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ABSTRACT 

This thesis is presented on the interaction of metal ions with 

stoichiometric amounts of organic ligands containing O and N donors of 

which metal complexes have been widely used in biological and 

catalytical point of view. The thesis is divided into ten chapters. 

1. First one is an introductory chapter. The chapter is designed to provide 

sufficient background and usefulness of the present study. 

2. The second chapter describes the experimental techniques which 

include the physical measurement and analytical techniques. 

3. Third chapter has been devoted to the preparation and characterization 

of mixed ligands complexes of Zr(VI) ions with oxalic acid and 

heterocyclic amines. The general formula of the complexes are as 

follows; [Zr(IV) ( oxa)2 L2]. Where oxa = oxalic acid L = Q, 2-Apy, 8-

HQ, a-Pie, 2,2'-Bipy. The complexes were prepared in the solid form 

and characterized by elemental analysis, conductivity, magnetic 

measurements, infrared, and electronic spectroscopic studies. The 

infrared spectra of the complexes confirmed the co-ordination of metal 

ion with ligands. The presence of water molecule inside the co

ordination sphere was also confirmed by infrared spectra. Electronic 

spectra and megnetic measurement confirmed that the Zr(IV) complexes 

were of octahedral structure. 

4. The fourth chapter describes the preparation and characterization of 

mixed ligand complexes of Zr(IV) ions with malic acid and 

heterocyclic amines. The general formula of the complexes are as 

follows; [Zr (IV) (Mal)2 L2] where Mal = Malic and L = 8-HQ, Q, 
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2,2'-Bipy, IQ, a.-Pic. The complexes were prepared in the solid form 

and characterized by the usual methods. The infrared spectra of the 

complexes confirmed the coordination of metal ion with ligands. The 

Zr(IV) complexes are assumed to have octahedral structures based on 

the electronic spectra and magnetic measurement. 

5. Fifth chapter allocates the preparation and characterization of mixed 

ligand complexes of Zr(IV) ions with organic acid and heterocyclic 

amines. The general formula of the complexes are as follows; [Zr(IV) 

( oxa)2 L2], [Zr(IV) (Mal)2 L2] and [Zr(IV)] (MA)2 L2] where oxa = 

oxalic acid, Mal = Malic acid, MA= Methanoic acid, L = ala, J3-Ph

ala. These complexes were analyzed chemically for the metal, carbon, 

hydrogen and . nitrogen. Their structures have been determined by 

carrying out spectral and magnetic studies. The infrared spectra of the 

complexes confirmed the coordination of metal with ligands. The 

presence of water molecule inside the co-ordination sphere was also 

confirmed by infrared spectra. Electronic spectra and magnetic 

measurement confirmed the octahedral structure of Zr(IV) complexes. 

6. Sixth chapter has been devoted to the preparation and characterization 

of mixed ligand complexes of V(IV) ions with some organic acid and 

amine bases. [V(IV)2 L2 L'2] where, L = oxa (1,5), MA (2), EA (3), PA 

(4), Mal (6), L' = ala, 2,2'-Bipy. The complexes were prepared in the 

solid form and characterized by previously mentioned method. The 

infrared spectra of the complexes confinned the coordination of metal 

ion with ligands. The observed magnetic moment values of complexes 

indicated that these complexes are diamagnetic. This diamagnetism is 
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supported by the small negative values obtained from their magnetic 

susceptibility. Electronic spectra and magnetic measurement 

confirmed that the V(IV) complexes were of octahedral structure. 

7. Seventh chapter describes the preparation and characterization of 

mixed ligand complexes of V(IV) with acids and amine bases. The 

general formula of the complexes are [V(IV)L2L'2]. Where L=Mal, 

oxa, MA, EA,P A L'=~-Ph-ala. The complexes were prepared in the 

solid form and characterized by usual methods. IR spectra of the 

complexes indicate that the co-ordination of motel Ion with amino 

groups. Magnetic measurement and electronic spectra of the 

complexes confirmed the octahedral structure. 

8. Eighth Chapter deals with the preparation and characterization of 

mixed ligand complexes of Zr(III) with Phthalimide as primary and 

amino acids as secondary ligands. The general formula of these 

complexes are as follows; K[Zr(IV) (Phtha)2 L2] (where, Phtha = 

Phathalimide, L = Q,2-Apy,8-HQ,Py, a-Pie). The complexes were 

prepared in the solid form and characterized by usual methods. IR 

spectra of the complexes indicated the co-ordination of metal ion with 

amino group through nitrogen and carboxylic acid group through 

oxygen ion and imide through- NH. Electronic spectra and other 

measurements confirmed their octahedral structure. 

9. Ninth chapter we have studied the antimicrobial activity of all the 

complexes of chapter-3 to chapter-7. Disc diffusion methods were 

employed for antimicrobial assays against ten pathogenic bacteria 

(five gram positive and five gram negative) and ten fungi. The 
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complexes containing 2-aminopyridine and 8-hydroxyquinoline, py, 

a-pie as secondary ligands are much more microbial active than the 

other complexes. 

10. This chapter describes the antifungal activity of the complexes 

against six pathogenic fungi viz. 

1. Trichoderma species 

11. Fusarium species 

111. Botarydiptoden species 

IV. Aspergillus flavus 

V. Aspergillus species 

Vl. Mucor species 

Vll. Penicillium 

Vlll. Bipolaris species 

IX. Epidermophton floccosum 

x. Aspergilus niger 

XL Candida albicans 

The results revealed that the complexes are more micorobial toxic than 

the free metal ions or ligands. The complexes containing, 8-hydroxy

quinoline, 2,2' -bipyridyl, iso-quinoline, 2-Apy, py, alaline as secondary 

ligands are much microbial active than the other complexes. 
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Symbol and Abbreviations 

Oxa Oxalic acid 

Mal Malic acid 

MA Methanoic acid 

EA Ethanoic acid 

PA Propanoic acid 

Q Quinoline 

IQ Iso quinoline 

8-HQ 8-Hydroxy quinoline 

ala Alanine 

~-Ph-ala ~-Phenyl alanine 

a-Pie a - Picoline 

2,2'-Bipy 2,2' - Bipyridyl 

DMSO Dimethy lsulphoxide 

DMF N,N' dimethyl formamide 

IR Infrared 

gm Gram 

u Absorption maximum 

% Percent 

ml Milliliter 

k Kelvin 

Fig Figure 

UV Ultra Violet 

No Number 

A Conductance 

xg Mass Susceptibility 

µg Micro gram 

B.M Bohr Magneton 

L Ligand 
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CHAPTER-I 
GENERAL INTRODUCTION 

1.1 General Introduction: 

In recent years coordination compounds deserve extreme attraction of 

modem researches for their ever increasing academic and commercial 

interest. Coordination compounds make a challenge to the inorganic 

chemists. In the early days of the chemistry they seemed unusual (hence 

the name complex ions) and seemed to defy the usual rules of valence. 

Coordination chemistry at present stands as a land mark in the field of 

scientific advancement, embracing most diverse branches of science, 

engineering and technology. The coordination compounds are expanding 

very rapidly in the diversified field of chemistry. This expansion is due to 

the various factors such as improved understanding of bonding theories 

and reaction mechanism, physical methods of studying molecular 

structures and prope1ties, precise and profound techniques of carrying out 

chemical reaction and the need to understand the catalytic process. The 

rapidly developing field of bio-inorganic chemistry is centered in the 

presence of coordination compounds that are found to play a vital role in 

living systems e.g. vitamin B12 co-enzyme, 5-deoxyadenosine 

cobalamine, hemoglobin, myoglobin, cytochromes and hemocyanin in the 

form of coordination compounds 1• The complex compounds have large 

utility in metallurgical operations, in dying and textile industries, in 

analytical chemistry and in medical science. 
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Coordination chemistry plays an outstanding role in the biological system 

that cause interesting changes, i.e. change of oxidation number and 

coordination number of metals. This is partly due to an extensive and 

important involvement of such complexes in bio-inorganic chemistry. 

