (w) at 251 nm, 430 nm

and 575nm respectively suggesting the octahedral stereochemistry

of the chromium complexes. In the study Mn (ll) complexes show

low intensity weak bands at 2681 duetahe” Y * trandsi t i on
other band at £ nm due to°A;g Y*A:;g (G) transitionin an

octahedral field of Mn (1l) ion.

The Fe(lll) complex spectra consists tifree bands at in the range
507 nm assigned t@.g YPEg transition. From spectral data, an
octahedralgeometry is proposed for the Fe (lll) chelate. In the
present work cobalt (II) metal complexes exhibits two bands in
electonic spectra of Co (Il) at 400 and 508i. It is assignable to
octahedral geometry.

In this study nickel(ll) complexehaving bads in the region 66
nm, 392 nm and 328m assigned to the transitidd,g  ( F°J.g Y
(F)d), IAsw  ( F)’TgY ( R) and(ngY ~ *respectively
suggesting the octahedral stereochemistry of the Ni(ll) chéiates.
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The broad bash at 504nm is assignable to-dtransition which is in
agreement with an octahedral geometry of the Cu (Il) contflex.
The Zn (II) and Cd (Il) complexes showed bands almost similar to
ligands and they are diamagnetic in nature

Table.30. Electronic spectral bands and their assignments of the
metal complexes

SI.No | Compound Wave | Wavelength | Transitions
number| (cm)
(nm)

1 Cr complex 251 39840 ‘A g ( F) YT
430 23255 (F) ‘Ag ( F
575 17391 “T.g (F)

‘Ag ((F) YTug
(P)

2 Mn complex 265 37735 ny’ =
342 29239 °A.g Y'A.g (G)
408 24510
492 20325

3 Fe complex 330 30303 ny’ =
371 26954 °A.g Y'A.g (G)
507 19723

4 Co complex 255 39215 ny*+
331 30211 Yy o+
400 25000 “T.g Y*Tog
533 18761 “T.g YA

5 Ni complex 225 44444 ny*+
329 30395 Y *
392 25510 A0 Y°T.g(F)
666 15015 *A.g Y°T.g(P)

6 Cu complex 267 37453 ny*
365 27397 Yy o+
504 19841 ’E,g Y2T1g

7 Zn complex 226 44247 ny*
259 38610 Y *
344 29069 Y *

8 Cd complex 272 36764 Y
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7.3.34 Molar conductance

The molar conductance values iie 10° solution of the HBL
ligand and its metal complexes in DMSO were observed are in the
range of 420ohm'cnm’mol™® and the low values of conductance
suggest that the complexes behave as-abecirolytes and are

neutral in naturé®
7.3.35 Magnetic measurements

The magnetic moment values of the complexes helps in the
prediction of their structure along with their electronic spectra. The
Cr (lll) complex mssesses magnetic moment of 1B4. It is
suggested that if the measured value of the metal cangpla the
range of 1.22.5 BM, they possess to have an octahedral geometry.
Magnetic moment values of an low spin Mn (lI) complex having
octahedral geometry are nearly 2.5 BM and that of an high spin
Octahedral Mn (Il) complex is between 5.64 and 6.M. By the
current case theomplex possess a value of 5.88 which
suggests the octahedral nature of the complex. Fe (lll) complex
havea magnetic moment value of 3.B3 which corresponds to
three unpaired electrons and they possess to have an octahedra
geometry. Co(ll) complexes with one unpaired electron can either
form octahedral as well as square planar complexes but complexes
with three unpaired electrons may form either tetrahedral or
octahedral complexes. In the present case Co (ll) complexéave

magnetic moment value of 4.3M suggesting their octahedral

12¢
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geometry?’ Octahedral Ni (Il) complexes have a magnetic moment
values in the range of 2.6030BM, due to sphorbit coupling or
higher state mixing with ground state. The Ni (Il) complex veith
magnetic moment value of 3.2BM indicates its octahedral
geometry?! The magnetic momenalue of copper complex is 1.42
BM corresponding to their one unpaired electron sugggsheir
octahedral geomet”7Zn(ll) complex and Cd(ll) complexes are

diamagnetic in nature.
7.3.36 Thermal analysis

The metal complexes were subjected to thermal studies with the aid
of TG-DTA, DTG data. The data provides information about the
kinetic parameters, mechanism of decomposition and probable
assignments in the decguosition curve. The kinetic parameters

studied by non isothermal method and discuss&aitill.

H Hy H GHs
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NH——CH——CH,;____ J—
dlo | 2—— CH—CH,
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Fig.47. Structure of metal complexes of the ligandlHB
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PART Il

THERMAL STUDIES OF THE SELECTED DIPHENYL
GLYCOLIC ACIABMINO ACID METAL COMPLEXES






CHAPTER 1
INTRODUCTION

The human era began with the mesmerizing eftdcheat on
materials. The physical changes that occurred to the materials
during heating are unique to that specific material. So the analysis
of the thermal property of the materials provides information
regarding them. The history of thermal analytidabges dates back

to the 19" century. Thermal data impart the details of the changes
in the macroscopic properties such as temperature (T), pressure (P),
ent hal py (H), entropy (S) and Gibb
monitor any specific property of thematerials as a function of
temperature are the thermal analysis method and the most
important techniques are: Thermogravimetry (TG), Differential
thermal analysis (DTA) and Differential scanning calorimetry
(DSC)*". The progress in the thermal analységjins from the last

half of the 28' century. The application in the field of catalysis,
hazards evaluation and measuring important physical properties

quickly with enhanced precision made the technique more relevant.

Recent thermal analysis techniquastsas micro thermal analysis,
pulsed thermal analysis and fast scanning calorimetry have become
popular nowadays. In addition sample controlled thermal analysis
(SCTA) or controlled rate thermal analysis (CRTA) have been
reported in which the rate of salagproperty changes is controlled
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in some modes by controlling the sample temperature which is a
reverse concept of conventional methtd A highly sensitive
guartz crystal microbalance/heat conduction calorimeter has
recently emerged. The combinationlBf Raman, XPS, dispersive

X-ray with the thermal properties helps in detecting changes in

composition and mol ecular structur.

t her mal anal ysis6é by Ozawa convey
Duval*®, Smoothers and Yao ChiafigMackenzi¢” *® Schulzé®

and Garf® describe about the thermal analytical methods and their
instrumentation procedures in detail in their books. TG and DTA

which are used in the current study are outlined in the section.
1.1 Thermogravimetry

Thermogavimetry is one of the most important thermal analysis
methods that monitors the sample mass against time or temperature
on a controlled environmental furn&teThe sample is analyzed at

an increasing temperature at a constant rate or as a functiameof ti
The TGA unit consists of a furnace, microbalance, temperature
controller and a data acquisition system. The sample weight is
monitored on the microbalance while heating or cooling the sample
in the furnace according to a predetermined system. TGAow a

cost technique and needs a small amount of sample. TGA is a
destructive analysis and it may not be accurate due to the presence
of volatile components. TGA can be employed to determine the

thermal stability, oxidative stability, chemical compositionda
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water content.TGA can provide information about chemical
phenomena such as secawrder phase transitions, including
vaporization, sublimation, absorption, and adsorption and
desorption. TGA is commonly used for characterizing the
compound through chasteristic decomposition patterns, studies of
the degradation mechanisms and reaction kinetics, determination of
organic content in a sample and the determination of inorganic
content in a sample which can be used for predicting material

structures.

The sarple size can affect the shape of TG curve i.e, a large
sample may develop thermal gradients within the sample so finely
ground samples are preferred for the analysis. The TG curve
provides the details about the temperature at which the complexes
lose moisure or ignites into their oxide form. The DTG curve
records the difference in temperature between the sample and
reference as a function of time or temperature by keeping the
material under study and the inert reference in similar thermal
cycles. Nowaday synchronized TA@TA apparatusare available
since both TGTA need identical sample and experimental
conditions and the data can be rapidly obtained.

The structure of the chelating agents and their metal chelates shows
relationship with their thermal stability. The thermal stability of the
metal chelates can be predicted from the initial decomposition

temperature. The studies reported that the thermabrdposition

13t
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of the compounds helps to interpret the structure of the compounds.
The kinetic study can be done with the help of isothermal or non
isothermal method$?*.The kinetic parameters viz., energy of
activation, entropy and order of reaction candvaluated based on
the differential method employing the Freen@arroll equation,

the integral method using Cod®edfern equatici®® and the

approximation method using the Horowktetzger equatiof.

Thermogravimetry is used in various aspectsotueesthe problems

in chemistry. One is the phenomenological aspect in which the
temperature of initiation, maximum decomposition and completion
of the decomposition is evaluated. Another one is the kinetic aspect
in which the kinetic parameters such as émergy of activation,
pre-exponential factor and entropy of activation are determined.
There are two approaches used for the kinetic study of the weight
change viz., isothermal (static) and non isothermal (dynamic

heating) approaches.
1.2 Dynamic or Nor+isothermal Approach

The non isothermal method is the clarification of the degree of
transformation as function of time during a linear increase of
temperature in comparison with the isothermal method. There are
two modes under neisothermal conditions tovaluate the kinetic

parameters of the thermal decomposition reaction.

13¢
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1. A kinetic study that extends the simple homogeneous

kinetics to heterogeneous solid kinetics.

2. A mechanism based study that provides a physicochemical

description of the process.

The origin of the calculation of kinetic data from a TG curve is

based orthe kinetic equation
QEO @ (1)

Where x is the amount of sample undergoing reaction, n is the
order of reaction and k is the specific rate constant. The
temperature dependence of the specific rate constant k is expressed

by the Arrhenius equation.
v 0Q (2
where A is the e exponential factor, E is the activation energy, R
is the universal gas constant and T is the absolute temperature.
The kinetic equation
QEFQQO OF QT p | ()

may be considered as a general equation relating the parameters A,
E and n where A is the pmexponential factor, E is the energy of
activation, is the linear heating rate, R is the universal gas

constant and n is the order parameter.
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For the thermal decomposition of solid state reaction as the

following type:
A soie)Y  Boiigy*+ C (gas)

Several simpler and practically useful forms of equations for
calculating the kinetic parameters are given. The mass loss of the
reaction at time t, is monitored using a dimensionless quantity, the
fractional d e ¢ 0o mipealsfinet asdhe fraction ofvh i ¢ h

the sample decomposed. Therefore
-— a za fa Qe
in which
W;= mass loss at time t

WU = maximum mass | oss in t

for the reaction under investigation
Mo = initial mass of thesample
my= the mass at time t
my = the mass at the end of the reaction

The calculation of the kinetic parameters is generally made use the

eqguation (2) in some form or other.

13¢€
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The mathematical treatment of kinetic equations makes use of one
of the followingthree method of evaluation i) differential method

i) integral method iii) approximation method

The temperature integral on the right hand side of the equation
cannot be integrated in a closed form and different techniques have

been employed for the ewaltion of the temperature integral.
1.3Coats-Redfern method

The temperature integral is calculated by Coats and Redfern with

the aid of the Rainville function.
a&EQ| 1Y aeEoO0Y O p CY¥XO or'Y "Y(3)

This is the CoaRedfern equation. For the usual value of E and

temperature range in which the reaction generally occurs, the term
aeEO0OYO p <CYXO

is sensibly constant, sincd 2RT/E
against 1/T would be linear. E and A can be evaluated from the

slope and the intercept of the linear plot. The authors have
suggested a trial and error method
i.e., the value of n is calculated by trial and error methidte
entropy of activati on, -expa®ntial i s det

factor, A, using the equation

6 — QoBy- 4)
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where K is the Boltzmann constant, h is the Planck constaig, T
the peak temperaturefrom DTG/DTA andifkthe universal gas

constant.

1.4 Approximation method using the Horowitz-Metzger

equation

Horowitz and Metzger evaluated the approximate value for the
exptE/RT) by integrating it in the closed form. The equation
defines the t er nthegeaktentperatunes@dnds r el at «
temperature wunder c bln Sherdfere, the i on T,

Horowitz- Metzger equation forn =1 is
a e O ¥ o 1Yoy ;
whereQ| P P | p € Tp € (8

Where n=1, the lefhand side of the equation (8) would be leg [
In(2-U) ] .

A plot of log g(U) against d was dri
the slope of which E was calculated. The-exponential factor

was evaluated using the equation
oryYyY oF QWROrYY

where Ts is the peak temperature.

was calculated as earlier from equation (6). The disadvantage of

14C
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this method is that ¢lis dependent onprocedural factors such as
sample mass and heating rate.

1.5Mechanism of reaction from non-isothermal TG traces

Sestak and Sata¥/sand Redferff have developed a procedure for
deducing the mechanism of the reaction using-isothermal
kinetic methods. Satava reveals that a -isothermal reaction
proceeds in an infinitésal time interval isothermally, where the

rate can be expressed by an Arrhenius type equation.

QITQ06 0 QuAOrvy"'YqQ 9
Aisthepree x ponent i al factor, t i's the

the mechanism dhe process.

For a linear heating rate,= dT/ dt

Substitution into eqn(10) gives
QITQ 8T o 7T Qv (10)
integration of the LHS of the eqn.(11) gives
QITQ Q| 01T Q7T Qv (11

wher e tgh(el)i nitsegrated form of f (U).
proposed and the mechanism is obtained from that which gives the
best representation of the experimental data. Nine probable
equation mechanism given by Satava are given in Table 1.Several
authors ecommended that kinetic parameters can be evaluated

from the mechanistic equations, using the temperature integral,
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which is an incomplete gamma function in the form given by Coats

and Redfern. The equation used is the following:

the linear plots for the nine forms @fe"Q
drawn with the aid of origin software and by the method of least

Sguar es ahdthe Aorres@ei®ling correlation coefficient r,

aeQ) 1Y
atdY O

ory"y

for the linear plots were calculated.

T'¥ versus 1/T were

Tablel.1 Nine mechanistic equations

Function Equation Rate-Controlling Process
Op | Qo onedimensional diffusion
(0§ p | agp | | kt Two-dimensional diffusion,
Cylindrical symmetry

Co P p | 00 Threedimensional diffusion,
Spherical symmetry
Jander equation

Ot R (] p | 0o | Threedimensional diffusion,
Sphericalsymmetry,
Ginding-Brounshtein
equation

@ ap | Qo Random nucleation, on
nucleus at each particlg
Mampel equation

0¢g aép | 00 Random nucleation; Avrani
equation |

00 aép | 00 Randomnucleation; Avrami
equation Il

Y¢ P p | 00 Phase boundary reactio
Cylindrical symmetry

Yo P p | 00 Phase boundary reactio
Spherical symmetry
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1.6 Differential thermal analysis

Differential thermal analysis is a comparative analytical method in
which the temperature of a sample and a thermally inert reference
material are compared as the sample is heated or cooled at a
uniform rate. It is the plot between the temperature difteriera | &eT,
di fference between the reference
sample) | T (referencey @nd the temperature. The reference substance
should not undergo any decomposition or phase transition in the
temperature range -Aflumimabsofeen usedt i o n
as the reference material which that satisfies the condition up to
1950C.

1.7 Scope of the investigation

The thermal study of the diphenyl glycolic a@dhino acid metal
complexes was discussed in the current section. Thermal
decompaition of Mn (I1),Fe (1l1), Cu (II) and Zn (I) complexes of
HBG, Cu (Il) and Cr () complexes of HBH, Cu (Il), Ni (Il) and

Cr (IN) complexes of HBL complexes using the TG, DTG and
DTA techniques has been discussed in the chapter.

The TG plot gives thetemperature regions of stability, the

temperature of inception and the maximum rate of decomposition.
The TG curves discuss about thermal stability and decomposition
stages of complexes. Comparative studies of these data with DTA

have been carried out.
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The TG curves undergo non isothermal and isothermal analysis
with the aid of the integral method of the CeRedfern equation,

the approximation method of HorowiMetzger and nine
equations. The activation parameters have been determined for all
the metalcomplexes. The mechanistic equations recognized the
mechanism of the decomposition from the TG data.
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CHAPTER 2

MATERIALS, METHODS AND
INSTRUMENTS

2.1 Materials

The amino acid ligands and their metal complexes were prepared
from the analytical grade chemicals supplied by Sigma Aldrich and
E-Merck. Commercial solvents were used as they were obtained. A
detailed description of the reafs and their purity is described in
Part 1.

2.2 Methods

The preparation of the amino acid ligand and their metal complexes
was given in detail in the part 1 section. The thermogravimetric
information was recorded using®mg of samples at a constant
heating rate of 1C/min in the flowing air atmosphere using the
thermal analyzer. Computational work was done on a personal
computer with the help of the Microsoft Excel program and Origin

software.
2.3Instruments

Perkin Elmer make Pyris Diamond model thermal analyzer were

used for the thermogravimetric study of the compounds.






CHAPTER 3

THERMAL DECOMPOSITION KINETICS OF
METAL COMPLEXES OF DIPHENYL GLYCOLIC
ACID -GLYCINE, HISTIDINE AND LEUCINE

The thermal study of the complexes provides structural information
from the thermal behavior of the complexes. Thermal properties are
related to the molecular structure of the comegein such a
manner that thermal decomposition data give details about each
substituent bonded to the metal ion. The literature survey by
Donia® et al gives a brief detail about large number of transition
metal complexes and relation between their stmattproperties

and thermal stability. A thermal decomposition study of Schiff base
complexes of Co (Il) and Cu (Il) was reported by BhasRaeal.
Thermal decomposition kinetics of transition metal complexes of
Schiff bases and related ligands were orggd by Geetha
Parameswardf>®> et al. Emir® et al carried out the thermal
analysis of the Ni () Complex of 3, -4
Methylenedioxaphenylaminoglyoxime and the thermodynamic
parameters of decomposition was calculated. Refudied the
thermogravimetri@nalysis of metal complexes of a new thiophene
derivative containing an -aminobenzoic acid ligand and their
kinetic and thermodynamic parameters were calculated using the
CoatsRedfern and Horowitz and Metzger approximation method.
Kavitha and Anantha Lakmf® carried out the thermal study of
the metal complexes of hydrazine benzoxazine. Thermal studies of
transition metal complexes of thiosemicarbazide were carried out
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and kinetic parameters were also estinmétethe thermal behavior
of Cr (Ill) complexes of hydroxycarboxylic acids was studied using
their decomposition patterns and DSC cuf¥eSsing the Broido
method activation parameters were calculated by Praeinal.
Thermal decomposition study of the 1, -d@enanthroline
derivatives was investeged during their heating in inert ang N
atmospher&. Soliman and covorkers carried out the thermal
study of Schiff base, -Bhethoxysalicylidene2-aminothiophenol
and their kinetics study was also carried*dut

The thermal decomposition studies ofeséed metal complexes of

diphenyl glycolic acieglycine, diphenyl glycolic acidistidine and

diphenyl glycolic acidleucine have been described in this chapter.

The kinetic parameters of the decomposition reaction such as
activation energy E, pre expartefactor A and entropy of
activation &S of the decomposition
CoatsRedfern kinetic equation and nine equations.

3.1 Treatment of data

Mn (II), Fe (1l1), Cu (II) and Zn (II) complexes of HBG, Cu (Il)
and Cr (I11) complexesof HBH and Cu (ll), Ni (Il) and Cr (I 11)
complexes of HBL

The TG plots from the instrument were redrawn as weight
percentage versus temperature as the axis. The plots of the thermal
data are given in figure3.1 to 3.9. The temperature ranges, peak
tempeature, probable assignments and total mass from TG curves
of the Mn (I1), Fe (lll), Cu (ll) and Zn (lI) complexes of HBG, Cu

14¢
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(I and Cr (II) complexes of HBH and Cu (1), Ni (II) and Crl[)
complexes of HBL are summarized in the tab®4 to 3.4
respetively. The kinetic parameters data from the Cdéadlfern
kinetic equation and nine equations are given in the 8&abi8.10.

