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PREFACE

Macrocyclic Schiff base ligands are currently under investigation as encapsulating
ligands. They are very much like porphyrins, but can be more easily synthesized. Their
multidentate nature results in very high binding constants for many d or f - block metals. They
are able to stabilize many different metal ions in various oxidation states controlling the
performance of metals in a variety of catalytic reactions. Many of the complexes find wide
applications as heterogeneous catalysts. Immobilization of these complexes on to organic or
inorganic supports has received wide attention as they offer advantageous features of

heterogeneous catalysis to homogeneous systems.

In the present study an attempt has been made to synthesize some simple complexes of
multidentate ligands. Analogous zeolite encapsulated complexes were also synthesized and
characterized. Immobilization on to polymer supports through covalent attachment is
expected to solve the problem of decomposition of many complexes during catalytic reaction.
Hence the work is also extended to the synthesis and characterization of some polymer
supported complexes of Schiff base ligands. All the three types of synthesized complexes,
simple, zeolite encapsulated and polystyrene anchored, were subjected to catalytic activity
study towards catechol-oxidation reaction. A selected group of complexes were also screened
for their catalytic activity towards phenol-oxidation reaction. Biological screening of the
synthesized ligands and neat complexes were done with a view to establish the effect of

complexation on biological systems. Details of these studies are presented in this thesis.

The thesis is divided into nine chapters. Chapter [ gives a brief account of the literature
survey done on the subject. The materials and techniques employed in the study are given in
Chapter II. Chapter III to VI deals with the synthesis and characterization of simple, zeolite
encapsulated and polymer anchored complexes. Chapters VII and V111 deal with the catalytic
studies of the synthesized complexes towards organic oxidation reactions. Chapter IX
presents the in Vitro evaluation of the synthesized neat complexes towards microbes. The

conclusions derived from the study are summarized at the end of the thesis.
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CHAPTER I
INTRODUCTION

Synthesis and chracterization of new coordination compounds have always been a
challenge to the inorganic chemists since they were identified in the nineteenth century.
They play an active role in nature as exemplified by the function of macromolecules such
as haemoglobin, chlorophyll etc. The functions of metalloproteins and metalloenzymes in
natural biological systems are related to catalytic activity in reactions such as hydrogen
exchange, hydrolysis of esters, formation of Schiff bases and carboxylation or

decarboxylation.'

1.1 Metal complexes

Metal complexes in which a single central metal atom or ion is surrounded by a
set of ligands, play an important role in inorganic chemistry, especially for elements of
the d-block. Interaction of metal ions with N, O and S containing organic moieties has
attracted much attention in recent years.>® Such ligands and their complexes are
important due to their biological activity’” and also because they provide a better
understanding of metal protein binding.'” Schiff bases containing these groups could act
as versatile model of metallic biosites.'' Catalytic oxidation of many organic compounds
is also of fundamental and industrial significance. Several transition metal Schiff base
complexes are reported to be effective homogeneous catalysts for such oxidation

reactions.'>!?

1.1.1  Schiff bases

Schiff bases are an important class of ligands in coordination chemistry and their
coordinating ability containing different donor atoms is widely reported.' They have
wide applications in many biological aspects.’™'® The Schiff base complexes exhibit
important properties such as anti-inflammatory activity,'’ antibiotic activity,'®

antimicrobial activity'” and antitumour activity.” Hodnet and Dunn®' have reported that
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the Schiff bases in complexes play the key role in antitumour activity. Some of the Schiff
base complexes are used as model molecules for biological oxygen carrier systems.*
Metal complexes are known to play a vital role in metabolic and toxicological functions
in biological systems.'” These complexes have also applications in clinical field.”***
These wide applications of Schiff bases have generated a great deal of interest in the
synthesis of new metal complexes. The biological activity of the Schiff bases has been
attributed to their coordination ability with suitable metal ions. Studies on metal
complexes of biologically active ligands are important since they can sometimes be
considered as models of the more complex biological systems. Several metal complexes

of biologically important ligands have been synthesized and studied.”

Only after 1950s concrete and rapid advances in the field of Schiff base metal
complexes became evident. In the early days the main efforts were directed toward
synthesis and characterization of rather fundamental complexes. The research field
dealing with Schiff base metal complexes has now been far extended to the field of
organometallic and bioinorganic chemistry.?® Schiff base transition metal complexes are
one of the most adaptable and thoroughly studied systems.?”*® Interest in transition metal
complexes of these Schiff bases continues not only due to the interesting structural and
bonding modes they possess, but also because of their varied industrial applications.”
Tetradentate Schiff base complexes are well known to form stable complexes, where the

coordination takes place through the N2O; donor set.***2

The Schiff base ligands exert profound influence on the activity of the metal
centre. The complexing ability of Schiff base is due to the presence of azomethine
linkage. The azomethine group have a tendency to donate the lone pair of electrons
present on the nitrogen atom of the azomethine moiety (C=N-). The presence of an acidic
group like a phenolic OH or another donor group close to the azomethine group increases
the coordinating effect of the lone pair of electrons, thereby increasing the stability of the

metal complexes. The stability of Schiff base complex depends upon the strength of C=N
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bond, the basicity of amino group and steric factors. The presence of an electron
withdrawing ring system in the ligand decreases the availability of the lone pair of

electrons.

The chemistry of metal complexes containing salen- type Schiff base ligands
derived from condensation of salicylaldehyde and amines is of enduring significance,
since they have common features with metalloporphyrins with respect to their electronic
structures and catalytic activities that mimic enzymatic hydrocarbon oxidation.*® The term
“salen” was used originally to describe the tetradentate Schiff base derived from
salicylaldehyde and ethylenediamine. Now this term is used in literature to describe the
class of [O, N, N, O] tetradentate Schiff base ligands. Chiral salen type ligands upon
coordination with metal ions can induce high stereoselectivity for organic
transformations. The design and synthesis of these ligands play an important role in
modern coordination chemistry. In this context, a lot of attention has been directed to

. 13,34-36
chiral salens.'>3*3

b

Salens

The synthesis and structures of several metal complexes of these chiral ligands
and the catalytic properties of such metal complexes toward various organic
transformations are known. Chiral binaphthyl Schiff base ligands catalyze the stereo
selective organic reactions like hydroxylation of styrene, aldol reactions and alkene

epoxidation reactions.’’

As a major part of our present investigation is based on the synthesis and
characterization of ruthenium and neodymium complexes of Schiff bases derived from

quinoxaline, a brief discussion on these complexes is presented below.
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1.1.2 Quinoxaline complexes

Diazines are a group of compounds derived from benzene by the replacement of
the two ring C atoms by nitrogen. The benzo derivative of 1,4- diazine is known as
quinoxaline. Diazines with two nitrogen atoms in the ring are aromatic. Quinoxaline®® *
is commonly called 1,4-diazanaphthalene or benzopyrazine. Quinoxaline and its
derivatives are mostly of synthetic origin. They are also used as reactive dyes and
pigments, azo dyes, fluorescein dyes and it forms a part of certain antibiotics.®
Quinoxaline has frequently been employed as a bridging ligand in both homobimetallic
and heterobimetallic complexes.*' The X-ray structures of polymeric copper*? and silver®
complexes containing bridging quinoxalines have been reported. A lot of work has been
done on transition metal complexes of Schiff bases formed with quinoxaline-2-
carboxaldehyde. Schiff bases with an electron withdrawing ring system derived from 3-
hydroxyquinoxaline-2-carboxaldehyde would be weaker. However the increase in
coordination sites increases the stability of the complexes by the chelate effect. Schiff
bases derived from 3- hydroxyquinoxaline—2-carboxaldehyde with diamines forms
quadridentate ligands. They bond through the carboxylic oxygen and azomethine
nitrogen atoms. Transition metal complexes with N,N* bis(3-hydroxyquinoxaline-2-
carboxaldehyde)-o-phenylenediamine and  3-hydroxyquinoxaline-2-carboxaldehyde-

hydrazone gives valuble information on the structure and geometry .

Some quinoxaline derivatives are known to possess antibacterial activities. The
quinoxaline antibiotics are found to possess activity against gram positive bacteria and

certain tumours. They also inhibit RNA synthesis.’!

1.1.3 Ruthenium complexes
Ru(IIl) complexes are generally low spin with one unpaired electron and possess
octahedral geometry. Apart from compounds such as [RuCly(PPhs);] which is square

pyramidal as the sixth coordinating position is blocked stereochemically, Ru(II)
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compounds are octahedral and diamagnetic. Geometry of the complexes are reported to
be tetrahedral, squarepyramidal and octahedral for coordination numbers 4,5,6
respectively.* Ruthenium also provides examples of binuclear compounds in which the
metal is present in a mixture of oxidation states. Due to their increasing potential as
versatile catalysts for organic synthesis and polymer chemistry, ruthenium complexes
witnessed a spectacular development during the last decade. Several families of
ruthenium compounds have been prepared and extensively used in a variety of chemical
transformations such as hydrogenation,45 hydration,46 oxidation,”’ epoxidation,48
isomerization,49 decarbonylation,50 cyclopropanation,SI olefin metathesis,s2 Diels—Alder

reaction,” enol-ester synthesis,”* atom transfer radical polymerization.”

156

Some of the novel ruthenium complexes are chiral”™ or immobilized on solid

supports.”’ As result of their particular structure, these ruthenium complexes display an
enhanced activity and selectivity in a multitude of organic transformations.’®
Significantly, some of the Schiff base ligands impart to the catalyst a good tolerance
towards organic functionalities, air and moisture, in this way widening the area of their

appl ication.>®!

Complexes with dibasic tridentate ligands are proved to be biological model
compounds.®> The synthesis and characterization of some hexacoordinate octahedral
complexes of Schiff bases derived from salicylaldehyde or o-vanillin with o-aminophenol
and aminothiophenol are reported. These complexes are found to be toxic against
bacterial species.”> Ruthenium compounds are also known for their varied industrial
applications.”® The ruthenium(Il) complexes are generally better catalysts for the

homogeneous hydrogenation of alkenes®**® and aldehydes.%

For several reasons, Schiff bases have been found to be among the most

convenient and attractive ligands for ruthenium complexes. The chemistry of

67-69 70-74

organoruthenium compounds is of current interest in the synthesis, reactivity and
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576 panda synthesized novel quinolin-8-olato chelated

photophysical properties.
ruthenium organometallic complexes which are potentially luminescent in the visible
region.”” Firstly, steric and electronic effects around the ruthenium core can be finely
tuned by an appropriate selection of bulky and/or electron withdrawing or donating
substituents incorporated into the Schiff bases. Variation in coordination environment
around ruthenium plays a key role in modulating the redox properties of its complexes.
Secondly, the two donor atoms, N and O, of the chelated Schiff base exert two opposite
electronic effects: the phenolate oxygen is a hard donor known to stabilize the higher
oxidation state of the ruthenium atom whereas the imine nitrogen is a softer donor and
accordingly, will stabilize the lower oxidation state of the ruthenium. Presence of
nitrogen and oxygen donor atoms in the complexes are effective and stereospecific

catalysts for oxidation,”® reduction,” hydrolysis®

and attributed to the carcinostatic,
antitumour, antiviral and antibacterial activity.®' Thirdly, Schiff bases are currently
prepared in high yield through one-step procedures via condensation of common
aldehydes with amines, in practically quantitative yields.** These are some of the reasons
for the wide applicability of bidentate, tridentate and tetradentate Schiff base-ligated
ruthenium complexes, as catalysts in numerous organic reactions.

Tetradentate Ru—salen®’ and Ru—porphyrin®**®

complexes, exhibit excellent
activity and remarkably high enantioselectivity in catalyzing a variety of organic
processes.  Studies with ruthenium complexes containing salen-type ligands in the
catalysis of organic hydroxylation reactions have been reported in the literature.’” %
Reporfs show that hexacoordinated octahedral Ru(Ill} complexes of the type
[RuX;,(PPh3)(L)], where L is a monobasic tridentate ligand derived by the condensation of
o-phenylenediamine or ethylenediamine with salicylaldehyde or o-hydroxyacetophenone
act as effective catalysts for the oxidation of benzyl alcohol and cyclohexanol.*” The so-
called “dangling-ligands”, particularly those of salicylaldiminato-type, have been recently
introduced in arene, alkylidene, indenylidene, vinylidene and diene ruthenium

90, 91

complexes. In association with other commonly used ligands like chloride,
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phosphane, imidazol-2-ylidene, cyclodienes, a novel class of ruthenium catalysts of
versatile application and utility in organic synthesis and polymer chemistry have been
prepared. This approach opens access to rather robust and quite stable catalysts at room
temperature and highly active systems at slightly elevated temperatures that ideally
promote several organic transformations such as olefin radical reactions for example,
atom transfer radical addition (ATRA or Kharash addition) and atom transfer radical

polymerization (ATRP) as well as alkyne dimerization and enol-ester syntheses

1.1.4 Neodymium complexes
Coordination chemistry of lanthanides is of special significance to a wide variety
of chemical, biological and applied problems. The applications of macrocyclic Schiff base

complexes of f-block metals in magnetic resonance imaging’>*’

and encapsulated
complexes in pharmaceuticals® have been reported. Schiff base derivatives of the TREN
moiety [N(CH,CH;NH;)3] with salicylaldehyde have proved to be very effective.”
Williams and co-workers®® *” demonstrated that lanthanide cations are excellent NMR
probes of their immediate environment in enzymes. Lanthanide Schiff base complexes
find varied applications in agriculture and medicine.”'%

Increased coordination numbers are seen in the case of the complexes of
lanthanides. Coordinated complexes with even up to twelve coordination numbers have
been reported in rare cases.'”’ In fact it is a challenge to prepare lanthanide complexes
with low coordination numbers. Several lanthanide Schiff base complexes have been
reported in the literature. The synthesis and spectral studies of lanthanide perchlorates
with Schiff base derived from salicylaldehyde were reported. The metal ion in these
complexes are seven coordinated.'®? Complexes of neodymium(iIl) ions with
macrocyclic ligands containing pyridine were prepared in which neodymium(III) ions act
as templates for the cyclic condensation of organic carbonyl compounds with primary

3

diamines.'” Maurya et al. synthesized seven coordinate [NAL»(NOs);] with ligands

formed by the condensation of 4-antipyrenecarboxaldehyde and aromatic amines.'®

Lanthanide complexes are known to be the best non enzymatic agent which selectively
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hydrolyze DNA and RNA with high speciﬁcity.los'112 The in vivo behavior of the
lanthanide complex is very much dependent on the structure, the coordination number, the
presence of coordinated water and the formation of poly nuclear species. Complexes
derived from Schiff bases are important in biological field to understand chemistry of the
biological systems particularly of enzymes. The studies on biological activity of
[Nd(Phen);Fu-(NO3)](NO3); where Fu = 5-fluorouracil iz vitro indicated that the complex
posses good anticancer activity.''> These type of complexes were considered as models

for study of the more complicated lanthanide-nucleic acid interactions.

The stability of the lanthanide complexes can be increased by means of chelate
effect.''* Neodymium complex formed from hydrated Nd(IIl) nitrate with NN’-
disalicylideneethylenediamine in DMSO'" crystallizes in monoclinic system. Geometry
of the crystallized complex is reported to be monocapped square antiprism, coordination

number being nine.

1.2 Catalysis

Catalysis is now a relatively mature field with diverse reactions being explored
along with informative studies of mechanism and theory. Applications to important areas
such as heterogenous catalysis, organometallic chemistry and biocatalysis have been
firmly established. Many Schiff base metal chelates catalyse reactions like hydrolysis,

carboxylation, decarboxylation, elimination, aldol condensation, redox reactions.''® '’

Molecular design techniques, in which organic and inorganic surfaces are
chemically modified, revolutionized scientific world increasing their usefulness in
catalytic field. The modified materials have considerable potential as alternatives to
conventional homogeneous and heterogeneous catalysts. Scientists are in a way to
explore new techniques and compounds which could give promising results in various
biological and industrial field. Properties of the compounds are tuned by altering the

positions and nature of atoms or radicals to satisfy our needs. This outlook has resulted in
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the production of several compounds with wide range of applications in various fields.

Literature survey supports this fact.

The purpose of the present work is to highlight the synthesis, characterization and
some of the applications of Schiff base complexes as catalysts. The subject matter of this
will consist of the comparative study of the neat, polymer supported as well as zeolite
encapsulated complexes of ruthenium and neodymium to act as catalyst. Transition metal
atoms have one s three p and five d orbitals those posses geometrical and energetic
features suitable for bonding with ligands. In certain cases these nine orbitals permit the
formation of the bonds with nine ligands. Complexes in which metals having high
oxidation state can bind with the ligands in both covalent as well as coordinate fashion.
This kind of versatility is the basis for the catalytic activity of transition metal complexes
to a great extent. Upon coordination to a metal ion changes take place in the electronic
distribution in a ligand, which result in the modification of the reactivity of the ligand

molecules.

A compound is said to be coordinately saturated if the nine potentially bonding
orbitals of a metal are completely filled. Such a compound would be stable toward
nucleophilic attack on the metal because the added electrons will have to occupy orbitals
at high energy. Therefore ligand substitution reactions in such cases proceed by Sx' type
mechanism, that is one ligand dissociates from the complex resulting in a coordinately
unsaturated species, a species having 16 electrons in the valence orbitals of the metal.
The coordinately unsaturated complex would then bind with other potential ligands rather

readily. This switching of electron count between 16 and 18 drives the catalytic cycle.''®

There has been an upsurge of research in the area of catalysis by transition metal
complexes since 1940s. The demand for cheaper and more efficient processes in the
industry necessitated a major explosion of research in the area of synthetic chemistry to

develop new systems that can act as catalysts. This also resulted in a rapid development
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of newer process technologies relevant to industrial scale reactions for the production of
organic compounds using transition metal complexes as catalysts. The notable
contributions of Ziegler and coworkers in this area of chemistry fetched them the Nobel
prizes in 1963 and 1973 respectively. Their pioneering work is the stepping stone for the
development of homogeneous catalysis. A great number of soluble metal complexes are
now being employed in industry as catalysts for the generation of a variety of useful
compounds. More are being developed in order to find processes that would yield
products in greater selectivity and purity in high yields with the advent of a variety of
highly sophisticated and accurate spectroscopic techniques, the study of mechanisms of
catalytic reactions has been made possible compared to earlier days. These techniques
have in fact enhanced our understanding of the difficult chemistry involved in the
catalytic processes.'”” The metal ions that are catalytically active have two stable
oxidation states created by one electron transfer reactions. For catalysis to occur there
must be a chemical interaction between catalyst and reactant- product system, but this
reaction must not change the chemical nature of the catalyst except at the surface.

Transition metals which are resistant to oxidation act as good oxidation catalysts.

Homogeneous catalysts immobilized on an organic or inorganic support possess
both experimental advantages of typical heterogeneous catalysts and the reactivity and
selectivity of their homogeneous analogs. Immobilization of transition metal complexes
provide a reliable route to a type of heterogeneous catalyst whose nature and mechanism
may be more readily understood and offers ways to manipulate metal particle and
crystallite size to achieve new types of catalytic reactions. By 1920, several significant
contributions had been made to the study of heterogeneous catalysis. Heterogeneous
catalysts have played a key role in the development of industrial processes for chemical
industry. There are three general methods to heterogenize homogeneous catalysts: (i) by

-124
f1201

polymerization of homogeneous catalyst itsel and thus making them insoluble in

solvents (ii) by immobilization of homogeneous catalyst through covalent bonding with

36, 125-127

polymeric materials (iii) by encapsulating them in the nanocavity of zeolites.'**

10
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132 Latter two methods provide additional characteristic properties such as activity,

selectivity, thermal stability and reusability of the catalysts.

1.2.1 Zeolite encapsulated complexes
Zeolite encapsulated complexes are receiving wider attention in the field of
catalysis. The zeolite pores act as reaction centers for binding and catalysis of
molecules.'**!'* The ligand molecules coordinated to the metal tunes the selectivity of
the catalyzed reaction. Schiff base complexes are of particular importance in this area.
Several zeolite encapsulated salen complexes of transition metals were synthesized and
characterized."*>'* These complexes are known to be catalytically active in oxidation

0.1 Copper(salen) complexes show enhanced catalytic activity'*? towards

reaction.
the oxidation of cyclohexanol to cyclohexanone using H;O, as oxidant. The
replacement of aromatic hydrogen of the salen ligand with electron withdrawing groups
like Cl, Br and NO; in copper(salen) complexes result in enhancement in retention and

concentration of the complex in the zeolite cavities.'**

The NaY encapsulated Mn(III) Schiff base complexes show high activity and
selectivity for the substrate and products in the aerobic epoxidation of 1-octene.'*
Mn(lll) complexes of salen are reported to be effective homogeneous catalysts for the
oxidation of olefins.'*"* The major drawback of O, catalysed oxidation using Mn salens
in homogeneous solution is the formation of oxodimers and other polymeric Mn species
which lead to irreversible catalyst deactivation. This problem may be avoided by isolating
the Mn salen complexes from each other by encapsulation in the cavities of a molecular
sieve. The greater stability of the encapsulated catalyst is attributed to the suppression of
dimeric and other polymeric oxo complexes of Mn due to geometric constraints on their
formation, on encapsulation in zeolites. Bowers and Dutta'*® studied the oxidation of
cyclohexene, styrene and trans- and cis- stilbene over zeolite encapsulated Mn(III) salen
complex. The rate of reaction is found to be lower compared to the homogeneous

counterpart. This might be due to the diffusional constraints imposed by the zeolite pores

11
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to prevent the substrate molecules from reaching the active sites located inside the
supercage of zeolites. The chloro, bromo substituted salen complexes of Mn(IIl)
catalyses the aerobic oxidation of styrene.]41 Zeolite encapsulated Schiff base cobalt(I)
complexes of salophen was found to be active in the ruthenium catalysed selective
oxidation of benzyl alcohol to benzaldehyde with 99% selectivity.'* Encapsulated
copper(Il) and dioxovanadium(V) complexes of Schiff bases derived from
salicylaldehyde and 2-aminomethylbenzimidazole in the super cages of zeolite Y are

effective catalysts for the oxidation of phenol and styrene using H>O; as oxidant.'