It has now been well established that many of the chemical elements 

including metal ions control a vast range of biological process, thus 

giving new dimensions to coordination chemistry. 

1.2 Metal Complex: 

A complex has been defined as a species formed by the association of 

two or more simpler species capable of independent existence2
• When one 

of the simpler species is a metal ion, the resulting entity is known as a 

metal complex. A characteristic feature of such a complex is that the 

metal atom occupies a central position in it. Thus a metal complex may 

be defined as a compound containing a central metal ion or atom to which 

are attached oppositely charged ions and/or metal molecules whose 

number usually exceeds the number of molecules which are attached 

( co-ordinated) to the central metal are called ligands. 

In a narrow sense, the complex formation may be regarded as reversible 

association of one or more metal ions and ligands occurring in a solution. 

In the wider sense every Lewis acid-Lewis base reaction involving 

essentially the formation of a co-ordinate covalent bond can be called a 

complex formation reaction. 

Alfred Werner in 1893 put forward his classical theory, what is now 

commonly referred to as Werner's co-ordination theory3
•
4

, on the basis of 

primary and secondary valence. One of the major advancements in the 

field of chemistry has been the development of theories of bonding 
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particularly related to metal complexes in order to understand their 

structures and properties, for wider applications three theories are 

currently used to describe the nature of the bonding in transition metal 

complex. These theories are (i) the valence bond theory5
•
6 (ii) the crystal 

field theory and7
•
8 (iii) the molecular orbital theory9

-
11

• 

Now this time, metal complexes are the most active research field of 

inorganic chemistry. A survey of articles in recent uses of the journal of 

inorganic chemistry indicates that perhaps 70% could be considered to 

deal with metal complexes. Progresses in this are chemistry has received 

an added impetus because of its many applications to chemical industry 

and biology. It has been clearly understood and supported that many of 

the chemical elements including metal ions control a vast range of 

biological processes going a new dimension to co-ordination chemistry12
• 

The rapidly developing field of bio-inorganic chemistry is centred on the 

presence of metal complexes in living systems. 

1.3 Mixed Ligand Complex 

Mixed ligand metal complex is the compound in which the metal ion is 

simultaneously bonded to one or more different kinds of ligands. 13 In 

aqueous solution most metal ions are present as aquo complexes. In the 

course of complexes formation the ligands replace the water molecules of 

the aquo complexes. All the water molecules will be replaced only when 

the complex with the maximum coordination number of the central metal 

atom has been formed. The mixed donor complexes are those chelate 

complexes whose ligands contain different kinds of donor atoms. 14 Thus 

mixed donor complexes may be formed by 8-hydroxy quinoline ( donor 

atom N and 0), dithiazone ( donor atom N and S), etc. The mixed ligand 

metal complexes are likely to be important as models for 
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metalloenzyme-substrate complexes and also as components of the 

multi-metal multi-ligand systems in biological fluids and thus provide a 

· £ · · . . h. 1s p . l 16-18 h strong impetus or mcreasmg mterest m t 1s area . errm et a . ave 

observed that the addition of another ligand B to a complex 1\18 which 

already bears a ligand B is more difficult than adding B to a complex MA 

which contains a different ligand, A. A set of data of stability constants of 

various complexes illustrate the unusual stability of mixed ligand 

complexes as compared to complexes containing only one kind of ligand. 

Although it is not clear why this should be so, it is an observation, which 

continues to reappear. 19 

1.4 Ligands 

A ligand may be defined as any molecule or ion that has at least one pair 

of electron that can be donated. Thus ligands are Lewis bases. There are 

many classes of ligands.20 

(a) Classical type of ligands: These ligands act as electron pair 

donors to acceptor ions or molecules and form complexes with all 

types of Lewis acid metal ions or molecules. 

(b) Non-classical type of ligands: These are n-bonding or n-acid 

ligands and fonn complexes largely with transition metal atoms or 

ions (PR3, CO etc.). 

Ligands can be defined another way on the basis of the number of 

unpaired electrons e.g., 

Monodentate ligands: The ligands which have only one donor atom can 

co-ordinate to the central metal atom/ion at one site only, are called 

monodentate ligands. e.g., pyridine, quinoline, iso-quinoline (Fig. I. I) 
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M ultidentate ligands: The ligands having more than one donor atoms or 

ions are called multidentate. The ligands are attached to the same central 

atom producing a cyclic structure called chelate complex and the processes 

of complex formation are called chelation. The greatest tendency to form 

chelate complex is found in poly functional ligands whose donor atoms are 

separated by two or three carbon atoms. The rings produced by chelate 

formation will then believe to be six membered. The stability of the 

complexes also depends considerably on the chelate ring size. 

1.5.1 Dicarboxylato Ligands 

In the present work deprotonated dicarboxylic acid, named malonic acid 

has been used as dicarboxylato ligand. Although dicarboxylic acids have 

no co-ordination position but under suitable condition (slightly alkaline 

medium) these acids loose protons from both the carboxyl groups and act 

as dinegative bidentate ligands. They tend to form 6, 7, 8 and 9 

membered chelate ring is their respective cases. Stable chelate rings of 

five and six members are numerous and well known, but rings of seven or 

more members are comparatively less common. 
0 
II 

C(
c---.__ 

. 01-1 
.,,,...,01-1 

C 
II 
0 

phthalic acid malonic acid 

0 
II 

.,,,...,c..._,__ 
CII OH 
II 
CH OH ...____c/ 

II 
0 

maleic acid 

In complex compounds, the co-ordination number of the central metal 

atom/ion is occupied according to the power of the ligands. First ligand is 

called primary ligand and the second ligand is called the secondary ligand 

respectively. 
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The stability of the mixed ligand complexes depends on the ligand 

stability factors and shape of ligands. 

1.5.2 Amine Ligands 

Amine ligands are widely used in most of the present complexes. Among 

these the heterocyclic amines are the most important. Although 

heterocyclic amines contain tertiary nitrogen atoms, they co-ordinate 

readily with metal atoms. Most of the heterocyclic amines are used as 

corrosion inhibitors21
-
23 and their complexes with platinum and copper 

have been tested as antitumor24 and antibacterial25 agent. 3-aminopyridine 

has strong anti convulsive effects. 26
-
27 The chlorinated species of 8-

hydroxyquinoline has been proved as antibacterial and antifungal agents28 

and the diiodo derivative is administered to overcome zinc deficiency in 

animals.29 Derivatives of copper and tin of 8-hydroxyquinoline are 

antifouling agents30
'
31 and 8-hydroxyquinoline itself protects the 

industrial oils form the growth of bacteria and fungi in them. 32
'
33 Studies 

on the metal complexes of heterocyclic amines have been carried out by 

several workers. 34
-4

9 

1.5.3 Biologically Active Ligands 

The ligands that can form compounds essential for life are called 

biologically active ligands. 