3.2 Results and [scussion

The metal percentage of the metal complexes from the pyrolytic
studies and also from the thermalidies was found as agreeable
with the calculated values. The thermal study data helps to confirm
the structure of the metal complexes. The final product of the
decomposition was identified to be the oxides of the corresponding
metals. The TG traces of teemplexes do not show any detectable
change up to 10C suggesting the absence of water of hydration
and mass loss around PBDattributed to the loss of coordinated
water molecule suggested by Nikol&et”

Two step decomposition patterns was obsefeeu (1) complex

of HBG among which first stage of decomposition stands for the
removal of four coordinated acetate molecules. The second stage
corresponds to the removal of Diphenyl glycolic acidic part of
ligand moiety and histidine part of the HBgand. From the
thermal data an overall weight loss of 74.27% while the theoretical
weight loss during decomposition of the complex is 73.98%. Their
DTA pattern suggests an exothermic curve for the decomposition.

Two step decomposition patterns was observed for Zn(ll) complex
of HBG among which first stage of decomposition stands for the
removal of four coordinated water and glycine part of the HBG

14¢
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ligand. The second stage corresponds to the removal of the
Diphenyl glycolic acidic part and glycine part of the HBG ligand.
From the thermal data an overall weight loss of 69.84%, while the
theoretical weight loss during decomposition of the complex is
66.99%. Their DTA pattern suggests an endothermic curve for the
decanposition.

Two step decomposition patterns was observed for Fe (lll)
complex of HBG ligand among which first stage of decomposition
stands for the removal of two coordinated water and coordinated
chlorine atom. The second stage corresponds to the renfaved o
Diphenyl glycolic acidic part and glycine part of HBG ligand.
From the thermal data an overall weight loss of 79.93%, while the
theoretical weight loss during decomposition of the complex is
79.19%. Their DTA pattern suggests an exothermic curvehfor
decomposition.

Single step decomposition patterns was observed for Mn (ll)
complex of HBG ligand among which first stage of decomposition
stands for the removal of coordinated water and Diphenyl glycolic
acidic part of HBG ligand. From the thermaltd an overall weight
loss of 58.65%, while the theoretical weight loss during
decomposition of the complex is 58.27%. Their DTA pattern
suggests an exothaic curve for the decomposition and the
decomposition pattern of the above discussed complexes are
depicted intable 3l.and their TGDTA curve was shown in
fig.3.1-3.4.

15C
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Table 3.1Thermal decomposition data @h (I), Fe (lll) Ni (II) and Cu (I) complexes of diphenyl glycolic
acid- L i Glycine

Temp Peak Loss of mass %
Complex stage range temp F_Ir_(ém theoretical Probable assignment
55.18
I 255 18 205.18 40.85 40.51 Loss of 4CHCOO
[CuBG(CH,COO)] I 255.18 275 18 33.42 33.64 Loss of DAA part + loss of Glycine
295.18 part
74.27 73.98 [CuBG(CH,CO0)] Y GO
I 283411 53.41 23.91 22.10 Loss of 4HO+ loss of glycine part
[ZnBG(H,0)4] 203.4% 45.93
(422.37) Il 553 41 313.41 44.89 Loss of DAA part
69.84 66.99 [ZnBG(H,0)] YZn O +i mp
37.46 22.49
[FeBG(H0),CI2] I 167 46 167.46 23.87 Loss of 2HO+2Cl
(447.74) I 167.46 197 .46 56.05 56.70 Loss of DAA part + loss of Glycine
407.46 part
79.93 79.19 [FeBG(H0),CI| 2] ,OY F e
I 38.75 188.75 58.65 58.27 Loss of 2HO+ Loss of GzHi:N
[MNBG,(H;0);] 278.75
2\l'12 N/
(656.94) 58.65 5g.27 | [MnBG(H0)] Y Mg+
impurities
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Two step decomposition patterns was observed for @y (I
complex of HBH ligand among which first stage of decomposition
stands for the removal of four coordinated acetate and Diphenyl
glycolic acidic part of HBH ligand. The seam stage corresponds

to the removal of the Diphenyl glycolic acidic part and histidine
part of HBH ligand. From the thermal dada overall weight loss

of 69.3%6, while the theoretical weight loss during decomposition
of the complex is 71.04%. Their DTA patn suggests an

endothermic curve for the decomposition.

Two step decomposition patterns was observed for Cu (Il) complex
of HBH ligand among which first stage of decomposition stands for
the removal of four coordinated water and Diphenyl glycolic acidic
part of HBH ligand. The second stage corresponds to the removal
of the Diphenyl glycolic acidic part and histidine part of HBH
ligand. From the thermal data an overall weight loss of 79.81%,
while the theoretical weight loss during decomposition of the
complex is 77.73%.Their DTA pattern suggests an enduaticer
curve for the decomposition and the decomposition pattern of the
above discussed complexes are depictadbte 32.and their TG

DTA curve was shown ifig.3.5-3.6.
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Thermal Studies of the Selected Diphenyl Glycolic Aendino Acid Metal Complexes

Table 3.3Thermal Decomposition Data of @Hl) and Cu (Il) Complexes foDiphenyl Glycolic Acid- L -
Histidine

Peak Loss of mass %
Complex stage| Temp range From | theoretical Probable assignment
temp TG
I 40.09810.09| 90.09 50.42 48.90 Loss of 4 CHCOO+C6H5
[CrBH(CH,COO)] | 1 810.09 | 102009 | 2062 | 2140 | LOSSOf CINZH3+CH2+CH+
(639.99) 1020.09 NH+CO
21.04 69 3 [CrBH(CH3;COOQ})]
' ' Y C O3+ impurities
I 37.19717.19| 717.19 56.25 54.55 Loss of 4AHO+2C6H5+C+CO
255.18 Loss of
Egg?';é';zo)“] . 295.18 275.18 | 2355 22.35 C3N2H3+CH2+CH+NH
79.81 | 77.73 [CuBH(H,0)] Y Cu O+
impurities
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Thermal Studies of the Selected Diphenyl Glycolic Adidino Acid
Metal Complexes

Two step decomposition patterns was observed for @y (I
complex of HBLligand among which first stage of decomposition
stands for the removal of two coordinated acetate molecule and one
coordinated water. The second stage corresponds to the removal of
the one coordinated water and Diphenyl glycolic acidic part and
leucine par of HBL ligand. From the thermal data an overall
weight loss of 69.37%, while the theoretical weight loss during
decomposition of the complex is 71.1%.Their DTA pattern

suggests an endothermic curve for the decomposition.

Two step decomposition patternasvobserved for Cu (lI) complex

of HBL ligand among which first stage of decomposition stands for
the removal of one coordinated water. The second stage
corresponds to the removal of the one coordinated water and
Diphenyl glycolic acidic part and leucinanp of HBL ligand. From

the thermal data an overall weight loss of 69.24 %, while the
theoretical weight loss during decomposition of the complex is
72.50 %. Their DTA pattern suggests an endothermic curve for the

decomposition.

Three step decomposition tmErns was observed for Ni (I1)
complex of HBL ligand among which first stage of decomposition
stands for the removal of two coordinated water molecule and one
coordinated water and leucine part of HBL ligand. The second

stage corresponds to the removathe one coordinated water and
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Diphenyl glycolic acidic part and Leuine part of HBL ligand. From
the thermal data an overall weight loss of 59.92%, while the
theoretical weight loss during decomposition of the complex is
62.18%.Their DTA pattern suggests andothermic curve for the
decompositiomThe decompositiorpattern of the above discussed
complexes igddepictedin table 3.3 and their TGDTA curve was

shown infig 3.7-3.9.
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Thermal Studies of the Selected Diphenyl Glycolic Aendino Acid Metal Complexes

Table 3.4.Thermal Decomposition Datd &r (I11), Ni (I) and Cu (Il) Complexesfdiphenyl Glycolic Acid-

L - Leucine
-rr:nmg ,::(; ?ﬁk Loss of mass %
Complex 9 P Probable assignment
stage From .
TG theoretical
I 38-288 78 23.67 27.86 Loss of 2CHCOO+1H20
288 Loss of 1H20 +
EEQELS)(;ZO)Z(CH@OO)Z] I 798 368 45.70 46.92 | 5C6HE+2CH3+CH+CH2 ]
' 69.37 71.1 | [CrBL(H,0)(CH,COO)] Y GQ@,
36.75
I 186.75 46.75 2.75 3.22 Loss of 1HO
[CuBL(H,0),(CH;COOQ))] 186.75 Loss of 1HO+ 2CHCOO
(558.55) I 1016.75 266.75|  67.49 69.28 2C6H5+C++CO+2CH3+29H+CH
6924 | 7250 |[CUBL(H0)(CH,COO) Y GO+
impurities
36.4%
I 266.41 266.41| 9.701798| 10.1713 | Loss of 2HO+2CH3+CH
266.41
[Ni(BL) o(H;0);] Il 326.41 326.41| 25.547 26.7803 | Loss of 2C6H5+C+NH+CH+CH?2
(487.55) m | 325% | 336.41| 24.68386) 25.2352 | Loss of 2C6H5+C+2CH3
59.92 62.18 | [Ni(BL)(H.0)] YNi O+ i n
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Metal Complexes

3.3 Decomposition Kinetics

The thermal decomposition kinetic parameters viz activation
energy E, Arrhenius factor A, entr
parameters n for the thermal decomposition of the three complexes

were calculated. The values of E and A from the thermal data and

from the equations are nearly the same. The highly stable metal
complexes have larger activation energy for decomposition and a
negative @S value. The decomposi ti
complexes was deduced by the use of-isothermal kinetic
methodggiven by the Sestak and Berggren and Satava. The figured

out values of E and A from the mechanistic equation are in good
agreement with the values obtained from the -mathanistic
equation(Coats Redfern) and also with Horowitz Metzger equation

of the same order.

The values of kinetic parameters obtained for first stage
decomposition of Mn (II), Fe (111), Cu (II) and Zn (I) complexes of
HBG, Cu (Il) and Cr I(lI) complexes of HBH and Cu (II), Ni (II)
and Cr (II) complexes of HBL calculated from Coats Red
equation with n = % agree well with those values obtained for
equation 8. R mechanismbased on phase boundary reaction,
cylindrical symmetry gives the maximum correlation for the first
stage decomposition of Mn (IlI), Fe (lll), Cu (II) and Zn (Il
comgexes of HBG, Cu (II) and Cr () complexes of HBH and Cu
(1), Ni (1) and Cr (1lI) complexes of HBLKinetic parameters for
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the decomposition of Co (II), Ni (lII) and Cu (Il) complexes of
Diphenyl Glycolic Acid- L i Glycine, Diphenyl Glycolic Acid- L

T Histidine and Diphenyl Glycolic Acid L i Leucinefrom TG
using mechanistic equations and foachanistic equations are
tabulated in table 3:8.10. In the current study the order of thermal
stability was given on the basis of observation made by Nadu

co-workerg® 4"

MNBGa(H20)]< [ZNBG(H;0)4] <[FeBG(H0),Cl3]<
[CUBG(CHCOO)]

[CUBH(H.0):]< [CrBH(CHsCOO)]

[CrBL2(H20)2(CH3COO)]< [CuBL,(H20), (CH3;COO)]<
[NIBL 2(H20)]
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Thermal Studies of the Selected Diphenyl Glycolic Aendino Acid Metal Complexes

Table 3.6.Kinetic parameters for the decompositiorZof(ll), Fe (111) Ni (1) and Cu (II) complexes of
Diphenyl Glycolic Acid- L - Glycine from TG using mechanistic equations

mechanistic equations

Complex
! 2 3 4 5 6 7 8 9
E | 19690.33717 | 25106.16944 | 32971.7988 | 27661.30629 | 19834.73702 | 19834.73702| 19834.73702| 13469.95511| 15397.74137
A | 4.68155206 | 9.31014066 | 15.45591318| 10.29299107 | 5.823432311| 5.13028513 | 4.724820022| -1.04806537 | 0.422007718
[CUBG(CHCOO)] | S| -74.3494005 | -64.6695825 | -51.916397 | -62.5240768 | -72.0659658 | -73.4432493 | -74.2489084 | -86.4885473 | -83.3017326
r -0.94081701 | -0.9448172 | -0.94742916 | -0.94601896 | -0.94277771 | -0.94277771 | -0.94277771 | -0.93836097 | -0.94041584
E 3017.744 3743.275 4635.23626 | 4038.062948 | 1550.690303 | 1550.690303 | 1550.690303 | 857.6012449| 1076.887658
A | -11.6841494 | -11.5257577 | -12.0057285 | -12.6910136 | -11.8138282 | -12.5069754 | -12.9124405 | -13.2997923 | -13.4531163
[ZnBG(HOM S| -110.728858 | -109.986032 | -110.515059 | -112.150772 | -112.309493 | -113.686776 | -114.492435 | -116.439036 | -116.291268
r -0.73401013 | -0.77101883 | -0.80220079 | -0.78280821 | -0.61505717 | -0.61505717 | -0.61505717 | -0.44799987 | -0.51356421
E | 14760.15804 | 14952.77341| 15152.6378 | 15141.63977 | 6936.872559 | 6936.872559 | 6936.872559 | 6786.208701| 6835.96484
[FeBGHOLCI2] A | 1.724659486 | 1.321524015| 0.118057353 | 0.065947199 | -5.617752221| -6.310899401| -6.71636451 | -6.537476 -6.8681
@S| -8049359449 | -81.26886269| -83.63376789| -83.73875349| -96.5833115 | -97.96059494| -98.76625411| -98.45443456| -99.09686017
r -0.98433774 | -0.984029133| -0.983611411| -0.983529196| -0.97952324 | -0.97952324 | -0.97952324 | -0.980237424| -0.980027166
E 14069.21 14634.41 15273.72 14901.46 7149.113 7149.113 7149.113 6659.96 6817.964
A 0.534321 0.653235 0.065656 -0.48936 -5.430251 -6.123398 -6.528863 -6.82439 -7.0033
[MnBGAH0} @S| -82.91693 -82.60238 -83.68494 -84.83679 -96.11373 -97.49101 -98.29667 -99.02471 -99.33362
r | -0.970750849| -0.970741963| -0.970517888| -0.970946952| -0.9633605 | -0.9633605 | -0.9633605 | -0.963435052| -0.96349553
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Table 3.7.Kinetic parameters for thdecomposition of Ci() and Cu (ll) complexes of Diphenyl Glycolic
Acid - L T Histidine from TG using mechanistic equations

mechanistic equations

Complex
1 2 3 4 5 6 7 8 9
E 2114.62575| 3441.47363 | 5154.250105| 4005.849233| 1139.074974| 1139.074974| 1139.074974| -203.787239| 216.2050732
A | -14.2812678| -14.2812678| -14.6320704| -15.3153739| -13.7558799| -14.4490271| -14.8544922| -15.2428803| -15.3975106
[CrBH(CH;COO)]

S| -118.167234| -117.199521| -117.093973| -118.952552| -118.352568| -119.729852| -120.535511 -124.916374

r -0.5410699 | -0.5410699 | -0.69635156| -0.66300414| -0.32973525| -0.32973525| -0.32973525| 0.08723266 | -0.08240695

E | 2362.174742| 2602.063356| 2867.963843| 2690.485775| 488.4600268| 488.4600268| 488.4600268| 285.9059171| 351.6965569

[CuBH(H,0),] A | -13.1151217| -13.4497171| -14.5613762| -14.823252 | -13.3397165| -14.0328637| -14.4383288| -14.3312137| -14.6394721

S| -114.037681| -114.510335| -116.525872| -117.173149| -117.615622| -118.992906| -119.798565| -120.649954| -120.850944

r | -0.82121044| -0.84909182| -0.87450043| -0.85819435| -0.4697543 | -0.4697543 | -0.4697543 | -0.29041528| -0.35228382
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Table 3.8Kinetic parameters for the decomposition of Co (ll), Ni (lI) and Cu (Il) complexes of Diphenyl
Glycolic Acid- L T Leucine from TG using mechanistic equations

mechanistic equations
Complex
1 2 3 4 5 6 7 8 9

E | 3130.939669| 3231.64588 | 3336.069921| 3266.443603| 896.2404862| 896.2404862| 896.2404862| 817.5410375| 843.5372805
A | -12.2065042| -12.7199732| -14.0385101| -14.1622192| -12.8710073| -13.5641545| -13.9696196| -13.7039088| -14.0631624

[CrBL(H20)(CH;COOY]
S| -111.870472| -112.827829| -115.384572| -115.672291| -115.676337| -117.053621| -117.85928 | -117.513933| -118.165571
r | -0.74481107| -0.75277369| -0.76067151| -0.75545573| -0.51590595| -0.51590595| -0.51590595| -0.4853985 | -0.49574246
E | 2935.325342| 2948.625848| 2961.984923| 2953.078854| 740.8011639| 740.8011639| 740.8011639| 730.7763085| 734.1142586
A | -15.9504689| -16.6192797| -18.0989264| -18.1152136| -14.8752939| -15.5684411| -15.9739062| -15.586773 | -15.9861334

[CuBL(H20):(CH;COO)]
S| -119.096309| -120.416253| -123.317329 | -123.385675| -119.69572 | -121.073003| -121.878662| -121.136501| -121.920975
r | -0.95126108| -0.95161358| -0.9519636 | -0.95173076| -0.82709369| -0.82709369| -0.82709369| -0.82368975| -0.82483377
E 25923.98 | 2705873038 | 28267.12578| 27461.1777 | 13618.61704| 13618.61704| 13618.61704| 12704.28413| 13004.29866
INi(BL) 2(H-0),] A | 6.716571142| 7.097722766| 6.735509367| 5.973946899| -2.29673548| -2.98988267| -3.39534777| -3.85364631| -3.97555924
S| -69.93B354 | -69.0943612| -69.7272676| -71.2979686| -89.1253682| -90.5026516| -91.3083108| -92.3570435| -92.5529065
r -.93147842 | -0.9299758 | -.92836158 | -.92942902 | -0.9161077 | -0.9161077 | -0.9161077 | -.91801556 | 0.91738586
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Table 3.9Kinetic parameters for thdecomposition of Zn (ll), Fe (lll) Ni (Il) and Cu (Il)complexes of
Diphenyl Glycolic Acid- L T Glycine using non mechanistic equations

Complex parameter Coats Redfern Horowitz Metziger Mechanistic equation followed (r)ergc?trioo;
E 15397.74137 17596.14315
A 1.52062 -0.01256 Phase boundary reaction; Spherical
[CUBG(CHCOON ®S 81.1188 111.05 symmetry 213
r -0.9404 0.95319
E 1076.89 2859.15
[ZnBG(H;0)4] A -12.355 -0.47544 Phase boundary reaction; Spherical 23
®S -114.108 -115.315 symmetry
r -0.5136 0.84868
E 6835.96484 13044.36316
A -5.769483 -0.3923853 Phase boundary reaction; Spherical
[FeBG(HO)CI2] ®S 296.913917 1111210702 Sym)rlnetry P 213
r -0.98002 -0.98311
E 6817.964 10202.37
[MNBG3(H,0),] A -5.90469 -1.25616 Phaseboundary reaction; Spherical 23
P®S -97.15068 -112.4388 symmetry
r -0.96349 0.96571
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Table 3.10Kinetic parameers for the decomposition of @Hl) and Cu (Il) complexes of Diphenyl Glycolic

Acid - L T Histidine using non mechanistic equations

Complex parameter Coats Horowitz Mechanistic equation followed Order of
Redfern Metziger reaction
E 216.2050732| 5941.86397
A -14.2988983 | -0.04547138 2/3
[CrBH(CH,COO0)] ®S 122733432 | -108.957174 | Phaseboundary reaction; Spherical symmet
r -0.08240695 | 0.893864715
E 351.6965569 | 2294.344833
A -13.5408598 | -1.23266875 2/3
®S -118.668001 | -109.426596 | Phase boundary reaction; Spherical symme
[CuBH(H0)] r -0.35228382 | 0.8716®858
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Table.3.11Kinetic parameers for the decomposition of @HlI), Ni (I), and Cu (ll) complexes of Diphenyl
Glycolic Acidi L T Leucine using non mechanistic equations

Complex parameter Coats Redfern Horowitz Metziger Mechanistic equation followed (r)ergcetrioor:
E 843.5372805 5307.167734
A -12.9645501 -0.5112037
[CrBL(H,0),(CHsCOOY)] ®S -58.3707238 -55.1882997 Phase boundg reaction; Spherical 2/3
r -0.49574246 0.806760129 symmetry
E 734.1142586 4445.665138
A -14.8875211 -2.780904
[CUBL(H,O)(CH.COO} ®S -119.738032 -113.817473 Phase boundary reaction; Spherica
r -0.82483377 0.962451011 symmetry 2/3
E 13004.29866 17136.67431
[Ni(BL) 2(H20)3] A ~2.87694695 0976885 Phase boundary reaction; Spherical
®S -90.3699639 -112.913689 symmetry
r -0.91738586 0.947180588 2/3
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PART Il

X-RAY DIFFRACTION STUDIES OF THE DIPHENYL
GLYCOLIC ACIABMINO ACID METAL COMPLEXES






CHAPTER 1
INTRODUCTION

X-ray diffraction method is a significant tool for the elucidation of
the crystal structure of the compounds. Diffraction patterns are
used as the fingerprint for the compounds, as they can be described
in terms of the thredimensional arrangement of lattice points. It is
possible to diffract Xrays by means of crystals. The intgomic
distances in a crystal have the same order as the wavelength of the
X-rays used. Hence-kKays can interact with the inneftectrons in

the atoms and can predict the internal arrangement of the atoms in
the crystal. Xray diffraction is an effective method for the
characterization of compounds because it is adestructive, fast,

and sensitive method.