Liquid phase hydroxylation of phenol by molecular oxygen and H>O; is an
industrially important reaction. Several heterogeneous catalytic methods have been
employed for the oxidation of phenol. In these cases high product selectivity is noted'*”
'S'Encapsulated metal complexes as catalysts play vital role in this regard.””*"** Maurya
et al. reported oxidation of phenol using salen based transition metal complexes and
found that selectivity towards the formation of catechol was ca 90% with [VO(salen)]

encapsulated in zeolite Y. !5

Zeolite encapsulated Schiff base complexes can also act as catalysts for
hydrogenation reactions,'?*1°¢15 Although Pd(Il)(salen) complex catalyses the
hydrogenation of alkene, substrate selectivity is less.'®® But encapsulated Pd(II)(salen)
complex'®® show selectivity towards the hydrogenation of linear alkene. Zeolite Y
encapsulated Ni(salen) complexes were reported to have similar selectivity for the

hydrogenation of hexene-1 in the presence of cyclohexene.'*®

Several encapsulated complexes have been found to function as efficient
catalysts'* 111 for several other reactions like watergas shift reaction, carbonylation of
methanol and aromatic compounds, hydroformylation of alkenes. Zeolite Y encapsulated
Co(1l) Schiff base complex derived from 3,5-di-tert-butylsalicylaldehyde and 1,2-

diaminobenzene was reported to be an efficient oxygen-activating catalyst in the

12
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palladium-catalysed aerobic 1,4-diacetoxylation of 1,3-dienes.'®® The selectivity of the
organic transformation was controlled by the homogeneous part while the heterogeneous

part plays the role of oxygen activation.

1.2.2 Polymer supported complexes

Recent reviews reveal that modification of organic surfaces or organic polymers
have been employed for developing new catalysts.l""s'170 The chemically modified
polymers contain a ligand suitable for immobilization or “heterogenization” of a catalyst
derived from a transition metal complex or metal cluster.'®® '® Of the various types of
chemically modified organic polymers for use as catalysts divinylbenzene (DVB)
crosslinked polystyrene has been the most widely used polymer. Crosslinked polystyrene
is a valuable catalyst support since it is easily functionalized and available with a wide
range of physical properties. Polymers offer several advantages as catalyst supports. The
primary advantage of immobilization of these catalysts is their facile recovery and the
ease with which the reaction products can be separated from the catalysts. In suitable
cases, a polymer bound catalyst can be used in continuous processes in which the
polymeric catalyst is used as a part of a fixed bed into which reactants enter and products
exit. Other advantages of immobilized homogeneous catalyst over their analogs in
solution include the possibility of not requiring solvent and the potential of increased
catalyst stability. Another potential advantage would be the possibility of altering

catalytic activity and selectivity.

Organic polymers can also be designed with certain other properties to improve
the utility of the homogeneous catalyst after immobilization. For example, the flexibility
of a crosslinked polymer and, in turn, the extent of interaction between reactive sites on
which a polymer can be controlled either by varying the extent of cross linking in the
polymer backbone or by changing the loading of the catalyst species on the polymer.
Diftusion of reactants into a DVB-cross linked polystyrene bead containing a catalyst is

dependent on the polymer’s pore size which depends partly on the extent of cross linking

13
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and the nature of solvent swelling of the polymer. The result, in one example involving a
polystyrene bound rhodium(1) complex catalyzed alkene hydrogenation, was a physical
discrimination between different sized substrates by the polymer analogous to the shape
selectivity seen with zeolite catalyst.'’' In addition to the advantages associated with
immobilizing homogeneous transition metal f:omp]exes on polymers for catalytic
reactions, there are certain disadvantages. This include their lack of stability at high
temperatures and their fragility- many polymers cannot be used in stirred reactors without
being pulverized. It is difficult to determine the actual structures present on the
heterogeneous material and the distribution of the reactive species in the solid polymer or

on the surface.

Catalysts immobilized in an organic polymer network differ from their
homogeneous counterparts because of the altered microenvironment within a polymer
network relative to bulk solution. In cases where preexisting polymers are chemically
modified to facilitate attachment of catalysts, the success of the reaction used to modify
the polymer and the success of the reaction step in which the catalyst is bound to the
polymer can also be problematic. Specific problems, which are not uncommon, include
the presence of undesirable but unavoidable impurities as a result of side reactions,
incomplete reactions or the formation of insoluble by-products. Further potential
experimental problems, which often have to be considered, include the mechanical
fragility of some organic polymer systems and the low thermal stability associated with
organic polymers relative to inorganic refractory materials such as silica or alumina. This
later property of organic polymers can pose serious experimental problems in
exothermic reactions in which heat transfers from an organic polymer is not very

efficient.

Modification of the surface of inorganic materials such as silica or alumina in
order to transform such surfaces into catalyst is an alternative to modify organic polymer

surfaces.'®®'%” Inorganic materials also offer certain advantages over organic materials in

14
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some cases as a result of the properties of inorganic polymers. For example, inorganic
materials are typically very thermally stable, these materials often posses highly ordered
structures, and these materials can be obtained with both good mechanical stability and

high surface areas.

The modification of surfaces in order to develop new types of catalysts has great
promise. Although many problems remain unresolved, the potential of this area of
chemistry has continued to attract attention from both industrial and academic
laboratories. It is expected that future developments in this area will continue and that the
combination of organic, inorganic and surface chemistry will produce new types of

catalysts whose capabilities differ from those of conventional catalysts.

1.3 Scope of the present investigation

A review on literature reveals the influence of heterocyclic ligands in complexes
especially in biological and catalytical field. Presence of heterocyclic ring as an integral
part of the ligand system can influence the nature and electronic properties of the metal
ion in the complex. Heterogenization of complexes improves the properties such as
selectivity, ease of catalyst separation, recyclability, thermal stability etc. in catalysis.
Immobilization of the complexes on polymer supports and encapsulation in zeolite cages
has received much attention in industrial field recently. This has prompted us to direct

our studies to this area of interest.

The main objectives of the present investigation are

1) Synthesis and characterization of some simple complexes of biologically

important ligands.

2) Synthesis and characterization of analogous complexes encapsulated in zeolite

cages.
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3) Synthesis of some polymer supported complexes and study of their structural

properties.

4) The application of the synthesized complexes as homogeneous/heterogeneous

catalysts in certain organic reactions.

5) Screening of the synthesized simple complexes for antibacterial activity.

The study also aims at a comparison of catalytic and biological activities of

ruthenium and neodymium in their complexes.
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CHAPTER 11
MATERIALS AND METHODS

This chapter provides details of the general reagents and preparation of the
ligands used in the present study. A brief account of the various analytical and
physicochemical techniques employed in the characterization and catalytic studies are

also discussed.

2.1 Reagents

o-Phenylenediamine (Loba Chemie), sodium pyruvate (Loba chemie) bromine,
glacial acetic acid, precipitated CaCQO3; (Merck), sodium bicarbonate (Merck), sodium
chloride (Merck), salicylaldehyde (Merck), 2-aminobenzimidazole (Merck), 2-
aminophenol(Merck), RuCl3.3H,O (Merck) and neodymium oxide (Indian Rare Earths
Ltd.) were used in the present investigation. All materials used were of the highest purity

available and were used without further purification.

Phenol, catechol and hydrogen peroxide (30% aqueous solution) used for the
catalytic as well as kinetic studies were obtained from Merck. All other reagents
employed in the present study were of analytical reagent grade. Solvents employed were

either of 99% purity or purified by known laboratory procedures.'

2.2 Synthesis of Ligands
Crude o-phenylenediamine was dissolved in distilled water. Activated charcoal
was added to this, boiled, filtered and allowed to cool. The recrystallized sample was

separated by filtration and dried.

3-Hydroxy-2-methyl quinoxaline
Recrystallized o-phenylenediamine (0.1 mol, 10.8 g) and sodium pyruvate (0.1

mol, 11.0 g) were dissolved in 250 mL water each. Concentrated HCI (~11 mL) was
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added to convert sodium pyruvate to pyruvic acid. The two solutions were then mixed
and stirred for about 30 minutes. The precipitated yellow compound was filtered, washed

with water and dried over anhydrous calcium chloride (yield = 90%, m.p. 255°C).

3-Hydroxy-2-dibromo methyl quinoxaline
3-Hydroxy-2-methyl quinoxaline (0.1 mol, 16.2 g) was dissolved in glacial acetic
acid (200 mL), and 10% (v\v) bromine in acetic acid (110 mL) was added with stirring.
The reaction mixture was then kept in sunlight for 1 h with occasional stirring. This was
then diluted to 1 L and the precipitated dibromo derivative was filtered, washed with

water and purified by crystallization from 50% alcohol (yield : 95%, m.p. 246°C).

3-Hydroxyquinoxaline-2-carboxaldehyde
The dibromo compound (5 g) was thoroughly mixed with precipitated calcium
carbonate (20 g). This mixture was treated with water (1.5 L) in a 3 L RB flask and
heated over water bath for 2 h with occasional shaking. As the aldehyde formed is
soluble in water, the solution was collected by filtering hot. The yellow aqueous solution
thus obtained is very stable and this solution has been used for the preparation of the
Schiff bases.

2.2.1 N,N’-Bis(3-hydroxyquinoxaline-2-carboxalidene)-o-phenylenediamine (qpd)

The aldehyde solution was made 0.025 molar with respect to HCl. An aqueous
solution of o-phenylenediamine (2 g in 20 mL water) was added to this drop by drop
while the solution was stirred. The amine solution was added till the precipitation of
Schiff base was completed. The reddish brown compound thus obtained was filtered,
washed with methanol and dried in vacuo over anhydrous phosphorus(V) oxide (yield:
60-70%, m.p: 225°C).
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2.2.2 3-Hydroxyquinoxaline-2-carboxalidene-o-aminopheneol (qap)

An aqueous solution of o-aminophenol (2 g in 20 mL of water) was added to the
aldehyde solution. The amine solution was added till the precipitation of Schiff base was
completed. The orange red compound thus obtained was filtered, washed with methanol

and dried in vacuo over anhydrous phosphorus(V) oxide (yield = 75% m.p : 140°C).

2.2.3 3-Hydroxyquinoxaline-2-carboxalidene-2-aminobenzimidazole (gab)

Quinoxaline aldehyde was made 0.025 M with respect to HCl. An aqueous
solution of 2- aminobenzimidazole (1.5 g in 20 mL hot water) was added to this drop by
drop while the solution was stirred for 30 minutes. The precipitated Schiff base was
filtered, washed with hot water and dried in vacuo over anhydrous phosphorus(V) oxide
(yield = 65% m.p : 205°C).

224 NN- Bis(salicylaldimine)-o-phenylenediamine (salpd)

Recrystallized o-phenylenediamine was refluxed with methanolic solution of
salicylaldehyde in the ratio 1:2 for 30 minutes. The volume of the solution was reduced
by distillation of the solvent. The yellow solid formed was filtered, washed several times
with methanol and dried under vacuum over phosphorous(V) oxide (yield : 75% m.p :
145°C).

2.2.5 Salicylaldimine- o-aminophenol (salap)

Amino phenol (10.9 g) was dissolved in methanol (75 mL) by heating on a boiling
water bath. Then it was boiled for about 10 minutes and salicylaidehyde (12.2 g) in
methanol (25 mL) was added to it. The resulting solution was refluxed on a water bath
for a period of 30-40 minutes. The volume of the solution was reduced by distillation of
the solvent. The orange red coloured solid formed was filtered, washed several times
with methanol and ether. Then it was dried under vacuum over phosphorous(V) oxide
(yield : 90% m.p : 175°C).
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2.2.6 Salicylaldimine-2-aminobenzimidazole (salab)

Aminobenzimidazole (1.33 g) was dissolved in methanol (25 mL) by heating on a
boiling water bath. Then it was refluxed for about 10 minutes and salicylaldehyde (1.22
g) in methanol (25 mL) was added to it. The resulting solution was refluxed on a water
bath for a period of 8 h. The volume of the solution was reduced by distillation of the
solvent and cooled in ice. The yellow colored solid formed was filtered, washed several
times with cold water. Then it was dried under vacuum over phosphorous(V) oxide
(yield : 75% m.p : 200°C).

2.3 Supports used

2.3.1 Zeolite-Y
Synthetic Y-zeolite (in powder form) was obtained from Zeolyst International,

Netherlands.
Modification of Y-zeolite

Preparation of sodium exchanged zeolite (NaY)
Zeolite-Y (5.0 g) was stirred with a solution of NaCl (0.1 M, 500 mL) for 24 h to
convert any other ions if present into Na* ions. It was then filtered and made chloride

free by washing with distilled water.”> The NaY formed was dried at 100°C for 2 h.

Preparation of metal exchanged zeolite (RuY and NdY)

The incorporation of metal ions into the zeolite matrix is a prerequisite for
encapsulation of metal complexes in the zeolite cages. Sodium exchanged zeolite (5 g)
was stirred with metal chloride solution (0.001 M) at 70°C for 4 h. Low concentration of
metal salt solution was used as dealumination occurs at higher concentrations.’ The slurry
was filtered and washed with deionised water to make it free from anions. It was then
dried at 120°C for 1h and then at 450°C for 4 h.
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2.3.2 Polystyrene beads

Chloromethylated polystyrene beads of 200-400 mesh size cross-linked with 2%
divinylbenzene and containing 12% chlorine (Fluka ) were functionalized with aldehyde
group according to the reported procedure.* A mixture of chloromethylpolystyrene (20.0
g), dimethylsulphoxide (300 mL) and sodium bicarbonate (19.0 g) was stirred at 138-
140°C for 12 h. The resultant resin was filtered, washed with hot ethanol and

methylene chloride. It was then dried in vacuo over anhydrous calcium chloride.

2.4 Preparation of polymer bound Schiff base

2.4.1 Preparation of polymer bound Schiff base with o- phenylenediamine (PS-opd)
Polymer bound aldehyde (10.0 g) was swollen in dioxan (50 mL) for 24 h.

Afterwards dioxan was decanted off and o-phenylenediamine (2.0 g) in absolute ethanol

was added. This mixture was refluxed on a water bath for 10 h. The polymer bound

Schiff base was filtered, washed several times with dioxan and ethanol and dried in vacuo

over anhydrous calcium chloride.’

2.4.2 Preparation of polymer bound Schiff base with o-aminophenol (PS-ap)
Polymer bound aldehyde (10.0 g) was swollen in dioxan (50 mL) for 24 h.
Afterwards dioxan was decanted off and o- aminophenol (4.0 g) in absolute ethanol was
added. This mixture was refluxed on a water bath for 10 h. The polymer bound Schiff
base was filtered, washed several times with dioxan and ethanol and dried in vacuo over

anhydrous calcium chloride.

2.4.3 Preparation of polymer bound Schiff base with 2-aminobenzimidazole (PS-ab)
Polymer bound aldehyde (10.0 g) was swollen in dioxan (50 mL) for 24 h.
Afterwards dioxan was decanted off and 2-aminobenzimidazole (4.0 g) in absolute

ethanol was added.  This mixture was refluxed on a water bath for 10 h. The polymer
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bound Schiff base was filtered, washed several times with dioxan and ethanol and dried in

vacuo over anhydrous calcium chloride.

2.5 Analytical methods

A variety of techniques have been employed to characterize the synthesized

complexes and to follow the course of the catalytic reactions of the prepared compounds.

2.5.1 CHN analysis

CHN analyses of the synthesized ligands, neat complexes and supported
complexes were done on an Elementar model Vario EL III at SAIF, Sophisticated Test
and Instrumentation Centre, Kochi. These analytical data provide information about the
structure of the ligands and help to quantify the organic ligands complexed to the metal

ion.

2.5.2 Chemical analysis

The metal percentage present in the neat complexes were determined by ICP-AES
spectrometer (Thermo Electron, IRIS Intrepid II XSP DUO) at SAIF, Sophisticated Tests
and Instrumentation Centre, Kochi. The solutions of the neat complexes were prepared in

nitric acid after digesting it with concentrated nitric acid several times.

Organic part of the polymer samples was decomposed by digesting in microwave
digester at high temperature. The metal content was then determined by ICP-AES

method.

Chemical analysis was done to determine the composition of the zeolite samples.
The dried zeolite sample was accurately weighed ('x' g) and transferred to a beaker.
Conc.Sulphuric acid (~ 40 mL) was added and heated unti} SO; fumes were evolved. It
was diluted with water (200 mL) and filtered through an ashless filter paper (filtrate A).

The residue was dried at 1000°C in a platinum crucible, cooled and weighed (‘a' g).
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Hydrofluoric acid (10 mL) was then added and evaporated and finally ignited to 1000°C

(‘'b' g). The percentage of silica (SiO;) was calculated using the equation

% SiO; =a-b x 100
X

Potassium persulphate was added to this residue and heated until a clear melt was formed.
The melt was dissolved in water and this solution was combined with filtrate A. The
metals present in this solution were determined by ICP-AES method. The degree of ion
exchange in zeolite and the unit cell formula are derived from Si/Al ratio.® The Si/Al ratio
of the zeolite complexes was compared with that of pure zeolite to make sure that the

frame work was preserved on encapsulating complexes.

2.6 Physico-chemical methods

2.6.1 Surface area analysis

Surface area of the samples was measured by multipoint BET method using a
Micromeritics Gemini 2360 surface area analyzer. Nitrogen gas was used as the
adsorbate at liquid nitrogen temperature. Surface area measurements have been carried
out to know whether the encapsulation of guest molecules inside zeolite cages or
anchoring of complexes on polymer supports has occurred. A lower surface area of
intrazeolite complex as compared to metal exchanged zeolite indicates the filling of

zeolite pores with complexes.

2.6.2 Magnetic susceptibility measurements

Magnetic susceptibility measurements were done at room temperature on a PAR
model 155 Vibrating Sample Magnetometer (VSM) at 5.0 kOe field strength at Indian
Institute of Technology, Roorkee. The method involves moving the magnetized sample
to be measured in a periodic manner at small amplitude and detecting the periodic field

change produced by the moving sample. This periodic field change is proportional to the
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magnetic moment of the sample. Gram susceptibility is calculated by dividing the
susceptibility value by weight of the sample. Molar susceptibility is calculated by using

the formula
XM = p M/Wx.

pem = 2.828V 4y x T/5x10°

where T is the temperature in Kelvin and M is the molecular weight.

2.6.3 Thermogravimetry
Thermogravimetric analyses were done on a Perkin Elmer, Diamond TG/DTA at a

heating rate of 10°C min™" in an inert atmosphere.

2.6.4 Conductance measurements
The molar conductance of the simple complexes was determined at room
temperature in methanol (10”* M) using a Cenutry CC 601 digital conductivity meter with

a dip type cell and a platinum electrode.

2.6.5 SEM

The morphology of the samples was examined using JEOL-JSM-840 A scanning
electron microscopy at Indian Institute of Science, Bangalore to determine whether there
are any adsorbed materials or any morphological change occurred during the conditions
of encapsulation. The samples were coated with a thin film of gold to prevent surface

charging and to protect the zeolite material from thermal damage by electron beam.

2.6.6 X-ray diffraction spectroscopy

X-ray diffraction pattern of the parent zeolite and zeolite encapsulated complexes
was recorded by Bruker AXSD8 Advance diffractometer. The evaluation of the spectra
of host zeolite and zeolite complex was carried out to ensure that zeolite crystallinity is

not affected by the encapsulation of the metal complex.’
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2.6.7 FAB mass spectra

FAB mass spectra were recorded on a JEOL SX 102/DA-6000 mass spectrometer
using Argon/Xenon {6k, 10 mA) as the FAB gas. The accelerating voltage was 10 kV
and the spectra were recorded at room temperature in thioglycerol matrix. In FAB mass
spectrometry, samples in condensed state are ionized by bombardment with energetic
xenon or argon atoms. FAB of organic or biochemical compounds produces significant

amount of the parent ion even for high molecular weight and thermally unstable samples.’

2.6.8 Infra red spectra

Infrared spectra of the ligands, neat complexes and supported complexes in the
region 4600-400 cm™' were taken by the KBr pellet technique using Shimadzu 8000
Fourier Transform Infrared Spectrophotometer. FTIR provides valuable evidences for the
formation of metal complexes in zeolite pores. The ligand molecules are coordinated to
transition metal cations if different spectral patterns for them appear in the free and
chelated state or if characteristic bands exhibit shift in frequency up on coordination. The
far infrared spectra of the simple complexes were recorded in the region 500-100cm™ on a
Nicolet Magna 550 FTIR instrument at Regional Sophisticated Instrument Facility,
Indian Institute of Technology, Bombay.

2.6.9 Electronic spectra
The electronic spectra of the zeolite and polymer supported complexes were
recorded on a Varian Cary 5000 UV-Vis-NIR spectrophotometer. UV-visible absorption
spectra of polymer anchored complexes were recorded in Nujol by a layering mull of the
sample on the inside of one of the cuvettes while keeping the other one layered with Nujol
as reference.
Electronic spectra of the neat complexes in methanolic solution were also

recorded.
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2.6.10 EPR spectroscopy

The EPR spectra of the powdered zeolite and polymer supported samples
and of simple complexes in DMF were recorded at liquid nitrogen temperature.  In
magnetic field the spinning magnetic moment of the spinning electron may align either
with or against the applied field. At resonance, absorption of energy causes magnetic
moment of the spinning electron to flip from lower to higher energy state. The g values
were determined relative to tetracyanoethylene (TCNE, g = 2.0027). Value of g depends
upon the orientation of the molecule having the unpaired electron with respect to the
applied magnetic field. In the case of paramagnetic ion or radical situated in a perfectly
cubic crystal site, the value of g is the same in all directions but the value of g in
paramagnetic ion or radical situated in a crystal of low symmetry depends upon the

orientation of the crystal and in these cases anisotropic g values are obtained. ¢ values

were also calculated from EPR parameters by substituting g; and gy; in the equation8

Wor= 8711 /4 + g1 /4 + 3KT/ho(g-2)

where A is the spin orbit coupling constant for the free metal ion.

2.7 Catalytic studies

2.7.1 Gas chromatography
The catalytic activity studies of the synthesized complexes in phenol oxidation
reaction were performed with a Chemito 8510 Gas Chromatograph. The various

components of the reactants and products were separated by an SE-30 column.

2.7.2 UV/visible spectroscopy
Catalytic activity of the synthesized complexes in the reaction involving catechol
and H,O; was followed spectrophotometrically by measuring absorbance at suitable

wavelengths at different time intervals on a Genesys 10 series spectrophotometer. Since
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absorbance value is proportional to the concentration, the course of the reaction can be

followed.