The synthetic macrocyclic complexes, particularly with the tetradentate 

nitrogen donor ions, are most important from the biological viewpoint 

mainly due to their structural similarities to the natural macrocyclic 

complexes like vitamin B12,, chlorophyll, hemoglobin, etc. Special 

compound such as hemoglobin forms bonds with protein through oxygen, 

acts as a ligand. Beside myoglobin, glycoprotein etc, (Sugar + Protein = 
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Glycoprotein) metal chelation is involved in many important biological 

processes, which play important and multifarious roles in biological 

systems. The intriguing mode of function of these natural systems is now 

well understood.50
•
51 The vital functions performed by the natural systems 

can largely be determined by the nature of the metal ions enclosed in it. 

For example, the catalytic properties of vitamin B 12 and its coenzyme are 

due to the ability of the cobalt ion to act as a storehouse for an electron 

that can be released or accepted as required. The metal ions in natural 

macrocyclic complexes are trapped in such a complicated structure that 

the fundamental properties of these metal ions are still not well 

understood. It is, therefore, reasonable to synthesize simple macrocyclic 

complexes, which can be considered as model compounds. Some of these 

compounds could mimic the properties of their natural counterparts and 

investigations with them would provide us an easier approach to the study 

of fundamental properties of metal ions encapsulated in the macrocyclic 

environment. 

The rapid developing field of bioinorganic chemistry is centered on the 

presence of metal complexes in living systems. 

1.6 Organisms 

1.6.1 Bacteria 

(i) Genus Staphylococcus 

Characteristics: Gram-positive coccus; cells in clusters (reflecting 

ability to divide in more than one plane); individual cells approximately 

1 µm in diameter. Some strains produce capsules. Non-fastidious capable 

of aerobic and anaerobic respiration. 
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Diseases: Boils; skin sepsis; post-operative wound infection; scalded skin 

syndrome; catheter-associated infection; food-borne infection; 

septicemia; endocarditic; toxic shock syndrome; osteomyelitis; 

pneumoma. 

(ii) Genus Streptococcus 

Characteristics: Gram-positive cocci in chains ceils <1 µm diameter, 

non-motile, non-sporing. 

Diseases: Infections of upper respiratory tract and of skin and soft tissue e.g. 

pharyngitis, cellulites; erysipelas, lymphadenitis. Toxic manifestations 

include scarlet fever. Non-suppurative sequelae (acute glomerulonephritis 

and rheumatic fever) important complications of both skin anti throat 

infections. 

(iii) Gen us Bcillus 

Characteristics: Large ( 4-10 µm) Grain-positive, spore-forming, 

encapsulated rods. Spores are formed only alter the organism is shed from 

the body Respires aerobically. 

Diseases: Anthrax is a significant disease in animals both domesticated and 

in the wild. It is a zoonosis and humans are usually infected by contact with 

infected hides or bones. Wool sorters disease i.e., respiratory or inhalation 

anthrax, is now rare. Intestinal anthrax is rare in humans but remains a 

possibility that attracts interest as an aspect of biological warfare. 

(iv)Genus Escherichia 

Characteristics: Gram-negative rod; motile; +/- capsule. Non-fastidious, 

facultative anaerobe; bile tolerant; capable of growth at 44°C. 
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1.6.2 Fungi 

(i) Genus Aspergillus 

Characteristics: Filamentous fungi causing opportunistic infections in 

immunocompromised patients. It occurs widely in external environment. 

Invade lungs and blood vessels. 

Diseases: Aspergillosis. Some causes mycosis of human. 

(ii) Genus Candida 

Characteristics: Dimorphic fungus, occumng as yeast on mucosal 

surfaces as component of normal flora, but forms hyphae when invasive. 

Produces opportunistic infections in stressed, suppressed and antibiotic

treated individuals. Paracocidioides brasiliensis in central and South 

America has many similarities. 

Diseases: Candidiasis, thrush. 

(iii) . Genus Colletotrichum 

Characterization: Mycelium of the fungus is ceptate, hylime or slightly 

brownish, conidia produce on phialides, canidia one celled and crescent 

shaped. It is an imperfutifungi, but some species of them perfect stage 

were discovered, it is a plant pathogenic fungus. 

Diseases: Different species of this genus are performed various sever 

disease, such as red rot of sugarcane, anthracnose of mango, jute, bean etc. 

(iv) Genus Trichophyton 

Characterization: Trichophyton is a fungus of dermatophytes, Mycelium 

hylime, septate. 

Diseases: Causal agent of some severs human and birds disease such as 

rmgworm. 
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(v) Genus Fusarium 

Characterization: Fusarium is a fungus of imperfutifungal. Mycelium 

hylime, septate, canidia hylime, conidia septate, crescent shaped and 

grow on phialides. 

Diseases: Causal organisms of some plant diseases viz., Fusarium wilt, 

root rot, etc. 

(vi) Genus Penicellium 

Characterization: Mycelium septate and branched, conidia produced on 

conidiophore. It is a saprophytic fungus and grows on rotted fruit, wood, 

leather arid many other foods. 

Diseases: Some species of the genus are ,formed human and plant disease, 

Essential antibiotic 'penicillin' reduced form that fungus. 

(vii) Genus Trichophyton 

Characterization: It is a plant pathogenic fungus. Mycelium ceptate, 

conidia oval shaped and produced in stroma. 

Diseases: It is responsible to various types of soft rot of papaya, guava, 

litchi, and foot rot of coconut, dieback of lemon and black-band disease 

of jute. 

1. 7 Survey of the Previous Work 

The mixed ligand complexes of Zirconium (IV) and Vanadium (IV) with 

carboxylic acid as primary and heterocyclic bases as secondary ligands 

have been prepared and characterized. 52
•
54 A very few survey has been 

done on the metal complexes of adipic or dibasic acid. Agafonova canied 
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out the precipitation and separation studies of some bivalent metal 

ions. 55·56 The complexes are insoluble in polar solvents but soluble in 

non-polar solvents. They also have prepared mixed ligand monomeric 

complexes of some metal ions with diphenic and other carboxylic acids 

as primary and amine bases as secondary ligands.57-60 Prelesnik et al., 

have prepared a dimeric copper complex with phthalic acid and 2, 2'

bipyridine.61 As early as 1921, Duff reported a monomeric mixed ligand 

complex of cobalt (III) with homophthalic acid and ethylenediamine, 

where homophthalato ligand led to the formation of a 8-membered ring. 

The metal complexes of malonic and succinic acid and their various 

activities were found in the literature.62-71 All of these experimental works 

and evidences static our faith in the formation of dibasic acid complexes 

with metal atoms. 

Malic acid may be used as an analytical reagent72 and also as a bidentate 

ligand in the formation of complexes with metal ions. Paajanea el al. 