X-ray diffraction techique was discovered by Von Laue in 1912;
the X-rays diffracted on traversing through the crystal and the
manner of the diffraction reveals the structure of the crystal.
Diffraction patterns are unique for each compound; hence, it is
considered a significa method for structure elucidation. This
technique gives important information about the arrangement and
spacing of atoms in crystalline materials. XRD is a unique method
that provides both qualitative and quantitative information about
the compounds preat in a solid sample. For the analytical study, a
finely powdered sample is used. When theaa} beam passes

through the material, a significant number of particles can be
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oriented in such a way as to fulfill the Bragg condition for
reflection. The automi& scanning gives various diffraction
patterns, which help in the identification of species depending upon
the position of lines and their relative intensities. The lattice type of

the complexes is determined by the powder XRD method.

The study of coordiation compounds with the help of XRD began
during the last decade. Hull and DaveBjurstorm4,and Bunni

have used several graphical methods for indexing the powder
photographs during the crystallographic studies. Much easier
methods for the interpretation of crystallographic patterns were
introduced by Hes8eand Lipsod. Henry et al. derived equations
for analyzing the powder crystallographsra§ diffraction studies
depend on the nature of crystals, and it is one of the most
appropriate  methods for the complete determination of the
molecular structure. The crystals can be classified into seven
crystal sytems, with particular axial lengths and axial angles for
each system. The crystal system can be classified as cubic,
tetragonal, orthorhombic, trigonal, hexagonal, monoclinic, and
triclinic. Several studies were reported by Bhagaviitam
Hearmorl®, Krishna'!,and Suryanarayaffa on the elastic
constants of crystalline compounds. Unit cell dimensions, lattice
type of crystal, interplanar spacing of lattice planes, and miller
indices of the reflection planes are determined with thkp lof

crystallographic sidies™ *°.
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A particular wavelength of Xays is allowed to fall on the crystal,

which produces an interference pattern because of the scattering of

these rays from the neighboring atoms. The diffraction obeys

Braggods | aw.

€ _ ¢QYQe —
wherenisam nt eger , & I s the wavelength
the interplanar distance, -@and d i s

crystallographic pattern between twice the angles of diffraction
(2d) against the intensityye of di f

analysis.
1.1 Determination of the crystal system

The relationship between the interplanar space d and the Miller
indices h, k, and | is used in the study of crystal systems. Crystals
belonging to a regular or cubic system have equal axial lengths
(@=br ) , and axi al angl es )deretheat r i gh

relation d and miller indices (h, k, I) are given as
pTQ N Q aTOhEQ
Q _TtYQe
YQE _Q Q a (1)

"Q Q & will be constant, and other than 7, 15, 23, etc.
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With the help of Bradd@oaranghbtaine:
and the inte’gadisdconstant ti pl e of @&

For a tetragonal system, all axial angles are 90°,whereia s.b
The equation (1) changes
Y& _Q QR0 _a o 2)

An orthorhombic system with the same axial angles but different

axial lengths satisfies the equation.
Y _Q e _Q o _a o (3)

dn, « 1) represents the distance between adjacent planes. For an
orthorhombic lattice, the interplanar distance is given by the

equation.

pTQ TGS TGS FOS (4)
For a cubic lattice, a=b =c.

Hence,

prQ KO () (0.(#) /() Q Q a1k (5)
Q AT A

For a hexagonal sy8f em %Ysitd2dnand U
this case is

~

YQ& _Toh Q. M Q _a to (7)
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For rhombohedr al or tri 9%foral , a =

monoclinic system, a = b, and

U = 38 = %t for the triclinic system,isbi ¢ , ibUoi
ac.

The density and number of molecules per unit cell of the complex
have been calculated using the formula

0 & WO0  (8)

Where D is the density of the complex, n is the number of

molecules in the unit cell, N is the Avogadro number, V is the

volume of the unit cell, and M is the molecular mass of the

complex. The relative intensity of the peak in the pattern can be
calculated usig the equation 100 (¥, where | is the intensity of

the diffracted beam and ik the intensity of the incident beam.

Domart® et al. reported the crystal structure of the Cu(ll)
complexes of the Schiff base. The synthesis and XRD analysis of
the Ni(ll) complexes of Schiff base obtained by the condensation of
o-vanillin and diamines have been reported by DExiet al.
Nathmala® studied the Xray analysis of Cu(ll) complexes derived
from salicyaldehyde and glycine.-cay analysis of mononuclear
and binlear Cu(ll) complexes dBchiff bases has been repofted
GarciaRasd® et al.carried out the Xay diffraction study of two
N-salicylidenetryptophanatodiaquoCu(ll) complexes (erythro and

thero isomers). The crystal structure of the salicyaldehydenanili
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copper was found usine X-ray diffraction technique. Saleerf?

et al. synthesized and carried out theay diffraction study of the
Schiff base derived from salicylaldehyde and diamine acids. Using
the XRD analytical method, the structure ofshlicylidine amino
acidate complexes of oxovanadium IV dissolved in pyridine
complexes (glycine and alanine) was detected, and the octahedral

geometry was suggested for both complexes.

The structural elucidation of coordination compounds using the
XRD technige has increased during the last few years. Various
crystalline systems of coordination cooymds have been reported
so faf*?® The crystal structure determination of Cd(Il) complexes
of anthranilic acid and -bromocanthranilic aciederived Shiff
baseshas been carried dtt X-ray diffraction studies of Fe(ll),
Ni(Il), and Cu(ll) complexes of -wanillin L-histidine have been
reported’. Indiradevi’ et al. detected the crystal structure of the
metal complexes of amino acid Schiff bases of anthracene
calboxaldehyde. The crystal and molecular structure of neutral Cu
(I complexes of Schiff bases from -d@ninopyridine and
substituted salicylaldehydes were carried out by theay
diffraction  method by Casrineirifset al. 32X-ray
crystallographic studies f  talamine 8chiffbase coplex were
carried out by KumdFfet al. Stanley et al. carried out theray
crystallographic studies of the metal complexeshift bases

derived from Furoity.

17¢



X-ray diffraction studies of the diphenyl glycolic aeid
amino a@d metal complexes

1.2 Scope of the investigation

The current section dealsith the determination of the crystal
system of some of the synthesized transition metal complexes of
Diphenyl glycolic acidtyrosine HBT), Diphenyl glycolic acid
histidine (HBH), and Diphenyl glycolic acidglycine HBG). The

unit cell dimensions a, l&, number of molecules per unit cell, and
density D has been found from crystallographic data. Also, the
crydallinity and interplanar spacingvere calculated from the

diffraction studies.

17¢






CHAPTER 2

MATERIALS, METHODS AND
INSTRUMENTATION

2.1 Materials

Analargrade chemicals, purchased from Sigma Aldrich and Nice,
were utilized for the synthesis of the matamplexes. Commercial

solvents were used without further purification.
2.2 Instrumentation

The synthesis of the ligands HBT, HBG, and HBH and their metal
complexes was described in Section I. The compounds are dried

well and powdered homogeneously intgeaty nice powder. Xay

diffraction patterns of the ligands and their metal complexes were
recorded using an AXS Bruker Germany D5005 modealay)
diffractometer. The Xay generator was operated at 40 KV and 30

mA. Cu Kg( & = 1 % 5atliatibréwasAusedith a Ni filter.

The estimations wered@faeastanr 2d v
rate of 2/min. The densities of the compounds were calculated

from their mass and volume.

The instruments utilized for the study of the ligands and their metal

complexesare

1) Aeris research benchtop-rdy diffractometer






CHAPTER 3

X-RAY DIFFRACTION STUDIES OF SELECTED
METAL COMPLEXES OF HBT, HBG AND HBH

The X-ray diffraction study is the most important technique used
for structural determination. Single crystals of the compounds give
the complete details of the structure directly, but if appropriate
crystals cannot be obtained, there is a necessity to tackle the
powder XRD data. Since the discovery of the XRD technique
several developments have been made in its data collection,
instrumentation, and data reduction methods. The discovery of
synchondron radiation sources, area detduzaged data collection
instruments, and highpeed computers has dramatically improved
the efficiency of crystallographic structural elucidation. Single
crystal Xray diffraction is sufficient for the complete prediction of
the compound, but developing a single crystal of sufficient size,
quality, and stability is very difficult. The -Xay diffraction method

is applicable for the determination ofetlitomplexes in the solid
staté®®’. The study of Xray diffraction patterns with the help of
equations was developed by LipSonet al. Different
crystallographic systems can be predicted with the help of
mathematical expressions.

The diffraction pattern of the selected complexes of HBT, HBG,

and HBH was recorded®°abdkd®0wsimegn 2d va
the peaks obtained, determitie nature of the crystalline systems

and the constant/, ABYE, 2@Md) €. A =
were calculated, and also the lattice constants a, b, and ¢ and the
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volume were obtained. Using equation 8 in Chapter 1, the density
and number of melcules were also calculated.

25000 —
20000 -

15000

Intensity

10000

5000

20 40 60
2-Theta (radian)

Fig 3.1: Crystallographic pattern ¢iBT
Table 3.1: XRD data ofHBT

Crystal system: Orthorhombic

A=0.01395 B=0.003671 C=0.00279
a=6.52145 b=12.71275 c=14.58242

Cell volume: 1208.96498A
Density: 1.013gm/cth
No of moleculeger unit cell: 2

Peak 5 Sir'd d- Relative | | || |
No. Calculated| Observed| spacing | intensiy

1. 13.5464 0.01395 | 6.5314 23.55

2. 15.3720| .017885 0.0179 5.7610 44 .88 0121
3. 16.8498 | .021498 0.0215 5.2573 14.23 1111
4. 18.0234 | .024547 0.02455 | 4.9176 100 111
5. 20.3705| .031283 0.0313 2.2133 4537 (0|13
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6. 24.7606 | .046006 | 0.046 | 1.8390 | 48.79 1|22
7. 25.8038 | .049899 | 0.0499 | 1.7698 | 35.08 |0|2|1
8 27.1512| .055107 | 0.0551 | 1.6880 | 41.69 |0|3|1
9. 28.8029 | .061893 | 0.0619 | 1.5990 | 2549 |0|3|2
10. | 32.7148| .079315 | 0.0793 | 1.4253 | 1426 |2 |2 |1
11 36.4529 | .097796 | 0.0978 | 1.2963 | 1258 |1|4|3
2600
2400 4
=
2 2000
E 1800
1600
1200 T T T
0 20 40 60
2-Theta (radian)
Fig 3.2: Crystallographic pattern of of Mn(BZ{H.0).
Table 3.2: XRD data of MnBT),(H20),
Crystal system: Orthorhombic
A=0.01395 B=0.003671 C=0.00279
a=6.52145 b=12.71275 c=14.58242
Cell volume: 1208.96498A
Density:1.013gm/cm
No of molecules per unit cell: 2
PEAK 2d Sin'd d-spacing| Relative | | |
NO calculated| observed intensiy
1. 12.3728 0.0116 | 5.7610 73.94
2. 19.1535| .0276 | 0.0276 | 4.6316 100 1[0]2
3. 29.1506| .0633 | 0.0633 | 3.0614 7121 [1]2[4
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4. 32.6713| .079102 | 0.0791 | 2.7391 73.90 [1]1]5
5. 36.1921| .096398 | 0.0964 | 2.4798 90.92 [2[2]3
6. 44.49 | .143351 | 0.14335] 2.035007| 70.10661| 3 [ 1| 3
7. 48.92 | .171453 | 0.17145] 1.860507| 68.27292| 3[4 | 1
8. 58.49 | .238698 | 0.2387 | 1.576766| 69.29638| 2 [ 5| 2
9. 60.35 | .252650 | 0.25265| 1.534363| 69.72281| 0 [ 5|5
10. 62.09 | .26555 | 0.26555| 1.493601| 67.33475|4 [ 1|5
11. 64.92 | .288088 | 0.2881 | 1.435159| 67.3774 [3[4]2
4500 -
4000 +
-‘é‘ 3500 +
3000 +
2500 +
2‘0 4‘0
2-Theta (radian)
Fig 3.3.Crystallographic pattern of F&{)(H>0),Cl>
Table 33 XRD data of FeBT)(H20).Cl»
Crystal system: Orthorhombic
A=0.014 B=0.004242 C=0.002979
a=6.509800647 b=11.82623147 c=14.116226

Cell volume: 1089.289429A
Density: 1.6177gm/cth
No of molecules per unit cell: 2

PEAK

Sirfd

Relative

NO 2d calculated| observed d-spacing intensiy ikl
1. 13.5899 0.014 | 6.510989| 79.30295

2. 15.4154| .017902 0.0179 5.7438 85.17 0(1]2
3. 18.1103| .024701 | 0.0247 | 4.8966 100 1111
4. 20.06 .030352 | 0.03035 | 4.424182| 80.67024| 0|2 | 1
5. 20.5009| .031608 | 0.0316 | 4.3296 8766 |0]|2]2

18¢
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24.8475 .0462 0.0462 3.5808 87.85

25.8907| .050094 | 0.0501 3.4386 85.38

27.2816 .0556 0.0556 3.2665 89.49

| N

28.9333 .0624 0.0624 3.0834 83.45

=
©

O|O|r|O|O

WIN|FP(WIN
RINWININ

32.84 .079948 | 0.07995 | 2.725584| 81.3941

68000 +

5800

5600 o

Intensity

5400 4
5200 -

5000 —

4800

T T T 1
20 40 60 80

2-Theta (radian)

Fig 3.4: Crystallographic pattern of C8{T)(H20)4
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Table 34: XRD data of CoBT)(H20),
Crystal system: Orthorhombic

A=0.0157 B=0.003829 C=0.00314
a=6.14726 b=12.44769 c=13.7457

Cell volume: 1051.81119A
Density: 1.5346 gm/cth
No of molecules per unit cell: 2

PEAK |, 4 Sirtd dspacing| Reftve |1y T
NO calculated| observed intensiy

1. 14.4157 0.0157 6.1423 91.04

2. 17.3279| .022702 | 0.0227 5.1145 9298 |0]1]|2
3. 20.7617| .032503 | 0.0325 | 4.276791| 90.01208| 1 | 1| 2
4, 24.0651| .043496 | 0.0435 3.6960 9472 |0]|2]|2
5. 29.5418| .065043 | 0.06505 | 3.021773| 91.06434| 0| 3 | 3
6. 34.6708| .088799 | 0.0888 2.5855 100 1(3]1
7. 41.9296| .128054 | 0.12805| 2.153341| 91.6681 | 2| 3| 2
8. 59.3593| .245193 | 0.2452 | 1.555746| 91.44385|3 |4 | 1
9. 62.967 | .270232 | 0.27275| 1.47501 | 89.85682| 4| 0| 2
10. 65.0099| .288801 | 0.2888 | 1.433557| 89.61532| 4 |3 | 1
11. 72.3556| .348436 | 0.34845| 2.541241| 89.56357| 2 | 4| 1

18000
16000 —
14000 —
12000 —
10000 —

8000 |

Intensity

6000 -{
4000 A

2000 +

0

-2000 v T T T T T d T ¥ T T 1
0 10 20 30 40 50 60

2-Theta (radian)

Fig 3.5.Crystallographic pattern ¢iBG
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Table 3.5XRD data ofHBG
Crystal system: Orthorhombic

A=0.0035 B=0.0014 C=0.001
a=13.031 b=20.6037 c=24.37
Cell volume: 6545.3042A

Density: 1.006 gm/cth
No of molecules per unit cell: 14

PEAK 2 d Sirrd d- Relative

NO Calculated| Observed| spacing| intensiy | h| k| |
1. 11.9762| 0.0108 .0108 7.3833 5.16 1113
2. 13.4540| 0.0138 .013797 | 6.7705 2.81 1/3]2
3. 21.3648| 0.0346 .034603 | 4.1387 5.87 213]|2
4, 22.5384| 0.0384 .0384 3.9266 8.77 0|4|4
5. 33.4483| 0.0828 .0828 2.6766 4.08 213|5

10000

9000

8000 +

7000

Intensity

6000

- ‘J LWMMMMWM

4000

3000 T T T T T 1

2-Theta (radian)

Fig 3.6.Crystallographic pattern of CBG),(CH3;COO)H,0
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Table 3.6.XRD data of COBG)y(CH;COO)HO0

Crystal system: Orthorhombic

A=0.0033 B=0.001375 C=0.003
a=13.40833145 b=20.7902 c=14.075
Cell volume: 3926.9822A
Density: 2.7012 gm/ct
No of molecules per unit cell: 9

PEAK > Sin2d d- Relative

NO Calculated| Observed| spacing| intensiy | h | k | |
1 15.4535 0.018 .018 5.7289 5178 |01 |1
2 16.9313| 0.0216 .0216 5.232 56.12 | 2|2 |2
3 18.4961| 0.0258 .0258 4.7928 5481 |2]|2]|1
4 20.1043| 0.0304 .0304 4.4129 53.87 |2]|2]|2
5 22,2776 | 0.0373 .0373 3.987 5263 |1]|4|2
6 23.7120| 0.0422 .04218 3.749 5157 |3]|1|3
7 38.0991| 0.1065 .1065 2.3599 5269 |5|0|4
8 51.4431| 0.1883 .1883 1.7747 4757 1|43

8000 -
7000—-
SUDO—-
5000—-

4000

Intensity

3000

2000

ol WAt

2-Theta (radian)