2.8 Biological activity
Biological activity of the simple compliexes was done in DMSO solution against
gram positive and gram negative bacteria and aspergillus fungus. Details of the

experiment are presented in chapter [X.
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CHAPTER IIT
SYNTHESIS AND CHARACTERISATION OF SCHIFF BASE
COMPLEXES OF RUTHENIUM

3.1 Introduction

14 is due to the

The growing interest of the chemists in the study of ruthenium
fascinating electron-transfer properties exhibited by the complexes of this metal. Change
in coordination environment around ruthenium plays an important role in modulating the
redox properties of the complexes. The presence of nitrogen and oxygen donor atoms
tunes the properties of the complexes to a great extent as effective and stereo specific
catalysts for oxidation®, reduction® and hydrolysis.” These type of complexes are also

reported to have carcinostatic, antitumour, antiviral and antibacterial activity.®

Catalytic activity of metal complexes of salen Schiff base ligands has been
highlighted in the past few decades.”?® Binuclear complexes have gained considerable
interest in recent years.”'2® The role of multimetallic species is well known in a variety of
metalloenzymes and in chemical catalysis. Many theoretical and experimental studies
have been carried out in these fields.””*° These complexes are known to serve as models
for biologically important species, which contain metal ions in macro cyclic

environment.”’ Schiff bases and their metal complexes have been reported to posses

132,33 34,35 36,37

important biologica and catalytic activity” =~ and also function as oxygen carriers.

The scope of the present investigation is to synthesize and characterize new Schiff
base complexes of ruthenium and study their catalytic activity in oxidation reactions.
Literature survey highlights the vast application of ruthenium Schiff base complexes in
biological field. Hence the study also aims at realizing the biological perspectives of the

complexes.
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3.2 Synthesis of complexes

Procedure of the synthesis of the ligands qpd, qap, qab, salpd, salap and salab are

given in chapter II.

3.2.1 Ruthenium- gpd complex

Ruthenium(IIl) chloride trihydrate (1 mmol; 0.261 g) was dissolved in
methanol(10 mL) and added to refluxed solution of qpd (0.5 mmol; 0.210 g) in methanol
(10 mL). This mixture was refluxed for 24 h, concentrated by evaporation and cooled.
Precipitated complex was filtered, washed with dichloromethane and dried in vacuo over

anhydrous calcium chloride (Yield = 65%).

3.2.2 Ruthenium - gap complex

The complex was prepared in a similar manner as in the case of the qpd complex
of ruthenium by taking RuCl;.3H,0O (1 mmol: 0.261 g) and qap (1 mmol: 0.265 g) (Yield
= 80%).

3.2.3 Ruthenium - gab complex
The qab complex of ruthenium was synthesized in a similar manner except that

gab (1 mmol; 0.289 g ) was used in the place of qap (Yield = 70%).

3.2.4 Ruthenium - salpd complex

Ruthenium(IIl) chloride trihydrate (0.5 mmol; 0.131 g) was refluxed with a
solution of salpd (0.75 mmol; 0.237 g) in methanol (20 mL) for 8 h. The solution was
concentrated and stirred with petroleum ether (60-80°C) The resultant solid was
separated, washed with dichloromethane and dried in vacuo over anhydrous calcium
chloride (Yield = 75%).
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3.2.5 Ruthenium - salap complex

RuCl33H,0 (1 mmol; 0.261 g) in methanol(10 mL) was refluxed with a solution
of salap (2 mmol; 0.426 g) in methanol (10 mL) for 8 h. The solution was concentrated
by evaporation to 3 mL, cooled in refrigerator and stirred with petroleum ether. The
crystallized complex was filtered, washed with dichloromethane and dried in vacuo over

anhydrous calcium chloride (Yield = 80%).

3.2.6 Ruthenium - salab complex
The complex was prepared as in the case of salap complex of ruthenium using
RuCl; 3H,0 (1 mmol; 0.261 g) and salab (1 mmol; 0.237 g). The crystallized complex

was filtered and washed with dichloromethane and dried in vacuo (Yield = 75%).

3.3 Results and discussion
Details of analytical and various physico-chemical techniques employed to

characterize the prepared complexes are given in chapter II.

3.3.1 Elemental analysis
All the complexes were isolated as nonhygroscopic, amorphous substances and
are quite stable in air. They are soluble in dimethylsulphoxide, dimethylformamide and

are insoluble in hexane, carbon tetrachloride and water.

The microanalysis data are presented in Table IIl.1. The analytical data suggest
the empirical formula as Ruy(qpd)Cls(H20)4 for the qpd complex, Rux(qap).Cl2(H»0); for
the qap complex, Ru,(qab),Cly(H,O)s for the qab complex, Ruy(salpd); Cl,(H20), for the
salpd complex, Rux(salap)sCl,(H,O) for the salap complex and as Ru(salab)Cl(H20O)s for

the salab complex .
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TABLE II1.1 Analytical data of ligands and complexes

Elements % found/(calc.)

compound Color
%C %H %N %Metal
) Reddish 6822 3.59 19.72
P Brown  (68.56)  (3.84)  (19.99)
R ICLHO) Black 38.01 2.68 1137 25.83
u ac
2GpORAT (3455)  (2.66)  (1007)  (24.23)
67.42 4.53 16.14
qap Orange -
(6792)  (418)  (15.84)
ReaonCLHO) - 43.03 2.78 9.88 22.58
u al acl
AR 4221)  (2.83) (9.85)  (23.68)
65.87 4.04 23.59
qab Orange -
(66.43) (3.83)  (2421)
R CLHLO) Bk 39.11 3.16 13.84 22.00
] a ac
G (38.03) (299  (13.86)  (20.00)
75.82 5.21 8.70
salpd Yellow -
(75.93) (5.10) (8.86)
56.54 4.15 7.29 15.43
Ru2(salpd)3C12(H20)2 Black
(57.46) (3.86) 6.70)  (16.14)
72.63 5.23 6.83
salap Orange -
(7322) (520 6.57)
Run(salanhCLHLO) ek 53.73 3.75 5.12 17.24
Uy (Sala] acl
AHAPIE L (54.79) G.71) @91  (17.73)
Lemon 70.5 4.63 17.12
salab -
Yellow  (70.87)  (467)  (17.71)
34.05 422 8.59 20.80
Ru(salab)Cl,{H,0)s Black
(33.74)  (4.05) (843)  (20.28)

3.3.2 Mass spectral analysis
The results of FAB mass spectral analyses of all the ligands and complexes agree

well with the empirical formula derived from the elemental analyses. The FAB mass
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Figure I11.2 Mass spectrum of qab
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spectrum of ligand qpd shows the molecular ion peak at m/z = 420 ; the other important
peaks are assigned as 386 (M-20H), 263 (M - CysN,H¢O) and 107 (M- CgN;H;,0,). The
peak at m/z = 342 may be due to the molecular ion formed by the ring cleavage. Other
large peaks at 307, 154 and 136 are assigned as the matrix peaks. The molecular ion
peaks of the ligand qap, qab, salpd, salap, salab are seen at 265, 289, 316, 213, 237,
respectively. They all show the same type of fragment pattern as given by qpd. FAB
mass spectra of the ligands gpd, qab and salab are given in Figure III.1-I11.3.
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9 1 14 58 1B 208 2M 0 M8 %0 220 e 28
i

Figure II1.3 FAB mass spectra of salab

The FAB mass spectrum of Ruy(qpd)Cli(H,0)4 (Figure 111.4) shows the molecular
ion peak at m/z = 826. The assignment of other important peaks corresponding to the

fragments of the ligand and complexes formed are given in Table 111.2.
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Table II1.2 FAB Mass Spectral Data of Ru,(qpd)Cly(H,0)4

Fragment ion m/z (found)  m/z (calculated)
Ru,(qpd)Cly(H;0)4 826 834
Ru,(qpd)Cl, 766 762
Ruy(gpd)Cl,(H;0), 737 727
Ru(qpd)Cl 658 656
Cy6H10CliN4O;Ru, 634 634
Ru(qpd)Cl 554 554
qpd-2H 418 418
CsHaN, 105 104

18 iem 109 ' 19 52

§ ’ 520 22t
O H

Lo .

2

| w ' | 530 | 9 | 16093
Figure II1.4 FAB mass spectrum of Ru,(qpd)Cl;(H,O0)4
The FAB mass spectrum of qap complex of ruthenium presents the molecular ion

peak at 840 in agreement with the assigned molecular weight 836. Fragmentation of the

complex results in spectral peaks as given in Table I11.3
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Table II1.3 FAB Mass Spectral Data of Ru,(qap).Cl.(H;0);

Fragment ion m/z (found)  m/z (calculated)
Ruy(qap),Cl,(H;0), 840 836
Ruz(qap)ZClz 804 800
Ruy(qap)CI,H,0.0; 586 586
Ru»(qap)Cl. H,O 516 518

The results of FAB mass spectral analysis of qab complex of ruthenium conform to the
elemental analysis and the molecular weight of the complex is suggested to be 1010. The

molecular ion peak is formed with the expulsion of three molecules of lattice water.

Table II1.4 FAB Mass Spectral Data of Ruj(qab);Cli{(H,0)s

m/z m/z

Fragment ion
& (found) (calculated)

Ruz(qap)2C14(H20)2 954 956
Ru,(qab),Cl, 848 849
Rus(qab)Cl 426 424

The FAB mass spectral peak at 1254 (Figure II1.5) is assigned as the molecular
ion peak of Ruy(salpd);Cl(H,0), which corresponds to the molecular weight of the

complex. Peaks of other important species are listed in Table IIL.5.
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Figure II1.5 FAB mass spectrum of Ruz(salpd);Cli(H,0),

Table III.S FAB Mass Spectral Data of Ru,(salpd);Cli(H;0);

Fragment ion m/z (calculated) m/z (found)
Ru,(SalPD);Cl, (H,0), 1254 1254
Ruy(SalPD),CI,H,0 922 928

Ru (SalPD),Cl H,0 784 780
Ru;(SalPD)O,Cl; H;0 637 634
Ruy(SalPD)CI H,O 571 572
SalPD 316 317

Ru, Cl, 273 273
RuCl 136 136

The assignment of the important peaks formed by the FAB spectral analysis of

Ruy(salap)sCl, are given in Table III.6. This suggests the molecular weight of the
compound to be 1125.
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Table II1.6 FAB Mass Spectral Data of Ru;(salap),Cl;(H;O)

Fragment ion m/z (calculated) m/z (found)
Ru,(salap),Cl; 1122 1125
Ru,(salap);Cl, 910 910
Ruy(salap),Cl, 684 683

Ru (salap),Cl, 597 597

Ru (salap),Cl 561 565

Ru (salap) 311 311

The molecular weight of salab complex of ruthenium is calculated to be 498

which conforms with the FAB mass spectral ion peak 497(Figure 111.7). Peaks of other

important species are listed in Table [11.7.

pa 182 20 148 160 168 203 229 240 26Q 288 3G 3 349 368 388
we

s
108+ ™ ™

[-1]

J o
o558 4

<

&

413

§12 64253 BE2 577 M

FigureIl1.6 FAB mass spectrum of Ru(salab)Cl,(H,0)s
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Table 111.7 FAB Mass Spectral Data of Ru(salab)Cl;(H,0)s

Fragment ion

m/z (calculated)

Ru (salab) Cl;(H;0)s
Ru (salab) Cl:(H,0),
Ru (salab) Cl;

498
480
409

3.3.3 Molar conductance

TABLE III. 8 Conductance Data of complexes

Complex

Molar Conductance

Ohm™'em’mol’!

Rux{qpd)ClLi(H,0),
Ru;(qap).CL,(H,0);
Rus(qab):Cle(H,0)s
Ruy(salpd); Cl:{H,0);
Ruz(salap),Cl2(H,0)
Ru (salab) Cl,(H,0)s

50.3
56.0
559
0.5
502
1442

The molar conductance value in methanol (10” solution) suggests non-efectrolytic

nature for qpd, salpd, qap, qab and salap complexes (Table II1.8). The salab complex

shows 1:2 electrolytic nature’® indicating the presence of two chlorine atoms outside the

coordination sphere. The low values of conductance exhibited by other complexes might

be due to the dissociation of the bridged complexes.

3.3.4 Thermo gravimetric analysis

As the complexes contain varying number of water molecules, the TG study was

mainly carried out to know the number of coordinated water molecules. The

TG/DTG/DSC curves of the complexes are given in Figure I11.7-111.12.
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Figure II1.7 (a) TG/DTG curve of Figure II1.7 (b) DSC curve of
[Ruz(qpd)CL(H20);].2H,0 [Ruz(qpd)Cl4(H20):).2H,0

TG data (Table I11.9) of Ruy(qpd)Cls(H20)4 show 4.3% weight loss below 100°C
which might be due to the presence of lattice water. The compound experiences weight
loss of another 4.3% in the range 120-160°C which corresponds to the removal of two
molecules of coordinated water.’® Weight loss of the compound starting from 300°C up to
650°C is due to the decomposition of the organic part of the molecule. Although
decomposed fragments of the ligand could not be approximated owing to continuous

weight loss, the complete decomposition of the ligand occurred around 650°C.

Water of hydration in Ruy(qap);Cl(H2O); loses in the region S50-100°C
corresponding to a weight loss of 2.1%. The presence of two molecules of water in the
coordination sphere of the complex is indicated by the loss of 4.2% weight loss in the
range 120-160°C. Decomposition of the ligand takes place in the range 500-700°C.

Complete decomposition of the complex occurs around 960°C.
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TG curve of Ru,(qab),Clsy(H,O)s shows decomposition in two stages. In the first
stage removal of water of hydration takes place, which corresponds to the weight loss of
5.3%. Second stage of decomposition occurs between 120°C and 160°C, which
corresponds, to 3.5% weight loss of coordinated water. Third stage of decomposition
takes place between 280°C and 470°C causing a weight loss of 60% which is due to the
complete removal of the ligand part of the molecule. DTG analysis indicates that the
decomposition in this region takes place in two steps. From 280°C up to 360°C the mass
loss corresponds to the removal of coordinated chlorine followed by the decomposition

of the organic moiety of the complex with increase in temperature.

Table II1.9 Thermogravimetric data of ruthenium complexes

Temp. range of | % weight | Nature of DSC
Complex
decomposition(°C) loss curve
50-100 2.1 endothermic
[Ruy(qap),Cl;(H;0),].H,O 120-160 42 endothermic
300-650 17 exothermic
50-100 53 endothermic
[Rux(gab),Cl«(H,0),].3H,0 120-160 3.5 endothermic
280-420 S5 exothermic
[Rux(salpd).Cla(H,0)] 120-160 2.8 endothermic
200-500 30 exothermic
50-100 1.5 endothermic
[Ruy(salap),Cl,].H,O 200-280 10 endothermic
420-550 20 exothermic
50-100 3.6 endothermic
[Ru(salab)(H,0)4]Cl,.H,O 120-170 10.8 endothermic
310-320 10 exothermic
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A weight loss of 2.8% in Ruy(salpd);Cl;(H;0); due to two molecules of
coordinated water occurs from 120°C up to 160°C. Further decomposition of the organic
part of the molecule takes place in the region 200-800°C. This corresponds to 70%
weight loss. Earlier stages of decomposition might be due to the loss of chlorine followed
by decomposition of the organic moiety. Since the weight loss is continuous correct

approximation of the decomposed fragments could not be done.
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Figure I11.10 (a) TG/DTG curve of Figure 111.10 (b) DSC curve of
[Ruz(salpd);Cl,(H,0),] [Ruz(salpd);Cl,(H20);]

Around 100°C 1.5% weight loss occurs in Ruy(salap)sCl,(H,O) due to removal of
lattice water. Ligand part of the molecule decomposes in two stages in the temperature

range 200-280°C and 420-650°C.
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Initial weight loss of 3.6% shown in the TG data of the complex
Ru(salab)Cl>(H,0)s might be due to the removal of one molecule of lattice held water.
The weight loss of 14.4% occurs in the temperature range 120-170°C due to the removal
of four molecules of coordinated water. Thereafter major decompositions take place in the
temperature range 310-320°C, 550-660°C, 880-1020°C.

DSC study indicates that the organic part of all the synthesized complexes
decomposes before the melting point is reached. The study could provide information
regarding the actual number of coordinated water molecules and suggests the molecular
formulae of the Ru-qpd, Ru-qap, Ru-qab, Ru-salpd, Ru-salap, Ru-salab complexes to be
[Rux(qpd)Cla(H20)2].2H,0,  [Rux(qap).CL(H20):].H20,  [Ruz(qab),Cli(H20),].3H:0,
[Rua(salpd);Cla(H20),], [Ruz(salap)4Cl2].H2O, [Ru(salab)(H,0)4}Cl,.H,O respectively.

3.3.5 Infrared spectra

The infrared spectra of all the Schiff base ligands showed a broad band in the
region 3390-3480 cm™ which might be due to voy. The free hydroxyl group is generally
observed between 3500 and 3600 cm™. The observed low value of this band is due to
intra molecular hydrogen bonding between hydrogen of OH and azomethine nitrogen.*

The FTIR spectral data of the complexes of ruthenium are given in Table III.10.

IR spectral peaks observed at 1651 cm™ for the free ligand qpd were assigned to
veen which was shifted to lower frequency 1646 cm™ after complexation in
[Rux(qpd)Cls(H20)2].2H,0 (Figure III.13). The low energy shift supports their
coordination with metal jon.*' This can be explained by the donation of electrons from
nitrogen to the empty d-orbitals of metal atom. Coordination of the Schiff bases to the

metal through nitrogen atom is expected to reduce the electron density in the azomethine
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link and lower the frequency of C=N. The presence of coordinated water in the complex

is indicated by the band at 820cm™.»

180
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Fig II1. 13. Infrared spectrum of [Ruy(qpd)Cl4(H,0),].2H,0

The band at 821 cm™ in [Ruy(qap),Cla(H20);] complex which is not present in the
ligand is due to coordinated water. The IR band at 1630 cm™ of the free Schiff base is
characteristic of the azomethine (>C=N) group. In the complex it is shifted to lower
frequency 1621 cm™ indicating coordination at this group. A strong band observed at
1316 cm™ in free base due to phenolic C-O stretching, on complexation is shifted to

higher frequency 1331 cm™ indicating coordination through phenolic oxygen*.

In [Ruz(qab);Cls(H20),].3H,0, the band at 1642 cm™ due to azomethine (>C=N)
group in ligand is shifted to lower frequency 1630 cm™, indicating coordination to the
metal ion. The presence of a sharp band at 8§32 cm™ in the IR spectrum of the complex
confirms the presence of coordinated water in the molecule. Analogous peak is absent in

ligand spectrum.
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The IR band at 1651 cm™ in salpd is shifted to lower frequency 1642cm™ in
[Ruy(salpd);Cly(H20),] due to complexation. The band at 3515cm™ in the ligand is also
present in the spectra of the complex indicating the presence of free hydroxyl group in the
molecule. The presence of coordinated water in the complex is indicated by the infrared

band at 855 cm™.

In [Ruy(salap)4Cl;].H2O a shift of the band due to >C=N group to lower frequency
is seen due to the participation of azomethine nitrogen in coordination. The presence of
IR band in the region 3550-3600 cm™ in free ligand and complex ascertains the
noninvolvement of OH group in coordination. The absence of spectral band around 820-

860cm™’ indicates coordinated water is not present in the molecule.

In [Ru(salab)(H,0);]CL,.H,O all the bands in the region 1700-1600 cm’!
experiences a shift towards lower frequencies in the complex (Figure II1.14). This might
be due to coordination of azomethine group to the metal atom. The band at 816cm™ in the
complex ascertains the presence of coordinated water. A strong band observed at 1135
cm’ in the free Schiff base has been assigned to phenolic C—O stretching. On
complexation the band is shifted to higher frequency 1146cm™ indicating coordination

through phenolic oxygen.

The characteristic phenolic C-O stretching vibrations are observed between
1123 - 1141 cm™ in all the ligands. These are raised by 5 -24 cm™ in the spectra of the
complexes compared to the position of the Schiff bases. This implies deprotonation of

enolic group on protonation.*’

A broad and medium intensity band around 3400 cm™ in all complexes is due to
vou of lattice held or coordinated water molecule.** This is in accordance with TG data

which reveal the loss of water molecule in the temperature range 50- 100°C. For all the
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Table II1.10 FTIR Spectral Data the Complexes Of Ruthenium

compound Vee  Veen veo Veoord vy VM vma  Omal
O-H (Phenolic)  H,O (terminal)  (pridge)  (bridge)
apd 3474 1651 1117 . . ; ; 3
RuAqpd)CL(H.0),].2H,0 3428 1646 1125 820 473 365 307 135
q@p 3507 1630 1116 . ; ; ; .
[Ruxqap),Cl(H:0),] H,O 3419 1621 1132 821 468 - 312 134
qab 3461 1642 1123 - - - - -
[RuqabkCl(H,0),]3H,0 3410 1630 1147 832 467 370 317 141
salpd 3515 1651 1138 - - - - -
[Ruy(salpd);Cl2(H20)) 3515 1642 1148 816 460 - 318 135
salap 3550 1639 1141 - - - - -
[Rux(salap)eCl,].H,0 3550 1635 1146 - 445 - 304 135
salab 3571 1641 1135 - - - - -
[Ru(salab)(H,O%]CL.LH,O0 3591 1630 1146 816 470 370 ] ]
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complexes except [Ru(salab)(H20)4]Cl2.H2O the vg,.c; absorption has been observed in
the region 300-320 cm™ region. In [Ru(salab)(H,0)s]Cl,.H,O the band at a higher
frequency 370 cm™ indicates the presence of terminal chlorine. The absence of band
around 310 and 145 cm™ rules out the possibility of metal-chlorine bridging® in
[Ru(salab)(H,0)]Cl.H,0O

3.3.6 Magnetic susceptibility measurements

Magnetic moment of the Ru(IlI) complexes ranges from 1.4 to 1.8 which is much
lower than the spin only value (Table IlI.11). In dimeric trivalent bridged ruthenium
complexes, magnetic interaction between ruthenium atoms takes place and may result in
lower magnetic moment values.*® The values of pey agrees well with the values for
octahedral trivalent ruthenium complexes, particularly if some distortion from octahedral

symmetry is involved.*’*

3.3.7 Electronic spectra

The electronic spectral data of the complexes suggest octahedral nature of the
complexes. The ground state of ruthenium(lIl) is 2 Tag, arising from the t2g5 configuration
in an octahedral environment. The excited states corresponding to tzgs configuration are
zAzg, 2T,g, 2Eg. Tentative assignments of the absorption peaks obtained are shown in Table
III.11.  In the six coordinate ruthenium(IIl) complexes, charge transfer transition often
occurs at relatively low energies (Figure II.15). The hole in the low spin tp’
configuration of ruthenium(IIl) permits relatively low LMCT bands. Electronic spectra of
the present complexes in methanol are characterized by charge-transfer bands. Since the
crystal field parameter is quite large, some of the d-d bands are obscured by the charge
transfer bands.®® Though the spin-orbit coupling coefficient is greater, intra
configurational transitions within 2 T, will lie at too low an energy to be conveniently
identified. The lowest absorption corresponding to spin-forbidden > Ty — 4T,g transition

was found to occur in some cases as shoulders.
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Figure II1.15 Electronic spectra of ruthenium complexes
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TABLE IIL.11 Electronic Spectral and Magnetic Moment Data of

complexes
Complex Absorptions(cm™)  Tentative assignments Ut (B.M.)
[Ru(qpd)Cl4(H,0),].2H,0 35700 charge transfer
31250 (sh) Ty > Ay, Ty
23500 (sh) Ty — 2Eg 1.5
15900 2T23 - 4T18
[Ruy(gap),Cl>(H,0),].H,O 33300 charge transfer
25000 (sh) 2Ty = Ay, Ty .
1.
20400 2T2§ - ’E,
[Ruy(gab),Cly(H,0),].3H,0 31500 charge transfer
26310 (sh) Ty — A, Ty
20700 2Tzg > 2Eg 1.6
16950 (sh) 2T, -°Ty,
35200 charge transfer
31500 Ty — Ay, Ty
2 2
[Ruy(salpd)sClo(H;0),) 20900 (sh) Ty = Eg 1.4
17700 2Ty, = Ty,
[Ruy(salap),Cl;].H,O 37030 charge transfer
30950 (sh) 2Tzg - Ay, ZTIE 1.4
22800 2TZg - ZEg
[Ru(salab)(H;0)4]Cl;.H,O 28570 Charge transfer
26300 (sh) 2Ty o Ay, Ty, 1.8
18200 2ng - 2135
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3.3.8 EPR spectra

Compounds [Ruz(qpd)Cl4(H,0),].2H,0, [Ruz(qap),Cl(H,0),;].H»0,
[Ruz(qab),Cly(H20)2].3H,0,  [Ruy(salpd);Cl,(H20),],  [Rua(salap)sCL].H,O  and
[Ru(salab)(H;0)4]Cl,.H,O are EPR active which suggests the ruthenium exists in +3
oxidation state in all the complexes. [Ruz(gpd)Cls(H,0)2].2H,0,
[Ruz(qab),Cl4s(H20);].3H,0 and [Ruy(salap)sCl,].H,O give rise to well resolved rhombic
spectra consistent with the low spin 4d’ configuration indicating rhombohedra! distortion

31,32 Spectral g values are listed in Table IIL12.

of octahedral geometry.
[Ruy(salpd);Cl(H,0),] exhibit a reverse axial spectrum with g, > gi. This might be due
to the positive hole in the ty; subshell. Super hyper fine splitting of the EPR signal
ascertains nitrogen coordination in the complex (Figure I1I1.19). The two g values of
[Rux(qap),Cl2(H,0),].H0, [Rua(salpd);Cla(H0),] and [Ru(salab)(H,0)4]Cl,.H,O

indicate distorted octahedral geometry for these axial complexes.