(1999) investigated on the weather resistance of specimen treated with a 

mixture of tall oil and malic anhydride in a one-year exposure test and a 

670- hour ageing test in a weather chamber was superior to that of 

untreated specimens of wood. A fairly hard hydrophobic film developed 

on the wood surface during the ageing process. The treatment inhibited 

the growth of blue stain and mould fungi. 73 

The preparation and characterization of mixed ligand complexes of 

Zr(IV) and V(IV) with diphenic acid as primary and some heterocyclic 

bases as secondary ligands have been reproted. 74 Analytical properties of 

diphenic acid have been studied by Agafonova and Ryazanovs, 75 

Sharma,
76 

Sharma and Islam77
'
78 have reported some mixed ligand 
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complexes containing diphenate ions and amine bases. The influence on 

the position of the carboxylic group on complex formation of salts from 

biphenyl dicarboxylates has been investigated by Macarovici and 

Schimidt. 79 They have shown that the carboxyl groups in diphenic acids 

led to the fonnation of monomeric complexes. Pataskewas and 

Danopoulos80 have reported the ESR studies of copper diphenate 

complexes with amines. Mixed ligand complexes of transition metal 

diphenate with amines have also been studied by Ara-Blesa.81 

Malonate complexes are known with Zr(IV) metals and have been 

reviewed by Stadler and Schindler. 82 Complex formation between 

iron(III) with oxalate, malonate, succinate and glutarate ions have been 

studied by Demeux el al. 83 They have shown that the stability order of the 

chelates of iron(III) is oxalate = malonate> succinate = glutamate. The 

metal complex of malonic and succinic acids and their various, activities 

are found in the literature.84
-
92 Saha and Mitra93 have studied the thermal 

investigation and thermal decomposition reactions of metal oxalato, 

malonato and succinato complexes and found that the thermal stability of 

the complex decreased with the increase of the standard potential of the 

central metal ion. Costantino et al. 94 have prepared oxalato complex of 

copper containing 1, 10 phenanthroline and aquo ligands and its crystal 

structure have been discussed. They have shown that the complex is 

monomeric and co-ordination is 4+ 1 in a square pyramidal geometry, 

with a water O atom in the apical position. A similar observation with 

malonato complex has been reported by kwik et al. 95 

The metal complexes of phthalic acid have been studied both from 

h I . 196,97 d . d t . 198-102 • f . . . p armaco og1ca an m us na pomt o view as md1cated by 
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available literatures. The literature, are also rich with reports on the 

mixed ligand complexes prepared by using phthalic acid as primary and 

heterocyclic amine bases102
•
107

, polyamines 108 and thiocarbamides109 as 

secondary ligands. 

James and co-workers reported the fungicidal properties of six triphenyl 

tin (IV) compound representing metal coordination number of four 

through six.110 These experiments were conducted against a number of 

soil and plant pathogenic fungi and compared with the results obtained 

from triphenyl tin chloride. While all the compounds examined proved to 

be effective fungicides, differences at the concentration levels tested were 

not sufficiently pronounced to relate the degree of toxicity to the 

molecular structure. 

Amongst the various factors affecting the activity of a drug, its ability to 

form stainless chelate rings has been shown quite important. Further, it has 

been pointed out that certain metal complexes of drugs proved more potent 

than the pure drugs which measured by Chakrabarti and Shinde. 70 In this 

study, some metal complexes of oxytetracycline, an important antibiotic 

drug have been synthesized and screened for their activity towards gram

positive and grain-negative bacteria. Viz Zr(IV) and V(IV). 

Kuncheria and co-workers111 have studied the biological activity of the 

complex of Cu(II) with N 1-isonicotinoyl-3-methyl-5-pyrazolone (lrvt:P) 

and N 1-isonicotinoyl-3-methyl-4-hydroxobenzylicline-5-pyrazolone, 

(IMHP) having the fmmula CLI(NO3) 2 IMP and CuClz IMHP. In vitro 

cytotoxic studied using these drugs indicated that 100% cytotoxicity 

could be produced to Ehrilich ascites tumor cells at a concentration of 

l0µg/ml. 



Chapter-1 lD 17 

Tiwari anti co-workers synthesized the benzothiazole ligand and its metal 

complexes with bivalent Cu, Co, Ni, Cd, Fe, and Zn.112 Their antibacterial 

and antifungal activities have been studied. 

Sabastiyan and co-workers113 synthesized the complexes of Co(II), Ni(II), 

Cu(II), Zn(II), Cd(II) and Hg(II) with sulphur donar ligand 1-(N,N

dicyclohexylamino) methylthiouiea (DCMT) (C6H11)2 NCH2N HCSNH2 

and studied the structural characterization and antimicrobial activity. 

Tominage et al. 114 and Burger et al. 115 deal simultaneously and 

independently with thermal decomposition of Iron (II) pyridine chloride 

and Iron (II) pyridine thiocyanate mixed ligand complexes. The products 

of this decomposition were isolated and their Mossbauer spectra were 

also recorded. 116 

Sharma et al. 117·118 have reported a number of mixed ligand complexes of 

Titanium (III) and Vanadium (IV) with imides and heterocyclic amines 

for example, quinoline, isoquinoline, a.-picoline or pyridine, 2, 2'

bipyridyl, 2-aminopyridine and 8-hydroxy quinoline. The complexes 

were characterized by elemental analysis, conductivity and magnetic 

measurements and infrared and electronic spectroscopy. 

Sharma et.al. 119 also reported a number of mixed ligand complexes of 

Zr(IV) and V(V) with dibasic acid as primary and heterocyclic bases as 

secondary ligands. The secondary ligands were quinoline, isoquinoline, 

pyridine, 2- aminopyridine and 8-hydroxy quinoline. All these 

complexes were characterized by usual methods. 

Islam et. a. /120 reported a number of mixed ligand complexes of Zr(IV) and 

V(IV) with dibasic acid and amine bases for example, quinoline, 

isoquinoline. Pyridine, a.-picoline, 2-amino pyridine, 2-2'-bipyridyl. 
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8-Hydroxy quinoline. The complexes were characterized usual methods. 

It has been suggested that the complexes of Zr(IV) and V(IV) have 

octahedral structures respectively. 

1.8 Reason to choose the Project 

The creation of powerful new materials for innovative applications is one 

of the big scientific and technical challenges of our days. This challenge 

can only be met by a multidisciplinary approach, in which, however, 

preparative Chemistry plays a fundamental role. It provides the 

compounds, which eventually will be shaped into new devices by 

materials material scientists. The design of the macroscopic properties of 

a material by the deliberate selection and tailoring of nanoscopic building 

blocks is a new approach in inorganic chemistry. One of the modem 

methods for preparing inorganic materials from molecular precursors is 

the sol-gel process. Not only has it allowed the preparation of known 

materials in a new way, but also materials with novel composition and 

properties. The aspects of designing inorganic materials, is becoming a 

realistic possibility.121 

Metal alkoxides serve as precursors for the formation of oxide networks 

via inorganic polymerization reactions. Oxide material of composition, 

are now accessible as ceramic powders and fibers, glasses, thin films, 

dyeing fabrics or coatings. Many oxides materials were prepared by sol

gel processing, starting from mixtures of hydrolysable compounds 

(alkoxides, carboxylates, etc.). The sol-gel materials developed by this 

approach, those composed of both organic and inorganic components 

(organic-inorganic hybrid materials) are particularly useful. 
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Organic molecules are embedded in an inorganic matrix. These materials 

are synthesized by carrying out the hydroxolysis and condensation of the 

inorganic compound. The advantage of hybrid materials is that no 

extensive modification of the starting compounds required. Various 

organic-inorganic hybrid polymers with interpenetrating organic and 

inorganic networks have been prepared, and organic molecules entrapped 

in the inorganic matrix without losing their chemical properties. 122 

The organic compounds containing carboxylic or dicarboxylic groups 

have both salt forming and coordinating properties. The resulting 

complexes are generally insoluble in polar solvents and soluble in non

polar solvents and hence are very important form analytical, industrial 

and pharmaceutical point of view. The derivatives of complexes hence 

proved to be important medicinal agents and have been suggested for the 

use in the treatment of arthritis, tuberculosis, convulsion and epilepsy. 