Fig 3.7 Crystallographic pattern of CuBG)(GEOO),
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Table 3.7.XRD data of CUBG)(CH;COO)

Crystal system: Orthorhombic

A=0.0034 B=0.002 C=0.001
a=13.2212 b=17.2383 c=24.3786
Cell volume: 5556.1436A
Density: 1.5692 gm/ctn
No of molecules per unit cell: 9

PEAK 2d Sin2d d- Relative

NO Calculated| Observed| spacing| intensiy | h | k | |
1 12.4543| 0.0117 | .011699 | 7.101 | 31.5631|0 3|2
2 18.1483 | 0.0249 0249 | 48839 | 21.3958 1|2 |5
3 22.6253| 0.0384 .0384 | 3.9266 | 22.0563 |1 |3 |1
4 30.1449 | 0.0676 .0676 2.962 | 239448 (2|52
5 31.3619| 0.073 0.073 | 2.8498 | 239013 | 4| 4|3
6 32.5355| 0.0784 0784 | 2.7496 | 25.0374| 1|5 |5
7 36.1432 | 0.0962 .0962 2.483 | 30.8718 (5|3 |1
8 444886 | 0.1433 | .143299 | 2.0347 | 20.3126| 2| 5| 3
9 58.5715| 0.2392 | .239214 | 1.5746 | 18.7582 | 5| 3 | 4
10 60.0493| 0.2503 | .250305 | 1.5393 20 4|54

5500
5000 +
4500

4000

Intensity

3500 4
3000 4
2500 —

2000 +

1500

10 20 30 40 50 60
2-Theta (radian)

Fig 3.8.Crystallographic pattern of Fe(BG){&).Cl,
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Table 3.8.XRD data of Fe8G)(H,0).Cl,
Crystal system: Orthorhombic

A=0.0032 B=0.001778 C=0.001
a=13.628 b=18.284 c=24.379
Cell volume: 6074.551A
Density: 1.5104 gm/cfh
No. of molecules per unit cell: 12

PEAK > Sin2d d- Relative

NO Calculated| Observed| spacing | intensiy | h | k | |
1 11.9327| 0.0108 | 0.010801| 7.4102 53.81 |1|1|3
2 19.3654 | 0.0282 .0282 4.5795 5484 | 1|3|3
3 26.5372 | 0.0526 .052598 | 3.3559 5146 |3|1|5
4 28.2324 | 0.0594 .0594 3.1581 4939 |4|1]|3
5 34.1003 | 0.0859 .0859 2.6269 4668 |5|2|1
6 35.1435| 0.0911 .0911 2.5513 4989 | 3|51
7 38.9684 | 0.1112 1112 2.3092 4683 | 1|33

2000 -
1800
1600

1400

Intensity

1200
1000
800

600 4

400 T T T T T T T 1
0 10 20 30 40 50 60 70 80

2-Theta (radian)

Fig. 3.9.Crystallographic pattern of MBG).(H20),
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Table 3.9.XRD data of MnBG),(H20),

Crystal system: Orthorhombic

A=0.0018 B=0.006 C=0.0006
a=18.171 b=9.95 c=31.47
Cell volume: 5691.68A
Density: 2.5913 gm/cfh
No of molecules per unit cell: 14
PEAK 2d Si n2d d- Relative
NO Calculated| Observed| spacing | intensiy | h | k | |
1 12.5413| 0.0119 01119 | 7.052 52.86 | 1[3]|2
2 19.1915| 0.0277 0277 | 46207 | 50.61 |[2]|4]3
3 25.1463| 0.0473 .0473 | 3.5383 476 411
4 29.1452 | 0.0633 0633 | 3.0613 | 43.04 [1]4]3
5 32.5790| 0.0786 .0778 2.746 4416 |[1]2]2
6 36.2301 | 0.0966 0966 | 24772 | 51.02 [0]4]1
7 60.1363| 0.251 25095 | 1.5373 | 39.75 (2|55
4500 4
4000 <
2 3500
w
5
< 3000
2500 +
2000
1500 T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90

Fig.3.10 Crystallographic pattern of NBG)(H.O),(CH3;COOQO),

2-Theta (radian)
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Table 3.10XRD data of NiBG)(H,0),(CHsCOO)

Crystal system: Orthorhombic

A=0.0019 B=0.0038 C=0.001
a=17.686 b=12.506 c=24.379
Cell volume: 5392.117 A
Density: 2.3292 gm/cfh
No of molecules per unit cell: 15
PEAK 2d Si n2d d- Relative
NO Calculated| Observed| spacing | intensiy | h | k | |
1 18.8438 | 0.0267 0267 | 47051 | 7422 [2]3]|2
2 33.1006 | 0.0811 0811 | 27039 | 9354 |[3|5]|3
3 38.2295| 0.1072 1072 | 23521 | 9456 (4|44
4 52.1386| 0.1931 | .193088 | 1.7221 | 575 |4[4]3
5 59.1366 | 0.2435 2435 | 15609 | 73.82 |5|3]|5
6 62.6573| 0.2703 | .270275| 1.4814 | 5465 [4[5]1
7 69.4814| 0.3247 | .324719| 1.3516 | 489 [3[4]2
8 72.7848| 0.352 .352 1.2982 | 50.97 |5[4]1

40000 —

30000

20000 A

Intensity

10000

20 30

40

2-Theta (radian)

50

Fig.3.11 Crystallographic pattern of ZBG)(H.0),
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Table 3.11XRD data ofZn(BG)(H20)4
Crystal system: Orthorhombic

A=0.003388 B=0.002125 C=0.000919
a=13.2211 b=16.69 c=25.385
Cell volume: 5602.934 A
Density: 2.349 gm/cth
No of molecules per unit cell: 19

PEAK 2d Sin2d d- Relative
NO Calculated| Observed| spacing | intensiy | h | k | |
1 7.3254 0.0041 .004094 | 12.0596 26 0|21
2 16.8009 | 0.0213 .0213 5.2734 1257 (2|22
3 18.4961| 0.0258 .0258 4.7937 8.35 211|3
4 20.1478 | 0.0321 .032099 | 4.40434 8.72 2142
5 22.2341| 0.0372 .037201 | 3.99556 7.5 214|3
6 23.7120 | 0.0422 .0422 3.7497 7.35 043
7 31.7097 | 0.0747 .0747 2.8198 6.37 4121
8 34.4045| 0.0875 .087501 | 2.6049 5.29 4|51
9 36.1866 | 0.0965 .096498 | 2.4806 6.12 413|565

18000 —
16000 —
14000 —
12000 ﬁ
10000 —

8000

Intensity
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4000
2000
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-2000 4+———r——F—F——1——1——1——1——7——
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Fig.3.12: Crystallographic pattern of CAG)(H-0).
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Table 3.12: XRD data of CdBG)(H.0).
Crystal system: Orthorhombic

A=0.0036 B=0.004 C=0.0018
a=12.849 b=12.189 c=18.17
Cell volume: 2845.839 A
Density: 1.2981 gm/cfn
No of molecules per unit cell: 5

PEAK 2d Sin2d d- Relative
NO Calculated| Observed| spacing | intensiy | h | k | |
1 7.32 0.0041 .0041 12.0601 100 0|12
2 12.11 0.0111 .0111 7.3092 1725 |1]1|1
3 16.36 0.0202 .0202 5.4177 1137 |21 |1
4 18.19 0.025 .025 4.8759 1013 (0|4 |1
5 19.40 0.0284 .0284 45721 14.2 2111
6 21.71 0.0355 .0355 4.0935 7.8 1/3|3
7 24.71 0.0458 .0458 3.6033 8.18 0|51
8 30.44 0.0689 .0689 2.9348 1396 |34 |1
9 36.40 0.0976 .0976 2.4668 6.86 4111
10 49.79 0.1772 1772 1.8307 5.51 2131
30000
20000 -
%-
JL._JLA__HMMJMMW
0
) 10 20 30 10 50

2Q(radian)

Fig.3.13Crystallographic pattern ¢iBH

19¢




Chapter 3

A=0.0034

a=13.20967852

Table3.13XRD data ofHBH

Crystal system: Orthorhombic

Cell volume: 4250.26691A

B=0.002

b=17.2233136

Density: 1.134
No of molecules peunit cell: 8

C=0.0017
€=18.68130652

PEAK 2d Si n2d d- Relative
NO Calculated| Observed| spacing| intensiy | h | k | |
1. 11.9762| 0.0108 .0108 7.3833 5.92 111]2
2. 13.4540| 0.0137 .0128 6.5755 3.79 1122
3. 21.3648 0.0343 .0343 4.1553 7.4 3/1|1
4, 22.5384 | 0.0381 .0381 3.9415 7.05 2|14
5. 24,2335 0.044 .044003 | 3.6695 6.28 3123
6. 30.0580 | 0.0672 06722 | 2.9704 6.14 4131
7. 31.3185| 0.0728 .0728 2.8536 6.43 2|24
8 33.4048 | 0.0825 .082529 2.68 4298 |43 |4

Intensity

10000 —

2000 -

8000 -

7000 -

5000

5000 —

4000 -

3000

o

T
10

T
30

T
40

T
50

2 -Theta-(radian)

T
70

1
80

Fig. 3.14 Crystallographic pattern @@oBH)(H.0),
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Table 3.14XRD data of CaBH)(H,0)4

Crystal system: Orthorhombic

A=0.0019 B=0.0095 C=0.001
a=17.7 b=7.909 c=24.38
Cell volume: 3410.274 A
Density: 1.6845 gm/cfn
No of molecules per unit cell: 7
PEAK 2d Sin2d d- Relative
NO Calculated| Observed| spacing| intensiy | h | k | |
1. 32.6224| .078798 | 0.0788 | 2.7425 | 7107 [1|1]2
2. 38.0991| .106123 | 0.1065 | 2.3599 | 9766 |[1|2]2
3. 51.5300| .1889 0.1889 | 1.7719 | 73.02 [3|1]1
4. 58.1368 | .236038 0.236 | 15853 | 66.07 [2]|1]4
5. 61.7880| .2636 0.2636 | 1.5001 | 63.06 |3 |23
6. 69.7422| .3268 0.3268 | 1.3472 | 60.73 |4 |31
7. 71.6982 | .34295 0.3429 | 1.3151 | 6043 [2|2]4
6000 —
5000 -
4000 —
;-3000—
% 2000
1000
o T T T T 1
(2] 10 20 30 40 50

2Q((radian)

Fig.3.15Crystallographic pattern of CBH)(H20),
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Table 3.15XRD data of CuBH)(H,0),

Crystal system: Orthorhombic

A=0.0033
a=13.40833145

Cell volume: 2769.5625423A

B=0.0055
b=10.38604888 c=19.88776948

Density: 1.1438 gm/cfh
No of molecules per unit cell: 4

C=

0.0015

PEAK 2d Si n2d| d- Relative
NO Calculated| Observed| spacing| intensiy | h | k | |
1. 11.8458| .010648 0.0106 | 7.4643 4477 |1]1|2
2. 21.2779 | .034083 0.034 41721 4755 (0|11
3. 22.4949 | .038008 0.038 3.949 4329 (0|3 |4
4, 29.4494 .0646 0.0646 | 3.0303 4178 |4]1|2
5. 33.3614 .0823 0.0823 | 2.6834 3966 (4 |1]|4
3400
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= 2600
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Fig.3.16 Crystallographic pattern of F8)(H.O).Cl,
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Table 3.16 XRD data of Fe(BH)(KO).Cl,

Crystal system: Orthorhombic

A=0.0019
a=17.6707469
Cell volume: 5187.072164°A
Density: 1.9356 gm/cfh
No of molecules per unit cell: 12

B=0.0095

b=7.902598257

C=0.

00043

c=37.14475338

PEAK 2d Sin2d d- Relative
NO Calculated| Observed| spacing| intensiy | h | k | |
1. 11.8458 .0547 0.0547 | 3.2924 73.04 |5|2|3
2. 21.2779 | .092545 0.0924 | 2.5331 77.3 4|52
3. 22.4949 | 15777 0.1578 | 1.9389 69.08 |1|4 |3
4, 29.4494 | .184842 0.1848 | 1.7913 68.82 |2|3|4
5. 33.3614 | .223247 0.2241 | 1.6269 7064 |5|5|5
2600 —
2400 -
2200 -
2000
1800
= 1600
E 1400
o 1200
1000 -
800 -
600 T T T T T
L] 10 20 30 40 50 60 70
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Fig.3.17 Crystallographic pattern of MBH),(CH3COO),
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Table 3.17XRD data of MnBH),(CH3COO),

Crystal system: Orthorhombic

A=0.00191
a=17.7

B=0.002375
b=15.86
Cell volume: 8665.954273°A

Density: 1.3084 gm/ct

No of molecules per unit cell: 11

C=0.000613
c=31.2189

PEAK 2d Sin2d d- Relative
NO calculated| observed| spacing | intensiy | h | k | |
1. 12.2805 .0114 0.0114 | 7.2011 53.32 |[2|0|1
2. 17.3279 | .02399 0.0244 | 4.9316 50.89 | 0|3 |5
3. 24.7551 .0459 0.0459 | 3.5933 46.4 1/5|5
4, 24.0651 | .062498 | 0.0625 | 3.0793 48.6 4151
5. 29.5418 | .07281 0.0728 | 2.8536 48.02 | 3|52
6. 34.6708 | .07861 0.0786 | 2.7466 51.25 | 3|33
7. 41.9296 .0957 0.0957 | 2.4888 63.11 [4|3|3
8. 59.3593 .1051 0.1051 | 2.3756 4937 |4|5]|5
9. 62.967 142694 | 0.1427 | 2.0384 46.76 | 5|3 |5
10. 65.0099 | .239189 | 0.2392 1.5749 4667 | 0|52
11. 72.3556 | .250694 | 0.2507 1.5383 4878 |0|5]|5
4500 —
4000
3500 4
3000 <
=
% 2500 -
o 2000 <
1500 -
1000 T T T T T T T T T T 1
[1] 10 20 30 40 50 60 70 80
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Fig.3.18 Crystallographic pattern of NBH)(H.O),(CH3COO)
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Table 3.18 XRD data of NiBH)(H20),(CH3COO)
Crystal system: Orthorhombic

A=0.0019 B=0.0095 C=0.000864
a=17.7 b=7.909 c=26.227
Cell volume: 3659.313742°A
Density: 1.2553 gm/cfh
No of molecules per unit cell: 5

PEAK 2d Sin2d d- Relative
NO calculated| observed| spacing | intensiy | h | k | |
1. 19.1481 | 0.0276 0.0276 4,631 76.1 2111
2. 33.0136| 0.08123 | 0.0807 | 2.7109 8431 |3 |52
3. 38.3599 | 0.107905| 0.1079 | 2.3444 100 5|45
4, 51.7908 | 0.190701| 0.1907 | 1.7636 56.22 |3|4|5
5. 59.0496 | 0.24282 | 0.2428 1.563 69.83 |1|5]|3
6. 62.5269 | 0.2689 0.2693 | 1.4841 53.01 |4|3]|5
7. 72.4805 0.3491 0.3494 1.3029 47.97 11414
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Fig.3.19Crystallographic pattern of ZBH)(H20),
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Table 3.19XRD data of ZnBH)(H.0),4

Crystal system: Orthorhombic

A=0.00191 B=0.00475 C=0.000413
a=17.686 b=11.215 c=38.0342

Cell volume: 7465.460582°A
Density: 1.1194 gm/cfh
No of molecules per unit cell: 10

PEAK 2d Sin2d d- Relative
NO calculated| observed| spacing | intensiy | h | k | |
1. 31.7531 .07457 0.0748 2.1861 66.46 4132
2. 34.4045| .08741 0.0874 | 2.6044 5869 |0 |32
3. 36.2301 .0966 0.0966 | 2.4772 100 5|45
4, 47.5312 | .162405 0.1624 1.9113 20.07 1(5]|2
5. 56.5721 | .223744 | 0.2245 | 1.6254 3406 |5|4|5
6. 66.3953 .2997 0.2997 1.4067 7.14 4155
7. 67.9601 | .312799 | 0.3123 | 1.3781 2214 |2 |42
11000
10000 -
9000
8000
é‘ 7000 <
g
E 6000 ‘J
7 M
4000 <
3000 T T T T T T T T T T 1
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Fig.3.20.Crystallographic pattern of CAH)(H.0),
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Table 3.20XRD data of CdBH)(H20),
Crystal system: Orthorhombic

A=0.001865 B=0.0038 C=0.000487
a=17.7 b=12.3903 c=34.611
Cell volume: 7778.563904°A
Density: 1.6177 gm/cfn
No of molecules per unit cell: 15

PEAK 2d Sin2d d- Relative
NO calculated| observed| spacing | intensiy | h | k | |
1. 23.84 | .041908 | 0.0427 | 3.7299 69 4131
2. 30.66 | .070373 | 0.0699 2.914 100 3|5]|4
3. 36.75 .0994 0.0994 | 2.4438 33 0/5]|3
4, 44.05 .1406 0.1406 | 2.0543 25 2123
5. 50.18 .18006 0.1798 1.8168 37 133
6. 58.45 | .238032 | 0.2385 1.5781 16 63|9
7. 62.04 | .265558 | 0.2653 1.4949 13 3/5|3
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PART IV

CORROSION INHIBITION STUDIES OF DIPHENYL
GLYCOLIC ACID (BENZILIC ABIaINO ACID
LIGANDS ON MILD STEEL






CHAPTER 1
INTRODUCTION

Corrosion is a natural phenomenon in which the pure metals are
transformed to undesirable substances on reaction with water, air
and sulfates. In other words it can be explained as an
electrochemical phenomenon that converts the refined metal to its
chemtally stable form on reaction with an oxidant such as oxygen
and sulfates. During corrosion all the atoms of the metal surface get
oxidized and the oxidant gets reduced. Metals easily oxidize by
losing the electrons and the oxidant is reduced by gaineajrehs

and transforms to oxide. This reaction gets accelerated by warm
temperatures and by acids and salts. Corrosion is a dangerous cause
faced by the developing as well as developed countries. A huge
amount of money is used for the replacement of cedadaterials
every year. Corrosion is proving to be a big threat in both social as
well as economic ways. Corrosion emerged as a social issue
because of the hazardous byproducts expelled during the process
and the cost for the replacement of metals cauoduring each
time interval is very huge. Corrosion products itself can act as a
corrosion inhibitor by staying on the surface and protect the metal
beneath from further corrosion. It is a diffusion controlled process
thus it occurs only on the exposedrfages. Combative acid
solutions are frequently used in industries for applications like acid

pickling, acid cleaning, acid ekcaling and oil well cleaning.



Corrosion Inhibition Studies of Diphenyl Glycolic Acid (Benzilic Atid)
Amino Acid Ligands on Mild Steel

Hydrochloric acid is the most common acid used for the industrial
processes and acidification @f wells. In the acidifying procedure

of petroleum oil wells in order to increase the flow of oil 15% of
hydrochloric acid is enforced to the well through the steel tubing to
open up neabore canals in the formation. The aggressive nature of
hydrochloric acid leads to the corrosion of steel tubing. The
consequence of the process is the dreadful loss of resources and
money. Corrosion engineering is one of the major fields dedicated
for controlling and preventing corrosion. Normal techniques used
for the reluction of corrosion involve coating, painting, galvanizing
and anodizing. Nowadays electropolishing, hot dip galvanizing,
cathodic protection, anodic protection and use of adsorption
inhibitors are the new methods improved for the surface treatment.
Greatefforts are carrying out by scientific community to prevent
the corrosion or to diminish the rate of corrosion every year. A lot
of remedies have been already described and the research world is
in a hurry to develop an immediate solution to reduceosan.