T T T T T T

1200 1600 1080 2400 2600 3200 3600
— H (Gauss)
Figure I11.16 EPR spectrum [Ru;(qpd)Cl4(H,0),].2H,0
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— H (Gauss)
Figure I11.17 EPR spectrum of [Rux(salpd);Cl;(H,0);]

T T T T ™1 1
3] ] 1400 700 2000 2300 . ] %0 3200

— H (Gauss)
Figurelll.18 EPR spectrum of [Ru(salab)(H,0)4]ClL.H,0
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TABLE II1.12 EPR Spectral Data of Complexes

Complex g values

[RUz(qu)Cl4(H20)2].2H20 2= 228, gz:z.l 1, g3=1 81

[Ruz(qap).Cl,(H20),].H20 g =2.06, g =197
[Rux(qab)yCla(H0%].3H0 =232, g=2.1 g=19]
[RU2(Salpd)3Clz(H20)2] 2l = 1.84, g¢=2.34
{Ruz(salap)sCl;].HO gy =2.12, g =2.05 g - 189
[Ru(salab)(H20)4]C]2.H20 g = 2.03, g¢=1.85
N
SN
N
/
N o) _-Cl
\
>,
Cl Cl
H,0 |-|2

Figure. III.19 Proposed Structure of [Ruz(qpd)CL(H;0),]
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N/
F N

Figure II1.20 Proposed Structure of [Ruz(qap):Cl;(H;O),]
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Figure IIL. 21 Proposed Structure of [Ruz(qab);ClLi(H,0);]
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Figure IIL. 22 Proposed Structure of [Ruy(salpd);Cl,(H20);]

OH

Figure II1. 23 Proposed Structure of [Ruy(salap),Cl;]
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Figure I11. 24 Proposed Structure of [Ru (salab) (H20)4*
Conclusion

On the basis of elemental analysis the empirical formula of the complexes were
derived. Molar conductance values gave insight into the electrolytic behaviour of the
complexes. Number of molecules of water of hydration and nature of ligand
decomposition are obtained from the TG data. Molecular ion peaks observed from the
FAB mass spectra agree with the empirical formula of the complexes. EPR spectra and
magnetic moment values determine the oxidation state and geometry of the molecules.
Further evidences were obtained from IR and UV spectral data. In
[Ruz(gpd)Cls(H20),].2H,0 ruthenium bridges with chlorine atom and the tetradentacy of
the ligand is shared by both ruthenium atoms and a stable six membered ring results. The
ligand qap acts as tridentate whereas gab, salpd, salap and salab act as bidentate in their
complexes. The central metal atom is hexacoordinated. All these point to the octahedral
nature of the bridged complexes. Hence it was concluded that the synthesized complexes
of ruthenium except [Ru(salab)(H0)s]Cl,.H,O form binuclear species in which Ru(Ill)
octahedra are bridged by two chloride ions constituting a common bridge between the
octahedra. [Ru(salab)(H,0)4]Cl;.H;0 forms a mononuclear complex with four molecules
of water coordinated to the metal in addition to one oxygen and one nitrogen of salab.
Thus forms an octahedral geometry. The proposed structures of the complexes are given
in Figure 111.19-24.
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CHAPTER IV
STUDIES ON ZEOLITE- Y ENCAPSULATED
COMPLEXES OF RUTHENIUM

4.1 Introduction

Neat complexes of transition metals are not usually employed in industrial process
due to the inability to recover the catalyst from the reaction products. Scientists are in a
quest to explore possible solution to the problem. Nowadays researchers are actively
engaged in encapsulating the metal complexes in the cavities of zeolites and other suitable
molecular sieves which may be used as industrial or biomimetic catalysts.'” These type
of catalysts possess the advantages of both homogeneous and heterogeneous catalytic
systems. Since the catalyst is trapped in zeolite cavity, products can be easily separated.
Also the lifetime of the catalyst can be increased by encapsulation. Recent reports reveal
the importance of zeolite encapsulated complexes in catalysis for the selective oxidation,
alkylation, dehydrogenation, cyclization, amination, acylation, isomerisation and

rearrangement of various substrates.”®

Ruthenium is a very active metal in catalytic field. Since it is expensive it is not
advisable to use simple complexes as catalyst. Encapsulation of ruthenium complexes
reduces the percentage of metal in the catalyst and thus reduces the cost of catalytic

reaction.

4.2 Experimental

Details regarding the synthesis of metal exchanged zeolite, ligands gpd, qap, qab,

salpd, salap and salab are given in Chapter II.
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4.2.1 Synthesis of Ru(III) zeolite encapsulated complexes of qpd, qap, qab, salpd,
salap and salab.

Metal exchanged zeolite (5.0 g RuY) was added to a solution of each ligand
(concentration of each ligand was adjusted to have 1:1 metal: ligand mole ratio) in ethanol
(50 mL) and refluxed for 10 h to ensure complexation. The ligand penetrates through the
pores of the zeolite and complexes with the metal ions already present within the zeolite.
The complexed product becomes too large to pass through the aperture of the supercage
and will be retained inside the cages. The resultant mass was soxhlet extracted with
methanol until the extracting solvent became colourless. It was further soxhlet extracted
with acetone, ensuring the complete removal of the surface species. The uncomplexed
metal ions in the zeolite and ionisable portions of the ligand were removed by ion
exchange with NaCl solution (0.01M, 250 mL) for 24 h. It was filtered, washed free of
chloride ions and finally dried at 100°C for 2 h and stored in vacuum over anhydrous

calcium chloride.

4.3 Characterization techniques

The various physico-chemical techniques to characterize the prepared complexes

are given in Chapter-II.

4.4 Results and discussion

4.4.1 Elemental analysis

Analytical data of metal exchanged zeolite and encapsulated complexes are given
in Table IV.1. Elemental analyses reveal a Si/Al ratio of 2.6 for NaY that corresponds to
a unit cell formula Nass(A10,)s54(Si02)1358.n H,0 for NaY.” Almost constant value of Si/Al
ratio after the metal exchange and formation of complexes confirm that zeolite framework
retains its crystal structure.® This also indicates that dealumination did not take place
during metal exchange and encapsulation. fon exchange takes place according to the

equation
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NassY + xM>* — M,Nasg3 Y + 3x Na*

where x represents the fraction of M** ions exchanged with Na* in the zeolite.” The unit
cell formula of ruthenium exchanged zeolite was derived to be Naas 14Ru329(A102)s4
(SiO2)135.n HO from the metal percentage of RuY. The corresponding degree of ion
exchange was calculated as 18.3%. The elemental analysis confirms the formation of
metal complexes in the zeolite cavities. However the amount of ruthenium was
significantly reduced in encapsulated complexes as compared to RuY. This might be due

to dissolution of ruthenium into the solvent while refluxing for complexation process.

TABLE IV.1 Analytical data of metal exchanged zeolites and encapsulated

complexes

Elements % found

Compound
%C %H %N %Ru %Si %Al %Na

NaY - - - - 209 7.9 9.6
Ruy - - - 1.8 20.4 7.6 5.6
RuYqpd 0.979 2.634 0.048 0.3 20.1 7.4 7.8
RuYqap 0.820 1.514 0.032 04 19.9 7.7 8.2
RuYqab 1.100 2.584 0.229 09 19.6 7.4 39
RuYsalpd 0.852 2610 0.051 03 203 7.5 8.1
RuYsalap 1.034 2.696 0.053 0.6 20.1 7.4 7.1
RuYsalab 1.798 2.540 0.267 0.5 20.2 7.6 6.1

The analytical data of the encapsulated complexes show that the metal ion
percentage is in excess of what is expected for formation 1:1 complexes. This might be
because of the unexchanged metal ion present in the cavities. The complex formed or
ions trapped within the cages of the zeolite framework may hinder further entry of the
ligands, thus preventing the formation of a complex analogous to simple complex. The

metal ions trapped in the cages of zeolite prevent the further exchange with Na® ions.
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Any residual charges left behind after the addition of the ligand to the metal ion in cages
would be satisfied by the CI" of NaCl used during exchange process. The percentage of
ruthenium expected from the composition of 1:1 complexes and that actually present in

the encapsulated complexes are given in Table [V .2.

TABLE IV.2 Comparison of percentage of metal actually present and calculated

from the composition of the 1:1 complexes in zeolite encapsulated complexes

Complex % Ru for 1:1 complex {(calculated) % Ru (found)
RuYqpd 0.06 03
RuYqap 0.08 0.4
RuYqgab 0.33 0.9
RuYsalpd 0.18 0.3
RuYsalap 0.38 0.6
RuYsalab 0.64 0.8

4.4.2 Surface area and pore volume

Surface area of the zeolite samples (Table 1V.3) was determined by BET method after
activating at 350°C in nitrogen atmosphere. A small reduction in surface area was
noticed due to metal exchange. Encapsulation of complexes in zeolite pores resulted in
decrease in surface area and pore volume to a greater extent.? This is due to the large
size of the complex encapsulating in the cage which results in the filling of the pore.

Reduction in surface area supports encapsulation of complexes in zeolite cages.
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TABLE IV.3 Surface area and Pore volume data

Compound  Surface Area(Sq.m/g) Pore volume (cc/g)

zeolite 799 0.3978
NaY 692 0.3482
RuY 682 0.3458
RuYqpd 627 0.3195
RuYqap 482 0.2369
RuYqab 567 0.2920
RuYsalpd 662 0.3367
RuYsalap 627 0.3266
RuYsalab 662 0.3520

4.4.3 Thermogravimetric analysis

TG/DTG and DSC/DTA curves of zeolite samples (Figure [V.1-1V.6) were
recorded in nitrogen atmosphere from ambient temperature up to 1200°C at a heating rate
of 10°C /min. The pattern of decomposition is the same for all encapsulated complexes.
The TG curves reveal that there is a continuous weight loss in the early stages, which
might be due to deaquation of the samples. Table IV.4 shows the thermogravimetric data

of the encapsulated complexes of ruthenium.

RuYqpd loses 28% weight loss till 110°C, the peak temperature being 106°C.
Thereafter decomposition takes place slowly and reaches constant weight around 800°C.

Weight loss in this stage is only 8%. Zeolite framework is seen to be destroyed only

above 900 °C.
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Figure IV.2(a) TG/DTG curve of Figure IV.2(b) DSC curve of RuYqap
RuYqap

Upto 200°C a steady mass loss of 21% occurs in RuYgap, the peak temperature

being 101°C.  This represents deaquation of the complex. Thereafter rate of
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decomposition is slow. Weight loss (6%) continues till 600°C. This might be due to
decomposition of the organic part of the ligand. Thereafter no decomposition takes place

till 800°C. After 800°C destruction of zeolite framework is indicated.

First stage of decomposition in RuYqab occurs till 200°C. Weight loss in this
stage corresponds to 25 %, peak temperature being 115°C. Weight loss might be due to
the removal of occluded water in addition to the physisorbed water. Weight loss
continues till 550°C, peak temperature being 331°C. Destruction of zeolite framework

takes place above 800°C.
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Figure IV.3(a) TG/DTG curve of RuYqab Figure IV.3(b) DSC curve of RuYqab

In RuYsalpd, upto 200°C 28% weight loss occurs, peak temperature being 113°C.
Water entrapped in cages would have expelled along with the physisorbed water. Steady

weight loss of small percentage occurs till 550°C.
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Figure IV.4 TG/DTG/DTA curve of RuYsalpd

RuYsalap undergoes weight loss upto 200°C. 28% weight loss occurs during this
stage, peak temperature being 107°C, indicating expulsion of entrapped water along with
physisorbed water. Thereafter steady weight loss of about 9% occurs till 550°C. Then

constant weight is maintained till 800°C. Thereafter framework is destroyed.
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Figure IV.5(a) TG/DTG curve of RuYsalap Figure IV.5(b) DSC curve of RuYsalap
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In RuYsalab 28% weight loss occurs till 200°C, peak temperature being 108°C.
Physisorbed as well as entrapped water are lost. Decrease in weight continues till 600°C,

peak temperature being 367°C.

DSC curve for all complexes presents endothermic peak around 100°C
corresponding to the deaquation of the sample. This is followed by exothermic maximum
with the centre at about 350°C corresponding to the decomposition of the complex. The
DTA curve of RuYqgab shows two bendings at 320°C and 350°C. They corresponds to

the intermediate decomposition products of the complex.'®
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Figure IV.6(a) TG/DTG curve of Figure IV.6(b) DSC curve of
RuYsalab RuYsalab

Thermal analysis provides a useful tool to study about stability of metal
complexes. It is essential to know about the stability of metal complexes in order to apply
the synthesized complexes in catalysis. TG curve of RuY also shows a weight loss of
25% in the temperature range 50-200°C. This might be due to loss of intrazeolite water
molecules. IR spectra of the complexes after heating to 200°C exhibited similar peaks as

that of original complex, indicating that complex is not decomposed tili 200°C. In the

78



Chapter IV

second stage of decomposition only very small percentage of weight loss (~7%) occurs.
This might be due to the decomposition of the complex within the zeolite cage. Zeolite
framework is seen to be destroyed only above 800°C. Thermal analysis shows that the
stability of the complexes are enhanced on heterogenization by encapsulation in zeolite

pores as suggested by earlier reports.'!

TABLE IV. 4 TG/DTG data of encapsulated complexes

I Stage
II Stage
Weigh Nature of N -
eight ature o

Compound | Temperature(°C) DSC/DTA Weight
loss(%) Temperature(°C) DSC/DTA

curve loss(%)

curve

RuYqpd 40-100°C 28 endothermic 200-800 8 exothermic
RuYgap 40-100°C 21 endothermic 200-600 6 exothermic
RuYqab 40-100°C 25 endothermic 200-550 7 exothermic
RuYsalpd 40-100°C 28 endothermic 200-550 6 exothermic
RuYsalap 40-100°C 28 endothermic 200-550 9 exothermic
RuYsalab 40-100°C 28 endothermic 200-550 8 exothermic

4.4.4 X-Ray diffraction

Powdered X-ray diffraction patterns were obtained for NaY, Metal exchanged
zeolites and zeolite encapsulated complexes of o-phenylenediamine. The diffraction
patterns of different complexes are given in Figure IV.7. Zeolite framework retains its
crystallinity even after encapsulation, which is evidenced by the similar diffraction pattern
in all cases. This supports the fact that reduction in surface area observed is not due to

collapse of crystalline structure but due to encapsulation of complexes in the cages.
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Figure IV. 7 XRD spectra of (i) RuY (ii) RuYqpd (iii) RuYqab (iv) RuYsalpd(v) RuYsalap
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44.5 SEM analysis

Scanning electron micrographs of encapsulated complexes'? before and after
soxhlet extraction are given in Figure IV.8. This clearly indicates the presence of well
defined crystals free from any shadow of metal ions or complexes present on their

external surface after soxhlet extraction.

3658 {5HUR #10-300 f¥n WD 5 15KV 419,063

Bt

(i)
Figure IV.8 Scanning Electron Micrographs of RuYqpd (i) before and (ii) after

soxhlet extraction

4.4.6 Infrared spectra

The FTIR spectral bands of the ligands and supported complexes were recorded as
KBr pellets in the region 400-4000 cm™. The IR frequencies were tabulated in Table IV.5
The infrared frequencies of metal exchanged zeolite and the parent zeolite are of almost
the same values as reported in earlier studies.”*"® This indicates the non destruction of
the zeolite framework by the metal exchange. The encapsulation of complexes inside
zeolite cavities is confirmed by several workers.'® Similarity of the spectra of the simple

and the encapsulated complex reveals the nature of the complex inside the cages.

81



Chapter 1V

For molecules containing benzimidazole ring the region 1660-1550cm™ is very
important.'” The band around 1640cm™ in the ligand are shifted to lower frequencies in
all the complexes which confirms complexation at nitrogen of the azomethine group.
Band at 3461cm™ in qab and at 3470cm™ in salab are due to N-H of imidazole ring. This
experiences slight shift towards lower frequency in RuYqab and RuYsalab which can be
attributed to changes in environment due to coordination at other positions. The
stretching vibrations of water molecules present in the zeolite lattice can be seen around
3500cm.”

TABLE IV.5 IR spectral data of ligands and zeolite encapsulated complexes

Compound vy VoH v phenolic Ve=N Vece VZeolitic  VZeolite Y Coord. water
Peaks peaks

qpd 3474 1117 1651 1534

RuYqpd 3459 1640 1526 1021 579 789
qap 1116 1630 1525

RuYgap 3448 1621 1513 1026 580 782
qab 3461 1123 1642 1530

RuYqab 3452 1635 1507 1024 571 808
salpd 1138 1651 1561

RuYsalpd 3489 1644 1547 1023 579 792
salap 1141 1639 1526

RuYsalap 3439 1630 1518 1023 579 785
salab 3470 1135 1641 1533

RuYsalab 3459 1636 1520 1023 576 792

IR spectra of all zeolite encapsulated complexes show bands in the region 1500-
1600 cm.” These are assigned to C-C stretching vibrations of benzene ring. Since there
are no zeolite bands at this position, yc.c of benzene rings indicates encapsulation of

complexes.
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In the IR spectra of the free ligands, bands occur in the region 1120-1150cm™ due
to yc.o of phenolic group. However this is absent in encapsulated complexes. This
might be due to the masking by the broad zeolite band around 1000cm™ which is not seen
in the corresponding ligands. Hence it can be assigned to the zeolite framework vibration.
Other major zeolite framework bands appear around 1140, 725 cm.™ '® Also most of the

bands due to ligands are masked by the zeolite peaks in complexes.

4.4.7 Electronic spectra

TABLE IV.6 Electronic Spectral Data of the encapsulated
complexes of ruthenium

Absorbance ) .
Complex , Tentative assignments
(em™)
34720 2Ty = 2Az, T
RuYqpd 2; 2: e
17540 Tz = Ty
20620 2Ty > %E,
RuYgap R .
17480 To = ‘Tig
34600 ITyy > *Ag, Ty
RuYqab 20700 2Ty > ’E,
17570 2Ty — Ty,
36100 charge transfer
RuYsalpd ) ) )
33350 ng hd AZB , TlB
36630 Charge transfer
RuYsalap 34360 2Tog = *Agg, ’Ty,
20280 2Ty, > E,
36000 charge transfer
RuYsalab
17270 2Ty > °Tyy

Due to the low concentration of the metal ion species in the zeolite, the absorption

bands are of very low intensity. Furthermore ligand absorptions and charge transfer
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transitions complicate the assignment of band in the ultraviolet and high energy visible
region. However similar spectral patterns were observed with neat as well as
encapsulated complexes of ruthenium. Hence an octahedral structure may be suggested
for encapsulated complexes and this is possible only on additional coordination of water
with the metal. The electronic spectral data of the encapsulated complexes are given in

Table 1V.6.

4.4.8 EPR spectra

EPR spectra of the encapsulated complexes were recorded at liquid nitrogen
temperature. The slight variations in the EPR parameters of the Ru(lil) ions in the metal
exchanged zeolite (RuY) with the addition of the ligand is due to the change in
environment of the ion and hence supports the encapsulation of the complex in the zeolite

cavities.

EPR spectrum of encapsulated complex RuYsalap gives three g values (Table IV.7)
indicating rhombohedral distortion of octahedral geometry. RuYqgab and RuYsalab
present an axial symmetry giving two g values. The presence of paramagnetically active
Ru(lIT) in the complex is consistent with the axial symmetry of the complex.”” A well
resolved EPR spectra could not be obtained for other complexes. This might be due to

the impact imposed by the zeolite matrix.