Dibasic acid and its esters have antiauxin activity. 123 Dezelic and Nikolin 

have prepared nicoline-phthalate-CuCh which has industrial 

properties.124 Metal salts of phthalic acid and its chlorinated derivatives 

containing long chain aliphatic amines give fungicidal protection of 

canvas duck77
• Metal ions co-ordinate with carboxylic acid groups also 

have antiseptic properties of films, fibers and fabrics. In the present 

investigation heterocyclic amines have been used in most of the cases as 

secondary ligands. It has great importance in biological and industrial 

fields. The human body contain as many as 81 out of 92 naturally 

occurring elements. 125 Most of these elements in trace levels which have 

also of great importance for human physiology indeed some of them are 

essential for life itself. 126 Such as complex compounds occur in nature, in 

blood (hemoglobin) which is an iron complex and functions as oxygen 

carrier of the blood stream. Similarly the green colors of the leaves are 
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due to a complex of magnesium with chlorophyll. Some elements also be 

toxic even in any concentration is above a certain level. From the 

nutritional point of view those essential elements, almost found in trace 

concentration levels pay an important role in biochemical processes. In 

addition to all benefits due to modem technology, the increasing 

industrial activity is introducing contaminants in food, water and air. 

The use of chemical products in agriculture and change in the diets of 

animals, have produced large change in food compositions. Some 

complexes are used as insecticides. 

1.9 Aim of the present work 

In view of the great importance of the metal complexes, as pointed out 

above, a program was undertaken to achieve following objectives: 

(a) Preparation and characterization of mixed ligand complexes of 

Zr(IV) and V(IV) metal ions with malic acid and some 

heterocyclic amines. 

(b) Synthesis and characterization of metal complexes of Zr(IV) 

with imides with amine bases. 

(c) Studies on the antibacterial activities of the prepared complexes. 

(d) Studies on the anti fungal activities of the prepared complexes. 

( e) Determination of Minimum Inhibition Concentration (MIC) of 

some of the biologically active compounds. 
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CHAPTER-2 
EXPERIMENTAL TECHNIQUES 

2.1 Introduction 

In this chapter, experimental techniques other then the methods of 

preparation of specific compounds will be discussed. The chapter thus 

includes: 

(i) The chemicals. 

(ii) Analytical techniques. 

(iii) Physical measurement. 

2.2 The chemicals. 

2.2.1 Chemicals / Reagents used and their specifications: 

Neme of the 
Molecular Formula 

No. chemicals/ Suppliers Purity 
formula weight 

Reagents 

1. 
Zirconyl (IV) 

ZrOCl2 322.25 BDH (England) 97% 
Chloride 

2. Vanadyl Sulphate VOSO4.2H2O 253 BDH (England) 97% 

3. Oxalic acid H2C2O4 126.07 BDH (England) 97% 

4; Malic acid C4H60s 134.09 BDH (England) 99% 

5. Methanoic acid H2CO2 46 BDH (England) 98% 

6. Ethanoic acid H4C2O2 60.05 BDH (England) 98% 

7. Propanoic acid H6C3O2 74.08 BDH (England) 97% 

8. Quinoline C9H1N 129.16 BDH (England) Pure 

9. ISO-Quinoline C9H1N 12.916 BDH (England) Pure 
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2.3. Analytical techniques 

2.3.1 Analysis for carbon, hydrogen and nitrogen 

Analysis for the complexes of carbon, hydrogen and nitrogen were 

carried out Microanalytical Services at the University of St. Andrews, 

Scotland and by Regional Sophisticated instrumentation center, Central 

Drug Research Institute, Lucknow, India. 

2.3.2 Determination of Vanadium 

A definite amount of sample (0.2-0.3g) was decomposed with 

concentrated HN03 and the residue was dissolved in water. Ammonium 

hydroxide was added to this solution to precipitate the hydrous oxide of 

the metal which was filtered off, washed and ignited to constant weight 

and then weighed as V20 5
127 

2.3.3 Determination of Zirconium 

A known weight of the complex (0.2-0.3g) was ignited in air until a 

constant weight was attained and then weighed as metal oxide. 128
•
129 

2.4 Physical Measurements 

2.4.1 Weighing 

The weighing operation was performed on a METTLER PM200 

electronic balance. 

2.4.2. Conductivity 

Conductivities were measured at room temperature in suitable solvents 

using a WPA CM35 conductivity meter on a SCHOOTT CG857 
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electronic conductometer and a dip-type cell (WP A) with platinized 

electrodes. Normally Sx 10-4M solutions of the complexes were used for 

this purpose. The cell was calibrated with 0. 1 N and 0.001N aqueous 

potassium chloride solutions and it had a cell constant of 0.986 cm-1
• 

2.4.3 Infrared spectra 

Infrared spectra were recorded on a Genesis series FTIRTM 9423-240-

08061 infrared spectrophotometer as KBr pellets in the region 4000-400 

cm-1 and as Nujol mulls sandwiched between Csl plates in the reign 400-

200 cm-1 polystyrene standards were used to calibrate the spectra. 

2.4.4 Electronic spectra 

Electronic absorption spectra were run on a LKB Ultrospec K-4053 

spectrophotometer. The spectra of cobalt (II) and nickel (II) complexes 

were obtained with a Shimadzu UV-visible recording spectrophotometer 

(Model-160). Solution spectra at room temperature were obtained in 1 

cm cell. Solid state spectra were recorded as Nujol mulls on filter 

paper.130 

The compounds were ground in the mulling agent until a fine particle size 

was obtained. The. mulls were then taken on the filter paper strips and 

placed in the cells to obtain the spectra. 

The visible and UV spectroscopy is a simple but powerful tool which gives 

information on the geometric of the complexes. In a typical transition by 

metal complexes, the observed spectrum in general consists of a series of d

d bands which are in the visible region and depends on the donor atom of 

the ligand and on the metal ion. 
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2.4.5 Magnetic measurement: 

From the measurements of magnetic moment, one can find the number of 

unpaired electrons present in the possible configuration. If a substance is 

placed in field of intensity H gauss than B, the magnetic induction of the 

field within the substance is given by 

B =H+4nI 

Where, I = Intensity of magnetization induced by the field. 1/H is called 

the volume susceptibility of the substance and is given the symbol Xv• In 

the most cases, a more useful quantity is the magnetic susceptibility per 

unit mass or mass susceptibility, Xg, equal to xJd, where d is the density 

of the substance in gm/cm3
• It is convenient to regard Xv as dimensionless 

and Xg as having the dimensions of reciprocal density. The molar 

susceptibility, XM is Xg x the molecular formula weight of the substance. 

For the compounds containing paramagnetic ions, diamagnetic 

corrections are made to get XM (corr). For paramagnetic metal ions, it is 

customary to obtain effective magnetic, moments, µeff, in Bohr magneton 

(B.M) calculated from 
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R Reading obtained for tubes plus sample 

Ro= The empty tube reading (normally, -vc) 

1 = Sample length ( cm) and m= Sample mass (gm) 

Calibration of the balance 

28 

The magnetic susceptibility balance (M.S.H) must be calibrated before 

the use of the balance. 

The balance is to be used mainly for solid sample, than a solid calibrant 

[preferable I {HgCo(SCN)4}] was used. 131 The constancy of the 

calibration as checked using a sealed-off sample of Mn Ch solution. 

Procedure: 

1. The zero knob of magnetic susceptibility balance was turned until 

numerical display showed zero and calibration sample. 

HgCo(SCN) was inserted into sample holder, It was then allowed 

to settle to give the numerical display. 

2. Reading was recorded and calibration constant was calculated from 

the formulae: 

Caal= Ctubd (R-Ro) 

= (1766.842) / [830-(- 1 7)] 

= 2.086 .. . ................................................ (ii) 

From (i) (ii) we get 

xg= 2.086 x 1 x (R-Ro)/ 109 x m ......................... (iii) 
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Operation of the balance: 

1. The range knob was turned to the XI scale and was allowed to 

warm for 10 minutes before use. 

