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I 

ABSTRACT 

The present research work is aimed at synthesis of newer multidentate Schiff base 

ligands and to devise appropriate synthetic strategy to access mononuclear and 

binuclear VO(IV) and Fe(III) complexes. Spectral characterization and investigation of 

magnetic, mesogenic, electrochemical, thermal and antimicrobial properties of 

synthesized compounds is the focal theme of the work undertaken for the present Ph.D. 

thesis. The structure optimization of few selected compounds by DFT method 

(Gaussian 03) is also carried out the in present research programme. The content of the 

thesis is distributed over six chapters followed by conclusions, references, figures and 

graphs. Each chapter is virtually complete in itself including references. 

The Chapter 1 portrays an introductory overview highlighting the significance and 

explaining the motive of undertaking the present work. 

Chapter 2 deals with review of literature. The current status vis-a-vis the historical 

developments in the field of metal-Schiff base complexes with special reference to 

iron(III) and vanadyl(IV) complexes have been highlighted in this chapter. 

Chapter 3 presents a description of experimental methods, chemicals and materials, 

and details of equipment used for physical measurements. 

Chapter 4 describes the synthetic route to various types of Schiff bases. An account of 

synthesis various types of Schiff base ligands with different denticity (di, tri and tetra) 

are included in this chapter. The strategy to functionalise the ligand with long alkoxy 

chain to create mesogenicity has been demonstrated in select cases. The ligands 

possessing N / O donor coordinating sites were primarily accessed from the 

condensation of salicyldehydes, diketones, benzoin, furfuraldehyde with different types 

of amines. 
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Chapter 5 describes the complexation of the Schiff base ligands with iron(III) and 

oxovanadium(IV). Different strategies adopted to devise synthesis of mono- and 

dinuclear compounds have been reported herein. Ligand exchange reactions with 

loosely coordinated solvent molecules to access newer mixed-ligand Schiff base 

complexes have been dealt with in this chapter. The complexes accessed are of the types 

[Fe(L)2(N03)2]N03 and [VO(L)2]S04.H20 (L=N, N donor bidentate Schiff bases 

obtained from condensation of benzil with p-anisidine or p-toludine) ; [FeLCl]2 and 

[VOL]2 (L=0, N, O donor tridentate Schiff bases obtained from condensation of 4-n-

alkoxy salicyldehyde with 2-aminophenol) ; [Fe(L)Cll2, [Fe(L)ClX], [Fe(L)(H20)2]2 

and [VOL]2.H20, Na[V02L] (L=0, N, O donor tridentate Schiff bases obtained from 

condensation of acetylacetone with 2-aminophenol and X=Im or PPh3) ; [Fe(L)Cl] and 

[VO(L)(H20)].H20 (L=0, N, O donor tridentate Schiff bases obtained from 

condensation of acetylacetone with 2-aminobenzoic acid) ; [FeL(acac)(EtOH)] (L=0, 

N, O donor tridentate Schiff bases obtained from condensation of 2-hydroxy-l-

napthaldehyde with 2-aminophenol or 2-aminobenzoic acid) ; [Fe(L)(H20)2]NC>3, 

[Fe(L)(H20)(N03)], [Fe(L9)(H20)2], A[Fe(L9)X2] (A=NH4, X=F, NCS; A=Na, 

X=N3), [Fe(L)X2JN03 (X=Im or Py) and [VO(L)].H20 (L=N202 donor tetradentate 

Schiff bases obtained from condensation of acetylacetone, 2-hydroxy-l-napthaldehyde 

and benzoin with ethylenediamine or or/Ao-phenylenediamine) ; [FeLCl2]Cl and 

[VOL]S04.H20 (L=tetraimine macrocyclic Schiff bases obtained from condensation of 

benzil with ethylenediamine or or/Zro-phenylenediamine) ; [Fe(L)(H20)2J(N03)3 and 

[VOL].SC>4.H20 (L= N202 donor neutral tetradentate Schiff bases obtained from 

condensation of furfuraldehyde with hydrazine). 

Chapter 6 of the thesis deals with results and discussion pertaining to the work. Herein, 

is described the characterization of the synthesized compounds using elemental 
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analysis, IR, UV-VIS, NMR and Mass spectroscopy. Single crystal XRD analysis of 

one of the ligands is also discussed in this chapter. Besides structural characterization, 

the mesogenic, electrochemical, thermal and magnetic behaviour of the compounds is 

described in this chapter. A description of the results of antimicrobial activity of some 

select compounds towards some microbial strains is included herein. Structure 

optimization and computation of geometrical parameters by DFT using GAUSSIAN 03 

package is also incorporated in this chapter. 

Conclusions provided at the end highlight the salient findings of the research work. 

Part of the work described in the thesis has been published or under communication (as 

detailed below) with the rest being processed for publication. 

Published / Accepted 
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CHAPTER - 1 

GENERAL INTRODUCTION 

1.1. Schiff base: Definition and concepts 

Compounds containing an azomethine (-CH=N-) group are known as Schiff bases. They 

are usually formed by condensation of primary amine with a carbonyl compound 

according to the following scheme. 

R2 R2 

C = 0 + H2N—R3 s- C=N—R3 + H20 
Ri R1 

Carbonyl Primary Schiff base 
compound amine 

where Ri, R2 and R3 may be an alkyl or aryl groups. Hugo Schiff described for the first 

time the condensation between an aldehyde and an amine leading to a Schiff base in the 

year 1864 [1] and hence the compounds are named after him. Schiff bases of aliphatic 

aldehydes are relatively unstable and readily polymerize [2-3] while those of aromatic 

aldehydes having an effective conjugation system, are more stable [4-5]. Schiff bases 



obtained from aromatic amines are known as anils. The mechanism of Schiff base 

formation is an acid catalysed nucleophilic addition of an amine to a carbonyl 

compound forming a hemiaminal, followed by dehydration to generate an imine. 

R, 
\ 
C 

/ 
=0 

?H H 

I < l 
R 2 — C N — R3 II 

R, H 

• OH 

R 2 — C — j - N — R3 

I U 
R, H 

Hemiaminal 

- H 2 0 

R? 

\ 

/ 

C = N R3 

Imine 

Condensation of amines with aldehydes and ketones find numerous applications that 

include preparative use, identification, detection and determination of aldehydes and 

ketones, purification of carbonyl compounds or amines or protection of these groups 

during complex or sensitive reactions. In chemistry, Schiff bases find versatile use [6-

8]; some serve as basic units in certain dyes, some exhibit liquid crystalinity whereas 

some are fluorescent. Schiff bases that have solvent dependent UV/V1S spectra 

(solvatochromicity) are suitable for NLO (non linear optical) active materials [9]. These 
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are also useful materials in solid phase extraction [10] and synthesis of ion selective 

electrodes for determination of anions in analytical samples [11-14]. They are also 

useful in enantioselective [15-16] and regioselective [17] ring opening of epoxides, 

enentioselective epoxidation of alkenes [18] and asymmetric oxidation of methyl phenyl 

sulphide [19]. 

1.2. Biological importance of Schiff bases 

Schiff bases play an important role in many biological processes involving amino acids 

and keto acids, including trans-amination, decarboxylation, condensation, P-elimination, 

and racimization, which may involve Schiff base intermediates [20]. A large number of 

enzymatic reactions are known that involve Schiff base intermediates. One of the most 

prevalent types of catalytic mechanism in biochemical processes involves condensation 

of primary amine in an enzyme, usually that of a lysine residue, with a carbonyl group 

of the substrate to form an imine or Schiff base. Schiff bases derived from pyridoxal 

(the active form of vitamin B(,) and amino acids are considered as very important 

ligands from biological point of view. Transition metal complexes of such ligands are 

important enzyme models. Many biologically important Schiff bases have been reported 

in literature possessing antibacterial [21, 22], antifungal [23-25] antimicrobial [26-29], 

anticonvulsant [30], anti-HIV [31], anti-inflammatory [32] and antitumor [33] activities. 

Certain polymeric Schiff bases are also reported to possess antitumor or activity [34]. 

The biosynthesis of porphyrin, for which glycine is a precursor, is another important 

pathway that involves the intermediate formation of Schiff base between keto group of 

one molecule of S-amino levulinic acid and e-amino group of lysine residue of an 

enzyme. Another important role of Schiff base is in transamination [35]. 

Transamination reactions are catalysed by a class enzyme called transaminases or 

aminotransferases. Transaminases are found in mitochondria and cytosal of eukaryotic 
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cells. All the transaminases appear to have same prosthetic group, i.e. pyridoxal 

phosphate, which is covalently attached to them via an imine or Schiff base linkage. 

Schiff bases formation is also involved in chemistry of vision, where the reaction occurs 

between the aldehyde function of 11-cis retinal and amino group of the protein (opsin) 

[36]. 

1.3. Schiff base transition metal complexes 

Schiff bases are generally bi, tri or polydentate ligands capable of forming very stable 

mononuclear, binuclear and polynuclear complexes with transition metals. Schiff base 

ligands are able to coordinate metals through imine nitrogen and another group, usually 

linked to the aldehyde. Modern chemists still prepare Schiff bases, and nowadays active 

and well-designed Schiff base ligands are considered "privileged ligands". In fact, 

Schiff bases are able to stabilize many different metals in various oxidation states, 

controlling the performance of metals in a large variety of useful catalytic 

transformations. Metal complexes of Schiff base have occupied a central place in 

development of coordination chemistry after the work of Jorgensen and Werner [37]. 

Schiff prepared complexes of metal salicyldehyde with primary amines [38]. 

Subsequently he prepared complexes from the condensates of urea and salicylddehyde 

[39]. Delepine prepared complexes by reacting metal acetates, salicyldehydes and a 

primary amine in alcohol and showed a 2:1 stoichiometry [40]. However, there was no 

comprehensive and systematic study until the preparative work of Pfeiffer and 

associates [41]. Pfeiffer and his co-workers prepared a series of complexes derived from 

Schiff bases of salicyldehyde and its substitution products [42]. The activity of trace 

metals in biological system is attained through the formation of complexes with 

different bio-ligands and the thermodynamic or kinetic properties of the complexes 

govern the mode of biological action. It is worthwhile to mention that the antitumor 
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activity of some Schiff bases has been attributed to their ability to chelate with trace 

transition metals [43, 44]. The coordination chemistry of Schiff bases as multidentate 

ligands gained importance because of their use as models in biological systems, in 

catalysis and in material chemistry. The presence of both nitrogen and oxygen donor 

atoms permits coordination with a wide range of transition and non-transition metals 

yielding stable and intensely coloured metal complexes, some of which have interesting 

physico-chemical [45, 46] and potentially beneficial chemotherapeutic properties [47-

52]. In the past two decades synthesis, structure and properties of Schiff base complexes 

have stimulated much interest for their noteworthy contributions in the field of 

photoluminescence, magnetism, molecular architecture, material science, corrosion 

inhibitors, sensor design and catalysis of many reactions like carbonylation, 

hydroformylation, reduction, oxidation, epoxidation and hydrolysis etc. [53-58]. The 

flexibility of disposition of different donor sites is the secret behind their successful 

performances in mimicking peculiar geometries around the metal centres, leading to 

very interesting spectroscopic properties with varied magnetic activities [59]. 

1.4. Coordination chemistry of iron-Schiff base complexes 

The common oxidation states of iron are +2 and +3. The relative stability of the two 

oxidation states in aqueous solution is defined by the standard electrode potential of 

+0.77 V for the Fe3+/Fe2+ couple. The chemistry of iron, including its importance in 

biology is closely associated with the ready interconversion of these two oxidation 

states and with the dependence of redox potential on the ligand environment. The 

versatility of the chemistry of iron is reflected by the variety of roles it plays in 

biological system where it is frequently found at the active centers involved in processes 

such as oxygen and electron transport in nitrogenase, many oxidases and in 

metalloenzymes such as hydrogenases and reductases. 



The Fe '" ion has a d5 electron configuration showing a high spin (S=5/2) in most of its 

complexes. However, there is a possibility of stabilization of low spin (S=l/2) ground 

states in strong octahedral field such as generated by CN ion and many bi or polydentate 

ligands containing unsaturated nitrogen. In addition, intermediate spin (S=3/2) states 

may also be produced in fields of lower symmetry. The commonest coordination 

number of iron is six but a range of other coordination numbers three, four, five, seven 

and eight are also established. 