TABLE IV.7 EPR spectral parameters of

zeolite encapsulated complexes

Complex EPR parameters

RuYqab gy=212 ; gi=214
RuYsalap g,=2.17; g,=2.12; g=2.00
RuYsalab gy=2.16;g,=2.05
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Conclusion

Zeolite encapsulated Ru(III) complexes of Schiff bases have been synthesized and
characterized with a view to understand the chemical and physical properties, the nature
of coordination and thermal stability of complexes. Chemical analyses reveal that the
percentage of metal in encapsulated complexes is greater than that expected for 1:1
complexes, which might be due to the inclusion of unexchanged metal in the cavities.
The similarity in XRD pattern of NaY, RuY and encapsulated complexes reveal that the
framework retains its crystal structure even after complexation. The removal of surface
species was ascertained by SEM analyses. The lower surface area and pore volume of
complexes as compared to metal exchanged zeolite suggest encapsulation. The
coordination of ligands with metal ion was ascertained in all cases by IR spectra. On the
basis of magnetic moment, electronic spectra and EPR, an octahedral geometry was

suggested for all the complexes.
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CHAPTERYV
SYNTHESIS AND CHARACTERISATION OF NEAT AND
ENCAPSULATED SCHIFF BASE COMPLEXES OF NEODYMIUM

5.1 Introduction

Recently coordination chemistry of lanthanides has achieved much progress.
Over the past ten years lanthanide ions and lanthanide complexes have been proposed and
used in several biological and medicinal applications. The interaction of lanthanide ions
with biologically active ligands is of the utmost relevance to understand and develop new
complexes.' Studies on neodymium Schiff base complexes have been carried out with a
view to understand correctly the role of donor atoms, their relative position, size of the
chelating rings formed and shape of the coordinating moiety on the selective binding of
charged or neutral species.”” In this chapter, the results of our study on the synthesis and

characterization of some new neodymium complexes are presented.

5.2 Simple complexes of neodymium

5.2.1 Synthesis

5.2.1.1 Neodymium - qpd complex

Neodymium(1Il) chloride hexahydrate (5 mmol ; 1.79 g) in methanol (25 mL)
was added to refluxed solution of qpd (10 mmol; 4.2 g) in methanol (25mL ). Resulting
mixture was refluxed for 6 hours, concentrated to 5 mL and cooled in refrigerator.
Crystalline yellowish brown compound separated was filtered, washed with hexane. It is

then dried in vacuo over anhydrous calcium chloride ( yield 92% ).
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5.2.1.2 Neodymium - gap complex

A similar synthetic procedure to that described for gpd complex of neodymium
was followed for the synthesis of qap complex of neodymium with the ligand qap
(10mmol; 2.65g). Resulting mixture was refluxed for 6 h. The solution was concentrated
to SmL and stirred magnetically in ice cold bath for 30 mts. Reddish brown crystalline
compound separated was filtered, washed with hexane. It was then dried in vacuo over

anhydrous calcium chloride (yield 85 % ).

5.2.1.3 Neodymium - gab complex

The complex Nd- qab was synthesized in a similar manner except that qab
(10mmol ; 2.89g) was used in the place of qap. Reddish brown crystalline compound
separated was filtered, washed with hexane. It was then dried in vacuo over anhydrous

calcium chloride ( yield 85 % ).

§.2.2 Results and discussion

Details of analytical and various physico-chemical techniques employed to

characterize the prepared complexes are given in chapter II.

5.2.2.1 Elemental analysis
All the complexes were isolated as nonhygroscopic, amorphous substances and
are quite stable in air. They are soluble in dimethyl sulphoxide, dimethyl formamide and

are insoluble in hexane, carbon tetrachloride and water.

The microanalytical data of the ligand and the complexes are presented in Table
V.2.1. CHN data indicate 1:2 coordination of the metal ion to the ligand qpd in the Nd-
gpd complex. ICP-AES metal analysis of the complex gives an equivalent percentage of
neodymium in the sample indicating the empirical formula of the complex to be

Nd(qpd),CI(H,0);. Elemental anlyses of Nd-qap complex suggest the empirical formula
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of the complex to be Nd(qap),Cl(H;0); and that of Nd-qab complex to be

Nd(qab),CI(H;0)s.

TABLE V.2.1 Analytical Data of ligands and complexes

Elements % found / (Calculated)

Compound colour
%C %H %N %Nd
Reddish ~ 68.22 3.59 19.72
qpd
brown  (68.56) (3.84) (19.99)
Light 54.47 4,18 15.60 13.05
Nd(gpd),CI(H,0) 5
brown  (53.75) (3.38) (15.67) (13.45)
Orange  67.42 4.53 16.14
qap
red (67.92) (4.18) (15.84)
47.13 3.48 11.09 17.68
Nd(qap),CI(H;0), brown
(46.18) (3.62) (10.77) (18.49)
65.87 4.04 23.59
qab orange
(66.43) (3.83) (24.21)
Reddish  48.94 3.32 16.71 17.20
Nd,(qab),CI(H;0)s
brown (46.4) (341) (16.91) (17.40)

5.2.2.2 Molar conductance

TABLE V.2.2 Conductance Data of complexes in methanol (10°M)

Complex Molar Conductance
Nd(qpd).CI(H;0), 26.4
Nd(gqap),Cl(H,0), 16.4
Nd(qab),CI(H,O)s 32.7
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The molar conductance value (Table V.2.2) in methanol (102 solution) suggests

non-electrolytic nature for all the complexes of neodymium.'°

5.2.2.3 Thermogravimetric analysis

The TG/DTG and DSC curves of neodymium complexes are given in Figure V.2.1-
V.2.3. TG analysis of Nd(gpd),Cl{H2O); shows 3.4% weight loss around 60°C which might be
due to the removal of two molecules of lattice water(Table V.2.3). Further 1.7% weight loss
due to removal of one molecule of coordinated water takes place at 130°C. The compound is
stable up to 312°C. Decomposition in the range 312- 385°C represents removal of ligand part
of the molecule. Thereafter only very slight change in weight is observed till 800°C. DSC
curve shows two small endo thermic peaks below 150°C, one at 60°C indicating the removal of
lattice held water and other at 130°C indicating removal of coordinated water. The broad
endothermic dip at 950°C indicates large energy requirement for the decomposition process that

starts at 720°C.
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Figure V.2.1 (a) TG/DTG curve of Figure V.2.1 (b) DSC curve of

Nd(qpd);Cl(H:0)s Nd(qpd).Cl(H:0);
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The weight loss of 2.3% around 60°C represents removal of one molecule of
lattice water in Nd(qap),CI(H20)s. Further weight loss of 7.1% in the range 120-160°C
is due to the removal of coordinated water. Gradual decomposition of ligand takes place
thereafter. DSC curve shows two endothermic dips below160°C corresponding to the
removal of lattice held and coordinated water. Thereafter the exothermic peak around
300°C representing the decomposition of the organic moiety in the complex is followed
by endothermic peaks indicating energy requirement for the decomposition process at

high temperature.
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. s & )30 :
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g [ oms§ 3] 55
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V F'WSE | §'55' ,ssé
--UDSSg 2.55 1 L65 E
100 300 S0 00 900 jio0 100 300_ S00 00900 1100
Temperature (°C) Temperature (°C)
Figure V.2.2(a) TG/DTG curve of Figure V2.2(b) DSC curve of
Nd(gap),Cl (H;0)s Nd(gap)Cl (H;0)4

TG curve of Nd(qab),Cl(H,O)s shows decomposition in two stages. In the first
stage at 62°C removal of lattice water (2.1%) takes place. Second stage corresponds to
the removal of coordinated water which corresponds to the weight loss of 6.5% in the
range 120-150°C . This is indicated by the endotherms at 60°C and 130°C in the DSC

curve.
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Figure V.2.3(a) TG/DTG curve of Figure V.2.3(b) DSC curve of
Nd(qab),CI(H,0)s Nd(qab),CI(H,O)s

TABLE V.2.3 Thermogravimetric data of neodymium complexes

Temp. range of ) Nature of
Complex . % weight loss
decomposition (°C) DSC curve
50-130 5.1 endothermic
Nd(qpd).Cl (Hz0), .
312-410 27 exothermic
50-160 94 endothermic
Nd(qap),Cl (H,0), .
260-490 18 exothermic
Nd(qab),CI (H,0)s 60-150 8.6 endothermic

5.2.2.4 Infrared spectra

The broad band in the region 3400-3500cm™ in all the complexes is due to the free
hydroxyl group of water molecule present. IR spectral peaks observed in the region
1600-1650cm™* for the free ligand due to C=N stretch were shifted to lower frequency
(Table V.2.4). This low energy shift supports their coordination with metal ion at
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azomethine group.'' The C-O stretching band observed around 1110-1130 cm™ in the
ligands undergoes a positive shift indicating coordination of phenolic oxygen to the metal

ion.
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Fig V.2.4 Infrared spectrum of qab
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Fig V.2.5 Infrared spectrum of Nd(qab),CI(H,0)s
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The spectral band due to coordinated water is present in all complexes around
820 cm ~'. The sharp band in the region 360-365 cm™ in all complexes, indicates the
presence of M-Cl bond. The M-N stretching band in the region 470-475 cm™, further
ascertains the formation of the complexes. Representative infrared spectra are given in
Figure V.2.4 and V.2.5.

TABLE V.2.4 IR spectral data of simple complexes of neodymium

Compound Vou  Von veo Veoord - Vmect VMN
(Phenolic) H,0  (ermina
qpd 3474 1651 1117 - - -
[Nd(qpd)p(H.0)C1 |.2H,0 3421 1645 1128 818 367 472
qap 3507 1630 1116 . ] .
[Nd(qap)(H:0%ClLH,0 3419 1620 1125 836 363 475
qab 3461 1642 1123 - - -
[Nd(gab),(H,0); CI12Hp0 3436 1632 1130 828 365 471

§.2.2.5 Magnetic susceptibility measurements
Magnetic moment of the Nd(11l) complexes are found to be ~3.5 B.M. as expected
for Nd(I11) complexes.

§.2.2.6 Electronic spectra

The electronic spectra of the complexes are in Figure V.2.6-V.2.8 and the tentative
assignments are given in Table V.2.5.The tripositive neodymium ion is characterized by
having unfilled 4f-orbital with electronic configuration 4f>5s°5p°5d°. The spectroscopic
properties of the lanthanide ions and their complexes are mainly due to the internal f-f
transitions.'? In lanthanides the 4f transitions are normally forbidden, but are observed
indicating d-f orbital mixing occurring due to external crystal field.”'* A few fof

transitions of lanthanide ions are very sensitive to the environment and are more intense
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when the ion is coordinated than they are in the corresponding aquo ions. Most of the
electronic spectra of neodymium complexes in methanol are characterized by charge-

transfer bands and the hypersensitive transition *Gs;, — ‘15, due to complexation.15
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Figure V.2.6 Electronic spectrum of Figure V.2.7 Electronic spectrum of
[Nd(qpd),(H,0)Cl]| [Nd(qap),(H,0);Cl|

Absotbance -

o
o
4

0 . v . . ; )
/O 400 amWa‘%ﬂngms%nnm)mo 650

Figure V.2.8 Electronic spectrum of [Nd(qab)2(H20);Cl}
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TABLE V.2.5 Electronic Spectral Data of complexes

Absorptions
Complex Tentative assignments
4
(cm™)
[Nd(qpd).(H,0)Cl] 24810 Charge Transfer
16950 *Gsr, — “Ion
[Nd(gap),(H,0);Cl} 25840 Charge Transfer
18500 “Gsp — “Ionz
[Nd(qab),(H,0); Cl] 26590 Charge Transfer
20280 Charge Transfer
18800 ‘Gsp — *lon

Figure V.2.9 Proposed structure of [Nd(qpd),(H,0)C! )
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Figure V.2.11 Proposed structure of [Nd(qab),(H,0);Cl]
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Conclusion

On the basis of elemental analysis the empirical formula of the complexes were
derived. Molar conductance values suggest non-electrolytic nature of the complexes.
Number of water molecules coordinated to the neodymium ion and nature of ligand
decomposition are obtained from the TG data. IR data indicate that two nitrogen and one
oxygen of the ligand qpd are coordinated while qap and gab act as bidentate ligand with
one nitrogen and one oxygen coordinated to the metal in their complexes. The central
metal atom is eight coordinated and the complex is proposed to have bicapped trigonal
prismatic geometry.'? The proposed structures of the complexes are given in Figure

V.2.9-V.2.11.

5.3 Encapsulated complexes of neodymium

5.3.1 Synthesis
The ligands qpd, qap, qab, salpd, salap and salab used in the present study were

prepared as explained in chapter [I. Neodymium exchanged zeolite (5 g ) was added to
ethanolic solution(50 mL) of each ligand (1:1 metal : ligand mole ratio) and refluxed for
10 h. The resultant material was suction filtered and then extracted with methanol using
soxhlet extractor until the complex was free from unreacted ligand. It was further soxhlet
extracted with acetone to ensure complete removal of the surface species. After filtering,
the uncomplexed neodymium ions present in the zeolite was removed by stirring with
aqueous solution of NaCl (0.01 M) for 24 h. Finally the resultant solid was washed with
water until free from chloride ions, dried at 100°C for 2 h and stored in vacuum over

anhydrous calcium chloride.
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5.3.2 Results and discussion

5.3.2.1 Elemental Analysis

Elemental analyses of the metal exchanged zeolite NdY indicate the unit cell
formula to be Na,5 Nd, 4(Al0,);,(Si02),3,.nH,0. The analytical data of the complexes
are given in Table V.3.1. The degree of ion exchange of neodymium is calculated from
the percentage of neodymium in the sample and found to be 16.37. Further the presence
of carbon, hydrogen and nitrogen suggest the formation of metal complexes in the zeolite

cages.

TABLE V.3.1 Analytical data of encapsulated complexes

compound %C %H %N %Nd %Si %Al %Na
NaY - - - - 209 79 9.6
NdY - - - 23 206 79 1.7
NdYqpd 26 28 1.0 1.8 204 78 2.0
NdYgap 7.9 2.5 1.7 2.2 19.8 7.8 1.9
NdYqgab 46 23 1.8 1.9 198 7.8 22
NdYsalpd 48 24 07 12 202 78 1.8
NdYsalap 100 2.7 0.8 2.1 199 7.6 2.0
NdYsalab 62 29 19 22 197 74 1.9

5.3.2.2 Surface area

Surface area of the neodymium exchanged zeolite is smaller than sodium
exchanged zeolite (Table V.3.2). This can be attributed to the large size of neodymium
compared to sodium. Encapsulation resulted in decrease in surface area due to the large
size of the complex encapsulating in the cage. This results in filling of the pores of

zeolite thereby reducing surface area.
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TABLE V.3.2 Surface area data of encapsulated complexes of neodymium

Compound  Surface area (Hz/g)

Zeolite 799
NaY 692
NdY 605
NdYgpd 509
NdYqap 404
NdYqgab 418
NdYsalpd 461
NdYsalap 462
NdYsalab 507

5.3.2.3 X-ray diffraction studies

The powder X-ray diffraction patterns of NaY, NdY and encapsulated complexes
exhibit similar pattern, though slight change in the intensity of the bands were noticed. These
observations indicate that the framework of the zeolite has not undergone any significant
structural change on complexation. This suggests that the crystallinity of the zeolite Y is
preserved during encapsulation. No new peaks could be detected in zeolite encapsulated

complexes probably due to poor loading of the complex in zeolite framework.

5.3.2.4 SEM analysis
The scanning electron micrographs (SEM) of the complexes before and after

encapsulation indicate that surface species are completely removed by soxhlet extraction.
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5.3.2.5 Thermogravimetric analysis

The thermogravimetric data of the encapsulated complexes of neodymium are
given in Table V.3.3 and the curves are given in Figure V.3.1-V.3.6. The thermal
decomposition of the zeolite encapsulated complexes occurs in two major steps. An
endothermic weight loss of about 6-18% is observed in the temperature range 30-150°C in
all complexes. Such a weight loss is observed in the case of metal exchanged zeolite also.
Hence this might be due to the removal of intrazeolite water. The second step of
exothermic weight loss occurs in a single step and starts immediately after the first step
and continues till 800°C in all complexes. A weight loss of about 10% due to the slow
decomposition of the metal complex is observed in this wide temperature range. This
type of weight loss is not seen in the thermal decomposition curve of metal exchanged
zeolite, which provides additional evidence of the formation of metal complex in the

Table V.3.3 Thermogravimetric data of encapsulated complexes

) Nature of
Compound Temp. range of decomposition (°C) % weight loss
DSC/DTA curve

30-140 18 endothermic
NdYqpd

160-400 9 exothermic

30-125 6.5 endothermic
NdYqap

180-480 5 exothermic

30-125 10.5 endothermic
NdYqab

180-415 8 exothermic

30-140 8 endothermic
NdYsalpd

160-430 2.5 exothermic

30-140 8 endothermic
NdYsalap

150-500 4 exothermic

30-115 18 endothermic
NdYsalab

200-600 5 exothermic
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zeolite matrix. The variation in the thermal decomposition pattern exhibited by different
complexes is indicative of the formation of metal complexes. The small percentage of
weight loss indicates the insertion of only small amount of metal complexes in the cavity
of the zeolite. This is in agreement with the observed low percentage of metal content in

encapsulated complexes.
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5.3.2.6 Infrared spectra
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IR spectra of all ligands exhibit sharp band in the region 1620-1640 cm™ due to

ve=n of azomethine group. This band moves to lower wave number on coordination of

azomethine nitrogen to the metal. The coordination of the phenolic oxygen could not be

ascertained due to the appearance of broad band in the region 3400-3500 cm™ due to free

hydroxyl group which might be due to the water molecule present in the complexes. The
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Fig V.3.7 Infrared spectrum of NdYqab

Table V.3.4 TRspectral data of encapsulated complexes of neodymium

Compound Vo Ve VZeolitic peaks VZeolitic peaks
qpd 3474 1651 - -
NdYgpd 3418 1635 1040 578
qap 3507 1630 - -
NdYqap 3427 1621 1038 578
qab 3461 1642 - -
NdYqab 3410 1637 1010 574
salpd 3515 1651 - -
NdYsalpd 3408 1633 1041 576
salap 3550 1639 - -
NdYsalap 3410 1633 1030 576
salab 3571 1641 - -
NdYsalab 3464 1637 1040 576

band in the region 1120-1150 cm™ in free ligands due to vc.o of phenolic group could not

be seen in encapsulated complexes. This might be due to the appearance of strong and

105



Chapter V

broad band around 1000 cm™ of zeolite framework. Table V.3.4 shows the IR spectral

data of the complexes.
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Fig V.3.8 Infrared spectrum of NdYsalap

5.3.2.7 Electronic spectra

The electronic spectral data (Table V.3.5) of encapsulated complexes exhibit
charge transfer transitions. Absorption spectra of lanthanide ions result from fef
transitions. Since these transitions are Laporte forbidden, they are expected to give weak
narrow bands. Hypersensitive transition due to ‘Gs, — ‘I, is observed in the case of
encapsulated complexes of neodymium. NdYqpd and NdYsalap complexes exhibit a
spectral band around 22000 cm™ which might be due to the hypersensitive transition *Io, —
Kz 01 Ly, — *Grp.'® However zeolite encapsulated neodymium complexes of qap do not
give a spectral band corresponding to these hypersensitive transitions probably due to the
effect of the ligand environment or might have masked by high intensity charge transfer

bands. Figure V.3.7-V.3.12 represent the electronic spectra of the complexes.

106



Chapter V

Electronic Spectra of Encapsulated Complexes of Neodymium
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TABLE V.3.5 Electronic spectral data of encapsulated complexes of

neodymium

Compound  Absorption (cm™) Tentative assignments

26520 Charge Transfer
Ndqud 22200 4[9/2 — 2K13/2 or 4]9{2 — 4G7/2

17060 oy — Gsn
NdYqap 28330 Charge Transfer

30860 Charge Transfer
NdYgab . ® .

17760 Lon — "Gsp

27020 Charge Transfer
NdYsalpd . 4

17060 Gsp — "loiz
NdYsalap 22320 19n — Kizn 01 *Iop — “Gop

28850 Charge Transfer
NdYsalab . ¢ .

17500 Gspp — "on

Conclusion

The analytical data of the encapsulated complexes indicate the formation of

monomeric complexes in zeolite cavities. The Si/Al ratio and XRD pattern show that the

crystalline structure of the zeolite has remained intact during encapsulation. The lower

surface area and pore volume of the zeolite complexes as compared to zeolite is an

evidence for encapsulation of complexes. IR spectral data also indicate encapsulation of

complexes. The thermal stability of the complexes are explained on the basis of TG/DTG

data. Since in the case of neodymium complexes f electrons are buried deep within the

atoms, electronic spectra could not give much information on the structure of the

complexes.
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CHAPTER VI
POLYMERBOUND SCHIFF BASE COMPLEXES OF
RUTHENIUM AND NEODYMIUM

6.1 Introduction

Cross-linked polymers with specific properties are widely used as catalyst
supports’ as they are inert, non-toxic, non-volatile and often recyclable. It can induce
specific control over catalytic and complexing ability of the ligand. The ease of
separation from the reaction products leads to operational flexibility.> Moreover, the
amount of metal present on the surface of such catalysts is very small which is of
economic significance in the case of expensive metals like ruthenium, Rhodium and
palladium. Thus polymer supported catalysts have generated a lot of interest in research.
Earlier reports of catalytic activity of various metal ions such as Rh(I), Ru(IIl) and Pd(II)
anchored to different cross- linked polymers with N-donor ligands®? prompted us to use
ligands with nitrogen and oxygen as donor groups. Although Schiff bases are the most
widely used ligands, only a few Schiff bases have been immobilized to polystyrene
matrix.'>%* Immobilization onto polymer supports through covalent attachment is one of
the important means to solve the problem of decomposition of many complexes during
catalytic reaction.” Chloromethylated polystyrene cross-linked with divinylbenzene is one
of the most widely employed macromolecular supports.'* Ruthenium complex of a
pyridine-benzimidazole based polymer poly[2-(2-pyridyl)-bibenzimidazole] shows that
the complex is very robust” remaining stable under considerable thermal and chemical
stress. Ru(II) and Ru(lll) are widely known for their catalytic activity.'®'® Earlier reports
reveal that lanthanide complexes are also known for their importance in biological field,

as NMR shift reagents, in agriculture and medicine.”**

In view of the pronounced coordinating properties, the synthesis of multidentate

Schiff bases anchored to polystyrene matrix is described here. The newly synthesized
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polymer supported Schiff bases have been used for synthesizing the polymer anchored
complexes of ruthenium and neodymium. Although complete characterization of the
polymer supported complexes is impossible, attempts were made to understand the
environment surrounding the metal ion using FTIR, electronic, EPR spectroscopy,
magnetic moment measurements, thermogravimetry and surface area analyses. These
studies are necessary for the proper understanding of their involvement in catalytic

reactions.