Out of the numerous techniques, employing of corrosion inhibitors
is one of the most important techniques for controlling the

corrosion.

An inhibitor is a compound, when coated in small concentrations
to an situation they can decrease the rateoofosion. In other
words it is regarded as the retarding catalysts. They get adsorbed on
the surface of the metal and suppress the metal dissolution and

reduction reactions. Major class of these compounds was organic
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amines and its derivatives. One of ttwst efficient techniques to
protect metal against corrosion is the use of organic inhibitors. The
adsorption of organic inhibitors on the metal surface occurs via the
formation of a coordinate covalent bond (chemical adsorption) or
the electrostatic intaction between the metal and inhibitor.
Organic compounds containing hetero atoms with electronic lone
pair (N, O, S and P), or p systems, or conjugated bonds, or aromatic
rings, are generally considered to be effective corrosion inhibitors.
Corrosion inhbitors are heterocyclic compounds containing N, S
and O atoms and can prevent the rate of corrosion. The inhibitor
contains various functional groups which are capable of donating
lone pair of electrons which can contribute towards the adsorption
on the me&al surface, bonds with the vacant metal orbital. There is
an electrostatic interaction between the alkyl/aryl groups with the
vacant dorbital of the metal surface. Therefore Schiff bases and
their metal complexes are proved to serve as potential iotsbit
nowadays. The inhibitor is adsorbed on the metal surface can be
described mainly due to three reasons: (1) due to the interaction of
nontbonding, lone/ unpaired electron or may be (2) the interaction
o f -bohds or may be (3) due to the electrostatieraction of the

al kyl or aryl gr carbgal. wi t h met al 6s Ve

Corrosion is considered to be an electrochemical reaction and the
inhibitors slow down the velocity of the electrochemical reaction.
The inhibitors are classified into anionic, cathodid amxed type

depending upon their mechanism. Anodic inhibitors diminish the
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anodic part by acting on the anodic spots and polarize the anodic
reaction and displace the corrosion potential in the positive
direction whereas the cathodic inhibitors reducectitaode part by
acting on the cathodic spots and polarize the cathode reaction and
displace the corrosion potential in negative direction. But there are
few organic compounds which affect both cathodic and anodic
reaction by adsorbing on the metal surfacel repress the metal

dissolution and reduction reaction.

Zhand et al investigated the inhibition efficiency of arginine self
assembled monolayers on copper surface in 0.5 M hydrochloric
acid (HCI) solution at room temperature and the synergic effect of
iodide ions on the Arg SAMs was also studied. The EIS and
polarization techniques show that Arg SAMs have limited
protection effect but the addition of iodide ions improves the
efficiency of Arg SAMs.Aounifi et al have studied the inhibition
efficiency of (E)-2-methykN-(thiophen2-ylmethylidene)aniline

(T) on steel in1IM HCI using gravimetric and electrochemical
methods. The outcome showed that thiophene derivative perform
as a mixed type inhibitor and could inhibit both anodic metal
dissolution and cathael hydrogen evolution reactions and it obeys
Langmuir adsorption isotherm. Density functional theory (DFT)
methods have been used to evaluate the quantum mechanical study
of the compound and also to correlate between the theoretical and

experimental resust
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Amino acids and hydroxy carboxylic acids can compete with the
inhibition effect of Cr3, was investigated by BereRedt al. They
also studied the inhibition effect in NaCl at different pH values and
also the effect of addition of NaNQ@t different pH values. The
electrochemical nature ol-(2-ethylamino)2-methylimidazoline
(imidazoline), its precursor {IB-(2-aminoethylaminoethyl}
acetamide (amide) and its derivative-(2Ztethylamino)2-
methylimidazolidine (imidazolidine is studied usinghe
potentiodynamic  polarization curves and electrochemical
impedance spectroscopy, EIS techniques by Cand coworkers.
Imidazoline act as efficient inhibitor at different concentrations but
amides have low efficiency.DFTcalculations done to explaa th
corrosion inhibition efficiencies of the compounds. Latesf al
synthesized Ni (1), Cu(ll), Zn(ll) complexes of salicylidine
anthranilate sodium salt ligand and the inhibition study of the
ligand and their complexes on the carbon steel in HCI in\astig
using the electrochemical study. They predicted that the inhibitor
obeys the Langmuir adsorption isotherms which are in agreement

with DFT calculations.

Inhibition efficiency of novel Co (ll) and Cu (Il) complexes of
pyridinylimino phenolate sodiunsulfonate (HPSS) have been
examined by Adafhet al and they prove to be mixed type
inhibiting agents and they prove to obey the Langmuir
chemisorption. Copper complex exhibits the high potency which is

greater than the ligand itself.Shaket al derivedthree anionic
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oxide vanadium Schiff base-dalicylidene amino acid complexes
and tle inhibition studies against the carbon steel in chloride acid
solution were carried out using EIS and PDP studies. The study
reveals it as mixed type inhibitors with an rmaum efficiency of
94% and theoretical calculations were in good agreement with
experimental datas. The anticorrosive study of thj
phenylbenzohydrazide and their Cu, Mn and Co metal complexes
were carried out by electrochemical techniques and the tiwbre

studies were in agreement with the experimental sttidies

Lateef studied the corrosion inhibition studies and their
computational calculations which provide the relationship between
the inhibition efficiencies of studied inhibitors and their ncalar
structure. The polarization studies show that the compounds were
acting as mixedype inhibitors. The enhancement of inhibition
efficiency with the increase in concentration was noted. The
corrosion inhibition efficiency of novel edoendly azelaicacid
dihydrazide has been studied by Ami@ret al. The maximum
efficiency is 93% at 5 10° M and the potentiodynamic
polarization studies reveals it to be a mixégpe inhibitor. The
inhibitor obeys the Langmuir adsorption isotherm. Theoretical
evaludion of some amino acid for corrosion inhibition of copper in
acidic medium conducted by Ibrahithiet al using DFT
calculations, Monte Carlo simulations and QSPR studies‘%Adty
al synthesized new Schiff base derived fr&+iormylindole and 2

aminobenzi acid and its Mn(ll),Ni(ll) and Cu(ll) transition metal
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complexes and their corrosion inhibition capacity screened by
Electronic Impedance Spectroscopy and they were proved to be
good corrosion inhibitor which obeying the Langmuir adsorption
isotherm. Bapour®® studied the corrosion inhibition effect of three
Schiff bases2-{[(2-sulfanylphenyl)imino]methyl}]phenol (A), 2

{[(2) -1-(4-methylphenyl)methylidene]amine}-benznethiol  (B),

and 2[(2-sulfanylphenyl)ethanimidoyl)]phenol (C)of mild steel

using weight loss measurements, polarization and electrochemical
impedance spectroscopy and the result shows it behave as a mixed
type inhibitor wih high inhibiting potential. The DFT calculations
were also done for the theoretical data ahé compounds
adsorption isotherm. Inhibition efficiency orderAs 4B > C i n al

methods employed with small differences in their numerical values.

The inhibition ability of a new class of Schiff bases eff 2L-
methyt3-[(2-sulfanylphenyl)imino]butyllene}amino)1-
benzenethiol and -g -1,2-diphenyt2-[(2-
sulfanylphenyl)imino]ethylidene}amine)-benzenthiol were
investigated using weight loss and electrochemical measurements.
They were found to be mixed inhibitors following Langmuir
adsorption isothermResults shows that compound 2 shows better
inhibiton compared to that of compound 1. The morphological
studies carried out by SEM micrographBentiss® et al studied
the corrosion inhibition efficiency of2,5bis(2-aminophenyl)
1,3,40xadiazole [2APOX]) on the mild steel in HCI.

Potentiodynamic studies clearly revealed th&PDX is a mixed
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type inhibitor and it also obeys the Langmuir adsorption isotherm
model. Jid® et al investigated the computational and
electrochemical studies of amino acid ca@mpds as corrosion
inhibitors in acidic media. ThEDP and EIS measurements shows
the efficiency increasing order as follows:Sek L-Cys \L-His\L-

Try wich are in agrrement with theoretical values. The inhibition
effect of new Sheterocyclic Schiff base SB) and the
corresponding amine (DBTDA) on mild steel in HCI solution was
investigated by Daodd et al using various weight loss,
electrochemical and morphological studies. They found to be a
mixed type inhibitor and obeys Langmuir isotherm. Quantum

mechaical parameters calculated using DFT method.

The inhibition ability of L-tryptophan in HCI solution was studied
by Mobin'® and ceworkers using weighbss measurements which
shows amaximum efficiency of 83% at 50C at 500 ppm
concentration. The Poteadynamic results similar to that of
weight loss method and the compound act as an anodic inhibitor.
Saurav® et al investigated corrosion inhibition performance2eof
(2-hydroxybenzylideneamino)phenol  (L1), 2-(5-chloro-2-
hydroxybenzylideneamino)phenol (L2) and -(2hydroxy-5-
nitrobenzylideneamino)phenol (L3) of mild steel in 1 M HCI. The
PDP studies siwed that compounds behave asmaxedtype
inhibitor and adsorption obeys the Langmuir adsorptiotheso.
Surface studies using SEM technique which confirms the existence
of an adsorbed film. Density functional theory and Molecular
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Dynamics simulation used to establish the relationship between
molecular configuration and their inhibition
efficiencies.Maendrd® et al synthesized new amino acid
derivativesnamely, 2(2-oxo-2-phenothiazial0-yl)ethylamino}3-
mercaptopropanoic acid (OPEM) and220x0-2-phenothiazinl0-
yl)ethylamino)acetic acid (OPEA) and corrosion study have been
carried out. The inhibiter OPEM and OPEA shows efficiency of
97.5 and 95.8% respectively in 200 ppm and obeys Langmuir
adsorption isotherm .Surface analysis carried out by SEM and the
polarization studies reveals to be mixed type inhibitor. The
Quantum mechanical results obtainf[dm semiempirical AMI
method were in good agreement with experimental studies and the
higher value of Bomo and lower value Emo, and smaller value of
eE, predicts the good corrosion

steel in hydrochloric acid.

Simonovi® et al aimed to study a green Rmxic biodegradable
copper corrosion inhibitor in an acidic sodium sulphate solution
using potentiodynamic measurements, open circuit potential
measurements, and chronoamperometric measurements. Langmuir
adsorption datssuggests that cysteine is chemisorbed onto the
electrode surface. The corrosion inhibition efficiency of three
triazine derivatives namely -¢2-(5,6-diphenyt 1,2 4triazin-3-
yhhydrazineylidene)methyiN,N-dimethylaniline (HF1), 3(2-(4
methoxybenzylidne) hydrazineyip,6-diphenyt1,2,4triazine
(HT-2) and 2(2-(5,6-diphenytl,2, 4triazin-3-yl)hydrazineylidene)
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methyl)phenol (HT3) on mild steel in 1 M HCI has been studied
using electrochemical, morphological and quantum mechanical
studies by Ambristf. At optimum concentration (80 mgt) HT-

1 exhibits an efficiency of 98.6% , HI 97.1% and HIB3 94.3%
respectively at 308 K. Mixed type inhibitor with cathodic
predominance was confirmed by potentiometric studies and they
obey Langmuir adsorption igeerm. The smoothness of the metal
surface in presence of inhibitors was confirmed by the SEM
analysis. The experimental findings were confirmed by the

Quantum chemical calculation and Molecular dynamics simulation.

Sorkhabf® et al studied the corrosionnfiibition ability of
benzylidenepyridine-2-yl-amine (A), (4benzylidenepyridine-2-
ylamine (B) and (4hloro-benzylidenepyridine-2-yl-amine (C)

on mild steel in 1M HCI. The studies reveal the efficiency changes
with the type of functional groups sulteted on benzene ring. The
interaction between compound and mild steel surface obeys
Langmuir isotherm. Polarization data indicates the mixed type
behavior of the compound. Theoretical studies using linear and
nortlinear QSAR models found correlation withe experimental
results. The inhibition study of Schiff bageChloro-2-(2-oxo-1, 2
dihydroindol-3-ylidene amino)denzoic acid (ACBAI) and their
Titanium (IV), Zirconium (IV), Cadmium (lI) and Mercury (II)
metal complexes in 0.1 M HN»n mild steel werestudied using
weight loss measurement. The studies by Stiegjal reveal that

the compound inhibgtthe oxidation of metal ion in acidic medium.
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The inhibitive properties oN-(2-methylphenyl)salicyaldimingl-
(2-hydroxyphenyl)salicyaldimine(Salhp), N-(2-methoxyphenyh
Salicyaldimine(Salmop) and N-(2-nitrophenyl)salicyaldimine
HCI(Salnp.HCI) on mild steel in 1M HCI was examined using
electrochemical calculations. Emergul and Atakekplained that

all of these compounds act as both anodic and cathohlibitors

but their efficiencies are better when they act as anodic
inhibitor.Salhp obeys the Langmuir adsorption isotherm and Salmp
and Salmop follows the Temkin adsorption isotherm and the
inhibition efficiencies follow the order SalmpSalhp >Salmop.

The effect of changing the functional groups of several amides and
thiosemicarbazone derivatives on their inhibitory abilities were
investigated by Ebenébdet al using the weight loss and hydrogen
evolution methods. Results indicate the order of efiicye as
follows: TSC > TU > TA where as the thiosemicarbazone
derivatives having the order BZOTSC> BZITSC > MBTSC >
2APAMTSC < 2AP4PTSC. The structure of the inhibitor, nature
and spatial relationship of the different functional groups are the
major factos influencing the mechanism of the corrosion

inhibition.

Herrad’ et al investigated the inhibition ability of the new diamine
derivatives, namely -K2-[bis-(2-hydroxyethyl)amino]ethyl}(2
hydroxyethyl)amino]ethanol ~ (DAME) and -[-[bis-(2-
hydroxyethyl)anino]ethyl}(2-hydroxyethyl)amino]propanol

(DAMP) using gravimetric measurements and polarization curves
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method. At 10M , DAME exhibits an efficiency of 91.7% and the
compounds are mixeype inhibitor. The inhibitor obeys the
Langmuir adsorption on theudace of the mild steel. Both the
experimental as wells quantum mechanical resukbow both the
compounds exhibits better inhibiting ability. The actirrosive
study of the (Jphenylallylidene) amin®-(pyridine-4-yl)-4H-
1,2,4triazole3-thiol (SB-1), 3mercapte5 (pyridine4-yl)-4H-
1,2,4triazole4-yl) imino) methyl) phenol (SB) and (4
nitrobenzylidene) aminej-(pyridine-4-yl)-4H-1,2 4triazole 3-
thiol (SB-3) were done by Ans&fiet al. Among the three, SB
exhibits high performance and allthiem obey Langmuir isotherm.
The potentiodynamic polarization data reveals the mirede of

inhibitors. DFT used for the theoretical calculations.

Lebrini?® et al synthesized new macrocyclic polyetheffCTH)
compounds containing a 1,3Mdia diazole and studied the
inhibitive effect of mild steel in HCL solutions using weight loss
and EIS studies. The result shows an increase in the inhibition
efficiencies with the extent of the polyethylene glycol unit that
forms a cavity. Their inhibition efficiencaycreases in the order: 5
MCTH > 4MCTH > 3MCTH > 2MCTH > 1-MCTH and the
maximum inhibition value of 99.5% at ¥V for 5-MCTH.Shokry

et al studied the corrosive effect of Schiff base derived from
diamines and -dydroxy, emethoxy aromatic aldehydes warious
agueous solutions such as tap water, concentrated tap water and

HCI solutions. Singh and Mukharf&einvestigated the inhibition
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efficiency of mild steel in acetic acid over a broad variety of
concentration and test immersion periods. Maximiunicieficy
observed at 25% acetic acid solution and the surface studies agree
with the weight loss method. Both the anodic and cathodic

polarization techniques are in good agreement.

The corrosion inhibition efficiency of four double Schiff bases of
mild ste¢in 2 M HCI is conducted by gravimetric, polarization and
electrochemical impedence spectroscopy methods. The study also
investigate the effects of substituents such as methoxy, hydroxyl
and chloride gr o u pbs(salicyidene) t he
phenylmethanediame. Adsorption studies obeys Langmuir
isotherm and all the results were in agreement with quantum
echanical studies.The quantum studies reveals that inhibition of
Schiff bases involve both physisorption and chemisorption
interactiori>.The anticorrosive sty of furoin thiosemicarbazone

in hydrochloric acid towards mild steel was carried out by Stanly

et al and reported that they exhibit better inhibition efficiency.
Comparative study of Schiff base and their parent amine and the
effect of temperature omhibition efficiency were also carried out.

In an effort to establish a suitable adsorption isotherm for the
process we obtained that they obeys Langmuir isotherm.

Inhibition study of Cu(ll) complexes containing amino acids such
as glutamine cysteine andspartic acid with pyridine or
triphenylphosphine on mild steel in 1 M HCI were conducted. The
best inhibitor among them reported as [CuCI(SCys)RRD] at 3
mmol concentration. Corrosion inhibition increases with increase in
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concentration and the intetean between metal surface with
inhibitor found to obey Langmuir adsorption isotherm m&ddhe
nitrogenicontaining heterocyclic compounds such as triakttpe
were considered to be good corrosion inhibitsts Hui-Long®
Wang et al synthesized mercaptiazole compound, namely- 4
salicylideneamineé3-phenyt5-mercaptel,2,4triazole  (SAPMT)
and investigated the corrosion ability of the compound using
gravimetric and electrochemical studies. Thermodynamic
parameters evaluad in the basis of statistical model. Zh&het al
reported inhibition efficiency in the order BTA >alanine >cysteine
for copper corrosion in 0.5 mof HCI.

Inhibitory action of four amino acids aspartic acid (Asp), glutamic
acid (Glu), asparagine (A¥ glutamine (GIn) on copper corrosion
studied and reports reveals that inhibition efficiency of these
compounds increases in the order GIn > Asn > Glu >*/ABpe
corrosion protection of copper by various amino acids such as
glutamic acid, cysteine, glyge and their derivative (glutathione) in
0.5 M hydrochloric acid has been studied with the aid of EIS, PDP
and cyclic voltammetry. The efficiency increases in the order:
glutathione >cysteine>cysteine+glutamic acid+glycine>glutamic
acid>glycine. The intm@olecular synergistic effect of glutamic
acid, glycine,cysteine and glutathione shows an lower LUMO
energy level and excess adsorption centers and the bigger
molecular volume gives better inhibition properties against copper
corrosioft”. The inhibition eféct of amino acids and hydroxyl
carboxylic acid in NaCl solution has investigated by Bereket et al
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“6_ Anticorrosive effect of cysteine on the corrosion of low carbon
steel in sulphuric acid solution was studied using electrochemical
and SEM techniques. €yshows an accelerating effect on LCS
corrosion process because of the catalytic effect of they&e
complex on anodic metal dissolution reactfonA combined
theoretical and experimental inhibition studies of amino acid, L
methionine and its derivativeder copper surface in 1.0 M nitric
acid was conducted by Khaled andworker$®.