Condensation reactions between carbonyl compounds and primary amines have 

provided one of the most important and widely studied class of chelating ligand which 

vary in denticity, flexibility, nature of the donor atoms and in electronic properties. A 

wide diversity in coordination geometries and magnetic behaviour has also been found. 

The bidentate [N, O] donor schiff bases like N-substituted salicylaldimines (1) form 

complexes of stoichiometry [Fe(L)2X] (2) where X=C1 or Br and L=ligand which have a 

high spin (S=5/2) monomeric five coordinated structures [60]. An X-ray investigation 

of the compound indicated a stereochemistry intermediate between trigonal bipyramidal 

and square pyramidal [61]. 

R 
N. 

/"vJt/ 
1 2 

The [ONO] donor tridentate dianionic ligand (L) of the type (3) form a five coordinated 

dimeric complexes of stoichiometry [Fe(L)Cl2]2 (4). The iron atom of the dimer are 

bridged by the alkoxide oxygens to form a four membered ring with the Fe-0 distances 

of 1.983 and 1.934 A and angles 75.9 and 104.1° at iron-oxygen, respectively. The 

geometry of the complex is distorted square pyramidal, the basal plane being made up 



of the donors of tridentate ligand and the bridging alkoxide oxygen with the chlorine 

atom in apical position. The magnetic behaviour of the complex accords with the 

occurrence of antiferromagnetic super exchange interaction mediated by the dialkoxy 

bridge. The u«ff having a reduced value of 4.52 B.M. at room temperature and falling 

further to 2.37 B.M. at liquid nitrogen temperature. 

CI 
y=N OH 

Q-OH 
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Condensations of two equivalent of salicyldehyde with a diprimary amine, commonly 

1,2-diaminoethane (en), provide a convenient route to [N2O2] donor tetradentate Schiff 

base ligands of the type (5). Complexation with iron(III) yields monomeric form (6) and 

dimeric form (7) depending upon the methods of preparation or isolation [62]. 

CI 

The monomeric form is obtained from recrystallisation of the dimeric form from 

nitromethane, containing a molecule of solvent in the lattice and has a square pyramidal 

geometry with the metal atom sitting about 0.46 A above the plane defined by the N2O2 

donor set of the tetradentate ligand, in the direction of the apical chlorine atom [63]. In 

the dimer, isolated from acetone solution, two molecules of monomer each share one 
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oxygen atom from each ligand to give an overall octahedral environment for each metal 

atom [64]. 

The monomers have magnetic moments at room temperature close to the spin only 

value of 5.92 B.M. and obey the Curie-Weiss law with small Weiss constant. The 

dimers, on the other hand, have subnormal room temperature moments which reduced 

further on lowering the temperature, thereby describing the antiferromagnetic 

superexchange interaction between the pair of iron atoms. 

Spin-crossover phenomenon has also been encountered in several examples of iron(lll) 

complexes with tridentate and hexadentate Schiff base ligands. 

Feni(t2g
5) = = ^ Fein(t2g

3eg
2) 

These complexes may be high spin or low spin depending on nature and position of 

substituents, counterions, lattice solvents and even geometrical isomerism. 

Iron(III) complexes of tetradentate macrocyclic Schiff base ligands having N4 donor set 

are generally five coordinated or six coordinated having square pyramidal or nearly 

octahedral geometry. These complexes may be high spin (S=5/2), intermediate spin 

(S=3/2) or low spin (S=l/2) depending upon nature of the macrocyclic ligand i.e. size 

and degree of unsaturation and on the number of the axial ligands. 

Mixed ligand Fe(II)-bis-Schiff base complexes (10 and 11) of tetradentate ligand bis(o-

vanillin)-o-phenylenediimine (8) or bis(o-vanillin)-2,3-naphthalenediimine (9) and 

pyrazine are reported with their crystal structures and magnetic property. Compound 10 

shows a two-step spin cross over behavior while 11 shows high spin at all the 

temperature range measured [65]. 

The macrocyclic complexes of the type, [FeLCyCl [13] have been prepared by reacting 

iron(III) chloride with a novel Schiff base tetraimine macrocyclic ligand, (L): 5,6,11,12-



dibenzophenone-2,3,8,9-tetraphenyl-1,4,7,10-tetraazacyclo-dodeca-1,3,7,9-tetraene 

(12). The ligand was obtained from [2+2] condensation between 3, 4-diamino 

benzophenone and benzil. 

/ \ 
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1.5. Coordination chemistry of vanadium-Schiff base complexes 

Vanadium may exhibit formal oxidation states from -3 to +5 with the exception of-2. 

Under ordinary conditions, the most stable states are +4 and +5. The coordination 

chemistry of vanadium is strongly influenced by the oxidizing/reducing properties of 

the metallic center, and the chemistry of vanadium ions in aqueous solution is limited to 

oxidation states +2, +3, +4 and +5. 

Vanadium easily switches between the oxidation states V and IV, which alongwith 111 

are the oxidation states of naturally occurring vanadium compounds. The redox 

potential at pH 7, for the couple H2V04" + 4H+ + e -* V02+ + 3H20 amounts to 

-0.341V and so, it is the range where vanadyl(V02+) is oxidized to vanadate under 

aerobic conditions, and vanadate is reduced to vanadyl by cellular components such as 

cysteine containing peptides (glutathione) and proteins, ascorbate, NADH and phenolic 

compounds [66]. The main species present under physiological aerobic conditions is the 

acid-base pair H2VO4' —* HVO42" + H+ (pKa 8.1) [67], Cationic Vv species such as 

V03+ or V02
+ are stable in solution around pH 7 only when coordinated to sufficiently 

strong ligands, which prevent precipitation of hydroxides. 

The +4 oxidation state is the most stable under ordinary conditions and the majority of 

the vanadium(IV) compounds contain V02+ unit (Vanadyl ion). It forms stable anionic, 

cationic, and neutral complexes with all type of ligands and has one coordination 

position occupied by the vanadyl oxygen. 

The complexes are typically square pyramidal (14) or bipyramidal (15) with the 

vanadyl oxygen apical and the vanadium atom lying above the plane defined by the 

equatorial ligands. Trigonal bipyramidal complexes (16) are also known. Many 

vanadium(V) compounds are known to exist as oxo complexes containing the V03+ or 
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\2+ the VO entity and the cis geometry in dioxo complexes has been confirmed by 

structure determinations. 

!_' 

H:- . . . . L 
A ^ ' 

^ V 
"A 
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14 

L' 

15 

L' 

16 

The V=0 stretching frequency is an important characteristics of oxovanadium(lV) 

complexes, generally observed at 985±50 cm"1. Ligands that increase the electron 

density reduce V-0 multiple bond character and hence the stretching frequency. For 

complexes VOL4
n±, v(V=o) falls in the order L=H20>NCS">CN">F". Reduction in V=0 

frequency from 950-1000 to 800-850 cm"1 indicate polymerization or VO—VO—VO 

interactions. 

Oxovanadium(IV) complexes with [N,0] donor bidentate Schiff bases derived from 

diamines and salicyldehydes (17) or P-diketones (18) normally have a monomeric 

structure with 1:1 stoichiometry having magnetic moment of 1.78 B.M. at 295 K and it 

obeys Curie-Weiss law over the range 95-295 K. 

C=N N = C 
/ \ / \ 

H /C—(CH 2 )n H 

17 
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With various types of tridentate Schiff bases having [N, O, O] donor set (19-22) the 

complexes are very often found to be dimeric. It is presumed that the dibasic character 

of the ligands forces the V02+ ion to dimerize (23-24) leading to anomalous magnetic 
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properties. The subnormal magnetic moment of the complexes decrease considerably as 

the temperature is lowered and this phenomenon is the characteristics of intramolecular 

antiferromagnetic exchange [68]. 

23 24 

The complex 23 on treatment with a strong chelating agent such as phen, the dimer is 

broken with the formation of a mononuclear mixed ligand complex [VO(SB)(phen)] 

[69]. The dimeric structure is also broken on treatment of the complex with pyridine; a 

monopyridine adduct forms which obeys the Curie-Weiss law with 8=2K and u<.fr = 1.75 

B.M [70]. 

Schiff bases derived from 2-hydroxynapthaldehyde and o-aminophenol and some 

substituted derivative also formed a subnormal dimeric V02+ complexes (24). Like 23, 
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treatment of the complex 24 with phen, the dimmer is broken and a mixed ligand 

complex is obtained. 

Several V02+ complexes were prepared with the ligand 20 and 21. High melting or 

decomposition temperature and insolubility in common noncoordinating solvents 

suggest a dimeric or polymeric nature. Vv=o occurs at 910-985 cm"1 for complexes of 20 

and at 900-910 cm'1 for those of 21; this argues against the presence of a V=0 V=0 

polymeric chain structure. The û ff values of the complexes were shown to be 

remarkably less than the spin only values and the magnetic moments decrease 

significantly as the temperature is lowered, suggesting antiferromagnetic exchange 

interaction of neighbouring VO ions. 

Oxovanadium(IV) complexes with Schiff bases 25 and 26 derived from alkyl 

aminoalcohols and salicyldehyde or o-hydroxyacetophenone (and substituted 

derivative) respectively, have been prepared by adding an alcoholic solution of Schiff 

base to alcoholic solution of vanadyl acetate. The compounds obtained have been 

formulated as [VOL]2 with structure 27. This structural feature is supported by 1R 

spectra and magnetic properties. They have subnormal (j.eff and the dependence of XMCOIT 

on temperature is characteristics of antiferromagnetic exchange. 

"Op 
H 

25 

The electronic spectra of such complexes with tridentate Schiff bases of the type (25-

26) generally exhibit three ligand field bands: (i) ca. 715-770, (ii) ca. 625 and (iii) ca. 

500-550 nm, assigned to d-d transitions according to the Vanquickenborne and Gray 

R' 
> V / 0 H OH 

Me 
/ 

26 27 
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McGlynn MO scheme [71]. Some of these bands are not well developed and this gave 

rise to ambiguity in their assignment. Mo band characteristics of V02+-V02+ interaction 

has been observed in complexes with these Schiff bases. 

Several V02+ complexes were prepared with Schiff bases 28 and 29 derived from 

dibenzoyl methane or pyrol-2-carboxaldehyde and several amines (taurine, anthranilic 

acids, P-alanine). These Schiff bases also behave as tridentate ligands and the 

complexes were formulated as [VO(SB)(H20)2] [72]. The monomeric structure was 

confirmed on the basis of u«ffand ebulliometric measurements in dioxane. 

28 

C=N R^JD 
H ^ ^ 

29 

Oxovvanadium(IV) complexes with tetradentate Schiff bases (30) obtained from the 

reaction of two moles of benzoyl hydrazide with acetylacetone was monomeric square 

pyramidal (31) with v(V=0) at 995 cm'1 and u*ff of 1.7 B.M [73]. 

P \ OH HO Ph Ph\-\fiAc-Ph 
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Mixed-ligand oxovanadium(IV) and oxovanadium(V) complexes with a tridentate 

dinegative ONO donor Schiff base ligand derived from acetylacetone and benzoyl 

hydrazine[viz.,4-(l-hydroxybenzylidenehydrazono)-2-penten-2-ol (H2L)] and bidentate 

NN [viz., 2,2'-bipyridine (bipy) and 1,10-phenanthroline (phen): complexes (32) and 
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(33), respectively] or 00 ) [viz., ethylene glycol (H2gol), salicylaldehyde (Hsal) and 

vanillin (Hvan): complexes (34-36), respectively] donor ligands have been prepared and 

characterized. The complexes with NN donor ligands are one electron paramagnetic, 

displaying axial EPR spectra and exhibiting two ligand-field transitions in the visible 

region, whereas the complexes with 0 0 donor ligands are diamagnetic and display only 

LMCT bands. The pentavalent complexes (35) and (36) exist in two isomeric forms 

[74]. 

H3C 

^ " ^ ^ Ph 

32 

HsC 

33 34 

Reaction of VOS04 with the tridentate ONO donor ligand derived from the 

condensation of acetylhydrazide with either 2-hydroxybenzaldehyde (H2L1) or 2-

hydroxyacetophenone (H2L
2) in an equimolar ratio in the presence of two equivalents of 

sodium acetate in aqueous-methanolic medium in air produces yellow 

dioxovanadium(V) complexes of the type, [Vv02(H
+-L)], (37) and (38) in good yield 

[75]. 