Schiff bases are formed by condensing polymer supported aldehyde with o-
phenylenediamine, o-aminophenol and 2-aminobenzimidazole respectively. Details on
the synthesis and characterization of Ru(lll} and Nd(III} complexes of these ligands are

presented in this chapter.

6.2 Synthesis of complexes
Details regarding the synthesis of polymer supported Schiff bases are given in

chapter 11.

6.2.1 Ru(IIl) and Nd(I1I) complexes of PS-opd

The polymer bound Schiff base PS-opd (3 g) was swelled in chloroform for lh. It
was filtered and refluxed with a solution of metal chloride (Immol: 0.261 g RuCl;.6H,0
or 0.357 g NdCl3.6H,0) in methanol (100 mL) for about 6 h. The resultant complexes
were separated by filtration, washed repeatedly with methanol, chloroform, acetone and

dried in vacuo over anhydrous CaCl,.

6.2.2 Ru(III) and Nd(III) complexes of PS-ap

The polymer bound Schiff base PS-ap (3 g) was swelled in chloroform for lh. It
was filtered and an excess of metal chloride (1 mmol: 0.261 g RuCl;.6H,0 or 0.357 g
NdCl;.6H,0) was added and the reaction vessel was sealed. The mixture was shaken for

5h on a mechanical shaker. The resulting polymer bound metal complex was filtered,
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washed with methanol, chloroform and acetone and dried in vacuo over anhydrous

calcium chloride.

6.2.3 Ru(III) and Nd(III) complexes of PS-ab

Polymer bound Schiff base PS-ab (3.0g) was swollen in chloroform for 1h. An
excess of the metal salt (Immol: 0.261g RuCl;.6H,0 or 0.357 g NdCl3.6H,0) was added
and the reaction vessel was sealed. The mixture was shaken for 5 h on a mechanical
shaker. The resulting polymer bound complexes was filtered, washed with methanol,

chloroform and acetone and dried in vacuo over anhydrous calcium chloride.

6.3 Results and discussion

Chloromethylated polystyrene was converted to polymer bound aldehyde on
treatment with dimethylsulphoxide and sodium bicarbonate at 138-140°C. The very low
content of chlorine in the sample suggests that almost all chloromethylated groups have
been converted to the aldehyde. The formation of aldehyde was further supported by the
IR spectrum, which showed a peak at 1648 cm™. The characteristic peaks of azomethine
linkage after condensation with the corresponding amines confirm the formation of Schiff

bases.

6.3.1 Elemental analysis
Polymer bound Schiff bases were converted to the corresponding complexes on

treatment with metal chloride. Elemental analyses confirm the formation of complexes.

Metal binding capacity (Table VI1.1) of the complexes were calculated from
observed value of metal ion percentage in the resin using the formula

Binding capacity = Metal% (observed } X 1000
Atomic weight of metal

Metal binding capacity of ruthenium and neodymium is very high compared to transition

metals like cobalt, copper and nickel®.
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TABLE VI.1 Elemental analyses data of polymer supported ligands and complexes

Metal binding
Elements (%) found . )
capacity of resins

Compound
Metal C H N

PS-opd - 63.55 7.19 1.88 -
{PS-opdRuCl; (H0)] 4.00 62.04 6.79 1.65 39.60
(PS-opdNdCl; (H,O0)s] 448 46.06 4.76 0.69 31.11
PS-ap - 66.81 7.25 2.48 -
[PS-apRuCly(H,0),] 1.53 65.75 6.26 1.79 15.15
[PS-apNdClx(H,0).] 3.09 67.40 6.42 0.49 21.45
PS-ab - 61.87 6.37 2.88 -
[PS-abRuCl3(H,0),] 2.26 60.86 5.81 2.75 22.38
[PS-abNdCl;(H,0).] 3.23 70.02 6.57 0.31 2243

6.3.2 Magnetic susceptibility measurements

All the Polymer supported Schiff base complexes of ruthenium show a negative
value for magnetic susceptibility probably due to the low concentration of the metal and
the very large diamagnetic susceptibility of the atoms present in the poly nuclear
complex. However neodymium complexes reported a positive value contrary to the
ruthenium complexes. Approximate molecular weight of the polymer supported
complexes and empirical formula of the repeating complex unit containing one metal
atom was calculated. The magnetic moment values are calculated according to the
reported procedure.”* The values are tabulated in Table V1.2. A value of ~2 B.M was

obtained for the ruthenium complexes which is as expected for Ru(Ill) low spin
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octahedral complexes.”> For neodymium complexes the values are ~3.5 B.M. as reported
for Nd(III) complexes.?® However it is difficult to arrive at the structure of the complexes

from the data.

Table V1.2 Magnetic moment values of polymer supported

complexes of ruthenium and neodymium

Magnetic moment

Complex
(B.M)

[PS-opdRuCl; (H,0)] 1.8
[PS-apRuCl(H,0),] 2.1
[PS-abRuCl;(H;0);) 1.9
[PS-0pdNdCl;(H,0)s] 3.4
[PS-apNdCly(H,0)4) 3.2
[PS-abNdCl3(H,0)4] 3.5

6.3.3 Surface area and pore volume
TABLE VI. 3 Surface area and pore volume data of

polymer supported complexes

Surface Area

Compound (%) Pore volume (cc/g)
PA 142 0.1479
[PS-opdRuCl; (H,0)] 46 0.1174
[PS-apRuCl,(H,;0),] 33 0.0989
[PS-abRuCl;(H,0),) 39 0.1098
[PS-0pdNdCl;(H,0)s] 14 0.0089
[PS-apNdCl(H,0)4] 33 0.0261

[PS-abNdCly(H,0).) 33 0.0553
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The surface area and pore volume of the polymer aldehyde and anchored
complexes were determined at low temperature in nitrogen atmosphere. The loading of
the complexes on polymers results in reduction in surface area and Pore volume to large
extent (Table VI.3). This might be due to the inclusion of the complexes in the pores of

the polymer.*’

6.3.4 Thermogravimetric analysis

Thermo gravimetric analysis shows stability of polymer-anchored ruthenium
complexes up to ~ 340°C as shown in Table V1.4, Below 100°C, the weight loss
observed is due to physisorbed water. As the molecular weight of the polymer supported
complexes are very large, only a very small percentage of coordinated water is expected
(1% in [PS-opdRuCl; (H;0)], 0.5% in [PS-apRuCl(H,0);] and 1.5% in [PS-
abRuCl3(H20);] ). A corresponding mass loss has been observed in the thermal
decomposition range 120-200°C.*® The first stage of decomposition starts at 389°C in the
case of [PS-opdRuCl;(H;0)] and at 344°C in the case of [PS-apRuCl,(H;0),], the peak
temperature being 373°C. In [PS-abRuCl;(H>0);] first stage of decomposition starts at
369°C, the peak temperature being 410°C. However second stage of decomposition is
almost complete at 450°C, the peak temperature being 418°C in the case of [PS-
opdRuCl3(H,0)]. A similar kind of decomposition takes place in the case of [PS-
opdNdCl;(H20)3], in which the peak temperature of the second stage is 423°C. At 343°C a
very small decrease in weight is observed. A third stage of decomposition takes place in
[PS-opdNdCl3(H,0);] at 912°C. [PS-apNdCl;(H20)s] and [PS-abNdCl;(H0)4]
complexes show similar thermal decomposition pattern. Up to 200°C only a very smail
percentage of weight loss is observed which might be due to the expulsion of coordinated
water. The complexes start to decompose around 300°C. In the first stage only a very
small part of the complex undergoes decomposition, while around 440°C the

decomposition of the complex is almost complete. Thereafter constant weight is
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maintained till 800°C. The thermogravimetric curves of the complexes are given in Figure

VL.I-VL6.
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Table V1. 4 Thermogravimetric data of polymer supported complexes

Nature of
Temperature | % weight Peak
complex DSC/DTA
range(°C) loss temperature(°C)
curve
50-200 17 96 endothermic
[PS-opdRuCl; (H,0))
389-450 32 418 endothermic
50-200 13 92,117 endothermic
[PS-apRuCly(H,0),] ,
344-500 - 35 393 exdothermic
50-200 21 98 endothermic
[PS-abRuCl;(HzO)z]
369-440 30 369 endothermic
50-200 12 97 endothermic
[PS-opdNdCl;(H,0)])
350-450 20 343 endothermic
[PS-apNdCly(H;0),] 50-310 2.0 300 endothermic
375-450 50 440 endothermic
50-310 4 300 endothermic
[PS-abNdCl3(H,;0)4)
380-450 37 435 exdothermic
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6.3.5 Infrared spectra

IR spectra of the ligands and polymer supported complexes were taken as KBr
pellets in the region 500 - 4000cm™. The IR frequencies are given in Table VI.4-VI.6.
Ligand PS-opd exhibit a band at 1650cm™ which can be assigned to the azomethine
>C=N linkage® of the Schiff base. The band is observed to show a negative shift by 12-
15cm™ in the complexes. This indicates coordination of nitrogen to the metal in the
complexes. Bands around 1350cm™ due to C-N stretch is shifted to lower frequencies
which supports coordination to the metal. Bands below 600cm™ are assigned to the metal
-nitrogen bond arising due to the coordination of the ligand to the metal ion. Other bands

may be due to the polymer part, which are not much affected by coordination.
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Fig VL.7 Infrared spectrum of [PS-opdNdCl3;(H;0)s]
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TABLE V1.5 IR spectral data of polymer supported
complexes of PS-opd(cm™)

PS-opd  [PS-opdRuCl;(H;0)]  [PS-opdNdCl;(H,0);]  Assignments

3463 3465 3465 Vet
1650 1638 1635 VN
1350 1332 1312 Ve

. 594 586 VAN

the polymer anchored complexes.

the coordination of the ligand to the metal.**

TABLE VI.6 IR spectral data of polymer supported

complexes of P'S-ap(cm'l)

PS-ap [PS-apRuClz(HZO)Z] [PS-adeClz(H20)4] Assignments

3492 3468 3468 VO-K
1653 1644 1637 Ve=N
1502 1511 1512 ve.o
1382 1384 1387 VCeN

- 544 571 VM-N

Polymer supported Schiff base of aminophenol exhibits a band at 3492¢cm™ due to
free hydroxyl group. Band at 1653cm™ due to azomethine group in the ligand on
complexation is shifted to lower frequencies as seen in the corresponding PS-opd
complexes. This confirms the coordination of the azomethine nitrogen to the metal atom.
C-C stretching frequency due to ring carbon atom experiences small positive shift in the
[PS-apRuCly(H,0),] complex. The polymer anchored ligands show a band at 1502cm™
due to the vc.o (phenolic) which undergoes a positive shift by < 10 cm™ in the spectra of
This is indicative of the coordination of phenolic

oxygen atom of the ligand.*® *' Bands at lower frequencies due to M-N stretch confirms
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Fig VL8 Infrared spectrum of [PS-apRuCl;(H,0);]

PS-ab complexes experiences negative shift for the stretching frequency band at
1641 cm™ in the ligand. This is due to the coordination of the nitrogen of the azomethine
group to the metal atom. A sharp band seen in all complexes in the region 860-880 cm™
indicates presence of coordinated water.>> The broad band in the region 3400-3500 cm’

observed in all the complexes is due to the presence of water molecule.

TABLE V1.7 IR spectral data of polymer supported

complexes of PS-ab(em™)

PS-ab [PS-abRuCl;(H,0),] [PS-abNdCl3(H,0),] Assignments
3496 3481 3488 VNH
1641 1637 1627 Vean
1512 1521 1519

Vring nitrogen

545 559 VM.N

122



Chapter VI

6.3.6 Electronic spectra

Electronic spectra of polymer anchored complexes were recorded in Nujol on
a Varian Cary 5000 UV-Vis-NIR spectrophotometer by a layering mull of the
sample on the inside of one of the cuvettes while keeping the other one layered with
Nujol as reference. The electronic spectral data (Table VI.8) of the ruthenium
complexes suggest the octahedral nature of the complexes. It has been reported that
in a number of ruthenium complexes charge transfer absorptions occur at relatively
low energies. In the present complexes the high intensity transitions around 20,000
and 30,000 cm™' are assigned as charge transfer bands.>* 3> The ground state for the
low spin octahedral complexes is “T5; and the excited states are *Azg, “Tig, *Eg In
[PS-apRuCly(H;0);] the absorption peak seen as shoulder on the high intensity
charge transfer band at 29070 em’! is assigned to the transition 2 Tog — ZAZB, 2 Tig.
As the crystal field parameters are quite large, the expected electronic transitions >
T2g = “E,, usually occur in the region of absorptions of the charge transfer bands
and are frequently obscured in all the complexes.’**However, two spin forbidden
transitions, 2 T > 4Tlg R 2 Ty — 4T2g can frequently be observed in the octahedral
complexes. The bands occurring in the region 12,000-18,000cm™ have been
assigned to the spin forbidden transitions.*®*?” Figure VI.7-VI.12 represent the

electronic spectra of the complexes.
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All the synthesized polymer supported neodymium complexes are characterized
by ligand to metal charge transfer transition and hypersensitive transition due to *Gsp, —
‘lsn The additional band observed around 18000 ¢m™ in the case of [PS-opdNdCl;
(H>0)3] and [PS-ap NdCIz(H,0)4] might be due to the probable hypersensitive transition

419/2 — 2K|3/2 or 4]9/2 — 4G7/2 16 induced by the llgand environment.
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Table V1.8 Electronic spectral data of polymer supported complexes

Complex

Absorptions (cm™)

Tentative assignments

[PS-opdRuCl; (H,0)]

[PS-ap RUClz(HzO)z]

[PS-ab RuCl;(H,0),]

[PS'OpdeCl3 (HzO);]

[PS-ap NdCIz(H20)4]

[PS-ab RuCl;(H,0)s]

30300
26110 (sh)
19920
16130

29070
24510 (sh)
16660

30860
28490 (sh)
17540

24570
16480

20400
17120

25640
17330

Charge Transfer
2 ng 4 2A28 s 2T]g
2ng 4 4T28

2 4
ng - Tlg

Charge Transfer
2T23 4 2A23 . ZTIE

2 4
ng - Tlg

Charge Transfer
2Ty PAz, Ty

2 ng 4 4T]g

Charge Transfer

4 4
lop — "Gsp

Charge Transfer

4 4
lo,— "Gsp

Charge Transfer

4 4
Iop — "Gsp2

6.3.7 EPR spectra

All the polymer supported ruthenium complexes are seen to be EPR active giving

two g values (Table VI.9). This attributes to the axial symmetry of the octahedral

molecule (Figure VI.15). EPR spectra of neodymium complexes could not be detected at

LNT because of very fast spin lattice relaxation.’® Figure VI.16 and VI.17 represent

probable structures of the complexes isolated by this method.
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Figure VL.15 EPR spectrum of [PS-ap RuCl(H;0)]

Table V1.9 EPR spectral data ofpolymer supported complexes

Complex g| values g, values
[PS-0pdRuCl; (H;0)] 21 1.99
[PS-ap RuCly(H;0),] 21 2.01
[PS-ab RuCl,(H,0),] 2.1 1.99
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Figure VI.17 Proposed structures of Neodymium complexes

Conclusion

Ru(III) and Nd(1II) complexes of polymer supported Schiff bases PS-opd, PS-ap and PS-
ab were synthesized and characterized by elemental analyses, Magnetic susceptibility
measurements, thermogravimetric analyses, IR, Electronic and EPR spectral studies.
Ruthenium(lIl) complexes with polymer-anchored Schiff base ligands have been
suggested to have an octahedral structure with axial symmetry while Nd(III) complexes

are supposed to form an eight coordinated bicapped trigonal prismatic structure.
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CHAPTER-VII

CATECHOL -H;0; REACTION - A COMPARATIVE STUDY OF
HOMOGENEOUS AND HETEROGENEOUS CATALYSIS BETWEEN
RUTHENIUM AND NEODYMIUM

7.1 Introduction

Aromatic hydroxylation reactions are important bacterial metabolic processes, but
are difficult to perform using traditional chemical synthesis. Use of biological catalyst to
convert benzene into industrially relevant intermediates through oxidation reaction was
investigated. It was discovered that toluene-4-mono-oxygenase, toluene-3-mono-
oxygenase and toluene ortho mono-oxygenase convert benzene to phenol, catechol and

1,2,3-trihydroxybenzene by successive hydroxylations.'

Attempts to explore substances that mimic the biological catalysts led recent
chemists to the field of supported complexes. Recent reviews reveal that encapsulated
complexes often act as biological models.? The catalytic properties of zeolite
encapsulated transition metal complexes have been explored in various selective
oxidation and hydrogenation reactions. Previous reports confirmed the encapsulation of
copper salen complexes in super cages of faujasite type zeolite and are found to be
effective catalyst for the oxidation of phenol and cyclohexane.” Polymer supported

complexes were also found to exhibit high efficiency in the catalytic oxidation reactions.

The present investigation aims at a study of homogeneous and heterogeneous
catalysis of catechol oxidation reaction using simple and supported complexes of

ruthenium and neodymium. The environment of the metal ion largely influences the
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activity of the ion. The strain® induced by the coordination of the ligand tunes the metal
ion towards particular reaction. Hence the selectivity of the reaction products is
characteristic of the ligand and the metal ion. In addition to the reactant and product
selectivity due to size constraints, encapsulation in the cages of zeolite increases the

lifetime of the catalyst to a certain extent.

In metalloenzymes and chemical catalysis the role of multimetallic species is well
known. These complexes are reported to serve as models for biologically important
species, which contain metal ions in macrocyclic environments. Bicopper centres are
now well established in copper containing metalloproteins and function by binding and
activating molecular oxygen as a key substrate. Coordination asymmetry in binuclear
metalloproteins has been reported to be responsible for imparting unique reactivity to
these centers.”’ Non-porphyrinic ruthenium(III) complexes that exihibit selectivity
toward oxofunctionalization of hydrocarbons of ruthenium were synthesized.*'! Their

catalytic efficiency was tested towards hydroxylation reaction of catechol.

Catalysis of hydroxylation reaction of catechol by encapsulated and polymer
supported complexes of ruthenium and neodymium has not yet been reported in the
literature. Hence the present work is extended to study the catalytic performance of
encapsulated and polymer supported complexes of ruthenium and neodymium towards

hydroxylation reaction of catechol.

7.2 Experimental

7.2.1 Reagents

All the reagents used in the kinetic study were of highest purity available and were
used as such without further purification. Simple and supported complexes of ruthenium
and neodymium were synthesized according to the procedure described in previous

chapters.
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7.2.2 Preparation of substrate solution

A standard solution of catechol (1x 10% mol dm™) was prepared by dissolving a
definite weight (2.75 X 107 g) of catechol in methanol (25mL). The resultant solution
was used as the stock solution. This solution was prepared afresh before each set of

kinetic runs.

7.2.3 Preparation of stock solution of hydrogen peroxide
Hydrogen peroxide (30% w/v; ImL) was diluted to 100mL in a standard flask and
was used as such for the catalytic studies. The concentration of the stock solution was

estimated permanganometrically.'?

7.2.4 Preparation of solution of simple complexes
Solutions of the simple complexes of ruthenium and neodymium (1 x 107 M)

were prepared in methanol.

7.2.S Screening studies
A preliminary screening study of the catalytic activity was conducted towards
catechol oxidation reaction using H>O,. The products of the reaction were monitored

spectrophotometrically.

7.2.6 Kinetic procedure
Catechol solution in methanol (9mL) was treated with H,O, (1mL) and monitored
spectrophotometrically. The maximas obtained were due to catechol. Hence it was

understood that no reaction takes place in the absence of catalyst.

For following the reaction kinetically catechol solution (9mL) was mixed with the

catalyst (2mL) and the reaction was initiated by adding H,O, solution (ImL). The
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reaction products were monitored spectrophotometrically at an interval of one minute by

measuring the absorbance at 290nm' and at 390nm."?

A mixture of catechol solution (10 mL) and catalyst (2 mL) was used as blank. In
the case of supported complexes catalyst was added as such (0.01 g) and reaction was
monitored at stipulated wavelengths. The blank used was a mixture of catechol solution
(9 mL) and water (1 mL). The reaction was monitored also at a third wavelength at which
products of reaction do not absorb. The absorbance measured at this wavelength
corresponds to the scattering due to the catalyst particles. To get the actual absorbance of
the product at a particular wavelength, the absorbance due to scattering was deducted.
The initial rate of the reaction was determined from the concentration-time plot. Initial
rates were obtained by fitting the data into the polynomial of the form [C] = a + ajt + ayt*
t —mmee- where C and t represent concentration and time respectively. ag , aj, a; etc. are
constants. The coefficient of ‘t’ gives the initial rate.'* The activity of the catalysts was

compared with respect to the initial rate.

Screening of the catalysis by RuY and NdY was conducted towards catechol-H,O;

reaction. In both cases no product was formed.