The electrochemical measurement used characterize the
inhibition efficiency of the aminoacid complexes reveals the
efficiency in the orderL-Ser>L-Cys>L-His>L-Try. The molecular
dynamics simulation results show that amino acid complexes
adsorb on the iron surface through the heteroatomd a
heterocyclic ring in their structurés CruZ° et al evaluated the
electrochemical behaviour of -(2-ethylamino)2-
methylimidazoline (imidazoline), its precursor-[BF(2-aminc
ethylaminoethyljjacetamide (amide) and its derivative-(2t
ethylamino)2-methylimidazolidine (imidazolidine) using
potentiodynamic  polarization curves and electrochemical
impedence spectroscopy. The results indicate that imidazoline is a
good inhibitor compared to amide which is also supported by the
theoretical calculations whicindicate imidazoline is the more
efficient corrosion inhibitor because of its two very active sites
(two nitrogen atoms) and the plane geometry of the heterocyclic
ring, thus promoting coordination with the metal surface.
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CHAPTER 2

MATERIALS, METHODS AND
INSTRUMENTATION

The inhibition studies of the amino acid complexes were carried
out by weigh loss method. Immersion of the metal coupons in the
corrosive environment is one of the best methodmadmitor the
inhibition study of the compounds. It provides very fruitful

information about the compoundods
2.1 Preparation of inhibitor solution

Preparation of théiphenyl glycolic acid Amino acid ligands
HBT, HBV, HBH, HBL, HBG andtheir molecular structures of the
compounds are well explained in thePart |1
Inhibitorsolutionswithdifferentconcentrationswerepreparedbyusing
0.5 M HCI solution as the test solution atidsolvingthe required
amount of inhibitor in 50 ml of tesolution.The blank solution for
the study is the 50 ml of 0.5 M HCI without inhibitor.

2.2.Preparation of test specimens

Mild steel coupons having 99.22% Fe, 0.019% Mn, 0.28 % Ni and
0.30% carbon with dimension 1cm1 cm 0.1 cmwas selected
as test sample for corrosion studies. The mild steel couwpass

washed with methanolacetone,and distilled waterdried, and
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thernweighedwithanaccuracyof0.0001lgsinganelectronicbalance.

The area othe MS couponwasdeterminediusingVernier calipers.
2.3 Weight loss method

Weight loss method one of the effective methods to measure the
inhibition efficiency of the compounds in which the weight loss
before exposing to the test solutions and after exposing was
calculated. It is a vergasy, precise and trustworthy method for
scrutinizing the corrosion efficiency. From the weight loss data
inhibition efficiency and corrosion rate can be calculated using the

following equations.
0Y w¥o o (1)
00 0w owlw pTT (2)

where W is the weight loss before and after immersion in the test
solution, Wyand W are the weight loss in the absence and presence
of inhibitor respectively. A is the area of the mild steel coupon and
t is the ime(hours). The surface examination of the mild steel
coupons conducted with the help of Olympus Japan make BX 51
model optical microscope. The keen observation of the data reveals
the direct rapport of inhibition efficiency with inhibitor

concentration ahthe inverse rapport with the corrosion rate.
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2.4Adsorption isotherm studies

The action of corrosion inhibitors in the corrosion reaction is
assumed to be an adsorption process. The inhibitors are being
adsorbed on the metal surface preventing the aggressive solutions
to act on the surface thereby reducing the mmtalronment
interaction. The adsorption process is regarded as the substitution
between organic compound in aggressive media and the water
molecules on the metallic surface. Organic inhibitors mainly act as
adsorption inhibitor due to the presence of lone pairs and &moma
system in it.Adsorptionisotherm studiesire used to evaluate the
adsorption ofnhibitorsontometalsurfaces. Theadsorptionbehavior

of corrosioninhibitorsprovidesimportantevidenceofmetalrrosion
inhibitor interactions.At constant temperature; $ace coverage

can be evaluated as a function of inhibitor efficiency for organic
compounds. Adsorption isotherms gives relationship between

surface coverage and concentration are the following:
Langmuir adsorption isotherm which obeys the equation
0fF— pfo 0

The plot for testing the fitting of this isotherm is drawn as a plot of
C/d vs C.
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2.5 Calculation of thermodynamic parameters

Arrhenius equation is used to obtain the activation energy (E
value for the steel corrosion reaction. Tplet between the log
(corrosion rate) vs 1/T will provide the activation energy value
from the slope of the plot. The equilibrium constantqdof the
adsorption process is obtained from the intercept of adsorption
isotherm from the relationship

0 p¥ "QE 6 Q1 ®QNR o
The free energy of the adsorption process is related to the
equilibrium constant by the equation

YO  Y"¥ éu @0

whereR is the universal gas constant, T is the temperature on an
absolute scale, K is the equilibrium constant for the adsorption

process and 55.5 concentration of water in the sofufibn
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CHAPTER 3

INHIBITIVE ACTION STUDIES OF DIPHENYL
GLYCOLIC ACID - AMINO ACID LIGANDS ON
MILD STEEL IN 0.5 M HCI

The chapter comprise of results and discussion of the various types
of experiments we conducted to study the corrosion inhibition
nature of theDiphenyl glycolic acidamino acid ligands (HBT,
HBG, HBV, HBH andHBL) and some of its complexes on mild
steel in HCI.

3.1Effect of concentration of inhibitors on mild steel coupons
3.1.1Weight loss method

The weight loss occurred for the MS coupons immersed in 50ppm,
100ppm, 150 ppm and 200 ppm of the compounds (HEG,
HBV, HBH and HBL in 0.5 HCI solution afte4 hours was given

in Table 31. The weight loss study depicts HBL as corrosion
accelerator and the weight loss trend of HBT, HBG was increasing
after 200ppm. But the weight loss of the HBV and HBH continue
to decrease up to 800 ppm and 1000 ppm respectively and
afterwards it also shows an increasing trend. The MS coupons in
inhibitor solution was least corroded as compared to the blank
solution. The naked eye observation itself confirms the inhibitive
nature of the HBH ligand because of the smooth and polished
surface obtained after the corrosion reaction whereas the MS
coupons in the blank solution become rough and the weight loss
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was visible. A protective film layer was formed on the surface of
the MS coupos in the inhibitor solution. The weight lgssrrosion
rate and inhibition efiiciencylot of HBT, HBGHBH,HBV and
HBL for 24 hours time interval at different concentration was
plotted infig 3.1, 3.2 ad3.3respectively

Table 3.1 Weight loss occurred favlS in 24 hours time with and
without inhibitor

Concentration Weight loss
[M] HBT HBG HBL HBV HBH
Blank 0.4624 | 0.2229 0.2603 0.4557 0.623
50 ppm 0.3584 | 0.2088 0.2731 0.3489 0.1752
100ppm 0.32 0.1794 0.2937 0.2785 0.1129
150ppm 0.2440 | 0.1507 0.3058 0.2026 0.0931
200ppm 0.1692 | 0.1325 0.3527 0.1549 0.0745
—=— HBT
—e— HBG
—A— HBV
0.35 1 ¥ HBL
—4— HBH
030+
025+
8
0.20
2
0.15 4
0.10 4
0.05 — T+ 1

—r 77—
40 60 80 100 120 140 160 180 200 220

concentration (ppm)

Fig. 3.1 Weight loss occurred for MS in 24 hours time with and
without inhibitor
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The weight loss of the MS coupons is inversely proportional to the
concentration of the inhibitor. As the concentration of the inhibitor
increases the weight loss decreases and after an optimum
concentration, when the surface of adsorption is at its mamitha
weight loss tend to increase. The loss of weight of coupoHB®

is high whereas itHBH is least. The decreasing order of weight
loss of different Benzilic acidmino acid ligands are the following:
HBG >HBT >HBV >HBH. The weight loss of the Benmlacid
amino acid ligands is decreasing indicates the inhibitive properties

of the compounds.

3.1.Zorrosion rate and inhibition efficiency

The variation of corrosion rate expressed in mm/yr of the MS
specimens in 0.5 M HCI is calculateahd tabulated inthis
sectionThe table3.2 gives the corrosion rate f6iBT, HBG, HBH,
HBV and HBL inhibitor and represented fig.3.2

Table 3.2.Corrosion rate occurred for MS in 24 hours time with
and without inhibitor

Concentration Corrosion rate

[M] HBT | HBG HBL HBV HBH
50 ppm 41.6065| 24.2395| 31.7041 | 40.5037 | 20.3389
100ppm 37.1487| 20.8264| 34.0955 | 32.3309| 13.1065
150ppm 28.3258| 17.4947| 35.5002 | 23.5197| 10.8079
200ppm 19.6423| 15.3818| 40.9448 | 17.9822| 8.6486
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Fig. 3.2 Corrosion rate occurred for MS in 24 hours timiéh and
without inhibitor

The corrosion rate and concentration of inhibitor shows an inverse
relationship, i.e, a decreasing trend for corrosion rate is observed
with the increase of inhibitor concentration. At the highest
concentration the corrosion eator HBG is maximunand HBH
shows the least corrosion rate. The efficiency of the Benzilic acid
amino acid ligands against corrosion towards MS was obdernv

0.5 M HCI for 24hours and the efficiency valseare tabulated in
thetable 33.

23z



Corrosion Inhibition Studies of Diphenyl Glycolic Acid (Benzilic Atid)
Amino Acid Ligands on Mild Steel

Table 3.3 Inhibition efficiency occurred for MS in 24 hours time
with and without inhibitor

Concentration Inhibition efficiency
[M] HBT HBG HBV HBH
50 ppm 224913 | 6.3257 | 23.4364 | 71.8780
100ppm 30.7958 | 19.5154 | 38.8852 | 81.8780
150ppm 47.2318 | 32.3912 | 55.5409 | 85.0561
200ppm 63.4018 | 40.5563 | 66.0083 | 88.041
—=— HBT
% D
80 —v— HBH
70 //r/
oo
g o]
£ ol
% 5]
= 20
10 4
® o e 80 10 1o 1o 10 10 200 2o

concentration (ppm)

Fig. 3.3 Inhibition efficiency of ligands occurred for MS in 24
hours time with and without inhibitor
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The weight loss, corrosion rate and Corrosion inhibition efficiency
of the HBH and HBV after 200ppmwas studied at various time
intervals 24,48 and 72 hours and the efficiency seems to be
increasing upto 800 ppm for HBV ligand and 1000ppm for HBH
ligandThe weight loss corrosion rate and inhibition efiiciency plot
of HBV and HBH for 24, 48 and 72 hourat different
concentration were plotted and the weight Jossosion rate and
inhibition efficiencyof HBH was alsodepictel in fig. 3.4,3.6 and

3.8 respectivehAlso the weight loss,corrosion rate and inhibition
efficiency of HBH was also depicted ifig. 3.5, 37and.9
respectivelyThe rate of corrosion in presence of inhibitors at
different concentrations was recorded at room temperature for 24,
48 and 72 hours for HBV and HBH inhibitor and 24 hours for HBT
and HBG inhibitor The effect of temperature effect of
concentration of inhibitor, effect of concentration of acid solution,
comparative study with their parent compounds and their different
metal complexes have also been studied. Adsorption studies of the
ligands on the mild steel surface haveoddeen carried out and the

thermodynamic parameters and kinetic parameters have calculated.
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Table 34 Weight loss occurred for MS in 24, 48, 72 hours time
with and without inhibitor of HBH ligand

Concentration Weight loss
M]
24 48 72
50 ppm 0.1752 0.2753 0.3357
100 ppm 0.1129 0.1621 0.1928
150 ppm 0.0931 0.1316 0.1569
200 ppm 0.0745 0.114 0.1373
300 ppm 0.0636 0.1008 0.1207
500 ppm 0.0268 0.0316 0.0428
800 ppm 0.0242 0.0312 0.0381
1000 ppm 0.0164 0.0237 0.0252
1500 ppm 0.0236 0.307 0.0342
——24hrs
—8—48hrs
—— 72hrs
0.3+
= 02+
=
0.1+
0.0 T 1 T T T LI T T T T T T T

—T
0 200 400 600 800 1000 1200 1400 1600

concentration(ppm)

Fig. 3.4.Weight loss occurred for MS in 24, 48, 72 hours time with
and without inhibitor of HBH ligand
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Table 35Weight loss occurred for MS in 24, 48, 72 hours time
with and without inhibitor of HBV ligand

Concentration Weight loss
[M] 24 48 72
50 ppm 0.3489 0.5085 0.5293
100 ppm 0.2785 0.4156 0.4365
150 ppm 0.2026 0.3124 0.3714
200 ppm 0.1549 0.2213 0.2698
300 ppm 0.1002 0.1632 0.2146
500 ppm 0.0427 0.0803 0.1102
800 ppm 0.0313 0.0528 0.0709
1000 ppm 0.0843 0.0697 0.0986
0.55 - & — 24 hrs
: *— 48 hrs
0.50 + —&— 72hrs
0.45 - h
0.40 hi
0.35 \A
o 7 RUERRY
8 0304 A
= LN
D 025 VAR
= 0.20 - w .
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0.10 Sa A A
. A =
0.05 - -
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Concentration{PPM)

Fig. 3.5.Weight loss occurred for MS in 24, 48, 72 hours time with
and without inhibitor of HBV ligand.
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Table 3.6.Corrosion Rate occurred for MS in 24, 48, 72 hours time
with and without inhibitor of HBH ligand

Concentration Corrosion rate
[M] 24 48 72
50 ppm 20.3384 15.9797 12.9904
100 ppm 13.1065 9.4090 7.4606
150 ppm 10.8079 7.6387 6.0714
200 ppm 8.6486 6.6171 5.3130
300 ppm 7.3833 5.8509 4.6706
500 ppm 3.1112 1.8342 1.6562
800 ppm 2.8093 1.8109 1.4743
1000 ppm 1.9038 1.3756 0.9751
1500 ppm 2.7397 1.7819 1.3234
—=— 24 hrs
20 ® 48 hrs
—a&— 72 hrs
15 -
E
g 10
8 : “-\‘
5 L: !
\\\.—* — . 1
Pt
Concentration{PPM)

Fig. 3.6 Corrosion rate occurred for MS in 24, 48, 72 hours time
with and without inhibitor of HBH ligand
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Table 3.7 Corrosion rate occurred for MS in 24, 48, 72 hours time
with and without inhibitor of HBV ligand

Concentration Corrosion rate
[M] 24 48 72
50 ppm 40.5037 29.5158 20.4820
100 ppm 32.3309 24.1234 16.8910
150 ppm 23.5081 18.1332 14.3719
200 ppm 17.9822 12.8453 10.4403
300 ppm 11.6321 9.4729 8.3042
500 ppm 4.9570 4.6610 4.2643
800 ppm 3.6336 3.0647 2.7435
1000 ppm 9.786 4.0457 3.8154
459 = 24 hrs
w0l = E i
35 4 \
"
30 4 - W
] ..'-.
g 25+ ™ -
é 20 - -
e N @ m
8 15 F Y . \ |
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Fig.3.7. Corrosion rate occurred for MS in 24, 48, 72 hours time
with and without inhibitor of HBV ligand
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Table 3.8 Inhibition efficiency occurred for MS in 24, 48, 72 hours
time with and without inhibitor of HBH ligand

Concentration Inhibition Efficiency
M] 24 48 72
50 ppm 71.8780 70.4867 70.3576
100 ppm 81.8780 82.6222 82.9757
150 ppm 85.0561 85.8919 86.1456
200 ppm 88.041 87.7787 87.8763
300 ppm 89.7913 89.1938 89.3421
500 ppm 95.07 96.0450 96.2207
800 ppm 95.5535 96.0951 96.6357
1000 ppm 96.98 97.0337 97.7748
1500 ppm 95.6641 96.1576 96.9801
—=— 24 hrs
100 ®— 48 hrs
---'t_—— B _+?2 hrs
" )
90 _l/-:
u‘:% 7 z
5, |
— |
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Fig.3.8. Inhibition efficiency occurred for MS in 24, 48, 72 hours
time with and without inhibitor of HBH ligand
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Table.3.9. Inhibition efficiency occurred for MSn 24, 48, 72
hours time with and without inhibitor of HBV ligand

Concentration Inhibition Efficiency
[M] 24 48 72
50 ppm 23.4364 21.0281 18.9185
100 ppm 38.8852 35.4558 33.1341
150 ppm 55.5409 51.4831 43.1066
200 ppm 66.0083 65.6313 58.6703
300ppm 78.0118 74.6544 67.1262
500 ppm 90.6298 87.5291 83.1188
800 ppm 93.1314 91.7996 89.1390
1000 ppm 81.5009 89.1753 84.8958
—=— 24 hrs|
100 ®— 48 hrs
—&— 72 hrs
90 e — d_!"‘ e
80 | A ~a
‘o
> 70 ymw
o rF -
© 60
E IA
5 %7 I/
2 w0 a
30
20 4 i
10 T T T T T
0 200 400 600 800 1000

Fig. 3.9.nhibition efficiency occurred for MS in 24, 48, 72 hours
time with and without inhibitor of HBV ligand
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The corrosion inhibition efficiency oDiphenyl glycolic acid
amino acid ligands is discussed in the portidBG ligand is the
inhibitor with least efficiency of only 40% at 200 pphBT ligand

has an efficiency of 22.49% at lower concentration of 50 ppm and
it seems to increase up to 66% at 200 ppiBL ligand seems to
accelerate the corrosion reaction. H®V andHBH ligand are the

two ligands exhibiting high inhibition efficiencydBV shows a
maximum efficiency of 93% at 800 ppm .In the casé&iBH 71%

for 50 ppm and the efficiency tend to increase with the increase in
concentration to a maximum of 97% at 1000 ppm. The comparative
study of the % inhibition efficiency of inhibitors atifferent
concentratio was plotted and showin fig 3.3.The study reveals
the fact thatHBH and HBV are found to be potent inhibitors
against corrosion and they act as effective inhibitor at 1000 and 800
ppm respectively. The increasing efficiency ordéthe inhibitors
follows the ordeHBG <HBT <HBV <HBH.