H,C o H3°v O 

CHO 
35 36 
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R Complex 

H 37 

R / N — C
x C H 3 38 

+H CH3 

Vanadyl complexes of N2O2 donor tetradentate Schiff base ligands, derived from 

aromatic aldehydes and aliphatic diamine (2, 2'-Dimethylpropanediamine) assumes a 

square pyramidal structure (39). The compound showed excellent selectivity for 

epoxidation of cyclooctene and good selectivity for styrene [76]. 

R R 

1.6. Goal 

Set in this backdrop and also based on review of literature (Chapter 2) pertaining to the 

chosen area of research it was thought worthwhile to undertake investigation on 

synthesis, physicochemical characterization, reactivity and antimicrobial activity of 

some Schiff base ligands of different denticity and their complexes of iron (II, III) and 

vanadyl (IV). 

Specifically the objectives of the present Ph.D. research are detailed as follows. 

(i) To synthesize low molecular mass mesogenic Schiff bases from simple 

amines and to study the effects of complexation on mesogenicity. 
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(ii) To design newer multidentate Schiff base ligands and to devise appropriate 

synthetic strategy to access mononuclear and binuclear VO(IV) and Fe(III) 

complexes, 

(iii) To synthesize and characterize mixed ligand Fe(III) complexes of Schiff 

bases, 

(iv) To synthesize and characterize macrocyclic Schiff bases derived from benzil 

and diamines and their complexes with iron(lll) and oxovanadium(IV). 

(v) To carry out ligand exchange reactions of the solvated complexes with 

neutral or anionic donor ligands to afford newer mixed ligand complexes, 

(vi) To investigate mesogenic, magnetic, electrochemical and thermal behaviour 

of the complexes, 

(vii) To explore antimicrobial activities of the selected synthesized compounds 

against various microbial strains, 

(viii) DFT studies on selected compounds to ascertain optimised geometry, single 

point energy and vibrational frequencies using GAUSSIAN 03 program. 
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CHAPTER-2 

REVIEW OF LITERATURE 

Schiff bases are versatile ligands for many transition metals. The field of Schiff base 

complexes was fast developing on account of the wide diversity of structures of the 

ligands and a little variation in the structure markedly affected the activity of the 

compounds. Metal-Schiff base complexes have continued to enjoy extensive interest 

owing to their synthetic proclivity, structural diversity and potential application in 

agriculture, industrial and pharmaceutical chemistry. 

A review article on metal complexes of Schiff base and p-ketoamines [77] discussed 

various approaches for synthesis of Schiff base complexes. 

2.1. Preparation of Schiff bases 

Condensation between aldehydes and amines is carried out in different reaction 

conditions and in different solvents to produce Schiff bases. The presence of 

dehydrating agents normally favours the formation of Schiff bases. 
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2.2. Complexation of Schiff bases: different routes 

Generally three synthetic procedures were employed for salicylaldimine complexes. 

(a) Reaction of metal ion and Schiff base in alcohol or aqueous-alcohol medium in 

presence of a base like acetate or hydroxide. 

(b) Reaction of primary amine with bis or tris(salicyldehyde) metal complex. 

(c) Template reactions: Reaction of salicyldehyde with an aqueous solution of 

tetrakisethylenediamine-u-dichloro nickel(II) chloride containing a few drops of 

pyridine results in the formation of Ni(sal)en in good yield. 

2.3. Application of Schiff bases and their metal complexes 

Schiff base and their metal complexes are used as catalyst in various biological systems, 

polymers and dyes, besides some uses as antifertility and enzymatic agents. 

2.3.1. Catalytic activities 

Aromatic Schiff bases or their metal complexes catalyze reactions like oxygenations 

[78], hydrolysis [79], electro-reduction [80] and decomposition [81]. Four coordinated 

cobalt(ll) Schiff base chelate complexes show catalytic activity in oxygenation of 

alkene [78]. Synthetic iron(II) Schiff base complex exhibits catalytic activity towards 

electro-reduction of oxygen [80]. Use of iron-Schiff base complexes in different 

catalytic reactions have been dealt with in some recent works [82]. Recent studies 

showed iron(lll) tridentate Schiff base complex as efficient catalyst for oxidation of 

sulfides to sulfoxides by urea hydrogen peroxide [83]. Similarly, [N2O2] donor Schiff 

base complexes of palladium(ll) have been used as catalyst for reduction of organic 

substrates under mild conditions [84]. Some metal complexes of a polymer bound 

Schiff base show catalytic activity on decomposition of hydrogen peroxide and 

oxidation of ascorbic acid. Copper(II) complexes of Schiff base ligands derived from 

2,2/-dimethyI propanediamine catalyze the oxidation of cyclooctene and styrene using 
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tert-butylhydroperoxide as oxidant in good yield [85]. The polymer anchored N, N'-bis 

(o-hydroxyacetophenone) ethylenediamine Schiff base complexes of Fe(IlI), Co(Il) and 

Ni(II) showed catalytic activity in oxidation of phenol [86]. Oxovanadium(V) complex 

of a tridentate Schiff base ligand derived from condensation of 1,2-propylenediamine 

and 2 -hydroxy-^-methoxy acetophenone was found to be an efficient catalyst for 

selective epoxidation of cyclooctene [87]. 

2.3.2 Antimicrobial activities 

Schiff base derived from furyl glyoxal and para-toludine [88] show antibacterial against 

Escherichia coli, Staphylococcus aureus, Bacillus subtilis and Proteus vulgaris. 

Complexes of thallium (I) with benzothiazolines show antimicrobial activity against 

pathogenic bacteria [89]. Tridentate Schiff bases and their metal complexes show 

antibacterial activities against E.coli, S. aureus, B. subtilis and B. pumpilis [90]. Isatin 

derived Schiff bases possess anti-HlV activity and antibacterial activity [92]. Schiff 

bases containing thiazole and cyclobutane ring show antimicrobial activity [93]. Schiff 

bases of pyrolidione, pyridine with ortho-phenylenediamine and their metal complexes 

show antibacterial activity [94]. N-chloro salicylidiene tauriene Schiff base and its 

copper, nickel complexes show antibacterial activities to Colibacillus and Pseudomonas 

aeriginosa [95]. Schiff base conjugates of p-amino salicylic acid enhance antimyco-

bacterium activity against Mycobacterium smegmatis and M. lovis BCG [95]. 

2.3.3. Antifungal activities 

Thiazole and benzothiazole Schiff bases posses effective antifungal activities [96]. 

Presence of methoxy, halogen and napthyl groups enhance fungicidal activity towards 

Curvularia [97]. Pyrandione Schiff bases show physiological activity against A. niger 

[97]. Some Schiff bases of quinazolinones show antifungal activity against Canadia 

albicans, Trichophytons rubrum, T. mentagmphytes, A. niger and Micosporum gypseum 
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[98]. Schiff bases and their metal complexes formed between furan and furylglycoxal 

with various amines show antifungal activity against Helminthosporium gramineum 

(causing stripe disease in barley), Syncephalostrum racemosus (causing fruit rot in 

tomato) and C. capsici (causing dieback diseases in chillies) [99]. Moreover, ligand 

hydrazine and carbothioamide and their metal complexes show antifungal activity 

against A. alternate and H. graminicum [99]. Tridentate Schiff bases and their metal 

complexes show biocidal activities [101]. Schiff base of salicyldehyde and O, O-

dimethyl thiophospharamide and their complexes with Cu(ll), Ni(ll) and Zn(ll) are 

effective chemicals to kill Tetranychus bimaculatus [102]. Transition metal complexes 

of Schiff base obtained from condensation of 4-aminoantipyrene and 2-aminobenzoic 

acid showed potent antibacterial activities against E. col}, P.-aeruginosa, S. pyrogones 

and canadia [103]. , r . - v " < '••• \ 

' ' - / A -v<#6 \ 
2.3.4 Antiviral activities \ /VVT . x . \ 

Schiff bases of gossypol show"fiigh antiviral activity [104]. Silver(I) complexes of 

glycine salicyldehyde Schiff bases gave effective results towards Cucumber mosaic 

virus [105]. Schiff bases of isoniazid also showed high levels of antitubercular activities 

against Mycobacterium tuberculosis [106]. 

2.3.5. Synergistic action on insectides 

Schiff base derived from sulfane thiadizole and salicylaldehyde or thiophene-2-

aldehydes and their complexes show toxicity against insects [107]. Fluorination on 

aldehyde part of the Schiff base enhances insectoacracicidal activity [108]. Schiff bases 

(thiadiazole derivatives with salicylaldehyde or vanillin) and their complexes with 

Mo(IV) show insecticidal activities against bollworm and cell survival rate of mung 

bean sproutsn [109]. 
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2.3.6. Plant growth regulator 

Schiff bases of esters and carboxylic acids show remarkable activities as plant growth 

hormone [110]. Schiff base of thiodiazole have good plant growth regulator activity 

towards auxin and cytokin [111]. 

2.3.7. Other therapeutic activities 

Several Schiff bases posses anti-inflammatory, allergic inhibitors reducing activity, 

radical scavenging, analgesic and anti oxidative action [112-114]. Thiazole derived 

Schiff bases show analgesic and anti inflammatory activity [115]. Schiff bases N, N'-(Z-

allylediene-l,3-diyl) bis amino acid methyl esters possess therapeutic actions for 

chronic pain and anti-inflamation [116]. Schiff bases of chitosan and carboxymethyl 

chitosan shows anti oxidant activity such as super oxide and hydroxyl scavenging [117]. 

Furan semicarbazone metal complexes exhibited significant anthelmintic and analgesic 

activities [118]. Hydroxy substituted Schiff bases obtained from corresponding aromatic 

aldehyde and aniline showed antioxidant effects against galvinoxyl radical and 

antiproleferative activities on human hepatoma HePG2 cells [119]. Iron(III) Schiff base 

complexes of arginine and lysine as netropsin mimics showing AT-selective DNA 

binding and photonuclease activity [120]. Oxovanadium(lV) complex of 2-(2-

hydroxybenzylidene amino) phenol having phenanthroline bases was found to show 

DNA photo cleavage activity in near IR light and significant visible light induced 

induced phytotoxicity in human cervical cancer HeLa cells [121]. Oxovanadium(lV) 

complex with symmetrical tetradentate Schiff base obtained from the condensation of 2-

hydroxybenzophenone with ethylenediamine or diethylenetriamine significantly 

increase glucose uptake when compared to basal glucose uptake in transformed and 

sensitized C1C12 cells, but not at the same level of insulin [122]. 
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2.3.8. Antitumor and cytotoxic activities 

Salicylediene anthranilic acid possess antiulcer activity [123] and complexation with 

copper enhances the same [124]. Some Schiff bases and their metal complexes 

containing Cu, Ni, Zn and Co were synthesized from salicylaldehyde, 2,4-dihydroxy 

benzaldehyde, glycine and L-alanine possess anti tumor activity and the order of 

reactivity is Ni>Cu.Zn>Co [125]. Amino acid Schiff bases derived from aromatic and 

heterocyclic amine possess high activity against human tumor cell lines [126]. Schiff 

base of indole-2-carboxaldehyde show inhibitor activities to K B Cell lines [127]. 

Complexes of rare earth ions with o-phenanthroline and Schiff base salicyldehyde L-

phenylalanine could inhibit K562 tumor cells growth, generation and induce apoptosis 

[128]. 

2.3.9. Polymers 

Photochemical degdration of natural rubber yield amine terminated liquid natural rubber 

(ATNR) when carried out in solution, in presence of ethylenediamine [128]. ATNR on 

reaction with glyoxal yield poly Schiff base which improves ageing resistance [128]. 

Organocobalt complexes with tridentate Schiff base act as initiator of emulsion 

polymerization and copolymerization of dienyl and vinyl monomers [129]. Vanillin 

Schiff bases have been proved to be an efficient thermal stabilizers and co-stabilizers 

for rigid polyvinyl chloride (PVC) [130]. The stabilizing efficiency of vanillinis 

attributed to the replacement of labile chlorine atom on PVC chain by a relatively more 

stable moiety of the organic stabilizer. 

2.3.10. Dyes 

Azo groups containing metal complexes are used for dying cellulose polyester textiles 

[131]. Cobalt complex of a Schiff base (salicylaldehyde with diamine) has excellent 
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light resistance and storage ability and does not degrade even in acidic gases. 

Tetradentate Schiff base acts as a chromogenic reagent for determination of Ni in some 

natural food samples [132]. 