7.3 Results and discussion

7.3.1 Comparison of catalytic activity of neat and encapsulated complexes of

ruthenium

The initial rates obtained during the catalytic activity studies of the
synthesized neat complexes of ruthenium are given in Table VII.1. The kinetic
study conducted for catechol oxidation by hydrogen peroxide in the presence of neat
complexes of ruthenium showed the formation of comparatively high percentage of
the product. In the presence of neat complexes [Ruz(qap).Cly(H20).].H,O and
[Ruz(qab),Cl4(H20),].3H,0, reaction yielded o-benzoquinone and a very small
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Table VIL.1 Initial rates of catechol -H;O; reaction using simple complexes of
ruthenium as catalyst
[catechol] = 1 x 107 mol dm™
[H,0,] = 1x10” mol dm™

Product formed = o-benzoquinone

Initial rate/unit weight of
catalyst . . 3
ruthenium x10°mol dm™s

[Rux(qpd)Cly(H,0).]. 2H,0 -

[Ruz(qap),Cly(H,0),]. H,O 34
[Rus(qab),Cle(H,0);]. 3H,0 11
[Ruy(salpd);Clx(H:0).] 80
[Ruy(salap)sCl,]. H;O 99
[Ru(salab)(H,0),]Cl,.H,O 58

amount of 1,2,4-Trihydroxybenzene as the product. [Ru,(qpd)Clsy(H20);].2H,O
remained inactive while in the presence of [Ruy(salpd);Cl,(H;0);],
[Ruz(salap)sCl2].H,O and [Ru(salab)(H,0)s]Cl,.H,O the product formed is o-
benzoquinone. Also complexes formed from salicylaldehyde Schiff bases were
more active than that formed from 3-hydroxyquinoxaline-2-carboxaldehyde Schiff
bases. The oxidation of catechol by hydrogen peroxide in the presence of the
ruthenium(Ill) complexes can proceed by oxidation of ruthenium(IIl) to
ruthenium(V) state by H,0, followed by reduction of ruthenium(V) by catechol. It
is reported that the phenolate oxygen stabilizes the higher oxidation states of
ruthenium'®,  Salicylaldehyde being more acidic than 3-hydroxyquinoxaline -2-
carboxaldehyde formation of Ru(V) is easier. Also of the salicylaldehyde Schiff
base complexes that formed from o-aminopheno!l was found to be more active. The
catalytic activity of the complexes is in the order: [Rux(salap)sCl,].H,0O
>[Ruz(salpd);Cl2(H20),2] > [Ru(salab)(H,0)4]Cl,.H,0. The increase in activity of the

salicylaldehyde Schiff base complexes is due to the coordination of the phenolato
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oxygen atoms which makes the metal centre more electron rich,"> hence can be
oxidized more easily to the +5 state than the complexes derived from the Schiff

bases of 3-hydroxyquinoxaline-2-carboxaldehyde

The initial rates, percentage conversion and turn over frequency (TOF)
obtained during the catalytic activity studies of the synthesized encapsulated
complexes of ruthenium are given in Table VII.2. The reaction was found to be
selective towards the formation of 1,2,4-trihydroxybenzene in the presence of
encapsulated complexes of ruthenium. The product formed 1,2,4-trihydroxybenzene
was identified by the UV/Visible spectrum. Two hydroxyl groups already present in
the catechol directs the third hydroxyl group preferably to the para position,
inhibiting the possibility of the formation of 1,2,3- trihydroxybenzene. The
oxidation of Ru(IIll) by H,O, is suggested to proceed in non complementary steps
generating OH  leading to the formation of Ru(V). Ru(V) is then reduced by
catechol to Ru(lIl). RuYqpd remained inactive as in the case of simple complex of
qpd for some reason not clear. A Fenton type process might be operative in the case
of hydrogen peroxide, resulting in the formation of hydroxyl radicals that attack
coordinated Schiff base ligands causing oxidative decomposition of the complex
yielding no product'>. RuYqap complex was found to be more active compared to
RuYqab, although initial rate of the reaction is high in the presence of RuYqab. In
the presence of RuYqap 6.4% conversion was achieved in 30 minutes with a TOF (h™") of
3232. RuYqab complexes shows activity with lesser percent conversion and TOF. The
catalytic activities of the salicylaldene complexes are in the order RuYsalap >
RuYsalpd > RuYsalab.

The recyclic ability of the zeolite encapsulated complexes has been tested and
found that no appreciable loss in the activity occurred after the first cycle. The recyclic
ability and easy separation of the catalysts from the reaction mixture make the zeolite

encapsulated complexes better catalysts than the neat ones.

138



Chapter ViI

Table VIL.2 Initial rates and percent conversion of catechol -H;O; reaction using

encapsulated complexes of ruthenium as catalyst

[catechol] = 1 x 10 mol dm™
[H,0,] = 1x10* moi dm™

Product formed = 1,2,4-trihydroxybenzene

Initial rate/unit weight of i )
Conversion % in 30

Catalyst ruthenium x10* ) TOF (h)"
(mol dm'3s'l) minutes

RuYqpd - - -
RuYqap 18.6 64 3232
RuYqab 31.7 24 539
RuYsalpd 9.1 2.2 1481
RuYsalap 12.4 9.2 3097
RuYsalab 11.7 2.1 848

"TOF (h™") = no.of moles of substrate converted per mole of catalyst in 1h.

7.3.2 Comparison of catalytic activity of neat and encapsulated complexes of

neodymium

Simple complexes of neodymium are less active as compared to ruthenium
complexes as indicated by the initial rate (Table VIL.3). In the presence of
[Nd(gqpd).(H,0)CI].2H;0 and [Nd(qab),(H,0);Cl].2H20, the reaction does not yield either o-
benzoquinone or 1,2,4-Benzenetriol as the product. However [Nd(qap),(H,0);Cl].H,O show
slight activity towards the formation of o-benzoquinone. Zeolite encapsulated neodymium
complexes of qpd, qap and qab show no activity towards the oxidation of catechol. But in the

presence of encapsulated  neodymium complexes of salpd, salap and salab, the reaction
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Table VIL.3 Initial rates of catechol -H,0; reaction using simple & encapsulated
complexes of neodymium as catalyst
[catechol] = 1 x 107 mol dm™
[H,02] = 1x10? mol dm™

Q1 o
=z |2
O 0 = =] o, o
Q o = - o 0
= ~ &) = = =
catalyst @} < P g1 & | & = 5 5
T ! [ S |5 (%5 |B | = > | =
=12 |2 (2|22 |3 |2 |2
Bl g |z
g h g
z | & | 2
Product formed o-benzoquinone 1,2,4-trihydroxybenzene
\ y
Initial rate/unit weight of Nd
10°mol dm™s” - 3.06 - - - - 49 4.2 5.8
x10"mol dm™s

yielded 1,2,4-trihydroxybenzene, although the activity is less compared to the
corresponding complexes of ruthenium. The catalytic activities of the complexes are in
the order NdYsalab > NdYsalpd >NdYsalap. The decrease in activity compared to

ruthenium complexes might be due to the influence of neodymium ion.

7.3.3 Catalytic activity study of polymer supported complexes of ruthenium

Catechol oxidation by H,0; is known to give the product, o-benzoquinone.'® In
the presence of the polymer supported complexes the reaction was found to be selective
towards the formation of o-benzoquinone. The plots of absorbance versus time were
shown in Fig. VIL.1-VIL3. The obtained initial rates of the reaction are given in Table
VIL4. These rates show that all the three ruthenium(lll) complexes catalyze the

oxidation. The percentage conversion of catechol to o-benzoquinone in 30 minutes
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and TOF (h') were also calculated and presented in Table VIL3. In the presence of
[PS-abRuCl;(H,0);] 63% conversion was achieved in 30 minutes with a TOF (hh
of 5631. [PS-opdRuCl; (H,0)], [PS-apRuCly(H,0):] complexes show activity with
lesser percent conversion and TOF. The oxidation of catechol by hydrogen peroxide
in the presence of the ruthenium(III) complexes can proceed either by oxidation of
catechol by ruthenium(IIl) complex leading to the formation of ruthenium(Il) state
and the subsequent oxidation of ruthenium(lI) by H,0,'7 or by another mechanism,
involving oxidation of ruthenium(lIl) to ruthenium(V) state by H,O, followed by

reduction of ruthenium(V) by catechol.

The catalytic activity of the complexes is in the order [PS-abRuCl3;(H;0),] >>
[PS-opdRuCls (H20)]> [PS-apRuCly(H20);]. It is reported that the phenolate
oxygen stabilizes the higher oxidation states of ruthenium while imine nitrogen
stabilizes the lower oxidation state of ruthenium'®. As has been mentioned earlier,
IR studies of these complexes showed that PS-ab binds to the metal atom through
one imino nitrogen, PS-opd binds through two imino nitrogens and ps-ap binds
through one phenolate oxygen and one imino nitrogen. As the rates of the reaction
of [PS-abRuCl3(H20);] and [PS-opdRuCl; (H,0)] are higher than that of the [PS-
apRuCly(H,0),], a lower oxidation state (Ru') is thought to be involved in this
catalytic reaction. The lower value of [PS-opdRuCl3(H,0)] than [PS-
abRuCl3(H,0),] may be due to the steric hindrance caused by the involvement of
two polymer chains at the reaction centre. If the reaction proceeded through
ruthenium(V) formation, a reverse trend in the activity of the complexes would have

been observed.
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Table VII.4 Initial rates and percent conversion obtained in the oxidation of catechol
by H,O; in the presence of polymer supported complexes of ruthenium

as catalysts

[Catechol] = 1x 10 mol dm>
[H,0,] = 1x10% mol dm™

Initial rate / unit weight .
gh Conversion(%)

catalyst of ruthenium x 10°, mol TOF (h")’
dm'js'lg'l in 30 minutes

[PS-opdRuCl; (H;0)] 12.2 43.1 2172

[PS-ap RuCl,(H,0),] 29 7.8 1040

[PS-ab RuCl;3(H,0),] 473.1 63.0 5631

* TOF (h™) = no. of moles of substrate converted per mole of catalyst in 1h.
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Figure VII1.1 Kinetic plot of absorbance versus time for catechol-H;O; reaction

catalyzed by [PS-opdRuCl; H,0]
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Figure VIL.2 Kinetic plot of absorbance versus time for catechol-H,0; reaction

catalyzed by [PS-apRuCly(H;0),].
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Figure VIL.3 Kinetic plot of absorbance versus time for catechol-H;O; reaction

catalyzed by [PS-abRuCl;(H,0);].
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7.3.4 Catalytic activity study of polymer supported complexes of neodymium

Table VILS Initial rates and percent conversion obtained in the oxidation of
catechol by H,O; in the presence of polymer supported complexes of
neodymium as catalysts
[Catechol] = 1x 10? mol dm™
[H:0,] = 1x102 mo} dm™

Initial rate / unit weight

Conversion{%) .
catalyst of neodymium x 10°, TOF (h")
of dms'g! in 30 minutes
m g
[PS-0opdNdCl; (H;0);] 3.0 8.5 546
[PS-ap NdCl,(H;0),4] 2.8 1.6 149
[PS-ab NdCl5(H,0),] 10.9 5.1 454

* TOF (h™") = no. of moles of substrate converted per mole of catalyst in 1h.

Activities of neodymium complexes were very small as compared with ruthenium
complexes. However the product formed in both cases is same. [PS-abNdCl3(H,0),] and
[PS-apNdCl,(H,0), yielded a negligible percentage of 1,2,4-trihydroxybenzene in
addition to o-benzoquinone. The plots of absorbance versus time were shown in Fig.
VI1.4-VIL.6. The obtained initial rates of the reaction, the percentage conversion of
catechol to o-benzoquinone in 30 minutes and TOF (h™') are given in Table VILS. Initial
rate study show that [PS-abNdCl3(H,0)s] is more active compared to other two
complexes. However the percent conversion and turn over frequency of the complex is

slightly less than [PS-opdNdCl; (H20)s].
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Figure VII.4 Kinetic plot of absorbance versus time for catechol-H,O; reaction
catalyzed by [PS-opdNdCl; (H;20)3)
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Figure VILS Kinetic plot of absorbance versus time for catechol-H,0; reaction
catalyzed by [PS-apNdCl;(H;0),]
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Figure VIL.6 Kinetic plot of absorbance versus time for catechol-H,O; reaction

catalyzed by [PS-abNdCl;(H,0)4]

Conclusion

The present study compares the catalytic activity of 4d transition metal ruthenium
and 4f inner transition metal neodymium ion with respect to the ligands derived from
quinoxaline aldehyde and salicylaldehyde. Results indicate that catalytic activity of these
catalysts is very much dependent on the steric and electronic environment of the Schiff
base complexes which influences the selectivity of the product. However the rate of the
reaction is largely controlled by the nature of the metal ion. It is evident from these
studies that the activity of the ruthenium complexes is higher than that of the neodymium

complexes.
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CHAPTER VIII
CATALYTIC HYDROXYLATION OF PHENOL

8.1 Introduction

Phenol is listed as a priority pollutant and is highly toxic. Poor degradability of
phenol makes the situation worse. Drastic conditions such as temperature, pressure and
solvent conditions needed for the conversion of phenol to harmless products are
environmentally unsafe. Hydroxylation of phenol is a reaction of commercial importance
as it yields catechol and hydroquinone. Catechol and hydroquinone are important
intermediates for the synthesis of pharmaceuticals, agrochemicals, flavors, polymerization
inhibitors and antioxidants."” Hydroquinone is a powerful reducing agent which finds
applicaton as photographic developer and as an antiseptic. Homogeneous catalysts are
effective towards oxidation reaction of phenol. However the recovery of the catalysts
from the reaction site is difficult and expensive. Inorganic supports posses a rigid
structure, which circumvents the deactivation process like intermolecular condensation
and chelation by multiple anchored ligand coordination.” catalysis is dependent mainly on
the stability of the metal complex. Thermal stability of the anchored complex enhances
the possibility of administering such complexes in catalysis. Among the inorganic
supports zeolites are superior as they themselves are active for certain reactions. Their
relatively rigid inorganic matrices with cavities and channels of molecular dimensions of
different sizes and shape provide selectivity for certain reactions. It has been reported
that catalytic efficiency of compounds can be increased by combining a porous support
like zeolite and an active site for the adsorption of organic compound. This causes

activation of H,O, and leads to complete oxidation.**

Polymer supports posses flexibility to permit interaction of polymer bound
anchoring groups with the metal complex. They are not susceptible to poisoning by

impurities since the catalytic sites are protected by the polymer matrix. They can retain
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catalytic activity over a wide range of concentration. The quest for an easier and cheaper
method of conversion of phenol to useful products led to the synthesis of some polymer
supported and encapsulated complexes. The efficiencies of these compounds as catalysts
were tested towards hydroxylation reaction of phenol in presence of H,O,. Reports show
that activity coefficient of phenol in water is much higher than in any other solvent.®

Hence more activity is expected in water for the phenol-H,O, reaction.

8.2 Materials
The details of the materials used in the catalytic study are given in Chapter II. The
neat and supported complexes used, as catalysts in the reaction were prepared according

to the procedure explained in previous chapters.

8.3 Procedure

Hydroxylation reaction of phenol was carried out in a thermostated reactor of
100mL volume fitted with a magnetic stirrer. The reaction was equipped with a reflux
condenser. For high temperature reactions temperature controlled oil-bath was used. For
the reaction phenol (ImL), H,O; (SmL), and H,O (SmL) were taken. Reaction was
initiated by adding 40 mg Catalyst. Reactions were done at room temperature and 80 °C.
Solution from the reaction vessel was withdrawn at definite intervals of time 1h, 2h, 3h,...

The reaction mixture was cooled to room temperature and the products were analyzed.

8.3.1 Analysis of products
Products of hydroxylation reaction were analyzed in a gas chromatograph
equipped with flame ionisation detector using SE 30 column. The identity of the products

was further confirmed by GCMS.

Blank Run
Phenol hydroxylation was carried out in the absence of the catalyst. It was found

that no product was formed even after 6 h.
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8.4 Results and discussion

Neat and zeolite encapsulated complexes of ruthenium with the Schiff bases
derived by condensing o-phenylenediamine with a) 3-hydroxyquinoxaline-2-
carboxaldehyde b) salicylaldehyde and polymer supported complexes of o-
phenylenediamine were screened for their catalytic activity towards phenol hydroxylation
reaction. The reaction was monitored at different time intervals at room temperature and
at 80°C. The percentage conversion obtained with various catalysts is given in Table
VIIL.1- VIILS and represented graphically (Figure VIII.1-VIIL5). The only product

formed was hydroquinone.

In the presence of simple complex [Rux(qpd)Cls(H20);], more than 50%
conversion of phenol to hydroquinone takes place in one hour. However only 15%
conversion of phenol takes place in the next four hours and in the sixth hour there is a
reduction in the percentage of hydroquinone formed. This might be due to the oxidation

of hydroquinone to benzoquinone.

70 1 WRT
o8ocC

§383

% HQ formed

20 1
10

th 2h 3h 4h 5h 6h

Time

Fig. VIIL1 Percentage of hydroquinone formed in the presence
of [Ruz(qpd)Cly(H;0);] at different intervals
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TABLE VIIL.1 Effect of Temperature & Time On Oxidation
of Phenol in the presence of [Ruz(qpd)Cls(H:0),]

[Rux(qpd)Cly(H;0);] Lh 2h 3h ah sh =
%HQ %HQ %HQ %HQ %HQ %HO

RT 51 33 53 = % iy

80°C 62 e Tar ) - :

At higher temperature higher percentage of hydrquinone was formed initially. But in the

third hour a tarry product was formed. Hence it is not advisable to prolong the reaction if

conducted at higher temperature.

In the presence of zeolite encapsulated complex RuYqpd, oxidation of phenol
follows a similar trend as observed in the case of analogous simple complex. However
higher percentage of hydroquinone was formed in each case. Increase in temperature in

this case did not affect the percentage conversion much, although a slight increase in the

90 -
80 -
70 -
60 {
50 -
40
30 -
201 @
10{ @

ERT
osocC

% HQ formed

ith 2h 3h 4h 5h 6h
Time

Fig. VIIL.2 Percentage of hydroquinone formed in the presence

of RuYqgpd at different intervals
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yield of product was noted. However the stability of the catalyst was increased at higher
temperature due to encapsulation. But with increase in time the reaction was found to be
affected negatively. Hence at high temperature the reaction should be allowed to continue

up to an optimum time.

TABLE VIII. 2 Effect of Temperature & Time On Oxidation of Phenol
in the presence of RuYqpd

1h 2h 3h 4h Sh 6h
RuYqpd
%HQ %HQ %HQ %HQ %HQ %HQ
RT 62 80 82 84 85 82
80°C 63 83 87 75 Tar
a0 s
g 60 080 C
g 50
g 40
I 30
® 20
10

2h 3h 4h 5h 6h
Time

1h

Fig. VIIL.3 Percentage of hydroquinone formed in
the presence of [Ruz(salpd);Cl;(H20),] at different intervals

Simple complexes derived from salicylaldehyde and o-phenylenediamine show

catalytic activity comparable to that of simple complexes derived from 3-hydroxy
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quinoxaline-2-carboxaldehyde and o-phenylenediamine. In the presence of
[Ruy(salpd);Cl(H,0),] hydroxylation of phenol resulted in the formation of

hydroquinone and amount of product formed followed a regular increase up to 5 h. There
after a decrease in reaction product was noticed indicating further oxidation of
hydroquinone. At high temperature there was a considerable increase in product initially

but after two hours a tarry product was formed.

TABLE VIIL3 Effect of Temperature & Time On Oxidation of Phenol in the
presence of [Ruz(salpd);Cl(H;0),]

1h 2h 3h 4h 5h 6h
[Ruy(salpd):Cly(H,0),] %HQ %HQ %HQ %HQ %HQ %HQ
RT 48 51 59 62 65 61
80°C 66 75 Tar - - -

Zeolite encapsulated complex of salpd gave better result when compared with
simple complex and tarry product was formed only after 4 h in contrary to the simple
complexes. This shows the increase in stability of the complexes on encapsulating in

cages.

EmRT
osocC

% HQ formed

1Th 2h 3h 4h b5h 6h

Time

Fig. VIIIL.4 Percentage of hydroquinone formed in the presence

of RuYsalpd at different intervals
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TABLE VII1.4 Effect of Temperature & Time on Oxidation of
Phenol in the presence of RuYsalpd

1h 2h 3h 4h 5h 6h
RuYsalpd

%HQ %HQ %HQ %HQ %HQ %HQ
RT 47 64 64 68 69 27
80°C 50 82 87 88 - =

ERT
080 C

% HQ formed

1h 2h 3h 4h 5h 6h
Time

Fig. VIILS Percentage of hydroquinone formed in the presence of

[PS-opdRuCl; H,O] at different intervals

TABLE VIIL.5 Effect of Temperature & Time On Oxidation of Phenol in the
presence of [PS-opdRuCl; (H,0)]

Ih 2h 3h 4h Sh 6h
[PS-0pdRuCly(H;0)]

%HQ %HQ %HQ %HQ %HQ  %HQ
RT 44 55 58 68 62 48
80°C 60 72 80 Tar ‘ .
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Presence of polymer supported complex [PS-opdRuCl3;(H,0)] resulted in the formation of
hydroquinone and the rate of reaction was comparable to that of simple complex. The

nature of behaviour with time and temperature were also similar.

8.4.1 Comparison of the catalytic activity of the complexes under study at regular
intervals.
Catalytic activity at 1 hr
At room temperature the catalytic activity of the complexes towards hydroxylation
reaction of phenol are in the order
RuYqpd > [Rux(qpd)Cle(H;0);] >[Rus(salpd);Cly(H;0),] >RuYsalpd > [PS-opdRuCl; H,0]
Encapsulated qpd complex reacts much faster than all other complexes. The activities of
other catalysts are approximately of the same order (figure VIIL.6).
At high temperature the order of activity slightly changes and follows the order
[Ruy(salpd)sCla(H;0):]> RuYqpd > [Rux(qpd)Cli(H,0),] > [PS-opdRuCl;H,0] >RuYsalpd

70+
60
50
40 -
30 -
20 -
10 -
O_

ERT
08oc

% HQ formed

RuYsalpd
47
50

Fig. VIIL6 Percentage of hydroquinone formed in the presence of different

complexesatlh
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Catalytic activity at 2hrs
The percentage of hydroquinone formed at 2h in the presence of the complexes
follows the order
RuYqpd > RuYsalpd > [PS-opdRuCl; H,O] > [Rux(qpd)Cls(H20)2] > [Ru,(salpd);Cl(H;0);)
At high temperature the activity of all the complexes are reasonably high ,equal to
or greater than 70% and follows the order (Figure VI1I1.7).
RuYgpd > RuYsalpd > [Ruy(salpd);Cl,(H;0),] >[PS-opdRuCl; H,O] > [Ruy(qpd)CL(H,0),]

90 -
80 -
70
60 -
50 -
40
30
20 -
10 -
04

% HQ formed

Rusalpd | RuYsallpd | RuP S-opd
ERT 53 80 51 64 55
osoc 70 83 75 82 72 |

Fig. VIIL.7 Percentage of hydroquinone formed in the

presence of different complexes at 2 h.

Catalytic activity at 3 hrs

At room temperature RuYqpd was found to be more active compared to other
complexes and the order of activity can be given as
RuYqpd > RuYsalpd > [Ruy(salpd);Cl,(H,0),] > [Rux(qpd)Cly(H,0),]= [PS-opdRuCl; H,0]

At high temperature in the presence of simple complexes the reaction mixture was
converted to tarry products. However encapsulated and polymer supported complexes

gave reasonably high yield of products (Figure.VIIL.8). The order of activity is given by
RuYqpd =~ RuYsalpd >[PS-opdRuCl; H,0]
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% HQ formed

100 -

RuYapd

RuYsalpd

BRT 58 82 59 64 58
osoc 87 87 80

Fig. VIIL.8 Percentage of hydroquinone formed in the

presence of different complexes at 3h.

Catalytic activity at 4hrs

% HQ formed

100 -

80 -

60 -

40

RuYsalpd

64

84

62

68

75

88

68

Fig. VIIL9 Percentage of hydroquinone formed in the

presence of different complexes at 4 h
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At room temperature the order of activity is given by
RuYgpd > RuYsalpd > [PS-opdRuCl; HO] >[Ruy(qpd)Cls(H,0),]> [Ruy(salpd);Cl;(H;0),]

At 80°C the activity of RuYqpd decreased slightly as indicated by the percentage
of hydroquinone formed (Figure VIIL.9). This might be due to the conversion of
hydroquinone to benzoquinone. The reaction mixture containing [PS-opdRuCl; H>0O] was
converted to tar at this stage implying that polymer supported complex could not act as a

suitable catalyst under this condition. However RuYsalpd showed reasonably high

activity.