3.2. Effect of Temperature on the Action of Diphenyl glycolic

acid-amino acidinhibitors

The effect of temperature on the weight loss measurements,
inhibition efficiency, and corrosion rate was conducted at different
temperatures (36333K) with 1000 ppm of HBH ligand and 800
ppm of HBV ligand at an interval of 3 hours. The percentage
inhibition efficiencies plotted against differetemperatures was
shownin fig. 3.10.The inhibition efficiencies tend to decrease with
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an increase in temperature due to the increase in hydrogen
evolution on the metal surface at high temperature which leads to
the desorption of adsorbed inhibitor layer from the metal surface.
The Arrhenius equation is used for calculating the activation
energy of the HBH inhibitor. The graphical representation of
logarithmic values of corrosion rate at different temperatures for
the blank and 1000ppm HBH ligand against 1000/T provides the
activation energy from the slope of the plot. Tige 3.11 and 3.12
depicts the Arrhenius plot of the blank and 1000ppm HBH ligand
and 800 ppm HBV ligandnd the calculated values of corrosion
rate, surface coverage, and inhibition efficiency occurred for MS in
3 hrs of HBH ligandand HBV ligandat different temperatures is
given inTable 310 and 3.11

Table 3.10Neight loss, Corrosion rate and inhibition efficiency
occurred for MS in 24 hrs #41BH ligand at different temperature

T
(ﬁg‘)p Weight loss | Inhibition efficiency | Corrosion rate
30 0.0081 87.8923 7.5140
40 0.0123 91.3319 11.4101
50 0.0294 84.1423 27.2731
60 0.0991 67.6033 92.0359
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Table 3.1MWeight loss, Corrosion rate and inhibition efficiency
occurred for MS in 24 hrs of HBWgand at different temperature

T(‘Sg‘)p Weight loss | Inhibition efficiency | Corrosion rate
30 0.0176 73.6920 16.3267
40 0.0386 72.7977 35.8075
50 0.0789 57.44 73.1921
60 0.2095 31.5135 194.3442
ol . [~a—HBH] : E—
ﬁ:w_ "gna-

T
500

T T T T
600 700 800

Concentration(ppm)

Concentration(ppm)

Fig. 3.10.(aRelationship between inhibition efficiency (l.E) and
concentration of i nhi bitor (C)
weight loss measuremefif)Relationship between corrosion rate

(Crw) and concentration of nhi bi t or ( C) i n 0.

obtained by weight loss measurement.(HBH)
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Table 3.10 Corrosion rate, Surface coverage, and Inhibition
efficiency occurred for MS in 3 hrs of HBH ligand at different
temperatures

Temperature | Concentration(ppm) | Crw(mgem d dw(%0)
(eC) *h)
Blank 1.445 - -
500 0.2255 0.8474| 84.74
30 800 0.2005 0.8644| 86.44
1000 0.1503 0.8983| 89.83
Blank 3.3166 - -
500 0.5597 0.6196| 61.96
40 800 0.5263 0.8413| 84.13
1000 0.5179 0.8438| 84.38
Blank 13.2414 - -
500 1.3533 0.8997| 89.97
50 800 1.261 0.9047| 90.47
1000 1.1946 0.9097| 90.97
Blank 21.2364 - -
500 2.7318 0.8713| 87.13
60 800 2.5563 0.8796| 87.96
1000 2.3893 0.8874| 88.74
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Table 3.11Corrosion rate, Surface coveragend Inhibition
efficiency occurred for MS in 3 hrs of HBV ligand at different
temperatures

Temperatu | Concentration Crw(mMmgc d dw(%)

re (ppm) m2h™)

(eC)
Blank 1.445 - -
200 0.2255 | 0.8474 | 84.74

30 500 0.2005 | 87.8923| 87.8923
800 0.1503 | 0.8983 | 89.83
Blank 3.3166 - -
200 0.5597 | 0.6196 | 61.96

40 500 0.5263 | 0.9133 | 91.3319
800 0.5179 | 0.8438 | 84.38
Blank 13.2414 ; :
200 1.3533 | 0.8997 | 89.97

50 500 1.261 | 0.8414 | 84.1423
800 1.1946 | 0.9097 | 90.97
Blank 21.2364 ; :
200 27318 | 0.8713 | 87.13

60 500 2.5563 | 0.6760 | 67.6033
800 2.3893 | 0.8874 | 88.74
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Fig. 3.12Weight loss, Corrosion rate and inhibition efficiency
occurred for MS in 24 hrs of HBV ligand at different temperature

3.3 Effect of Concentration of acid on the Action of Diphenyl
glycolic acid-amino acidinhibitors

The study of the effect of concentration of acid solution at room
temperature was carried out. The weight loss, inhibition efficiency,
corrosion rate of the inhibitor &1 N and 1 N HCI was studied.
The results show as the concentration of the acid solution increases
the efficiency of the inhibitor tends to decrease but at all
concentration of acid solution, the maximum efficiency shown by

the same concentration of timhibitor.
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Table 3.13Weight loss, Corrosion rate and inhibition efficiency
occurred for MS in 0.1 M HCl in 24 hrs of HBV ligand

Concentration | Weight Corrosion | Inhibition

[M] loss rate efficiency
50 ppm 0.026 87.8776 3.0183
100 ppm 0.0173 91.7343 2.0083
150 ppm 0.0133 93.6454 1.5439
200 ppm 0.0088 94.1284 1.0215
300 ppm 0.0084 94.0969 0.9751
500 ppm 0.0067 95.2916 0.7778
800 ppm 0.0064 95.5024 0.7429
1000 ppm 0.0066 95.3619 0.7661

CR(mm/Y)
1N
-
p
IE(%)
1N
CR(Mm/Y)
1N
Ny
™,
IE(%)
1N

r T T T T T
o 200 400 600 800 1000
Concentration

Fig. 3.13Corrosion rate and inhibition efficiency HBH aRd@V in
1 N HCI solution
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Fig. 3.14Corrosion rate and inhibition efficiency HBH and HBV
0.1 N HCI solution
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Table 3.14Neight loss, Corrosion rate and inhibition efficiency
occurred for MS in 1M HCI in 24 hrs of HBV ligand

Concentration | Weightloss | Inhibition Corrosion
[M] efficiency rate
50 ppm 0.208 90.0621 2.4146
100 ppm 0.0195 90.6832 2.2637
150 ppm 0.0184 91.2087 2.1360
200 ppm 0.0118 94.3621 1.3698
300 ppm 0.0081 94.3078 0.9403
500 ppm 0.0073 94.8699 0.8474
800 ppm 0.0071 95.0105 0.8242
1000 ppm 0.0057 95.9943 0.6617
1500 ppm 0.006 95.7835 0.6965
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Table 3.19Neight loss, Corrosion rate, and inhibitiefficiency occurred for MS in 0.1 N, 0.5 N, and 1 N HCI
concentration in presence of HBH ligand

Concentration 01N 05N N
[M]
Wt.loss | %IE CR | Wtloss| %IE CR Wt.loss | %%IE CR
50 ppm 0.208 | 90.0621| 2.4146| 0.1752 | 71.8780| 20.3384| 0.2173 | 63.2715| 25.2262
100ppm 0.0195| 90.6832| 2.2637| 0.1129| 81.8780| 13.1065| 0.1793 | 69.7639| 20.8148
150 ppm 0.0184 | 91.2087| 2.1360| 0.0931 | 85.0561| 10.8079| 0.1623 | 72.6306| 18.8413
200 ppm 0.0118 | 94.3621| 1.3698| 0.0745| 88.041 | 8.6486 | 0.1507 | 74.6306| 17.4947
300 ppm 0.0081 | 94.3078| 0.9403| 0.0636 | 89.7913| 7.3833 | 0.1246 | 78.9881| 14.4647
500 ppm 0.0073 | 94.8699| 0.8474| 0.0268 | 95.07 | 3.1112 | 0.0814 | 88.24 | 9.4497
800 ppm 0.0071 | 95.0105| 0.8242| 0.0242 | 95.5535| 2.8093 | 0.0363 | 94.75 | 4.2140
1000 ppm 0.0057 | 95.9943| 0.6617| 0.0164| 96.98 | 1.9038 | 0.0324 | 95.31 | 3.7613
1500 ppm 0.006 | 95.7835| 0.6965| 0.0236 | 95.6641| 2.7397 | 0.0626 | 90.52 | 7.2672
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3.4 Comparative study of Diphenyl glycolic acid

Histidine/Valineinhibitors and their parent compounds

The comparative study of tigiphenyl glycolicacid Histidine and

Diphenyl glycolic aci®/aline inhibitors conducted with its parent

compoundDiphenyl glycolic acig Histidine and Valine in 0.5 N

HCI at room temperature ( 2&). The weight loss, corrosion rate

and inhibition efficiency of the compounds were studaed are

tabulated in the table 3.1&he plots of weight loss, corrosion rate

and corrosion inhibition efficiency was given in the {814 The

study shows thathe ligands are more potent than its parent

compounds.

Inhibltlen efficlency

#— Histidine
®— Valine

4— Benzilicaci d
-
\\
- A
i \
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- \
\
N\
A ‘\
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. N \
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Fig. 3.18Comparison of Weight loss, Corrosion rate and inhibition
efficiency of parent compounds occurred for MS in 24 hours
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Table 3.16 Comparison of Weight loss, Corrosicate and inhibition efficiency of parent compounds occurred
for MS in 24 hours.

Concentration
_ Histidine Valine Diphenyl glycolic acid
[M] (in ppm)
Wit.loss | %lE CR Wit.loss | %IE CR Wit.loss | %IE CR
300 0.3081 | 47.6643| 35.7672| 0.461 | 21.6918| 53.5173| 0.5259 | 10.6675| 61.0515
500 0.2364 | 59.8437| 27.4436| 0.4405| 25.1741| 51.1375| 0.4693 | 20.2819| 54.4809
800 0.2185 | 63.3939| 25.3656| 0.4174 | 29.0980| 48.4558| 0.446 | 24.2398| 51.7760
1000 0.1682 | 71.4285| 19.5262| 0.5082 | 15.4068| 58.9967| 0.3571 | 39.3409| 41.4556
1500 0.538 | 8.612 | 62.4562| 0.498 | 13.6741| 57.8126| 0.4188 | 28.8602| 48.6183
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3.5 Comparative dudy of Diphenyl glycolic acid

Histidineinhibitor and their metal complexes

The comparative study of thBiphenyl glycolic acid Histidine
inhibitor is conducted with itsmetal complexes ofDiphenyl
glycolic acidHistidine in 0.5 N HCI at room temperature (25).
The weight loss, corrosion rate and inhibition efficiency of the
compounds were studieahd are tabulated in the table 3.The
plots of weight loss, corrosion rate and corrosion inhibition
efficiency was given in the fig.17. The study shows th#te metal

complexesare more potent than its pardigand

[ ]Cr
[T Cu
I Co
100 _ _ _ _
e
=
2
@ 60 4
o
=
@
=
= 40 -
e
=
<=
20_

0 T T T T T T T
40 60 80 100 120 140 160 180 200 220

concentration (ppm)

Fig.3.17. Comparison of Weight loss, Corrosion rate and
inhibition efficiency ofmetal complexes of HBH occurred for MS
in 24 hours.

252



Corrosion Inhibition Studies of Diphenyl Glycolic Acid (Benzilic Atid)
Amino Acid Ligands on Mild Steel

Table.3.17 Comparison of Weight loss, Corrosion rate and
inhibition efficiency of metal complexes of HBH occurred for MS

in 24 hours.
Concentration Cu complex Cr complex Co complex
in ppm WL IE CR WL IE CR WL IE CR
500 0.006 | 98.32| 62.16 | 0.0666| 81.38| 7.731| 0.0276| 92.28| 3.204
800 0.0055| 98.46| 61.341| 0.0383| 89.29| 4.446| 0.0215| 93.98| 2.495
1000 0.0045| 98.74| 44.822| 0.0246| 93.12| 2.855| 0.0171| 95.21| 1.985
1500 0.0063| 98.23| 43.208| 0.247 | 93.09| 2.867| 0.0307| 91.41| 3.563

3.6 Adsorption isotherm studies

Corrosion is a surface phenomenon in which the inhibitors act on
the surface of the metal to reduce the corrosion. The mechanism of
corrosion inhibition is considered to be the adsorption of the
inhibitor on the metal surface thereby suppressing the asites

on the surface to react with environment. This mechanism helps to

reduce the corrosion to a great extent. The degree of surface

coverage (d) is calculated from

if MS in 0.5 M HCI, with the help of egn (16) of tlehapter 2. The
surface coverage (d) values of
table and the data fit with the Langmuir isotherm. The Temkin and
Frumkin isotherm do not yield a satisfactory description about the
mechanism of corrosion process but tleagmuir isotherm provide
the best description of the inhibitors adsorption behaviour. The plot
of C/ d vs d gives a straight

isotherm.
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Table 3.18 Weight loss occurred for MS in 24 hours time with and
without inhibitor

R? Types of
Compound value Intercept | Kags a6 Adsorption Slope
HBH 0.93504| 3.26897 | 0.3059| -7.06x13 | Physisorption| 0.73566
HBV 0.9804 | 2.64729 | 0.3777| -7.59x1G | Physisorption| 0.1122

Table 3.19Weight loss occurred for MS in 24 hours time with and
withoutinhibitor

Compound Slope Ea
HBH -5.2710 43.8236
HBV -3.5615 29.6108

The Arrhenius equation is used for calculating the activation

energy of the HBH and HBV inhibitor. The graphical
representation of logarithmic values of corrosion rate at different
temperatures for the blank and 800ppiBV ligand and 1000ppm

HBH ligand against 1000/T provides the activation energy from the

slope of the plot. The Arrheniysot of the blank, 800ppriiBV

ligand and 1000ppnkBH ligand is given in the fig 3.18(a) and

3.19a) and the activation energy values for the inhibitors are

tabulated in the tabld.21 and 3.23The activation parameters like

ent hal py ofj,amcttiveatémmir oppereact i vat |

obtainedby the transition state equation.

O0YY YXQQwIWMY Qun Ory"y (8)
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Table 3.20Adsoprtion parameterisKagsa n d © \@lGes for HBH
on mid steel in 0.5N HCI at various temperatures as obtained from

N is

of

straight

l i ne

Langmuir adsorption isotherm.

Avogadr o0s
a gand the @rithialpyrof, actieatiod. Frgomi
the plot of In (GQw/T) versus 1/Tfig. 3.2Qb) and 3.21(bkslope of
nedandnd

obt ai

n u mis tbe

SI.No Temperature | Kagex10°(M™) (13/%87)
1 303K 5.72 -31.92
2 313 K 0.84 -27.08
3. 323K 27.84 -35.90
4 333K 16.51 -34.59

Table 321. Activation parameters obtained from Arrhenius plot

Inhibitor | - C(ppm) (KJ/En:oI) (Kj)n?ol) (quo)I?K 1
500 161.78 | 165.43 | -20.8508

. 800 16472 | 16851 | -17.3141
1000 | 177.04 | 18068 | -1.5468
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Fig. 3.18(a)Arrhenius plots for mild steel in 0.5 M HCI in the

absence and presence of different concentrations of HBH.

(b)Alternative Arrhenius plots for mild steel in 0.5 M HCI in the
absence and presence of different concentrations of HBH.
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Fig. 3.19@)Arrhenius plots for mild steel in 0.5 M HCI in the

absence and presence of different concentrations of HBV.

(b)Alternative Arrhenius plots for mild steel in 0.5 M HCI in the
absence and presence of different concentrations of HBV.
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Table 3.22Adsoprtion parameteiidga n d ° val@es for HBV
on mild steel in 0.5N HCI at various temperatures as obtained from
Langmuir adsorption isotherm.

SI.No Temperature | Kagex10H(M™) (Ej /(rg;‘ag?)
1. 303K 9.11 -14.63
2. 313 K 6.85 -15.42
3. 323K 3.01 -17.70
4, 333K 1.45 -19.71

Table 3.23 Activation parameters obtained from Arrhenius plot of
HBV

4 Ea H 2
Inhibitor | C(ppm) |y 3/moy) (K??mm) (JmcgllKl)
200 | 150.2317 | 156.30 | -41.1860
.y 500 | 152.6525| 158.72 | -43.8176
800 | 157.0494 | 163.12 | -49.0742

3.7Surface morphological studies

Surface morphological studies of the HBH and HBV ligands were
carried out to understand the interaction between metal surface and
inhibitor. The study was carried out by immersing the mild steel
coupon for 6 h and the mild steel spmens were washed
thoroughly with double distilled water, dried camndergo SEM
analysis. Fig. 3.24@8) shows SEM images of mild steel coupon
without inhibitor at 303K whereas fig.3.2B) depicts the SEM
images of polished mild steel surface. The SEM imagégates

that the mild steel surface immersed in 0.5 N HCI without HBH

and HBV is damaged severely in comparison with that of mild
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steel surface immersed in 0.5 N HCI with HBH and HB\Q.
3.21(A) & (B) shows the MAP data of HBH and HBV respectively.
The MAP data along with SEM data helps to explain the

interaction between metal surface and inhibitor molecule.

k
- Signel A= inLens  Detw 7 Jul 2022
Mag= 5.00 KX i Mag= 700X Time :19.45:52

Fig.3.20.SEM images of (A) mild steel immersed in 0.5 M HCI (B)
polished mild steel of HBH

(o)

Map data 2061

MAG:10.0kx HV: 10KV WD: 15.2mm
Map data 2061

Date:12/13/2021 4:48:45 PM

1m: size:768 x 768
Mag:10013.9693571453x

HV:10.0kV

Map data 2062 : o5 na
MAG: 10.0kxX HV: 10kv WD* 5.0mm.
Map data 2062

Date:12/13/2021 4:58:24 PM

Image size:884 x 931
Mag:10010.0462671145x
HV:10.0kV

Fig.3.21Map data of (a) HBH (b) HBV ligands
Conclusion

The corrosion inhibition efficiency of the Diphenyl Glycolic acid
amino acid ligands have been carried out. From the observations
the Diphenyl Glycolic aciHistidine and Diphenyl Glycolic acid
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Valine ligand shows maximum efficiency of 97%and 98
respectively. The observatiowas confirmed by the SEM
morphological study ah MAP data. The inhibitors obethe
Langmuir Adsorption isotherm and various thermodynamic
parameters have been calculated using Adsorption stubies.
efficiency of the invetigated compounds varied depending upon
their chemical structure and constituents present in them. The
adsorption isotherm analysis and thermodynamic parameters
calculated indicate that theewly synthesized ligand#hibit
corrosion through the physicaldsorption process and follow
Langmuir adsorption isotherm. Relevant references are given at the
end of Part IV.
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PART V

ANTIFUNGAL STUDIES OF DIPHENYL GLYCOLIC
ACIDAMINO ACID METAL COMPLEXES






CHAPTER 1
INTRODUCTION

Amino acid complexes play an important role in the history of
medicines. They have high potential to act as antimicrobial agents.

On complexation with the metal atom they seem to raise the ability

to act against microbes such as bacteria and fungus. The reviews

such as fiThe effects ot diCeledtaitn g ne
i n me diiMeitnael® bi ndi f,gid Mien alme ¢ihei me &
bi ol ogi cadnds yfisStermscot ure and°>bonding
gives an basic idea about the concept. The role of Schiff base in

diverse biological and pharmaceutical activiti€sand their wide

10 and

range of applications in clinical biochemicat
physiologicat® activities are a leading part of reseanchwadays.
Mechanism of the action of antifungal agents has been reported by
Frank® et al. The review describes about the various amino acid
transition metal complexes having wide range of applications in the

field of pharmaceutical, clinical and physiologl areas.

Schiff base and its metal complexes of sulphametrole and
varelaldehyde showed a higher effect on E. coli (Gnagative
bacteria) and S. aurédgGrampositive bacteria). It is known that
the membrane of Gramegative bacteria is surroundeg an outer
membrane containing lipopolysaccharides. The synthesized Schiff
base and its metal complexes combine with the lipophilic layer in

order to increase the membrane permeability of the Gregative
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bacteria. The lipid membrane surrounding the éelicitate the
passage of only lipid soluble materials thus the lipophilicity can be
considered as an important factor that controls the antimicrobial
activity. Also the lipophilicity of the compounds enhances the
penetration of Schiff base and its metaimplexes into the lipid
membranes and thus restricts further growth of the organisSint’

Andreed® et al have studied the antifungal and antibacterial
properties of various copper and cobalt amino acid complexes
using the agar method and evaluadg@inst three bacterial strains
(Escherichia coli, Bacillus cereus, and Micrococcus Isjeu
Studies already revealed that amino acid complexes are active
against granpositive bacteria and in the current study complexes
with leucine and histidine are moaetive than parent free ligand.
Moderate activity showed formethionine and phenylalanine where
as the lysine and valine complexes are less efficient. The copper
and cobalt complexes are proved to be a potential antibacterial
agent.Barnaba%®t al synthegied the new Sulfamerazine Schiff
base ligand complexed with Co (lI) and Cu (Il) ions which is
intercalated between Mg/Aayered double hydroxide. They
showed excellent antibacterial potency against both gram negative
(Escherichia coli, E. coli) and gramogitive (Staphylococcus
aureus, S. aureus) bacteria. This study suggest that intercalation of
the metal complex enhanced their activity and Cu complexS&u
LDH) exhibits higher activity than Co complex ((S&LDH).

microwave assisted synthesis of somehif base and their

26¢€
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antimicrobial activities conducted tSandeep Miglaff et al. The
method produce compounds in excellent yield with short reaction
times and without any undesirable side products. They suggest
Microwave assisted synthesis to be an effective method for the
synthesis of various important drugs. The excellenimacrtobial
properties of copper and Cobalt complexes were studied b} Jian
et al. These valine derived Schiff base are proved to be an efficient
antimicrobial agent against gram positive as well as gram negative

bacteria and also against different fungpecies.