2.3.11. Antifertility and enzymatic activity 

Schiff bases of hydrazine carboxoamide and hydrazine and metal complexes of dioxo 

Mo(IV) and Mn(II) might alter reproductive physiology [133]. Schiff base linkage with 

pyridoxal 5-phosphate from lysine to alanine or histidine abolishes enzyme activity in 

protein [134]. 

2.4. Transition metal Schiff base complexes with particular reference to iron 

and vanadium 

Transition metal complexes of Schiff base are becoming increasingly important as 

biochemical, analytical and antimicrobial reagents. Use of Schiff Bases as Fluorimetric 

analytical reagent is reported [134]. A colorimetric anion sensor was developed using 

the Schiff base obtained from the condensation of salicyldehyde and 2-amino-4-

nitrophenol under micrpwave irradiation [135]. Binapthyl derived salicylidene Schiff 

base could be used as colorimetric naked eye and fluorescent chemosensor for detection 

of Cu2+ and Zn2+ ions [136]. Non-ionic Schiff base amphiphilies of p-aminobenzoic 

acid could serve as effective corrosion inhibitors for aluminium in acidic medium [137]. 

The design, synthesis and characterization of iron complexes with Schiff base ligand, 

however, play a relevant role in the coordination chemistry of iron due to their 

importance as synthetic models for the iron containing enzymes [138], oxidation 

catalysts [139-141] and bistable molecular materials based on temperature, pressure or 

light induced spin crossover behaviour [142]. Considerable attention has been devoted 

in recent years to the study of mixed-ligand complexes of transition metals containing 

nitrogen donor ligands [143, 144]. Their potential applications like separation materials, 
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catalysis precursors, potential models of the catalyse enzymes and their interesting 

structures has spurred extensive research in this field [145-148]. The mixed-ligand 

complexes containing N, O, and/or S donor atoms are important owing to their 

significant antifungal, antibacterial, and anticancer activity [149]. Schiff base metal 

complexes, prepared in situ or isolated as stable compounds are considered as simple 

and suitable candidate for catalytic application. Use of iron-Schiff base complexes in 

different catalytic reactions have been dealt with in some recent works [150-152]. Iron 

complex with a tridentate Schiff base, accessed in situ from [Fe(acac)3] has been shown 

to act as catalyst for enantioselective oxidation of sulfides to sulfoxides [153]. Synthesis 

of a mixed-ligand unsymmetrical tridentate Schiff base donor complex of iron(III), 

[FeL(acac)(C2H50H)] has recently been accomplished from the reaction of [Fe(acac)3] 

with the corresponding Schiff base and the performance of this complex in sulfide 

oxidation catalysis has also been assessed [154]. Reactions of [Fe(acac)3] with hydrogen 

halide (HX) to access newer mixed halo acctylacetonato iron(lll) complexes have also 

been documented [155]. Solvent molecules usually bound to metal acetylacetonates are 

readily exchanged with neutral N-donor molecules such as ammonia, pyridine, 

imidazole, etc. to yield complexes of interesting structural and chemical properties 

[156]. 

The coordination chemistry of vanadium has attracted considerable attention of 

bioinorganic and coordination chemists because of the discovery of enzymatic [157] 

and physiological activities [158] of its compounds. EXAFS measurements on a 

vanadium containing enzyme bromoperoxidase, obtained from the marine brown alga 

Ascophyllum nodosum suggest that the catalytically active center contains a 

mononuclear oxovanadium(V) species coordinated by six O/N atoms [159]. The 

potential catalytic ability of vanadium compounds has lead to an increasing interest in 
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vanadium coordination chemistry [160]. A variety of oxovanadium complexes with 

Schiff base have been shown to catalyze the oxidation of sulfides [161], alcohols [162] 

and alkenes [163-165] by several oxidant, such as dioxygen (O2), hydrogenperoxide 

(H202), and tert-butylhydroperoxide (TBHP). Further, oxovanadium (1V)-[N202] Schiff 

base complexes have been shown to exhibit insulin-mimetic activity [166]. 

[VO(acac)2] serves as a good precursor in the synthesis of Schiff base complexes and 

undergoes ligand exchange reactions where one or both acetylacetonato groups can 

easily be exchanged with organic ligands having coordinating atoms of different 

potentialities. Depending upon reaction conditions, solvents and ligands used the 

complexes may adopt [VO]2+, [VO]3+, [V02]+ or [V2C>3]4+ core with different structures. 

Other precursors such as the vanadate ion are only suitable for water soluble ligands 

and thus prevents its use in non-aqueous solvents while VOSO4 can be used in aqueous 

as well as non-aqueous medium [167, 168], VO(OEt)3 or VO(OiPr)3 requires their in 

situ generation and use under anhydrous condition in absolute alcohol [169, 170]. A 

review article by M.R. Maurya [171], rather exhaustively discussed the synthesis, 

structure, reactivity and coordination chemistry of oxovanadium(IV) and 

dioxovanadium(V) complexes developed through bis(acetylacetonato) 

oxovanadium(IV), [VO(acac)2]. 

2.5. Complexes of macrocyclic Schiff bases 

Macrocyclic Schiff base complexes are extensively studied from the viewpoint of 

molecular recognition, artificial catalyst and supramolecular structures [172] and there 

is continued interest in macrocyclic complexes because of their potential applications in 

fundamental and applied sciences [173] and importance in the area of coordination 

chemistry. Macrocyclic ligands form metal complexes, which in general are more stable 

than the complexes with analogous open chain ligands [174]. Such ligands have long 
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been employed as selective host for a wide variety of guest molecules and ions. The 

recognition of a metal ion by a macrocyclic ligand and modification of the properties of 

resulting complex is closely related to metal ion size compatibility with the ligand 

cavity. The high selectivity and strong coordination ability of the macrocyclic ligand 

towards transition metal ion have attracted considerable attention because of the wide 

range of applications as biomimmetic models for metalloprotiens [175] and 

metalloenzymes, as electron carriers in redox reactions [176], as dioxygen carriers 

[177], as ionophores in a number of biochemical processes [178], as antitumour drugs 

[179], as MRI contrast agents [180] and in radiopharmaceutical chemistry [181]. 

Condensation between dicarbonyl and diamine has played a vital role in the 

development of synthetic macrocyclic ligands, which have been proved to be a fruitful 

source of tetraazamacrocycles [182]. 

2.6. Synthetic importance of Schiff bases 

Besides potential applications in the field of catalysis and pharmaceuticals, Schiff bases 

have various synthetic uses in organic chemistry. Acylation of Schiff bases [183] by 

acid anhydrides, acid chlorides and acyl cyanide leads to net addition of the acylating 

agent to the carbon-nitrogen double bond. Reactions of this type have been put to good 

use in natural product synthesis. The base catalysed condensation of acetyl chlorides 

(bearing an electron withdrawing group and at least one hydrogen atom at the a-

position) with N-arylaldimines occurs by initial acylation at the nitrogen atom leading 

to formation p-lactum, which is of interest in penicillin chemistry (Scheme 2.1). 
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Alkoxides add to schiff bases giving corresponding a-alkoxy amino compounds. This 

type of addition provides the key step in an elegant 'one-pot' stereospecific synthesis of 

penicillin intermediates that can be further elaborated to new cephalosporin derivatives 

[184]. 

Reaction of Schiff bases with primary amines results in adducts which tends to 

decompose to a new imine and primary amine, the overall process corresponding to 

imine exchange [185]. The rate of imine exchange increases with increase in the 

basicity of primary amine. Iminium salts also readily add primary, secondary and 

tertiary amines with the formation of aminals (gem- diamino compounds) or their 

quarternary salts [186]. 

Schiff bases react in general with ethereal solutions of chloramines in few hours at room 

temperature to give moderate to high yields of diaziridines (Scheme 2.2). This formal 

cycloaddition reaction has wide scope and is applicable to a variety of Schiff bases 

derived from aldehydes and cyclic or acyclic ketones. Diazidine formation is believed to 

result from initial nucleophilic addition to the carbon-nitrogen double bond followed by 

eliminative ring closure. 

Scheme 2.2 

The addition of hydrogen cyanides to schiff bases occurs readily and provides a viable 

route to a-aminonitriles, which can in turn be used as the precursors for the synthesis of 

amino acids (Strecker synthesis) [187]. This reaction is usually carried out using 

anhydrous hydrogen cyanide in inert solvents such as ether or benzene. Now a days 
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trimethyl silyl cyanide has been recommended as a safer alternative to hydrogen 

cyanide in the Strecker synthesis. 

Schiff bases lacking hydrogen atom at the a-position to the carbon-nitrogen double 

bond react with Grignard or organolithium reagents analogously to carbonyl compounds 

forming adducts which on hydrolysis produce secondary amines in excellent yield 

(Scheme 2.3). Reactions occur best with arylaldimines and provided the general 

methods for the synthesis of secondary amines. 

\ Ri R3 R1 
\ _ N

 R4MgX \ / H 3 0 \ 
/ \ „ , . > C N llZZ. ^ C NHR3 

R a * 3 R2 R4 MgX(Li) R2 R4 

Scheme 2.3 

Schiff bases incapable of enolization (i.e. lacking a-hydrogen atoms) also reacts with 

Reformatsky reagents with stereospecific addition to the carbon-nitrogen double bond 

to give erythro-p-amino esters which can be isolated at low temperature (-10°C) but 

otherwise spontaneously cyclize, providing a useful synthetic route to P-lactams [188]. 

The carbon-nitrogen double bond of the Schiff bases like carbon-oxygen double bond, 

readily participates in condensation reaction of the Aldol type. Schiff bases in general, 

and N-substituted arylaldimines react readily with active methylene compounds under a 

variety of conditions to give adducts that leads to formation of corresponding alkenes 

(Scheme 2.4). 
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Reactions of anils with carbonyls stabilised sulphonium ylides also provide a useful 

method for the synthesis of P-aminoalkenyl carbonyl compounds [189]. These reactions 

involve initial nucleophilic addition followed by ring closure and subsequent ring 

opening of an aziridine intermediates. 

[1+2] cycloaddition reactions of carbenes and carbenoids to Schiff bases are well 

documented [190] and constitute the useful method for the synthesis of aziridines. In its 

simplest form this type of cycloaddition is exemplified by the reaction of 

benzylideneaniline with dichlorocarbene to give 2,2-dichloro-l,3-diphenylaziridine 

(Scheme 2.5). The technique of phase transfer catalysis has been successfully applied to 

such reactions and it has been demonstrated that dichlorocarbene is 1.65 times more 

reactive towards a carbon-nitrogen double bond than a comparable carbon-carbon 

double bond. 
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Cycloaddition of Schiff bases to ketenes is highly stereoselective [191] implying a 

concerted process. However, a two step mechanism involving a dipolar intermediate 

(Scheme 2.6) adequately accounts for the observed stereoselectivity and is strongly 

supported by mechanistic studies of P-lactum formation from Schiff bases and ketenes 

[192]. 

Schiff bases react readily with diazoalkanes in presence of catalytic amounts of 

methanol or water to afford A2-l,2,3-triazolines (Scheme 2.7). Electron withdrawing 
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groups on the Schiff base promote this cycloaddition while electron donating groups 

hinder it [193]. 
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The uncontrolled oxidation of Schiff base with peroxy acid results in cleavage of 

carbon-nitrogen double bond to give a carbonyl compound and a nitroso compound 

respectively [183]. On the other hand, oxidation using peroxy acid at low temperature 

affords an excellent synthetic route to oxaziridines (Scheme 2.8) [183, 194], 
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Peroxy acid oxidation of Schiff base (derived from primary amine and heterocyclic 

aldehyde) to an oxaziridine followed by base catalysed rearrangement has been shown 

to provide a model (Scheme 2.9) for the pyridoxal pyrophosphate mediated enzymatic 
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oxidative deamination of a-amino acids to pyruvic acids, which find analogy in the well 

known double bond transposition of allylic alcohols via oxiran intermediates [195]. 
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The oxidation of Schiff bases (simple anils) by lead tetra acetate (LTA) results 

formation of aldehyde, arylamine and the corresponding azobenzene derivative [196]. 