Catalytic activity at Shrs

100 -

80 -

60

40

% HQ formed

201

L& Rugpd Ru¥ged | Rusalpd | RuYsapd | RuPS-opd
[mrT 66 85 6 | 69 62

Fig. VIIL.10 Percentage of hydroquinone formed in the

Presence of different complexes at S h

The activity of the complexes at Sh are in the order
RuYqpd > RuYsalpd > [Rus(qpd)Cli(H;0);]> > [Ruy(salpd);Cly(H,0),]> [PS-opdRuCl; H;0]

In all cases the reaction mixture was converted to tarry product at 80 °C (FigureVIII.10).

Catalytic activity at 6hrs
The activity of the catalysts decreased in all cases probably due to the oxidation of

hydroquinone to benzoquinone (Figure VIIL.11).
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100 -

80 1

60 -

40 -

% HQ formed

20 -

0] Rugpd | RuYgpd | Rusaipd | RuYsalpd
! .

WRT| 62 | @ 66 | 27 8

Fig. VIII.11 Percentage of hydroquinone formed in the

presence of different complexes at 6 h

Conclusion

Of the three types of complexes simple, encapsulated and polymer supported,
zeolite encapsulated complexes were found to be more active towards hydroxylation
reaction of phenol. This might be due to the shape selectivity of the zeolite pore and
vacant coordination sites of the metal ion inside the pore. Literature survey reveals that
zeolite encapsulated complexes act as active catalysts for hydrogen peroxide mediated
oxidation reactions such as hydroxylation of phenol to the corresponding hydroxylated
aromatics.” This could be the result of various factors like surface area, pore volume,

redox properties of metal complexes and the electric field gradient inside the zeolite.

Optimum conditions for good yield of product could be selected as room
temperature up to 4 h. At higher temperature the reaction products soon get converted to
tarry product in all cases. Reasonably high yield of product was formed initially.
However it was noted that encapsulated complexes withstand high temperature. Also on

analyzing the facts it can be concluded that encapsulated complexes are more active as

160



Chapter VIII

compared to simple and polymer supported complexes towards hydroxylation reaction of
phenol as the metal ion concentrations per unit mass of zeolite Y complexes in the
reaction mixture are very low. Phenol hydroxylation reaction takes place at the external
surface as well as in the internal pores. The reaction in the internal pores leads mainly to
the formation of hydroquinone whereas the reaction on the extemal surface leads to the
production of catechol as well as tarry products. On comparing the activities of the
complexes, the encapsulated quinoxaline based complex RuYqpd was found to be most

active catalyst on the basis of stability and reactivity.
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CHAPTER IX
IN VITRO EVALUATION OF ANTIBACTERIAL AND ANTIFUNGAL
ACTIVITY OF COMPLEXES OF RUTHENIUM AND NEODYMIUM

9.1 Introduction
Inorganic chemists are interested in complexes with multidentate ligands having
delocalized m orbital systems due to their vast application in biological field."* Schiff

base complexes are of great importance in this field.

Interaction of metal ions with nitrogen and oxygen containing organic moieties has
attracted much attention in recent years.>* Such ligands and their complexes have become
important due to their biological activity>® and also because they provide a better
understanding of metal- protein binding.” Thus Schiff bases containing these groups could

act as a versatile model of metallic biosites.®

Some quinoxaline derivatives are known to possess antibacterial activities. The
quinoxaline antibiotics were reported to have activity against gram positive bacteria and

certain tumours. They inhibit RNA synthesis.”

Benzimidazoles are significant in determining the function of a number of
biologically active metal complexes. A wide range of benzimidazole derivatives are
known for their chemotherapeutic importance.'®'® Oxadiazole compounds have shown
biological activity against parasites'® and bacteria.'” Some heterocyclic moieties such as
triazole nucleus are known to possess antibacterial'® and fungicidal'® properties.

20,21

Furthermore, Schiff bases possess anticancer™ " activity in animal screening.
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Schiff base complexes derived from salicylaldehyde are also expected to have
good biological activity. Amines such as o-aminophenol and o-phenylenediamine are

reported to have promising influence in the biological field.

Literature survey reveals the biological applications of coumarin derivatives of
rare earth metals. These type of complexes have been found to exhibit anticoagulant and
plant growth regulating properties. > It has been shown that many interesting metal
organic compounds of lanthanides displayed antitumour activity.>*’ These complexes
possess cell proliferation inhibiting effects compared to the inorganic salts. Unfortunately
little is known about the complexing abilities and biological activity of rare earth metal

complexes.

The aim of the present work is to carry out the antibacterial and antifungal screening
studies of the synthesized complexes of ruthenium and neodymium with the Schiff bases
formed in the condensation of 3-hydroxyquinoxaline-2-aldehyde with o-phenylenediamine, o-
aminophenol or aminobenzimidazole. Also ruthenium complexes of Schiff bases derived from
salicylaldehyde with o-phenylenediamine, o-aminophenol or aminobenzimidazole were
screened for their antibacterial and antifungal activity. The results of the antibacterial and

antifungal studies done on these complexes are presented in this chapter.

9.2 Experimental
9.2.1 Antibacterial screening test

Antimicrobial activities of the synthesized complexes were performed according
to the disk diffusion method®® with slight modifications. The ligands and complexes were
tested for in vitro growth inhibitory activity against one strain of gram positive bacteria
Klebsiella Pneumoniae, gram negative bacteria Escherichia Coli and Pseudomonas

aeruginosa.
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Nutrient agar plates (NA) were surface inoculated uniformly from the broth
culture of the tested microorganisms. The impregnated disks were placed on the medium
suitably placed apart and kept for 5 minutes for the agar surface to dry. Wells were made
on the agar medium at suitable distances. Solution (I mg mL™) of the synthesized ligands
and complexes was prepared in DMSO. Definite volumes of solution (5 pL, 10 pL, 15 pL
and 20 pL) were added to different wells and the plates were incubated at 37°C for 24h.
Discs without test solution was used as control. The diameter (in mm) of the observed

inhibition zones was taken as a measure of inhibitory activity.

9.2.2. Antifungal screening test

The antifungal activity of all the synthesized ligands and complexes were
evaluated towards plant pathogenic fungus Aspergillus Niger. Potato Dextrose Agar
(PDA) was used as basal medium. PDA broth was prepared in a 250 mL conical flask.
To the sterilized broth spore suspension of Aspergillus Niger was inoculated. The
suspension was prepared by dispersing the spores of Aspergillus Niger into sterilized
distilled water. The flasks were gently rotated for uniform mixing of the inoculum.
Inoculated flasks were incubated for 7 days at room temperature. Gelatin agar medium
poured into sterile Petri plates aspetically with the help of a micropipette. Spore
suspension (0.1mL) was prepared by adding sterile distilled water (5 mL) to Aspergillus
Niger culture, filtered and was placed into the well. The plates were incubated for 24-48 h
at room temperature. Test solution was poured into the wells as before and inhibition

zones were measured after 48 h.

9.3  Results and discussion
9.3.1 Antibacterial screening

The inhibition zones caused by the various compounds in the microorganisms
were listed in Table IX.1. It is evident from Table IX.I that Schiff bases under
investigation except salab are inactive against all the bacteria. The ligand salab is slightly

active against Pseudomonas aeruginosa (gram —ve). Results indicate that the growth of
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TABLE IX.I Antibacterial activities of Schiff bases and

their ruthenium complexes

Diameter of inhibition zone (mm)

Klebsiella
Pseudomonas
Preumoniae Escherichia Coli
aeruginosa
Concentration in ppm
Compound
S 10 15 20 5 10 15 20 5 10 15 12
qpd - - - - - - - - - - - -
[Ruy(qpd)Cl4(H,0),].2H,0 5 10 15 20 10 14 16 24 12 16 18 22
qap - - - - - - - - - - - -
[Ruy(gap),Cl,(H,0),].H,O 10 12 15 20 6 7 9 11 10 14 18 24
gab - - - - - - - - - - - -
[Ruz(qab),Cl4(H,0),].3H,0 6 8 10 15 18 19 20 22 14 17 20 22
salpd - - - - - - - - - - - -
[Ru,(salpd),Cl,(H,0).] 10 13 15 20 14 15 18 20 16 20 23 26
salap - - - - - - - - - - - -
[RU2(Salap)4C|2].H20 5 8 10 12 12 15 18 20 14 17 20 22
salab - - - - - - - - - - - 6
[Ru(salab) (H;0O),] Cl,. H;O S 10 12 20 12 20 22 28 16 17 20 22

the microbes are inhibited in the presence of the complexes. The diameter of the

inhibition zone shows the extent to which inhibition occurs. On complexing with

ruthenium ion, ligands that were inactive showed considerable inhibitory action on

bacterial multiplication.”” Also the activity of all the complexes are found to be increased

considerably with increase in concentration. The increase in the antibacterial activity of

ruthenium chelates with increase in concentration is due to the effect of metal ion on the

normal cell process. Such increased activity of the metal chelates can be explained on the

basis of chelation theory.’® Furthermore, the mode of action of the compounds may
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involve formation of hydrogen bond through azomethine group with the active centres of

all constituents, resulting in interference with the normal cell proccss.“

Neodymium complexes formed from quinoxaline based Schiff bases except

[Nd(qab),(H,0);CI].2H20 were found to be active against the gram positive microbe

Klebsiella Pneumoniae, but the activity was less compared to ruthenium complexes.

Ruthenium complexes derived from quinoxaline based Schiff bases were active
against gram negative bacteria Escherichia Coli and Pseudomonas aeruginosa, but

corresponding complexes of neodymium were inactive

Figure IX.1  Zone of inhibition against Escherichia Coli
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TABLE IX.2 Antibacterial activities of Schiff bases and
their neodymium complexes

Diameter of inhibition zone (mm)

Pseudomonas
Klebsiella Pneumoniae Escherichia Coli )
aeruginosa
Concentration in ppm

compound
5 10 15 20 510 15 20 510 15 20
qpd - - e - - e - - - - - -
[Nd(qpd).(H,O)Cl ].2H,O 10 12 18 20 - - - - - - - -
qap - - - - - - - - - - - -
[Nd(qap).(H,0);C1].H,O 5 12 18 20 - - - - - - - -
qab - - - - - - - - - - - .
[Nd(qab),(H,0); C1].2H20 - - - - - - - - - e - -

9.3.2 Antifungal screening
All the ligands were found to be slightly active against Aspergillus Niger. The

activity of qab against Aspergillus Niger is notable. But on complexation activity was
greatly increased in the case of ruthenium complexes. Neodymium complexes also
showed activity, but les than that of ruthenium complexes. However qpd complex of
neodymium is inactive against Aspergillus Niger. The variation in the effectiveness of
different compounds against different organisms depends either on the impermeability of
the cells of the microbes or differences in ribosomes of microbial cells.>? In all cases it
has been noted that the toxicity of the complexes increases with increase in the

concentration of the solution.
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TABLE 1X.3 Antifungal activities of Schiff bases and
their ruthenium complexes

Diameter of inhibition zone (mm)

Aspergillus Niger
Concentration in ppm

compound

5 10 15 20
qpd - - : 5
[Ruz(qpd)Cls(H,0),].2H,0 13 16 17 26
qap - 3 5 6
[Ruy(qap),Cl;(H0),].H,0 11 14 15 19
qab 7 10 12 14
[Ruy(qab),Cl4(H;0),].3H,0 28 31 33 34
salpd - - - 6
[Ruy(salpd);Cl(H;0).] 27 28 3¢ 32
salap - - - 10
[Ru(salap),Cl,]. H,O 14 18 20 23
salab 4 5 6 8
[Ru(salab)(H,0),]Cl,.H,O 15 18 19 23

TABLE 1X.4 Antifungal activities of Schiff bases and
their neodymium complexes

Diameter of inhibition zone (mm)

Aspergillus Niger

compound Concentration in ppm

5 10 15 20
qpd - - : 5
[Nd(qpd),(H,0)Cl ].2H;0 - . i i
qap ; 3 5 p
[Nd(qap),(H,0);Cl].H,O 9 10 12 14
qab 7 10 12 14
[Nd(qab),(H,0); CI).2H20 7 8 8 9
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Figure IX.2 Zone of inhibition against Aspergillus Niger

Conclusion

From the results it can be concluded that Schiff base complexes derived from
salicylaldehyde posses very good anti microbiological activity compared to the Schiff
base complexes derived from quinoxaline aldehyde. The decreased activity of
quinoxaline based complexes can be explained on the basis of the steric effect which
hinders the interaction of the cells of the microbes with the azomethine group. Compared
to neodymium complexes, ruthenium complexes showed greater activity. The conclusion
arrived at from the present investigation is that Schiff base complexes of ruthenium

derived from salicylaldehyde are biologically active to a great extent.
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SUMMARY AND CONCLUSION

The present study is mainly confined to the synthesis, characterization and
application studies of neat, zeolite encapsulated and polymer supported Schiff base
complexes of ruthenium and neodymium. Schiff bases were derived from 3-hydroxy
quinoxaline-2-carboxaldehyde and salicylaldehyde with amines o-phenylenediamine, o-
aminophenol and 2-aminobenzimidazole. Simple and zeolite encapsulated complexes of
these ligands were prepared with Ru(IIl) and Nd(III). Schiff bases formed from polymer
bound aldehyde and o-phenylenediamine, o-aminophenol and 2-aminobenzimidazole
were also complexed with Ru(Ill) and Nd(IlI).  The synthesized complexes were
characterized by chemical analysis (ICP-AES and CHN analyses), magnetic moment
studies, electronic, FTIR and EPR spectroscopy.  The molecular weight and the
electrolytic nature of the neat complexes were obtained from FAB mass spectral and
conductance data respectively. Thermal stability of the synthesized complexes were
understood from the TG data. Reduction in Surface area and pore volume suggests
encapsulation of complexes inside zeolite pores and anchoring of complexes on polymer
supports. XRD pattern suggests the crystallinity of the zeolite structure were not affected
by encapsulation. SEM ensures the removal of surface adsorbed species by Soxhlet
extraction. The catalytic behaviour of the synthesized complexes against hydroxylation
reaction of catechol and phenol by H,0O; were studied. The synthesized complexes were

also screened for their antimicrobial activity.

The thesis is divided into nine chapters. Chapter 1 represents review on Schiff
bases and metal complexes including their importance in catalytic and biological field. It
also provides a brief account of advantages of heterogenization of complexes with organic
or inorganic supports. The scope of the present investigation is given at the end of the

Chapter.
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Summary and Conclusion

Chapter 2 presents the details of the materials and synthesis of the ligands qpd,
gap, qab, salpd, salap and salab employed in the present study. Preparation of polymer
bound Schiff base and metal exchanged zeolite are given in this chapter. The details
regarding analytical and spectroscopic methods employed for the analysis of the ligands

and their complexes and the techniques employed for the catalytic studies are also given.

Chapter 3 deals with the synthesis and characterization of ruthenium complexes of
qpd, qap, gab, salpd, salap and salab. Elemental analyses give the molecular formulae of
the complexes as Ruy(qpd)Cla(H,0)s, Rux(qap).Clh(H,0)s, Rua(qab),Cla(H,O)s,
Ruy(salpd);Cla(H,0),, Rus(salap)sClo(H20) and Ru(salab)Cl,(H,O)s which was further
supported by FAB mass spectra. Molar conductance values in methanol show that all the
complexes except salab complex of ruthenium are non-electrolytes. This fact indicates
that the anion and the ligand are coordinated to the central ruthenium(Ill) ion in the
complexes. Ruthenium — salab complex show 1:2 electrolytic nature indicating that the
two chloride anions present in the complex are not coordinated to the ruthenium(Iil) ion.
The magnetic moment values of all the complexes correspond to one unpaired electron
showing that ruthenium atom exists in +3 oxidation state in the complexes. Information
regarding the number of water molecules coordinated and that held in the lattice has been
obtained from the TG data. IR spectral data suggest that the deprotonated ligand and
azomethine nitrogen atoms of the ligand are coordinated to the Ru(Ill) ion.  The
electronic spectral data for simple complexes in methanolic solution suggest octahedral
nature.  EPR spectra of the qpd, qab and salap complexes exhibit three g values
indicating rhombohedral distortion of octahedral geometry. Complexes of gap and salab
exhibit axial spectra with two g values while salpd complex gives a reverse axial
spectrum with two g values. The present studies indicate that gpd acts as tetradentate,
qap acts as tridentate while qab, salpd, salap and salab act as bidentate ligands. In all
cases, except salab complex, the analytical and physico- chemical data suggest binuclear
octahedral structure with chlorine bridges. In the case of salab complex a mononuclear

octahedral complex with ruthenium has been suggested.
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Chapter 4 deals with the heterogenization of ruthenium complexes by
encapsulating in the cages of zeolite. Characterization of the synthesized complexes
were done by various analytical and physico-chemical techniques. Metal analyses reveal
the unit cell formula of ruthenium  exchanged  zeolite to  be
Nags14Ru3 20(A102)54(S10,)138.nH20.  Reduction in surface area and pore volume of the
complexes compared to ruthenium exchanged zeolite suggests encapsulation in cages.
Initial weight loss recorded in TG curve till 200°C corresponds to the loss of intrazeolite
water molecules. DSC curve shows endothermic peak corresponding to the deaquation
of the sample around 100°C which is followed by an exothermic maxima with centre at
about 350°C corresponding to the decomposition of the encapsulated complex. Zeolite
framework is destroyed only above 800°C. XRD follows similar pattern before and after
encapsulation indicating that crystallinity is retained. SEM analyses show absence of
surface species on the zeolite. IR spectral bands ascertain the coordination of nitrogen
and oxygen to the central metal atom. Electronic absorptions of encapsulated complexes
are of very low intensity. This might be due to the low concentration of the metal ion
species in the zeolite. ~ EPR spectra of RuYsalap gives three g values indicating
rhombohedral distortion of the octahedral geometry. RuYqab and RuYsalab present an

axial symmetry in the solid state with two g values.

Chapter 5 deals with the synthesis and characterization of neat complexes of
neodymium with the Schiff bases qpd, qap and qab. Zeolite encapsulated complexes of
neodymium with the Schiff bases qpd, qap , qab, salpd, salap and salab were also
synthesized and characterized. Analytical, TG, IR, UV/vis and EPR spectral data of all
the synthesized complexes and XRD of the encapsulated complexes have also been
reported in this chapter.  Neat complexes of neodymium are found to form eight
coordinated structure. The complexes are proposed to have bicapped trigonal prismatic

geometry.

Chapter 6 deals with the synthesis and characterization of ruthenium and

neodymium polymer supported Schiff base complexes of 1,2-phenylenediamine, 2-
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aminophenol and 2-aminobenzimidazole. Elemental analyses indicate the formation of
complexes. The reduction in surface area and pore volume in nitrogen atmosphere
suggests the anchoring of complexes on polymer support. The magnetic moment values
calculated are as expected for Ru(lIl) and Nd(Ill) complexes. TG curves show a very
small loss in weight at low temperatures, which might be due to the expulsion of
physisorbed water.  All the polymer supported complexes are stable up to ~ 340°C
indicating increase in stability due to heterogenization. Comparison of spectral bands of
the ligands and complexes confirms the coordination of azomethine nitrogen atom in all
complexes. In psap complexes vco experiences a positive shift < 10cm™ confirming the
coordination of phenolato oxygen atom to the central metal atom. The electronic spectra

of the complexes show that ruthenium complexes possess octahedral geometry.

Chapter 7 deals with the catalytic activity studies of the simple, encapsulated and
polymer supported complexes of ruthenium and neodymium towards catechol-H,O,
reaction.UV/vis spectrophotometric method is employed for the study. In the presence of
simple complexes [Rux(qap),Cl2(H;0),].H,O and [Rux(qab),Clsy(H>0),].3H,0, reaction
yielded  1,2,4-trihydroxybenzene  and  o-benzoquinone as the  product.
[Ruy(qpd)Cls(H;0),].2H,0 complex remained inactive while in the presence of
[Ruy(salpd);Clo(H,0),], [Rua(salap)sCl;].H,O and [Ru(salab)(H,0)4]Cl,.H,O complexes,
the product formed is o- benzoquinone. The reaction was found to be selective towards
the formation of 1,2,4-trihydroxybenzene in the presence of encapsulated complexes of
ruthenium except in the case of RuYqpd. RuYqpd remained inactive. A comparative

study of the initial rates of the reaction were done in all cases.

Catechol oxidation reactions catalyzed by polymer supported complexes were
selective towards the formation of o-benzoquinone.  Results show that ruthenium
complexes act as better catalysts than the neodymium complexes. Of all the polymer

supported complexes under investigation [PS-abRuCl3(H,0),] is the most active catalyst.
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Chapter 8 contains a comparative study of simple, encapsulated and polymer
supported ruthenium Schiff base complexes of 1,2-phenylenedimine towards the
oxidation of phenol by H,0O,. The reaction products are monitored by gas chromatograph.
The reactions were conducted at RT and at 80°C in a temperature controlled oil-bath.
The only product formed in all cases was hydroquinone. Of the three types of complexes
simple, encapsulated and polymer supported, zeolite encapsulated complexes were found
to be the most active towards oxidation reaction of phenol. This might be due to the
shape selectivity of the zeolite pore and the possibility of having vacant coordination sites

in the complex.

Chapter 9 deals with the antibacterial and antifungal activities of the synthesized
neat complexes of ruthenium and neodymium. The ligands and complexes were tested
for in Vitro growth inhibitory activity against gram positive, Klebsiella pneumonia, gram
negative Escherichia Coli, Pseudomonas aeruginosa bacteria. The complexes were also
screened against plant pathogenic fungus, Aspergillus Niger. Results show that all the
ligands are inactive except salab which shows very small activity in higher
concentrations.  All ruthenium complexes are highly active against both gram positive
and gram negative bacteria. However neodymium complexes of quinoxaline complexes
of Schiff bases are inactive against Escherichia Coli and Pseudomonas aeruginosa but
gpd and qap complexes are active against Klebsiella pneumonia. The activities of
salicylaldehyde Schiff base complexes of Nd are comparable to that of ruthenium
complexes. Ligands showed very small antifungal activity against Aspergillus Niger. On
complexation, activity is greatly increased for all ruthenium and neodymium complexes
except for [Nd(qpd),(H,O)Cl ].2H,0. However activity of the ruthenium complexes are

greater than that of neodymoum complexes.
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