2. The zero knob was adjusted until the display reads 000. The zero 

was adjusted on each side. 

3. An empty sample tube of known weight was placed into the tube 

guide and was taken the reading. Ro. 

4. Te sample was packed and noted the sample mass m in grams and 

the sample length, 1 in cm. 

5. The packed sample tube was placed into the tube guide and as 

taken the reading, R. 

The mass susceptibility, Xg was calculated using. 

Xg = 2.086 x 1 x (R-R0 )/ 109 xm 

The temperature was recorded from a thermometer situated in the balance 

Diamagnetic corrections were made using pscal's constraints. 

Table-2 

Pascal's constraints for elements (Xl0-6)132 

H -2.93 

C -6.00 

N ( open chain), -5.55 

s -15.0 

p -140.0 

0 -4.6 

CNS 36.0 

CN 18 
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2.4.7. Melting point 

An electro thermal Melting point Apparatus was used for the 

determination of melting or decomposition point. 

2.4.8. Molecular weight 

The molecular weight of some of the complexes were determined in 

nitrobenzene (Kr = 8. 1) by the cryoscopy method using a Beckmann 

Apparatus. 

2.4.9. Thin layer chromatography (TLC) 

Thin layer chromatography provides a means of separation, purification 

and identification of a mixture of compounds. This technique involves an 

absorbent (usually silica gel) as a stationary phase and a solvent or 

solvent mixture as the mobile phase. Due to the differences in mobility of 

the components, they are separated from each other by the solvent. 

TLC Plates 

The cleaned grease free glass plates (20 cm x 5 cm) are washed with 

water followed by acetone and dried in an electrical oven. The plates 

were then placed on a frame (Quick -fit, England) and the spreader was 

placed in position. A suspension of silica gel (25g in 55cm3 distilled 

water) was transferred to the spreader, set with appropriate thickness and 

the spreader was drawn across the plates. A uniform layer of absorbent 

was obtained. The glass plates thus coated with silica gel (E. Merck, TLC 

grade) were allowed to stay in position at room temperature until the 

surface became completely dried. These plates were then kept for 2 hours 

in an oven at 60°C for activation and then these were ready for use. 
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Procedure 

The solutions of the components under investigation were spotted with 

glass capillaries to the TLC plates about 2 cm from the bottom. The plates 

were then placed downwards in a chromatographic tank so that the 

spotted marks remained above the solvent surface. The tank contained the 

developing solvent or solvent mixture. The plates were removed when the 

solvent front reached 1 .5 cm below the upper edge. The plates were than 

dried and the chromatograms were developed by putting them in an 

iodine chamber. 





CHAPTER-3 
SYNTHESIS AND CHARACTERIZATION OF MIXED 
LIGAND COMPLEXES OF ZIRCONIUM (IV) WITH 

OXALIC ACID AND AMINE BASES 

3.1 Introduction 

A very few references are available on the mixed ligand complexes of 

zirconium (IV) metal ions. Mixed ligand complexes using dibasic acids as 

primary and amines as secondary ligands have been prepared and 

characterized. Islam et al. 133
-
135 have prepared mixed ligand complexes of 

Zr (IV) with dibasic acid · with heterocyclic amines. Studies on the metal 

complexes of dibasic acid and heterocyclic amines have been carried out 

by several groups of workers but nothing is rep011ed on the mixed ligand 

complexes of Zr (IV) with oxalic acid and simple amines. 

Here we will mention the preparation and characterization of some new 

mixed ligand complexes of Zr (IV) and V (IV) with oxalic acid and amine 

bases, e.g, Quinoline, 8-Hydroxy Quinoline, Pyridine, 2-Amino-Pyridine, 

a-Picolin, 2,2' -Bipyridyl. 

The transition metal complexes play an important role in microbiological 

activity. These type of complexes have also shown microbiological 

activities which have been published other than my asking complexes. So 

we are also interested to work in this area. 
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3.2 Experimental 

3.2.1 Chemicals and reagent: 

As stated in Chapter-2 Page No-22 

3.2.2 Physical measurement: 

As described earlier in Chapter-2 Page No-24 

3.2.3 Preparation: 

General preparation of Zr (IV) Complexes: 

General method for preparation of [Zr(IV)(oxa)2L2] where oxa = 

oxalicacid, L= Quinoline, 8-Hydroxy Quinoline, Pyridine, 2- Amino 

pyridine, a -Picoline. 2,2' - Bipyridyl respectively. 

An ethanolic solution of Zirconyl chloride (0.001 mole) and oxalic acid 

(0.002 mol) were mixed in the calculated ratio with constant stirring but no 

precipite was observed. Then 25 ml of ethanolic solution ofL (0.002 mole) 

was added to the resulting mixture and heat on a magnetic regulator hot 

plate with constant stirring. Then 30ml of an aqueous solution of the KOH 

was added dropwise to the mixture of Complex [Zr (IV)(oxa)2(Q)2], 

[Zr(IV)( oxa)2 (2-Apy)2], 2K+[Zr(IV)( oxa)2(8-HQ)]2-, [Zr(IV) ( oxa)2(py)2], 

[Zr(IV)(oxa)2 (a-Pic)2], K+[zr (IV) (oxa)2 (2,2'-Bipy)]" with stirring. The 

volume of the solution was reduced by heating to half an hour and allowed 

to cool. The precipitate formed was filtered, washed several times with 

ethanol and dried in a desiccators over anhydrous calcium chloride 

(CaClz). 
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3.3 Results and Discussion: 

The Zirconium Complexes were obtained according to the following 

reactions: 

Where oxa=oxalic acid, L=Quinoline, 8-Hydroxy quinoline, pyridine, 

2-Amino pyridine. a-Picoline, 2,2' -Bipyridyl. 

3.3.1 Elemental analysis and conductivity measurement: 

Elemental analysis along with other data and their physical properties are 

presented in tables 3 .1 and 3 .2. The molar conductance were measured in 

N,N'-dimethyl formamide. The conductance value (Table 3.1) indicated 

that the complexes (1-6) were non-electrolytic in nature. 

3.3.2 Magnetic measurements: 

The observed values of effective magnetic moment · (µetr) at room 

temperature are given in table 3.1. The magnetic moment values of 

Zirconium (IV) Complexes are -0.239 to -0.421 B.M indicated that these 

complexes were diamagnetic in nature. 

3.3.3 Electronic spectra: 

The electronic spectral data (table 3.3) of the complexes 1-6 showed bands 

between 335-380 nm regions due to the charge transfer band only. 136 The 

UV-visible spectra of the complexes (2-4) are shown in Fig. (3.6-3.7). 
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3.3.4 IR Spectra: 

The Complexes display V(C=O) band at 1440-1480cm·1 and V(C-O) 

band at 1300-1357 cm·1, significantly lower than the value of free oxalic 

acid (1700-1440 cm-1
), which indicate that the co-ordination of oxalic acid 

through their carboxylate anions. Further the presence of M-O and M-N 

bonding is evident from the appearance of V (M-O) modes at 470-520 and 

V(M-N) modes at 400-415 cm·1 in the spectra of the complexes. In the 

complex-2 a broad band appears at 3230-3340 cm·1 in which V (NH2) band 

of the complex is probably hidden. 

The characteristic ring vibration of the heterocyclic amines in the range 

1400-1600 cm·1 generally show significant changes on Complexsation171 

but in our present complexes these band could not be distinguished 

because of overlapping with V(C=O) and V (C-O) stretching bands. The 

in plane and out-of-plane ring deformation modes of the heterocyclic 

amines observed at 520 and 720 cm·1 respectively. 