Formation of amine and the azobenzene derivative has been attributed to the 

involvement of a nitrene intermediate produced by ionic breakdown of an initially 

formed lead derivative. Schiff bases having a hydroxyl or an amino group at the ortho 

position of the N-aryl ring leads to formation of heterocycle upon LTA oxidation 

(Scheme 2.10) [197]. 
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Scheme 2.10 

The reactivity of carbon-nitrogen double bond towards a reducing agent is similar to 

that of a carbon-oxygen double bond. Reducing agents like sodium, sodium amalgam, 
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magnesium, aluminium in ethanol, zinc in acetic acid smoothly reduce Schiff bases to 

the corresponding amines [183]. Like carbon-oxygen double bond, the carbon-nitrogen 

double bonds of the Schiff bases are also readily hydrolysed by complex metal hydrides 

[198]. Thus lithium aluminium hydride in THF at room temperature reduces Schiff 

bases to secondary amines. Sodium borohydride is an equally effective reducing agent 

and is preferred over lithium aluminium hydride because of its inertness to a wider 

range of solvents and greater specificity. An even more effective reducing agent of this 

type is sodium cyanoborohydride (NaBhbCN). 

Schiff bases are readily reduced to amines by hydrogenation over nickel, platinum and 

chromium catalysts [183, 199]. Thus anils are reduced to secondary amines in 

essentially quantitative yield by hydrogenation over a platinum catalyst at 60°C. 

Asymmetric induction has also been observed in catalytic hydrogenation of schiff bases 

and leads to chiral amines in good yield [200]. A new method for the efficient 

conversion of Schiff bases into amines under mild conditions involve reduction with 

alkyl silanes in presence of transition metal catalysts such as PdCh, (Ph3P)3RhCl etc. 

[201]. 

A lot of current literature addresses rather exhaustively several aspects of metal-Schiff 

base complexes [202-208]. 
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CHAPTER 3 

EXPERIMENTAL 

3.1. Chemicals and materials 

1. 2,4-dihydroxybenzaldehyde, 2-hydroxy-1-napthaldehyde, 1-bromododecane and 

1-bromotetradecane were obtained from Aldrich Chemical Company and used 

without further purification. 

2. 2-aminophenol, 2-aminobenzoic acid, o-phenylenediamine and benzil were 

obtained from Qualigens fine chemicals, India and recrystallized before use. 

3. Acetylacetone and furfuraldehyde were purchased from E-Merck, India and 

distilled before use. 

4. Ethylenediamine, ammonium thiocyanate, sodium azide, ammonium bifluoride, 

triphenyl phosphine, imidazole, benzimidazole and pyridine is procured from 

Sd-fine chemicals and used as received. 
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5. p-Anisidine, p-toludine and benzoin were purchased from Fischer Scientific and 

recrystallised before use. 

6. Anhydrous ferric chloride (FeCh), hydrated ferric nitrate [Fe(N03)3.9H20] and 

vanadyl sulphate pentahydrate (VOSO4.5H2O) were obtained from S.D. fine 

chemicals and used as metal source for complexation with iron(III) and 

vanadyl(IV). Iron acetylacetonate [Fe(acac)3] and vanadyl acetylacetonate 

[VO(acac)2] were prepared following literature method [209] and also used for 

complexation with Schiff base ligands. 

7. Ethanol and methanol used as solvent were purified by standard process. 

8. Silica gel [(60-120 mesh) was used for chromatographic separation. Silica gel G 

[E-Merck (India)] was used for TLC. 

10. Micobial ATCC strains for Klebsiella pneumoniae, Staphylococcus aureus, 

Pseudomonas aeroginosa, Escherichia coli, Bacillus subtilis and Proteus 

vulgaris were obtained from the Biotechnology Department of Assam 

University and these were cultured on agar agar medium. 

3.2. Physical measurements and equipments used 

1. Elemental analysis 

Micro analytical (C, H, N) data were obtained with a Perkin-Elmer Model 240C 

elemental analyzer, from Central Drug Research Institute, Lucknow. 

2. FT-IR 

Infrared spectra of the ligands and complexes were recorded on a spectrum BX 

series FT-IR spectrophotometer / PERKIM ELMER spectrum RX1 

spectrophotometer by using KBr pellets in the region 400-4000 cm""'. 
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3. UV-VISIBLE 

Electronic spectra of the ligands and complexes (lCf4 M solution) were recorded 

on a Shimadzu 1601 PC UV-VIS spectrophotometer in 200-800 nm range. 

4. NMR 

The *H and l3C NMR spectra of the ligands were acquired from Bruker Advance 

300 MHz FT NMR Spectrometer using TMS as internal standard. 

5. Mass spectra 

Mass spectra were recorded on a ZQMS 4000 LC-MS spectrometer / JEOL SX-

102 Mass spectrometers with ESI / fast atom bombardment (FAB). 

6. Single crystal XRD study 

A light yellowish crystal of the Schiff base L9 was obtained when the methanolic 

solution was allowed to slowly evaporate for a few weeks. The X-ray data of the 

crystal was collected with a BRUKER SMART CCD diffractometer equipped 

with a normal focus, 2.4 KW sealed tube X-ray source with graphite 

monochromated Mo-Ka radiation (A = 0.71073 A) operating at 50 kV and 30 

mA at 295 K. 

7. Thermal microscopy and differential scanning calorimetry 

The textures of the mesophases were studied with NIKON ECLIPSE LV 100 

POLARIZING OPTICAL MICROSCOPE fitted with hot stage. The enthalpy 

changes associated with the phase transition were recorded on a PERKIN 

ELMER PYRIS 1 DIFFERENTIAL SCANNING CALORIMETR. 

8. Antimicrobial studies 

Selected compounds were screened for their invitro antimicrobial activities 

against various microbial strains viz. Klebsiella pneumoniae, Staphylococcus 

aureus, Pseudomonas aeroginosa, Escherichia coli, Bacillus subtilis and 
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Proteus vulgaris by Kirby-Bauer disc diffusion method using ethanol as 

solvent as well as control and tetracycline as standard drug. To obtain bacteria in 

the mid-logarithmic phase 100 ul of an overnight culture made in nutrient broth 

was added to 10 ml of nutrient broth and incubated for 5 hours at 37°C with 

orbital shaking for each strain. The strains were separately plated on nutrient 

agar media by pour plate method. The test samples were then dissolved in 

ethanol at a concentration of 50 ug/ml and adsorbed on the sterile paper discs. 

The discs were placed on the agar medium and the plates were incubated at 37 C 

for 24 hours. The resulting inhibition zones on the plates were measured after 24 

hours. The tests were carried out in triplicate and the results were expressed as 

mean. 

9. Electrochemical behavior 

Electrochemical behaviour of the representative compounds were studied by 

Cyclic Voltammetric technique at room temperature in acetonitrile for ca. 

IX 10"3 mol dm"3 using n-Bu4NC104 as supporting electrolyte under a dry N2 

atmosphere on a PC controlled CHI model 660C electrochemistry system. A Pt 

disk, a Pt wire auxiliary electrode and an aqueous saturated calomel electrode 

(SCE) were used in a three electrode configuration. 

10 .Thermal investigations 

T.G.A., D.T.G. and D.T.A. data were recorded on a PYRIS DIAMOND thermal 

analyzer under a dynamic flow of nitrogen (100 ml/min) and heating rate of 

10°C/min from ambient temperature to 1000°C. The number of decomposition 

steps was identified with d,t,g. 
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11. Magnetic susceptibility measurements 

Magnetic susceptibility of the complexes were measured at room temperature by 

employing a Lakeshore 7407 Vibrating Sample Magnetometer. The magnetization vs 

magnetic field were measured in the range -20000 to +20000 Gauss. 

12. DFT (Density Functional Theory) STUDIES 

Optimised geometry, single point energy and vibrational frequencies of the selected 

compounds were computed theoretically at B3LYP level by DFT method using 6-31G* 

basis set with the help of GAUSSIAN 03 program. 
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CHAPTER 4 

SYNTHESIS OF LIGANDS 

The general route for synthesis of Schiff base ligands involve condensation of aldehydic 

compounds with primary amines in presence of catalytic amounts of acetic acid. 

Variation in the structure of the aldehydic compounds and amines produce various 

kinds of Schiff bases that differ in their denticity, redox behaviour, catalytic ability etc. 

Depending upon the nature and substituent of the carbonyl compounds or amines, Schiff 

bases may be of bidentate, tridentate, tetradentate, pentadentate, hexadentate etc. Some 

of the Schiff bases may behave like a binucleating ligands. 

This chapter describes the synthetic route to various types of Schiff bases. The 

aldehydes or ketones used for synthesising the ligands: 

1. Benzil 

2. 2,4-dihydroxy benzaldehyde 

3. Acetylacetone 

4. 2-hydroxy-l-napthaldehyde 
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5. Benzoin 

6. Furfuraldehyde 

Primary amines used for preparation of Schiff bases are-

1. /?-anisidine 

2. p-toludine 

3. o-aminophenol 

4. o-aminobenzoic acid 

5. o-phenylenediamine 

6. ethylenediamine 

4.1 Synthesis of bidentate Schiff base ligands derived from Benzil (Li and L2). 

[N, N] donor bidentate Schiff base ligands were obtained from condensation of benzil 

and p-anisidine orp-toludine (Scheme 4.1) 

/?-anisidine (10 mmol, 1.23 g) or/7-toludine (10 mmol, 1.07 g) was dissolved in dry 

ethanol and then added to an ethanolic solution of benzil (5 mmol, 1.05 g) containing 

few drops of acetic acid and the mixture was refluxed for 4 hours. The solvent was then 

removed on rotary evaporator and the residue crystallized at room temperature. The 

yellow crystals so obtained were recrystallized from ethanol. Yield -75%. 

4.2 Synthesis of chiral mesogenic Schiff base ligands (L3 and L4). 

[ONO] donor tridentate mesogenic Schiff base ligands were prepared from 

condensation of 4-alkoxysalicyldehyde and 2-aminophenol. The methodology for the 

synthesis of the compounds are depicted in Scheme 4.2. 

Synthesis of 4-alkoxysalicyldehyde 

4-alkoxysalicyldehyde derivatives were prepared following the general methods 

reported in literature [210]. 2,4-Dihydroxybenzaldehyde (10 mmmol, 1.38g), KHCO3 

(10mmol, l.OOg), Kl (catalytic amount) and 1-Bromododecane (10 mmmol, 2.49g) or 
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+ H2N 

V^ 
Benzil 

\ / 
OCH 3 

p-anisidine 

\ / 
CH3 

/7-toludine 

0CH3 

OCH, 

Schiffbase(L,) 

Schiffbase(L2) 

Scheme 4.1 

1-Bromotetradecane (10 mmol, 2.77g) were mixed in 250 ml of dried acetone under a 

nitrogen atmosphere. The mixture was heated under reflux for 24 hours, then filtered 

while hot to remove insoluble solids. Dilute HC1 was then added to neutralize the warm 

solution, which was then extracted twice with chloroform (100 ml). The combined 

chloroform extracts were concentrated to give a purple solid. The solid was purified by 
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column chromatography eluting with a mixture of chloroform and hexane (V/V, 1/1). 

Evaporation of the solvents gave the product as a white solid. 

Synthesis of N-(2-hydroxyphenyl)-4-alkoxysalicylaldimine 

2-aminophenol (1.09 g, 10 mmol) in 10 ml of dried ethanol was added drop by drop to a 

warm solution of 4-dodecanoxy salicyldehyde (3.06 g, 10 mmol) or 4-tetradecanoxy 

salicyldehyde (3.34 g, 10 mmol) containing few drops of acetic acid. The reaction 

mixture was heated under reflux for 3 hours. The yellow product so obtained was 

collected and recrystallised from ethanol. Yield ~ 70%. 

A similar kind of Schiff base (L^ and L/) was prepared from condensation of aniline 

with 4-dodecanoxy salicyldehyde and 4-tetradecanoxy salicyldehyde in ~ 70% yield. 
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Scheme 4.2 
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4.3. Synthesis of [ONO] donor tridentate Schiff base Iigand. 

(a) Derived from acetylacetone and 2-aminophenol or 2-aminobenzoic acid (Ls and 

U). 

2-aminophenol (10 mmol, 1.09 g) or 2-aminobenzoic acid (10 mmmol, 1.37 g) 

was dissolved in dry ethanol and then added to an ethanolic solution of 

acetylacetone (10 mmol, 1.00 g) containing few drops of acetic acid and the 

mixture was refluxed for 4 hours. The solvent was then removed on rotary 

evaporator and the residue crystallized at room temperature. The yellow crystals 

so obtained were recrystallised from methanol (Scheme 4.3). Yield ~ 70%. 
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(b) Derived from 2-hydroxy-1-napthaldehyde and 2-aminophenol or 2-

aminobenzoic acid (Li and Lg). 