Umethyl trans cinnamaldehyde, a less irritating derivative
of cinnamaldehyde with comparatively less MIC have been
synthesized and also they complexed with Co(ll) and Ni(ll) metal
ions. Their inhibition efficiency were studied and the results
indicates that even though the ligand does not possess any
inhibition efficiency their metal complexes produced an 19%
cellular toxicity’”. The in vitro antifungal activity of Sn(IV)
complexes conducted against fRhizoctonia solanand Bortrytis
cinera by the poisoned food test and they exhibited activities
comparable with fungicides manzate and zffarithe antifungal
activity of few new NR-sulfonyldithiocarbimate metal complexes
were tested and they are found to be active inhibitant against the
Collectdrichum gloeosporioidé4 The Ni(ll), Cu(ll) and Cd(ll)
complexes of thiophene2,3-dicarboxaldehyde
bis(thiosemicarbazone) tested for their antifungal activity and

cytotoxicity and among them Cd(ll) complexes found to exhibit
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highest antifungal activify. Chitosan based metal complexes
showed an excellent inhibiting power against Phytophthora capsici,
Verticilium alboatrum, Botrytis cineraa and Rhizoctonia solani

which was confirmed by the pot experinfént

The antimicrobial activities of the semicarbaes and their
organitin(lV) complexes were evaluated against various Candida
species and their MICs also calculated. SAR calculations also
performed to evaluate the physicbemical properties related to
the antimicrobial acticff. Mohapatrd® et al screped the
antimicrobial behavior of the complexes of Cu(ll), Co(ll), Ni(ll)
and Zn(ll) with some hydrazone derivatives containing
benzimidazole moiety and they found to possess excellent

inhibitors against bacteria as well as fungal strains.
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CHAPTER 2
MATERIALS AND METHODS

The fungal strains used for the analysis of antifungal study of the
preparedDiphenyl glycolic acid amino acid ligansl and their
metal complexes are Pencillium sp., Fusarium sp.,Pythspm
Lasiodiplodia theobromae and Aspergillus sp. These strains were
obtained from the Depart ment
Guruvayurappan College, Calicut. Potdtextrose agar medium

was used for the culturing of the fungal strains.
2.1 Preparation of Pdato dextrose agar medium
1. Potato -200¢g

2. Dextrose -20g

3. Agar-agar -20g

4. Distilled water-1000mL

2.2 Procedure

Antifungal activities of the preparddiphenyl glycolic acid amino

acid complexes were examined using the disc method using potato
dextrose agar medium, which have been prepared from potato,
dextrose, agaagar and distilled water. Various concentrations of
prepared complexes was prepared by dissolving it in DMSD an

poured it into the potato dextrose agar medium in appropriate

of
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guantities. The studies involvéle pouring of the medium to the
petriplates, cutting the solidified mycelia discs of 5 mm in diameter
from the periphery of the 48 hours old culture have lveened out
under aseptic conditions in a laminar flow hood. The disc was
inoculated upside down within the middle of the petriplates and
these were incubated at room temperature until fungal growth in
the controlled plates was almost complete. The esbmaf the
mycelial development of fungi in each petriplates was conducted
and growth inhibition (I) was calculated with the help of the

following equation:
Percentage inhibiton& "0 p T

where ¢ and &re diameters of the fungal colony in the cohémd

test plate respectively.
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CHAPTER 3
RESULTS AND DISCUSSION

The results of the study at 24, 48 and 72 hours were tabulated in the
tables 3.1-3.5 and thei graphical representations are shown in
fig.3.1-3.5. The antifungal activity of the ligand and its complexes
were shown in fig3.6-3.10. The studies reveal that the new amino
acid complexes act as efficient inhibitor against all the five fungal
strains even at the lower concentration. The metal complexes were
more efficient than their corresponding ligands suggesting the
increase of ihibition activity due to the complexation with the
met al i on suggested by Tweedybs
show to be highly efficient inhibitor against the various fungal
strains such as Aspergillus sp., Pythium sp., Pencillium sp.,
Lasiodiplodiasp. and Fusarium sp. Pythium sp. and Lasiodiplodia
sp. had completed its growth within 48 hours whereas others
Aspergillus sp., Pencillium sp., and Fusarium sp needs 72 hours of
incubation. Zn complexes of certain ligands shows high inhibition
against pkthium sp compared to other complexes and its parent
ligand. All the complexes exhibit a moderate activity against the

tested samples when compared with the standard drugs available.

Ch
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Table.3.1. Preliminaryln vitro antifungal activity of HBT ligands andsi Co(ll),Cu(ll) and Zn(Il) complexes
against various fungal strains at 24, 48 and 72 hours.

Tyrosine ligand and its complexes(24 hrs)

Fungi Percentage of inhibition
L1 ColL1 CuLl ZnL1
Conc. (ppm) 1000 1500 1000 1500 1000 1500 1000 1500
Aspergillusniger 17 30 29 36 34 39 25 35
Phythium - 2.22 5.55 10 4.44 6.66 - 12.32
Pencillium 3.7 11 25 29 22 25 18 25
Lasiodiplodia theobromae 26 30 34 36 39 60 30 34
Fusarium sp. 4 8 16 20 8 16 12 20
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Tyrosine ligand and its complexes(48 hrs)

Percentage of inhibition
Fungi
L1 ColL1 CuLl ZnLl

Conc. (ppm) 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500
Aspergillus niger 21 35 26 38 35 41 28 37
Pythium - 1428 | 17.46 | 23.8 14.28 | 20.63 - 20.63
Pencillium 13 22 36 50 27 40 31 50
Lasiodiplodia theobromae 6 12 21 23 44 55 13 22
Fusarium sp. 8.6 11.4 20 22 14.2 20 14.2 22

27:¢



Antifungal Studies of Diphenyl Glycolic
Acid-Amino Acid Metal Complexes

Tyrosine ligand and its complexes(72 hrs)

Percentage of inhibition
Fungi
L1 ColL1 CuL1 ZnL1
Conc. (ppm) 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500
Aspergillus niger 29 37 38 46 39 48 34 42
Pencillium sp. 19 31 40 56 38 50 32 50
Fusarium sp. 13.3 20 33.3 40 26 33.3 26 33.3
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[ Aspergillus sp.
Benzilic acid-Tyrosine ] F’ythlgr.'n sp.
I Pencillium sp.
[ Lasiodiplodia sp.
Fusarium sp.
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% inhibition efficiency
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1

L1 L2 CoL1 Col2 CulLl Cul2 ZnL1 znL2
Compounds

Fig.3.1. Fungal Inhibition efficiency of Diphenyl glycolic acid
tyrosine ligand and its metal complexes at L1 (1000ppm) and L2
(1500ppm)concentrations

Among the Diphenyl glycolic acityrosine complexes, Cobalt
complex shows higher inhibition efficiency against the Pencillium
sp., Fusarium sp. and Pythium sp. Copper complexes exhibits
maximum efficiency for Lasiodiplodia theobromae angh&gjillus

sp. All the other complexes exhibit better efficiency when
compared with that of their parent ligand which clearly indicates
that their inhibition efficiency has been increased upon
complexation. For Pythium species the ligand and complexes show
the following order: CoL> Culy > ZnL; > L; But in the case of
Lasiodiplodia theobromae and Aspergillus sp. it exhibits an order

of Cul; > Coly > ZnL; > L;. In the case of Pencillium sp. and
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Fusarium sp. the order of inhibition efficiency is Got ZnL,;
>Culy > L,.

Table.3.2. PreliminaryIn vitro antifungal activity of HBG ligands
and its Co(ll),Cu(ll) and Zn(ll) complexes against various fungal
strains at 24, 48 and 72 hours.

Glycine ligand and its complexes (24hrs)

Percentage of inhibition

Fungi
L2 ColL2 CulL2 ZnL2

Conc. (ppm) | 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500

Aspergillus

) 7 13 18 23 21 31 32 40
niger

Phythium 10.25| 20.51| 16.66| 23.07| 35.55| 38.46| 60 | 71.11

Pencillium 20 22 24 26 25 30 25 29

Lasiodiplodia

25 44 58 64 53 56 42 46
theobromae

Fusariumsp. | 6.6 11 12 26 12 14 20 28
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Glycine ligand and its complexes (48 hrs)

Percentage of inhibition
Fungi

L2 ColL2 CuL2 ZnL2

Conc. (ppm) 1000| 1500| 1000| 1500 | 1000 | 1500 | 1000 | 1500

Aspergillus niger| 13 21 25 39 29 43 39 47

Phythium - - - 30.76| - 55.12| 65.38| 76.92

Pencillium 20 24 28 30 36 38 26 36

Lasiodiplodia

31 51 60 65 58 63 45 50
theobromae

Fusarium sp. 8.57 | 13.3| 20 28 16 24 28.5 34

Glycine ligand and its complexes (72 hrs)

Percentage of inhibition
Fungi

L2 ColL2 CuL2 ZnL2

Conc.(ppm) 1000| 1500 1000 | 1500 | 1000 | 1500 | 1000 | 1500

Aspergillus niger 21 25 30 43 35 46 42 55

Pencillium 23 26 28 34 40 50 27 36

Fusarium sp. 12 16 24 29 26 | 33.3| 33.3| 40

Among the glycine complexes Zinc complexes shows higher
inhibition efficiency against the Aspergillus sp., Pythium sp. and

Fusarium sp. For Pencillium sp. Copper complexes exhibits better
inhibition whereas in the case of Lasiodiplodia theobromae Cobalt
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complexes shows better inhibition efficiency. All the other
complexes exhibit better efficiency when compared with that of
their parent ligand which clearly indicates that their inhibition
efficiency has been increased upon complexation. For
Lasiodiplodia teeobromae, Copper complex exhibits better
efficiency. For pythium species the ligand and complexes shows
the following order: Znk> Cul, > Col, > L, But in the case of
Lasiodiplodia theobromae, the order is GoLCul, > ZnlL, > L,

and for Aspergillus spt exhibits an order of Znl> Cul, > Col,

> L, In the case of Pencillium the order of inhibition efficiency is
CulLy, > ZnL, >Col, > L, and Fusarium sp. the order of inhibition
efficiency is Znl,>Cul,> Col, > L.

80 Benzilic acid-Glycine

Y g
1

% Inhibition efficienc
&
1

N
o
1

L1 L2 Col1 ColL2 Cul1 CulL2 Znl1  ZnL2
Compounds

Fig.3.2. Fungal Inhibition efficiencyof Benzilic acidGlycine
ligand and its metal complexes at L1 (1000ppm) and L2 (1500ppm)
concentrations
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Table.3.3. PreliminaryIn vitro antifungal activity of HBH ligands
and its Co(lIl),Cu(ll) and Zn(ll) complexes against various fungal
strains at 24, 48mal 72 hours.

Histidine ligand and its complexes(24 hrs)

Percentage of inhibition

Fungi
L3 ColL3 CulL3 ZnL3

Conc. (ppm) | 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500

Aspergillus 13 21 28 32 18 23 23 25
niger

Pythium - 25 28 30 29 30 33 43
Pencillium 6 10 33 48 11 13 24 26

Lasiodiplodia 31 44 45 52 49 56 41 50
theobromae

Fusarium sp. 14 19 24 29 24 38 19 24

Histidine ligand and its complexes(48 hrs)

Percentage of inhibition
L3 ColL3 CuL3 ZnL3

Fungi

Conc. (ppm) | 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500

Aspergilius | o1 | 55 | 30 | 35 | 28 | 33 | 38 | 43
niger

Pythium - | 28 | 30 | 32 | 30| 33| 35 | s0
Pencillium 16 19 37 44 25 28 38 43

Lasiodiplodia

10 13 19 25 23 30 15 20
theobromae

Fusariumsp. | 17 23 33 40 43 47 33 40
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Histidine ligand and its complexes(72 hrs)

Percentage of inhibition
L3 CoL3 CuL3 ZnL3

Fungi

Conc. (ppm) 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500

Aspergillus 25 | 28 | 31 | 39 | 34 | 40 | 43 | 52
niger

Pencillium 20 23 40 53 34 40 50 60

Fusarium sp. 24 35 47 64 47 59 41 53

Among the histidine complexes Coppeomplex shows higher
inhibition efficiency against the Lasiodiplodia theobromae and
Zinc complexes show maximum potential against Fusarium sp.
Aspergillus sp. and Pythium sp. In the case of Pencillium sp.
Copper complex exhibits maximum inhition efficienckll the
other complexes exhibit better efficiency when compared with that
of their parent ligand which clearly indicates that their inhibition
efficiency has been increased upon complexation. For
Lasiodiplodia theobromae, Copper complex exhibits better
efficiency. For pythium species the ligand and complexes shows
the following order: Znk> Culs > Cols > L3 But in the case of
Lasiodiplodia theobromae it exhibits an order of guLCols >
ZnL3> L3z and Aspergillus sp. it exhibits an order of 2mL.Col; >
Culs > Lz In the case of Pencillium the order of inhibition
efficiency is Colg> ZnL3;>Culs > Lz and Fusarium sp. the order of

inhibition efficiency is Cuk> ZnlL3>Cols> L.
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[ Aspergillus sp
I Pythium sp
Il FPencillium sp
I Lasiodiplodia sp
I Fusarium sp

Benzilic acid-Histidine

40 4

% Inhibition efficiency
S
1

L1 L2 ColL1 Col2 Cul1 Cul2 2ZnL1 ZnL2

Compounds

Fig.3.3. Fungal Inhibition efficiency of Benzilic aciHistidine
ligand andts metal complexes at L1 (1000ppm) and L2 (1500ppm)
concentrations

Table.3.4. PreliminaryIn vitro antifungal activity of HBV ligands
and its Co(ll),Cu(ll) and Zn(ll) complexes against various fungal
strains at 24, 48 and 72 hours.

Valine ligand and its complexes(24hrs)

Percentage of inhibition

Fungi L4 Col4 CuL4 ZnL4
Conc. (ppm) | 1000] 1500 | 1000 ] 1500 | 1000] 1500 | 1000 ] 1500
Aspergillus 11 | 16 | 15 | 26 | 19 | 25 | 18 | 25
niger

Phythium : 5 5 5 T 333 - 5
Pencillium 7 12 23 36 12 24 22 32

Lasiodiplodia 24 29 30 34 35 40 29 34
theobromae

Fusarium sp. 125 | 15 20 | 225 | 20 30 175 | 25
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Valine ligand and its complexes(48 hrs)

Percentage of inhibition

Fungi L4 Col4 CuL4 ZnL4
Conc. (ppm) | 1000 | 1500 | 1000 1500 1000 1500 | 1000 | 1500
Aspergillus 20| 28 | 28 | 33| 31| 37 | 26 | 31
niger

Phythium . . . . T a222] - :
Pencillium 9 | 15 | 27 | 38 | 22 | 33 | 23 | 34
Lasiodiplodia 8 | 11 | 14 | 18 | 20 | 23 | 12 | 15
theobromae

Fusariumsp. | 13.3| 20 | 26.6 | 30 | 26 | 33 | 20 | 27

Valine ligand and its complexes(72 hrs)

Percentage of inhibition

Fungi W Col4 CuL4 ZnL4

Conc.(opm) | 1000 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500
Aspergillus 23 | 29 | 35 | a1 | a2 | 47 | 32 | 38
niger

Pencillium 16 22 28 39 30 38 46 61

Fusarium sp. 16.6 | 23.3 | 33.3| 40 27 34 21 34

Among the valine complexes Cobalt complexes shows higher
inhibition efficiency against the Fusarium sp. Copper complexes
have a high potential activity against the fungi Aspergillus sp.,
Pythium sp., Lasiodiplodia theobromae whereas for Pencillium sp.
Zinc complexes show maximum inhibition efficiency. All the other

complexes exhibit better efficiency when compared with that of
their parent ligand which clearly indicates that their inhibition

efficiency has been increased wupon complexation. For

Lasiodiploda theobromae, Copper complex exhibits better
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efficiency. For pythium species the ligand and complexes shows
the following order: Cuk> L4 But in the case of Lasiodiplodia
theobromae and Aspergillus sp. it exhibits an order ofyGuColy

> Znly > L4 In the case of Pencillium exhibits the order of
inhibition efficiency of Cols > ZnL, -Culs > L4 and Fusarium sp.
exhibits the order of inhibition efficiency of Cgl> Culy >
ZnL4>L,.

[ Aspergillus sp
[ Pythium sp
[ Fencillium sp
I L asiodiplodia sp
I Fusarium sp

Benzilic acid-Valine

Yy

% Inhibition efficienc

L1 L2 Col1 CoL2 Cul1 CuL2  ZnL1 ZnL2
Compounds

Fig.3.4. Fungal Inhibition efficiency of Diphenyl glycolic acid
Valine ligand and its metal complexes at L1 (1000ppm) and L2
(1500ppm) concentrations
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Table 3.5 PreliminaryIn vitro antifungal activity of HBL ligands
and its Co(lIl),Cu(ll) and Zn(ll) complexes against various fungal
strains at 24, 48 and 72 hours.

Leucine ligand and its complexes( 24 hrs)

Fungi Percentage of inhibition

L5 CoL5 Cul5 ZnL5
Conc. (ppm) 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500
Aspergillus
niger i i i i i i j j
Pythium 12 18 26 29 19 34 31 57
Pencillium 5 16 27 38 22 33 27 38
Lasiodiplodia | 55 | 45 | 39 | 50 | 40 | 52 | 45 | 50
theobromae
Fusarium sp. 13.3] 20 26 40 26 40 40 | 46.6

Leucine ligand and its complexes( 48 hrs)

Fungi Percentage of inhibition

L5 ColL5 CuL5 ZnL5
Conc. (ppm) 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500
Aspergillus
niger i i i i i i i i
Pythium - - 38 42 37 49 49 62
Pencillium 20 28 40 48 28 36 32 40
Lasiodiplodia | ¢ | 15 | 48 | 23 | 10 | 17 | 45 | 50
theobromae
Fusarium sp. 266 | 30 | 38.75| 425 | 35 45 40 | 475

Leucine ligand and its complexes( 72 hrs)

Percentage oinhibition

Fungi L5 Col5 CuL5 ZnLs
Conc. (ppm) | 1000 | 1500 | 1000 | 1500 | 1000 | 1500 | 1000 | 1500
Aspergillus

niger i i i i i i i i
Pencillium 30 38 42 50 30 38 46 53
Fusarium sp.| 32.5 35 40 46 46 51 45 50
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Fig.3.5. Fungal Inhibition efficiency of Diphenyl glycoliacid
Leucine ligand and its metal complexes at L1 (1000ppm) and L2
(1500ppm) concentrations

Among the leucine complexes Zinc complexes shows higher
inhibition efficiency against the Pencillium sp., Lasiodiplodia
theobromae, and Pythium sp. Copper compexxhibits an
maximum inhibition against the Fusarium sp. All the other
complexes exhibit better efficiency when compared with that of
their parent ligand which clearly indicates that their inhibition
efficiency has been increased upon complexation. For
Lasiodiplodia theobromae, Copper complex exhibits better
efficiency. For pythium species the ligand and complexes shows
the following order: Znk > Culs > Cols >Ls But in the case of
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Lasiodiplodia theobromae and Pencillium sp. it exhibits an order of
ZnLs> Cols> Culs> Ls In the case of and Fusarium sp. the order

of inhibition efficiency is Cuk> ZnLs >Cols> Ls.

HBV ligand and its metal complexes(48 hrs)
(Fusariumsp.)

HBL ligand and its metal complexes(48 hrs)
(Fusariumsp.)
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