Major IR spectral data for the complexes are given in table 3.4. 





Table-3.2: Data of the elemental analysis of the complexes 

Molecular weigh Metal% Carbon% Nitrogen °/o 
Complex No Complexes Cal Found Cal Founcl Cal Founo Cal Found 

1 [Zr(IV) (oxa)2 Q2] 525.22 525.32 17.36 17.46 50.26 50.30 5.33 5.38 

2 K+[Zr(IV) (oxa)2 (2-Apy)r 455.22 455.29 21.45 21.49 39.50 39.58 13.16 13.26 

3 2K+[Zr(IV) (oxa)2 (8-HQ)2Y:· 473.22 473.33 19.22 19.27 50.71 50.79 5.91 5.97 

4 [Zr(IV) (oxa)2 (Py)2] 425.22 425.28 21.45 21.48 39.50 39.57 6.58 6.66 

5 [Zr(IV) (oxa)2(a-Pic)2 ] 453.22 453.27 20.12 20.22 42.36 42.41 6.17 6.25 

6 K+[Zr(IV) (oxa)2 (2,2'-Bipy)r 473.22 473.31 15.74 15.81 49.72 49.82 9.66 9.75 

Where: 
oxa = Oxalic acid 
Py = Pyridine 
Q = Quinoline 
2Apy = 2-Amino-pyridine 
8HQ = 8-Hydroxy quinoline 
a-Pie = a -Picoline 
2, 2'Bipy = 2, 2'-Bipyridyl 

Hydrogen% 

Cal Found 

2.66 2.75 

2.82 2.88 

3.80 3.87 

2.35 3.38 

3.09 3.15 

2.76 2.85 
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Table-3.3: Electronic spectral data of the complexes 

Complex No. Complexes 

1 [Zr(IV) (oxa)2 Q2] 

2 K+[Zr(IV) (oxa)2 (2-Apy)r 

3 2K+[Zr(IV) (oxa)2 (8-HQ)2t· 

4 [Zr(IV) (oxa)2 (Py)2] 

5 [Zr(IV) ( oxa)2 ( a - Pie ) 2 ] 

6 K+[Zr(IV) (oxa)2 (2,2'-Bipy)r 

Where: 

oxa 
Py 
Q 
2Apy 
8HQ 
a-Pie 
2, 2'Bipy 

= Oxalic acid 
= Pyridine 
= Quinoline 
= 2-Amino-pyridine 
= 8-Hydroxy quinoline 
= a -Picoline 
= 2, 2'-Bipyridyl 

'Amax(mn) 
345 

380 

335 

355 

345 

340 

Q 
{; 

! 
19 

vJ 
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Fig. 3.2: IR spectrum of [Zr(1V)(oxa)i(2-Apy)2] 
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3.3.5 Conclusion: 

From the above discussion the structure of zirconium (IV) Complexes 

are assignable to octahedral stereochemistry. On the basis of the 

above discussion the possible structure of the complex (2) are ·given 

in the figure (3 .6). Similarly the structure of other complexes may 

also be given. 

Fig-3.6: Possible structure of the Complex (2) [Zr(IV) (oxa)2 (2-Apy)] 
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CHAPTER-4 
PREPARATION AND CHARACTERIZATION OF TRANSITION 

METAL COMPLEXES OF ZIRCONIUM (VI) WITH MALIC 

ACID AND AMINE BASES 

4.1 Introduction: 

Some new mixed ligand complexes of Zirconium (IV) with orgaruc 

dibasic acids and heterocyclic amines have been prepared and 

characterized by Islam 137
-
141

• Agafonova and Ryazanov carried out the 

precipitation studies of some common bivalent metal ions. Malic acid has 

been used as a selective reagent for the amperometric determination of 

Zirconium (IV). Sharma et. a/. 142
-
146 determined the stability of mixed 

ligand complexes of V (IV), Th(IV) with malic acid. They have also 

studied the thermodynamic function of Mn(II), Cu(II) and Pb(II) 

complexes with malic acid. Mixed ligand complexes of Zr(IV) with malic 

acid arid heterocyclic amines have been prepared by Sharma and 

I 1 147-149 sam. 

With this additional information over the topic in continuation of the 

work we prepared some new mixed ligand complexes of Zr(IV) with 

malic acid and amine bases, e.g. Quinoline, 8-Hydroxy quinoline, iso

Quinoline, a-Picoline, 2,2'-Bipyridyl. 
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4.3.1 Elemental Analysis and Conductivity measurements: 

The analytical data and other physical, properties of the complexes are 

given in table 4.1. Zirconium Complexes were soluble in DMF and 

DMSO. The analytical data are in good agreement with the proposed, 

empirical formulae of the present complexes. Their structures have been 

confirmed by conductivity magnetic measurements and electronic 

spectral data. (Table-4.1) 

The molar conductance of 1 o-3M solutions of the complexes in DMSO 

were measured at 28°C. The molar conductance values indicate that all 

the complexes are non-electrolytic in nature. 

4.3.2 Magnetic measurements: 

The observed values of the effective magnetic moments of the complexes 

at room temperature are given in table 4.1. Zirconium(IV) complexes are 

1.71-1.78 B.M indicated that these complexes were diamagnetic in 

nature. 

4.3.3 Electronic Spectra: 

All the complexes of Zirconium were diamagnetic in nature which indicated 

no change in the oxidation state of the metal ions on complex formation. 

The spectra of the solution Zirconium (IV) complexes (1-5) Showed bands 

(330-360) nm region due to the charge transfer band only. The UV-visible 

spectra of the complexes ( 4-1) are shown in Fig. ( 6.4-6.5). 
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4.3.4 IR Spectra: 

The complexes display V(C=O) band at 1440-1460cm-1 and V(C=N) 

band at 1630-1670 cm-I. V(C-O) band at 1330-1350 cm-1, significantly 

lower than the value of free oxalic acid 1700-1440 cm-1 which indicate the 
' 

co-ordination of oxalic acid through their carboxylate anions. Further the 

presence of M-O bonding and M-N bonding is evident from the 

appearance of V (M-O) modes at 500-520 and V (M-N) modes at 400 -

420 cm-I in the spectra of the complexes180
• In the complex-I a broad 

band appears at 3370 cm-1 in which V(OH) band of the complex are 

probably hidden. 

The infrared spectrum of 8-Hydroxy quinoline shows V (OH) modes at~ 

3600 cm-I. The band is shifted to lower frequencies in the complex (1) at 

3370 cm-1, which indicate the coordination with hydroxy oxygen. The 

characteristic ring vibration of the 8-Hydroxy quinoline in the range 

1400-1600 cm-I was observed. 

The characteristic ring vibration of the heterocyclic amines in the range 

(1400-1600) cm-I generally show significant changes on Complexation 

but in our present complexes these bands could not be distinguished 

because of overlapping with V(C=O) and V (C-O) stretching bands. The 

in plane and out-of-plane ring deformation modes of the heterocyclic 

amines observed at 520 ~ 720 cm-1 respectively. 

Major IR spectral data for the complexes are given m table 4.4. 







Table-4.3: Electronic spectral data of the complexes 

Complex No. Complexes Amax(run) 
1 2K+[Zr(IV) (Mal)2 (8-HQ)2]

2
• 350 

2 [ Zr(IV) (Mal )2 ( Q)2] 345 

3 K+[Zr(IV) (Mal)2 (2,2'-Bipy)]" 340 

4 [Zr(IV) (Mal)2 (IQ)2] 360 

5 [Zr(IV) (Mal)2 ( a -Pic)2 ] 330 

Where: 
Mal = Malic acid 
Q = Quinoline 
8-HQ = 8-Hydroxy quinoline 
a-Pie = a -Picoline 
2,2' Bipy = 2,2'-Bipyridyl 
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4.4 Conclusion: 

From the above discussion the structure of zirconium (IV) Complexes are 

assignable to octahedral stereochemistry. On the basis of the above 

discussion the possible structure of the complex (2) are given in the figure 

( 4.5). Similarly the structure of other complexes may also be given. 