2-aminophenol (10 mmol, 1.09 g) or 2-aminobenzoic acid (10 mmol, 1.37 g) 

was dissolved in dry ethanol and then added to an ethanolic solution of 2-

hydroxy-1-napthaldehyde (10 mmol, 1.72 g) containing few drops of acetic acid 

and the mixture was refluxed for 4 hours. The solvent was then removed on 

rotary evaporator and the residue crystallized at room temperature. The orange 

(L7) or yellow (Ls) crystals so obtained were recrystallised from methanol 

(Scheme 4.4). Yield ~ 75% 
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2-Hydroxy- 1-napthaldehyde 2-Aminobenzoic acid Schiff base (L8) 

Scheme 4.4 
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4.4. Synthesis of [NNOO] donor tetradentate Schiff base ligand. 

(a) Derived from acetylacetone and ethylenediamine (L9). 

Tetradentate Schiff base ligand bis(acetylacetonato)ethylenediamine (L9) was 

obtained by the reaction of acetylacetone and ethylenediamine following the 

methods reported in literature [211]. Acetylacetone (20 mmol, 2.00 g) and 

ethylenediamine (10 mmol, 0.6 g) in 60 cm3 dry ethanol were refluxed for two 

hours in presence of few drops of acetic acid and cooled in a refrigerator. The 

resulting yellowish compound was precipitated, filtered and recrystallized from 

methanol (Scheme 4.5). Yield ~ 65%. 

H,c H3°v / \ /CH3 
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H2C CH2 
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H2N NH2 

-OH HO-

H X 

Acetylacetone 

HX CH; '3 

Ethylenediamine Schiff base (L9) 

Scheme 4.5 

(b) Derivedfrom furfur aldehyde and hydrazine (L10). 

Hydrazine hydrate (10 mmol, 0.50 g) was dissolved in dry ethanol and then added 

to an ethanolic solution of furfuraldehyde (20 mmol, 1.92 g) containing few drops 

of acetic acid and the mixture was refluxed for 4 hours. The solvent was then 

removed on rotary evaporator and the residue crystallized at room temperature. 

The yellow crystals so obtained were recrystallised from ethanol (Scheme 4.6). 

Yield ~ 70%. 
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Scheme 4.6 

(c) Derived from 2-hydroxy-l-napthaldehyde and o-phenylenediamine or 

ethylenediamine (Lu and L12). 

A solution of o-phenylenediamine (10 mmol, 1.08 g) or ethylenediamine (10 

mmol, 0.60 g) in dry ethanol is added to an ethanolic solution of 2-hydroxy-l-

napthaldehyde (20 mmol, 3.74 g) containing few drops of acetic acid and the 

mixture was refluxed for 4 hours. The solvent was then removed on rotary 

evaporator and the residue crystallized at room temperature. The orange (Lu) or 

yellow (L12) crystals so obtained were recrystallised from methanol (Scheme 

4.7). Yield ~ 70%. 

(d) Derived from benzoin and ethylenediamine or o-phenylenediamine (Lu and L14). 

A solution of o-phenylenediamine (10 mmol, 1.08 g) or ethylenediamine (10 

mmol, 0.60 g) in dry ethanol is added to an ethanolic solution of benzoin (20 

mmol, 4.24 g) containing few drops of acetic acid and the mixture was refluxed 

for 4 hours. The solvent was then removed on rotary evaporator and the residue 

crystallized at room temperature. The yellowish crystals so obtained were 

recrystallised from methanol (Scheme 4.8). Yield ~ 70%. 
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4.5. Synthesis of 12-membered tetraimine macrocyclic Schiff base ligand (Li5 and 

Ll6). 

Two tetraimine Schiff base macrocyclic ligands were prepared by the condensation 

of benzil and ethylenediamine or o-phenylenediamine in 1:1 molar ratio in 

methanolic medium as shown in Scheme 4.9. A methanolic solution (25 cm3) of 

ethylenediamine (10 mmol, 0.60 g) or o-phenylenediamine (10 mmol, 1.08 g) was 

slowly added to a solution of benzil (10 mmol, 2.10 g) dissolved in 25 cm3 of 

methanol with constant stirring in a 1:1 molar ratio. The solution was refluxed for 6 

hours. The reaction mixture was then cooled resulting in a yellow solid product. The 

product was filtered, washed several times with methanol, recrystallized and dried in 

vacuum. Yield -75%. 
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H2N NH2 

^ ^ V ^ V ^ 

Benzil Ethylenediamine Schiff base (Li5) 

^X 

X^ 
H,N NH, 

W >N 

Benzil o-phenylenediamine Schiff base (L^) 

Scheme 4.9 
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CHAPTER 5 

SYNTHESIS OF COMPLEXES 

This chapter describes the complexation of the Schiff base ligands with iron(II, III) and 

oxovanadium(lV, V). The general route for complexation involves reaction of the 

ligands with metal chloride, metal nitrate, metal sulphate and metal acetylacetonates. 

Complexation with iron was achieved using FeSC>4.7H20, anhydrous FeCb, hydrated 

Fe(N03)3 or [Fe(acac)3J as metal source while oxovanadium(IV) complexes were 

prepared using VO(acac)2 or VOSO4.5H2O. 

5.1. Complexation of bidentate Schiff base ligands 

5.1.1. Preparation of Fe(Ill) complexes, [Fe(L)2(N03)2]N03 (L=L, or L2; 1, 2) 

with bidentate Schiff base ligands Li and L2. 

The ligand, Li (1 mmol, 0.420 g) or L2 (1 mmol, 0.388 g) was dissolved in 

methanol (10 mL) and was added to a methanol solution (10 mL) of 

[Fe(NC>3)3].9H20 (1 mmol, 0.404 g) and the mixture was refluxed for 4 h. 

After cooling, a dark brown microcrystalline solid was collected, washed with 

cold absolute ethanol, recrystallised and then dried at air (Scheme 5.1.a). 

Yield ~ 60%. 
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5.1.2. Preparation of VO(IV) complexes, [VO(L)2]S04.H20 (L=Lj or L2; 3, 4) 

with bidentate Schiff base ligands Li and L2. 

A hot methanolic solution of VOSO4.5H2O (1 mmol, 0.253 g) was added to a 

solution of the ligand L\ (1 mmol, 0.420 g) or L2 (1 mmol, 0.388 g) in dry 

ethanol and refluxed for 1 hour. The precipitated green complexes were 

filtered off, washed with cold ethanol, recrystallized and dried in vacuo 

(Scheme 5.1 .b).Yield ~ 60%. 

OCH3 

+ Fe(N03)3.9H20 

OCH3 

Schiff base (L0 

MeOH 
Reflux, 4h 

OCH3 OCH3 —1 + 

OCH3 OCH3 

[Fe(L,)2(NOj)j!N03(l) 

NO, 

MeOH 
+ Fe(N03),9H20 - ^ -4h 

CH3 

Schiff base (L2) 

CH3 CH; 

^ N NO, N 

CH3 CH3 

[Fe(L2h(NOj)2IN03(2) 

NO-, 

Scheme 5.1.a 
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OCH, 

C MeOH 
| + VOS04.5H20 - r - r - * 
C„ Reflux, In 

OCH3 

Schiff base (L0 

OCH3 OCH3 

^ N \H/ N ^c 

OCH3 OCH3 

|V0(L,)21S04 .H20(3) 

2+ 

S04
2" H20 

r - MeOH 
u + VOS04.5H20 • ' 

Reflux, 1 h 

CH3 

Schiff base(L2) 

CH3 CH3 

CH3 CH3 

|VO(L2)2]S04 .H20(4) 

2+ 

S04
2" H20 

Scheme 5.1. b 

5.2. Complexation of tridentate Schiff base ligands 

5.2.1. Preparation of binuclear Fe(Ill) complexes, [FeLCl]2 (L=L3 or L4; 5, 6) 

with chiral mesogenic Schiff base ligands (L3 and L4). 

An ethanolic solution of anhydrous FeC^ (1 mmol, 0.162 g) was added to a 

solution of the ligand L3 (1 mmol, 0.397 g) or L4 (1 mmol, 0.425 g) and 

refluxed over water bath for 3 hours. The precipitated brown complexes 
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were filtered off, washed with cold ethanol, recrystallized and dried in 

vacuo (Scheme 5.2.a). Yield ~ 60%. 

OCnH2n+1 

FeCl, 

Schiffbase(L3), n=12 
Schiff base (L4), n=14 

H2n+lCnO 

,OCnH2n+I 

[Fe(L)Cl]2 (L=L3 or L4; 5, 6) 

Scheme 5.2.a 

5.2.2. Preparation of binuclear VO(IV) complexes, [VOL]2 (L=L3 or L4; 7, 8) 

with chiral mesogenic Schiff base ligands (Lj and L4). 

An ethanolic solution of vanadyl acetylacetonate (1 mmol, 0.263 g) was 

added to a solution of the ligand L3 (1 mmol, 0.397 g) or L4 (1 mmol, 0.425 

g) in ethanol and refluxed for 2 hours. The precipitated pale green 

complexes were filtered off, washed with cold ethanol, recrystallized and 

dried in vacuo (Scheme 5.2.b). Yield ~ 60%. 
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OC n H 2 n + 

OH 

Schiffbase(L3),n=12 
Schiffbase(L4),n=14 

VO(acac)2 

H2n+lCn° 

PCnH2n+l 

[VO(L)]2 (7, 8) 

Scheme 5.2.b 

*5.2.3. Preparation of binuclear Fe(III) complex, [Fe(L5)Cl]2 (9) with [ONO] donor 

tridentate Schiff base ligand (L5) 

An ethanolic solution of anhydrous FeC^ (1 mmol, 0.162 g) was added to a 

solution of the ligand L5 (1 mmol, 0.191 g) and refluxed for 3 hours. On 

standing overnight, the dark, black coloured complexes so precipitated was 

filtered off, washed with cold ethanol, recrystallized and dried in air 

(Scheme 5.2.c). Yield ~ 58%. 

' The work described in the section 5.2.3 and 5.2.4 is communicated to the 'Journal of 
Coordination Chemistry'. 
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5.2.4. Preparation of binuclear VO(IV) complex, [VOL5]2.H20 (10) with [ONO] 

donor tridentate Schiff base ligand (L5) 

A hot methanolic solution of VOSO4.5H2O (1 mmol, 0.253 g) was added to a 

solution of the ligand L5 (1 mmol, 0.191 g) in dry ethanol and refluxed for 2 

hours. The dark green complex so formed was filtered off, washed with cold 

ethanol, recrystallized and dried in vacuo (Scheme 5.2.d). Yield ~ 65%. 

H3C 

\ / \ ci 

/ + FeC.3 -™U ( \ / \ p \/ \ 
Reflux, 3h \ / I \ / \ 

) O I O M ( 
/ Cl \ / ^ 

H3C )— — \ CH3 

Schiffbase(L5) |Fe(L5)CI|2 (9) 

Scheme 5.2.c 

c u«.^ /. s |VOL-,)2.H20 (10) 
Schiff base (L5) • SK 2 \ / 

Scheme 5.2.d 

5.2.5. Synthesis of mixed ligand Fe(lII) complex, [Fe(L5)ClX] (X=PPh3, Im) (11, 

12) using [Fe(Ls)Cl]2 as starting material. 

To a solution of the complex [Fe(L5)Cl]2 in ethanol (0.1 mmol, 0.056 lg) 

was added an ethanolic solution of imidazole (0.2 mmol, 0.0138g) or 

triphenylphosphine (0.2 mmol, 0.0524g) dropwise with continuous stiring 
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and then gently refluxed for 2 hours. On standing overnight the brownish 

complexes so precipitated were filtered off, washed with cold ethanol, 

recrystallized and dried in air (Scheme 5.2.e). Yield ~ 50%. 

H3C 

H,C 

H,C 

F/ N 
H3C 

[Fe(L5)CI(PPh3)]2(ll) 
[Fe(L5)CI(Im)]2 (12) 

Scheme 5.2.e 

5.2.6. Synthesis of Fe(Il) complex, [Fe(L5)(H20)2]2 (13) with [ONO] donor 

tridentate Schiff base ligands (L5). 

An ethanolic solution of FeS04.7H20 (1 mmol, 0.278 g) was added to a 

solution of the ligand L5 (1 mmol, 0.191 g) and refluxed for 2 hours. The 

precipitated orange coloured complexes was filtered off, washed with cold 

ethanol, recrystallized and dried in air (Scheme 5.2.f). Yield ~ 50%. 