Fig. 4.5: Possible structure of the Complex-2 [Zr (IV) (Mal)2 Q2] 
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CHAPTER-5 
STUDIES ON THE TRANSITION METAL COMPLEXES OF 

ZIRCONIUM (IV) WITH ORGANIC ACIDS AND AMINE BASES 

5.1 Introduction: 

An exhaustive survey of the existing literature reveals that a very little 

has been done on the Zirconium (IV) Complexes with organic acids. 

Mixed ligand complexes of Zr(IV) ion containing some monodentate and 

multidentate organic ligands have been studied by Tarafder and 

co-workers.15° Further more Tarafder et.al.· 151 reported the existence of 

some mixed ligand complexes of Zr(IV). Amino acids have a great 

importance in biological and industrial field. Most of them are used as 

corrosion inhibitors and furthermore as an anti-bacterial, anti convulsive, 

anti fungal and anti-fouling agents. Islam et.al. 152 have studied anti

microbial activities of some mixed ligand complexes with organic acid 

and the study showed that the synthesized complexes were biologically 

active, although, some of them showed relatively lower activity. 

Persuaded by these concepts and present needs, we here in report the 

preparation, characterization and antimicrobial study of Zr(IV) complexes 

with organic acids and amino acids ( alanine and B-phenyl alanine) as 

secondary ligands. 





Chapter-5 llJ 67 

5.3.2 Magnetite measurements: 

The observed values of effective magnetic moment (µ.tr) at room 

temperature are given in table 5.1. The magnetic moment values of 

Zirconium (IV) Complexes indicated that these complexes were 

diamagnetic in nature. 

5.3.3 Electronic spectra: 

The electronic spectral data are given in table 5.3. Among the complexes 

1-6 showed bands between 330-370 nm regions due to the charge transfer 

band only. The UV-visible spectra of the complexes (1, 5) are shown in 

Fig. (5.7, 5.8). 

5.3.4 IR Spectra: 

As earlier described in Page No.-53 

Major IR spectral data for the complexes are given in table 5.4. 
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5.3.5 Conclusion: 

From the above discussion octahedral structure 1s assignable to the 

prepared Zirconium (IV) Complexes. 

Fig. 5.7: Possible structure of the Complex (1) IC[Zr (IV) (oxa)2 (ala))" 
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CHAPTER-6 
CHARACTERIZATION OF TRANSITION METAL COMPLEXES 

OF VANADIUM (IV) WITH ORGANIC ACIDS AND ALANINE 

6.1 Introduction: 

The interactions of vanadium (IV) with some organic acids have been 

studied by Kariya and co-workers 153
. Potentiometric154 studies of vanadyl 

(IV) complexes of oxalic acids have also been reported. Equilibrium 

studies of ternary complexes of vanadyl ion with some organic acid155-157 

have been carried out in solution. The most extensive studies have been 

carried out on vanadium (IV) complexes with amine bases.158-161 A very 

few references are also available on the mixed ligand complexes of 

vanadium (IV). 162
'
163 

Secondly, the amine bases have biological and industrial importance. The 

studies on the metal complexes of amine bases have been carried out by 

several group of workers, but nothing is reported on the mixed ligand 

complexes of vanadium (IV) acids with amines. 

Keeping these facts in view, we prepared some new mixed ligand 

complexes of vanadium (IV) with acids i.e., Methanoic acid, Ethanoic 

acid, propanoic acid, oxalic acid, malic acid and amines i.e., alanine and 

2,2'-bipyridyl (Bipy) as secondary ligands and characterized on the basis 

of usual methods as stated earlier. 
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6.3.2 Magnetic moments: 

The observed values of effective magnetic moment (µctr) at room 

temperature are given in table 6.1. The magnetic moment values of 

Vanadium (IV) Complexes are 0.731 to 0.319 B.M indicated that these 

complexes were diamagnetic in nature. 

6.3.3 Electronic spectra: 

The electronic spectral data are presented in table-6.3. The complexes 1-6 

showed bands between 340-430 nm regions due to the charge transfer 

band only. The UV-visible spectra of the complexes (1,2) are shown in 

Fig. (6.4-6.5). 

6.3.4 IR Spectra: 

As earlier described in Page No.-53 

Major IR spectral data for the complexes are given in table 6.4 
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6.4 Conclusion: 

From the above discussion the structure of vanadium (IV) Complexes are 

assignable to octahedral stereochemistry. On the basis of the above 

discussion the possible structure of the complex (5) is given in the figure 

(6.4). Similarly the structure of other complexes may also be given. 

Fig-6.4: Possible structure of the Complex (5) K+[V(IV) (oxa)2 (2,2' -Bipy)r 
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CHAPTER-7 

SYNTHESIS AND CHARACTERIZATION OF METAL 
COMPLEXES OF VANADIUM (IV) WITH ORGANIC 

ACID AND PHENYLALALINE 

7.1 Introduction: 

There are many reports on the transition metal malonate, oxalate and 

Phthalates with structural and magneto structural characterization. New 

mixed ligand complexes of Vanadium (IV) with organic acids and 

~-Phenyl alanine, amines have been prepared and characterized by 

Islam164
-
170

• Sharma et. al., 171
•
172 determined the stability of mixed ligand 

complexes of V (IV), with organic acid. Mixed ligand complexes of 

V(IV) with organic acid and amines have been prepared by Islam173
• 

With this additional information over the topic in continuation of the 

work. We prepared some new mixed ligand complexes of V(IV) with 

Malic acid, Oxalic acid, Methanoic acid, Ethanoic acid, propanoic acid 

and amine bases, e.g. ~-phenyl alanine. 
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DMSO. The analytical data are in good agreement with the proposed, 

empirical formulae of the present complexes. Their structures have been 

confirmed by conductivity, Magnetic measurements and electronic 

spectral data. 

The molar conductance of 1 o-3M Solutions of the complexes in DMSO 

were measured 28°C. The molar Conductance values indicate that all the 

complexes are non-electrolytic in nature. 

7.3.2 Magnetic measurements: 

The Observed values or the effective magnetic moments of the complexes 

at room temperature are given in table 7 .1 V anadium(IV) complexes were 

found to be diamagnetic in nature. 

7.3.3 Electronic Spectra: 

All the complexes of Vanadium were diamagnetic in nature which 

indicated no change in the oxidation state of the metal ions on complex 

formation. The Spectra of the solution of Vanadium (IV) complexes 

showed bands at (330-360) nm region due to the charge transfer only. 

The UV-visible spectra of the complexes (1,2) are shown in Fig. 

(7.1,7.2). 

7.3.4 IR spectra: 

As earlier described in Page No.-53 

Major IR spectral data for the complexes are given in table 7.4. 
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7 .4 Conclusion: 

From the above discussion the structure of Vanadium (IV) Complexes 

are assignable to octahedral geometry. On the basis of the above 

discussion the possible structure of the complex (2) is given in the figure 

(7 .1 ). Similarly the structure of other complexes may also be given. 

Fig. 7.1: Possible structure of the Complex (2) K+[V (IV) (oxa)i (~-Phala)r 


























































































































