H3C 

H,C 

H,C 

/ + EtOH 
H FeS04.7H20 „ „ 
H l Reflux 

H,C 

Schiff base (L5) |Fe(L5)(H20)2h (13) 

Scheme 5.2.f 
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5.2.7. Synthesis of VO(V) complex, Na[V02L5] (14) with [ONO] donor tridentate 

Schiff base ligands (L5). 

Vanadium pentoxide (0.05 mmol, 0.091 g) was dissolved in minimum 

volume of aquous sodium hydroxide solution (pH~ 8) and then warmed in a 

water bath with an ethanolic solution of the ligand L5(l mmol, 0.191g). The 

green complexes so formed was filtered, washed with water-ethanol mixture 

and dried in air (Scheme 5.2.g). Yield ~ 55%. 

Schiff base L5 v205 + NaOH • Clear Solution • Na+ 

(pH~ 8) warmed 

Na|V02(L5)] (14) 

Scheme 5.2.g 

5.2. 8. Synthesis of Fe(III) complex, [Fe(L6)Cl] (15) with [ONO] donor tridentate 

Schiff base ligands (L6). 

An ethanolic solution of anhydrous FeCU (1 mmol, 0.162 g) was added to 

an ethanolic solution of the ligand L6 (1 mmol, 0.219 g) and refluxed for 3 

hours. On standing overnight, the dark brown complexes so precipitated was 

filtered off, washed with cold ethanol, recrystallized and dried in air 

(Scheme 5.2.h). Yield ~ 55%. 

5.2.9. Synthesis of VO(IV) complex, [VO(L6)(H20)].H20 (16) with [ONO] donor 

tridentate Schiff base ligands (L6). 

A hot methanolic solution of VOSO4.5H2O (1 mmol, 0.253 g) was added to 

a solution of the ligand L,6 (1 mmol, 0.219 g) in dry ethanol and refluxed for 

/ \ 

H,C 

H3C 
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3 hours. The precipitated green complex was filtered off, washed with cold 

ethanol, recrystallized and dried in vacuo (Scheme 5.2.i). Yield 50%. 

H,C. 

•o + FeC!3
 E , 0 H » 

Reflux, 3h 

H3C 

y — O C l 

Schiffbase(L6) |Fe(L6)Cll (15) 

Scheme 5.2.h 

H3C 

° + VOS04.5H20 
MeOH 

Reflux, 3li 

NN f }=0 .H20 

H3C 

y-o 

H3C 

Schiffbase(L6) |VO(L6)(H20)}. H20 (16) 

Scheme 5.2.i 

*5.2.10. Synthesis of Fe(IIl) complex, [FeL(acac)(EtOH)] (L=L7 or L8; 17, 18) 

with [ONO] donor tridentate Schiff base ligands (L^and Lg). 

The ligand, L7 (1 mmol, 0.263g) or Ls (1 mmol, 0.295g) was dissolved in 

absolute ethanol (10 mL) and was added to a ethanol solution (10 mL) of 

[Fe(acac)3] (Immol, 0.353g) and the mixture was gently refluxed for 4 h. 

After cooling, a dark brown microcrystalline solid was collected, and 

washed with cold absolute ethanol, recrystallised and then dried at air 

(Scheme 5.2.J). Yield: ~ 55%. 

* The work described in section 5.2.10 is communicated to the journal 'Inorganic Chemistry 
Communications'. 
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H3C 

|Fe(L7)(acac)(EtOH)| (17) 

|Fe(L8)(acac)(EtOH)] (18) 

Scheme 5.2.j 

5.3. Complexation of tetradentate Schiff base ligands 

5.3.1. Synthesis of mixed ligand Fe(III) complexes, [Fe(L)(H20)2]N03 (L=L9, 

Ln , Li2; 19-21 and [Fe(L)(H20)(N03)] (L=L,3, L,4; 22, 23) with [N202] 

donor tetradentate Schiff base ligands (L9, Ln, L12, Lnand L14). 

The ligand, LQ(5 mmol, 1.12g) or Ln(5 mmol, 2.08g) or L)2(5 mmol, 1.84g) 

or Ln(5 mmol, 2.24g) or Lu(5 mmol,2.48g) was dissolved in methanol (20 

mL) and was added to a methanol solution (20 mL) of [Fe(N03)3].9H20 (5 

mmol, 2.02g) and the mixture was stirred for 4 h. After cooling, a dark 

coloured microcrystalline solid was collected, washed with cold absolute 

ethanol, recrystallised and then dried in air (Scheme 5.3.a). 
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H,C / \ PH3 
=N N=( 

\ - OH HO- " 

H3C CH3 
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MeOH 
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 M e 0 H > 
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/ = \ HC=N N=CH / = \ M O H 
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Schiffbase(L12) 
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[Fe(L,2)(H20)2lN03 (21) 

NO, 

C=N N=C 
I I 

CH CH 

Schiffbase(L,3) 

* W 0 * 9 H >° 1 S T I Fe 
CH / | \ XCH 

[Fe(Ll3)(N03)(H20)l (22) 

'C=N N=C' 
I I 

CH CH 

// 1 ̂  H°' // \\ 

Schiff base(LI4) 

+ Fe(N03)3.9H20 MeOH 
Stirred, 4h 

Q Q O 
\ = t / OHX

2N=C
/ 

I Fe I 
CH y\ \ CH 

|Fe(L14)(N03)(H20)| (23) 

Scheme 5.3.a 
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5.3.2. Synthesis of mixed ligand Fe(III) complexes, A[Fe(L9)X2] (A=NH4, X=F, 

NCS; A=Na, X=N3) using [Fe(L9)(H20)2]N03 as starting material (Scheme 

5.3.b) 

(i)NH4[Fe(L9)(F)2] (24) 

The complex [Fe(L9)(H20)2]N03 (1 mmol, 0.377g) was dissolved in 10 ml of 

methanol and to this a methanolic solution (10 ml) of NH4F-HF (2mmol, 

0.114g) was added with continuous stirring and the mixture was stirred 

further for 3 h. On standing overnight the compound so precipitated was 

collected, washed with ethanol and then dried in open air. Yield ~ 50%. 

(ii) NH4[Fe(L9)(NCS)2J (25) 

A similar procedure as described in the synthesis of NH4[Fe(L9)(F)2] was 

followed with the difference that in stead of NH4F-HF, NH4SCN was added. 

Yield ~ 60%. 

(iii) Na[Fe(L9)(N3)2] (26) 

A similar procedure as described in the synthesis of NH4[Fe(L9)(F)2] was 

followed with the difference that in stead of NH4F-HF, NaN3 was added. 

Yield ~ 60%. 

5.3.3. Synthesis of mixed ligand Fe(III) complexes, [Fe(Li2)X2]N03 (X=Im or Py) 

using [Fe(Li2)(H20)2]N03 as starting material (Scheme 5.3.c) 

(i) [Fe(L,2)(Im)2]N03 (27) 

The complex [Fe(L12)(H20)2]N03 (1 mmol, 0.520g) was dissolved in 10 ml 

of methanol and to this a methanolic solution (10 ml) of imidazole (2mmol, 

0.136g) was added with continuous stirring and the mixture was refluxed 

* The work described in section 5.3.2. is accepted for publication in the 'Journal of 
Coordination Chemistry', 2010. 



further for 1 h. On standing overnight the reddish compound so precipitated 

was collected, washed with ethanol and then dried in open air. Yield 50%. 

(ii) [Fe(L12)(Py)2]N03 (28) 

A similar procedure as described in the section 5.3.3.(i) was followed with 

the difference that instead of imidazole, 2 mmol (0.158g) of pyridine was 

added. Yield 55%. 

H3C / y CH3 

i Fe /> 

H3C CH3 

[F^KHiO^lNOj 

^ F H F , NH4
+ 

Stirred, 2h 

—». Na 
,2h 

H3C / y CH3 

\ ' F ^ / 
) = N s l / N = \ 

i Fe > 

H3C CH3 

NH4[Fe(L,)(F)2] (24) 

H3C / y CH3 

i Fe a 

H3C CH3 

NH4[Fe(L9)(NCS)2] (25) 

H3C / y CH3 

(, Fe } 

H3C CH3 

NalFeCLjXNs)!! (26) 

NH4SCN + 
_ J *. NH4 Stirred, 2h 

NO, NH.S 

Stirred 

NaN, 

Stirred 

Scheme 5.3.b 
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H C = N ^ ' ^ N = C H 

|Fe(L12)(Iiii)2lN03] (27) 

NO, 
HC=NS 'j'y N=CH 

F f \ 

[Fe(L12)(Py)2|N03] (28) 

NO, 

Scheme 5.3.c 

5.3.4.Synthesis of VO(IV) complexes, [VO(L)].H20 (L=L9, L„-Li4; 29-33) with 

[N2O2] donor tetradentate Schiff base ligands (L9, Ln, L12, Li3and L14). 

A hot methanolic solution of VOS04.5H20 (1 mmol, 0.253 g) was added to a 

solution of the ligand L9O mmol, 0.224g) or Ln(l mmol, 0.416g) or L12O 

mmol, 0.368g) or Li3(l mmol, 0.448g) or L14(l mmol, 0.496g) in dry 

ethanol and refluxed for 3 hours. The precipitated green coloured complexes 

was filtered off, washed with cold ethanol, recrystallized and dried in vacuo 

(Scheme 5.3.d). Yield ~ 55%. 
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Scheme 5.3.d 
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5.4. Complexes of macrocyclic Schiff base ligands 

5.4.1. Synthesis of Fe(HI) complexes, [FeLCl2]Cl (L=L,S, L)6; 34, 35) with 12-

membered tetraimine macrocyclic Schiff base ligand (Lis and Li6). 

Equimolar amounts of FeCb anhydrous (1 mmol, 0.162g) in MeOH (25 

cm3) and the ligand, Lis (1 mmol, 0.468g) or L)6 (1 mmol, 0.564g) taken in 

MeOH (25 cm3) were reacted under refluxed conditions followed by stirring 

for ca.4 h. The reaction mixture thus obtained was continually evaporated 

leading to the isolation of wine red microcrystalline products. The product 

thus formed was filtered, washed several times with methanol and dried in 

vacuo (Scheme 5.4.a). Yield ~ 65%. 

| | + FeC!3 

Schiff base (L,5) 

^ ^ 

MeOH 

Reflux, 4h 

X 

I Fe( I CI 

[Fe(L15)CI2lCI (34) 

^S -̂ MeOH 

Schiff base (L,6) 

+ Fed , 
Reflux, 4h 

c \ J / I Fe 
/ \ •HS 

|Fe(L16)CI2]CI (35) 

CI 

Scheme 5.4.a 

5.4.2. Synthesis of VO(IV) complexes, [VOL]S04.H20 (L=Li5, L,6; 36, 37) with 

12-membered tetraimine macrocyclic Schiff base ligand (Lis and Li6). 

Equimolar amounts of VOS04.5H20 (1 mmol, 0.253g) in MeOH (25 cm3) 

and the ligand, L|5 (1 mmol, 0.468g) or L^ (1 mmol, 0.564g) taken in 

* The work described in the section 5.4 is communicated to 'Journal of Chemical Sciences'. 
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MeOH (25 cm3) were refluxed for 6 hours. The reaction mixture thus 

obtained was continually evaporated leading to the isolation of dark green 

complexes. The product thus formed was filtered, washed several times with 

methanol and dried in vacuo (scheme 5.4.b). Yield ~ 60%. 

- i+2 

Schiff base (L,5) 

+ VOS04.5H20 
MeOH 

Reflux, 6h 

^ V N N y ^ ^ MeOH 
I I + VOS04.5H20 

V ^ N < f ^ Reflux, 6h 

w 
Schiff base (L,6) 

Scheme 5.4.b 

CXJX 
^c v vc 

\_7 

|VO(LI5)]S04.H20(36) 

S04 .H20 

11 iJcsJO 

Q 
[VO(L16)]S04.H20 (37) 

+2 

S04
2 .H20 

*5.5. Complexation of [N202] donor neutral tetradentate Schiff base ligands. 

5.5.1. Synthesis of Fe(III) complex, [Fe(L,o)(H20)2](N03)3 (38) with tetradentate 

Schiff base Lio. 

To a solution of the Fe(N03)3.9H20 (1 mmol, 0.404 g) in ethanol was added 

an ethanolic solution of the ligand Lio (1 mmol, 0.110 g) and refluxed for 2 

h. On cooling the solution to room temperature the reddish compound so 

precipitated was filtered, washed with ethanol, recrystallised and dried in 

vacuo (Scheme 5.5.a). Yield 60%. 

* The work described tn the section 5.5.1 and 5.5.2 is published in AUJ Sci. Tech. 2010, 5, 81. 
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5.5.2. Synthesis of VO(IV) complex, [VOL,0].SO4.H2O with tetradentate Schiff 

base Lio. 

Hot methanolic solution of vanadyl sulphate pentahydrate (1 mmol, 0.253 g) 

was slowly added to a solution of the ligand Lio (1 mmol, 0.110 g) and 

refluxed for 2 h. The resulting solution was concentrated when green 

complexes precipitated out. The product was filtered, washed with cold 

ethanol, recrystallised and dried in vacuo (Scheme 5.5.b). Yield 55%. 

(N03)3 

Schiff base (L10) IFe(L10)(H2O)2l(NO3)3 (38) 

Scheme 5.5.a 

•Sy-v^x 
<^0 <S\ 

Schiff base (Lio) 

+ VOS04.5H20 

H. M—,N H 

S0 4 H 2 0 

|VO(L10)lSO4.H2O (39) 

Scheme 5.5.b 

5.6. Synthesis of Fe(II) complex, [Fe(L,9)(H20)2] with tetradentate Schiff base L9. 

An ethanolic solution of FeS04.7H20 (1 mmol, 0.278 g) was added to a solution 

of the ligand L9 (1 mmol, 0.224 g) and refluxed for 2 hours. The precipitated 

green complexes was filtered off, washed with cold ethanol, recrystallized and 

dried in air (Scheme 5.6). Yield 60%. 
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+ FeS0 4 . 7H 2 0 

H3C CH3 

Sch iff base (L9) 

H3C H20 CH3 

Fe(L9)(H20)2 (40) 

Scheme 5.6 
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CHAPTER 6 

RESULTS AND DISCUSSION 

This chapter provides an account of the synthesis, characterisation of the synthesised 

compounds and correlation of results. The characterisation are based on elemental 

analysis, IR, UV-VIS, 'H and 13C NMR, mass spectroscopic technique, single crystal X-

ray diffraction experiment. Magnetic susceptibility measurement, electrochemical 

behaviour, thermal microscopy, differential scanning calorimetry, thermogravimetric 

analysis, DFT computation and antimicrobial activity studies of the selected compounds 

are also incorporated herein. 

6.1. Synthesis 

Metal-Schiff base complexes since their discovery in 1840 [38] have continued to 

occupy a coveted position in the development of coordination chemistry. A large 

diversity of stable complex species has been synthesised containing both transition and 

non-transition metals and multifarious ligand systems. Direct reaction of metal ions 

with preformed Schiff base in the presence of added base such as acetate or hydroxide is 

a popularly employed synthetic technique. Reaction of amines with metal-aldehyde 

complexes, originally discovered by Schiff [38] also is considered as extremely 

convenient general preparative route. Extensive use of such synthetic method was made 
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by Pfeiffer [42]. Another approach to the synthesis of metal-Schiff base complexes is 

the template based reaction of metal-amines with aldehydes. Hydrolysis caused by 

traces of water from the organic solvents or other sources often complicate synthesis of 

Schiff base ligands or its complexes. The size of the metal ions, nature of substitient on 

the side aromatic ring, steric constraints, presence of other linking group such as azo or 

ester in the ligand, the type or number of donor sites greately imfluence the stability of 

metal-Schiff base complexes. In a way such variations also offer suitable scope for 

tuning physical properties of the complexes to achieve desired materials. 

6.2. Elemental analysis 

The analytical data for the ligand and complexes together with some physical properties 

are summarized in Table-1. The experimentally found percentages of C, H and N are 

consistent with those of calculated values based on the proposed formula of the 

compounds. 

6.3. IR spectra 

Structurally significant IR spectral data of the ligands and complexes (Appendix 1) are 

listed in Table-2. All the free ligands (L1-L16) showed bands resulting from azomethine 

(-CH=N-) stretching in the region 1600-1640 cm-1. Appearance of broad band in the 

range 3414-3447 cm-1 in all the ligands except Li, L2, L]0, L)5 and Ljg is attributed to 

O-H stretching. Characteristics C-0 stretching vibrations in these ligands appeared in 

the range 1215-1351 and 1143-1249 cm-1 owing to phenolic and alcoholic OH groups, 

respectively. The formation of tetraimine macrocyclic Schiff base ligand L15 and Li6 

was confirmed by the appearance of v(C=N) band at 1637 and 1610 cm-1, respectively. 

The ligand L10 also showed characteristics C=N stretching at ca 1640 cm-1. Further 

the absence of symmetric and asymmetric N-H stretching mode confirms 
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11 

condensation of both the NH2 group of hydrazine forming a neutral quadridentate N202 

donor Schiff base ligand. 

The bonding of the ligands to metals were investigated by comparing the IR spectra of 

complexes with those of the free ligands. The bands appearing in the free ligands due to 

azomethine linkage shifted to lower wave numbers on complexation, indicating the 

coordination of the azomethine nitrogen atom to the central metal ion [212, 213]. The 

broad band assigned to v(O-H) in the Schiff bases (L3-L9 and LH-LH), was absent in 

the spectra of complexes, indicating coordination of the ligand in the deprotonated 

form. Moreover, two weak bands in the low energy region (400-600 cm-1) assignable to 

v(M-N) and v(M-O) provide compelling evidence for the coordinated metal ion in the 

ligand framework [214, 215]. The oxo-vanadium(lV) complexes showed strong bands 

at ca 990 cm'1 attributed to the stretching vibration of the vanadyl (V=0) core [216]. 

The nature and position of the peak clearly suggest absence of any intermolecular 

V=0 V=0 interactions [216]. The presence of coordinated water molecules in the 

complexes 13, 16, 19-23, 38 and 40 was confirmed by the appearance of a broad band 

around 3360-3480 cm"1 for v(O-H) together with a weak band at ca 590-660 and 830-

940 cm-1 attributable to wagging and rocking modes of coordinated water, respectively 

[217]. However, the complexes 3, 4, 10, 29-33, 36-39 showed v(O-H) band assignable 

to lattice water. The nitrato complexes 1, 2, 22, 23 showed bands at ca 1440, 1320 and 

1030 cm-1 assignable to vNCV of unidentate O-bonded nitrato ligand [2.18]. Sharp band 

appearing at ca 1385 cm-1 in the complexes 1, 2, 19-21, 27, 28, 38 corresponds to 

vNO(asy) of free nitrate ion [218]. The complexes 3, 4, 36, 37 and 39 showed peak at ca 

1100 cm-1 that corresponds to vso free sulphate ion. A strong doublet band at 2049 and 

2073 cm"1 alongwith a medium intensity band at ca 770 cm-1 in the complex 25 

corresponds to v(C-N) and v(N-C-S) indicating the presence of terminally nitrogen 
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bound NCS" group [219]. The peaks at 2044 and 2066 cm'1 in the complex 26 are 

attributable to the characteristics vibration of azido group. Coordinated 

triphenylphosphine in the complex 11 is confirmed by the appearance of P-C stretching 

at 1120 cm-1. This is supported by strong out of plane ring vibration at 690 cm-1 and 

C-H out of plane bending vibration at 723 cm-1. Mixed ligand imidazole complexes 12 

and 27 showed characteristics C-H and N-H stretching at ca 3100 and 3400 cm-1 

alongwith ring vibrations of coordinated imidazole (sp2-N bonded) in the range 1600-

1300 cm"'. Two strong bands observed near 640 and 470 cm"1 in the complex 28 is 

attributable to in plane ring deformation and out of plane ring deformation of 

coordinated pyridine. Further characteristic ring vibration of coordinated pyridine is 

observed in the range 1600-1400 cm-1. The other absorption peaks corresponding to 

aromatic v(C-H) and v(C=C) vibrational modes appear at expected positions. 

6.4. Electronic spectra 

The electronic spectra of the ligands and complexes (Appendix 2) were obtained in 

dichloromethane solution and the most significant data are presented in Table-3. The 

spectra of all the ligands exhibited two bands between 231-261 and 306-368 nm 

assigned to %—*n* and n—*n* transitions, respectively, originating from (-C=N-) 

chromophore of the Schiff base. Further, the ligands L3, L4, L7, Ls and Lu showed an 

additional 71—»7i* transition in 274-288 nm region. The peaks at 350-376 and 404-453 

nm in the ligands Ln and Ln is also assignable to 71—+7t* and n—>7C* electronic 

transitions. The electronic spectra of iron(III) complexes 1, 2, 11, 12, 17-28, 34, 35 and 

38 showed bands in 482-517 nm that may be assigned to spin and parity forbidden 

6Aig—>4T2g transition and suggested distorted octahedral geometry around the Fe(IIl) 

ions. The complexes 5, 6 and 9, however, showed a very weak peak around 508 and 717 

nm and were tentatively assigned to d-d transition in a square pyramidal ligand field or 
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TABLE-3. Electronic spectral bands of ligands and their complexes 

Compounds 

Sch iff base (L0 

Schiff base (L2) 

Schiffbase(L3) 

Schiff base (L4) 

Schiff base (L5) 

Schiff base (L6) 

Schiff base (L7) 

Schiff base (L8) 

Schiff base (L9) 

Schiff base(Ljo) 

Schiff base(Ln) 

Bands 

(kmax, nm) 

337 

258 

341 

261 

360 

287 

257 

361 

288 

260 

312 

235 

341 

247 

340 

306 

274 

246 

340 

306 

277 

246 

317 

231 

337 
259 
454 
376 
322 
244 

Molar extinction 

coefficient 

(e, M ' W ) 
2730 

27990 

2050 

33250 

23170 

14200 

24550 

25400 

14800 

11232 

32320 

11460 

15300 

20060 

18880 

15700 

6100 

59400 

15600 

13300 

2800 

49600 

35240 

3600 

20300 
1800 

11320 
18700 
17820 
43580 

Assignments 

n—>7t* 

71 ^ 7 t * 

Tt—Tt* 

n—>7T* 

7C-+7I* 

n—>7C* 

7 t - + 7 t * 

n—>7t* 

7C-»7l* 

n^Ti* 

71-HI* 

n-^7t* 

n-^7t* 

7I-+71* 

n-+7t* 

n^Ti* 

71->7t* 

n ^ 7 i * 

n—>7i* 

7C->7t* 

Geometry 

-

-

-

-

-

-

-

-

-

-

-
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Compounds 

Schiffbase(L,2) 

Schiff base(Li3) 

Schiff base(Li4) 

Schiff base(Li5) 

Schiff base(Li6) 

[Fe(L,)2(N03)2]N03(l) 

[Fe(L2)2(N03)2]N03 (2) 

[VO(L,)2]S04.H20 (3) 

Bands 

(Xmax, urn) 

404 

350 

313 

241 

368 

286 

261 

244 

340 

246 

364 

260 

234 

342 

244 

501 

363 

343 

262 

513 

380 

363 

261 

451 
418 
297 
276 
271 
261 
250 
237 

Molar extinction 

coefficient 

(e, M-Icm~') 

11100 

12800 

17000 

49700 

19400 

16010 

15510 

17380 

14400 

61500 

15400 

16180 

27130 

13100 

44120 

540 

940 

960 

17700 

120 

540 

560 

39580 

769 

766 

3957 

Assignments 

n—>TI* 

71 — • T t * 

n — » 7 t * 

71 — > 7 l * 

n—*n* 

71 —>7t* 

n—>7t* 

n —>7t* 

n—>7t* 

7t —>-7t* 

n—>TI* 

K —>7t* 

71 —*7t* 

n—>TI* 

7t —>7I* 

Aig—> T2g 

LMCT 

Intraligand 

Intraligand 

Aig—• T2g 

LMCT 

Intraligand 

Intraligand 

2 B 2 - 2 A , 
LMCT 

Intraligand 
Intraligand 
Intraligand 
Intraligand 
Intraligand 
Intraligand 

Geometry 

-

-

-

-

-

Octahedral 

Octahedral 

Square 

pyramidal 
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Compounds 

[VO(L2)2]S04.H20 (4) 

[FeL3Cl]2 (5) 

[FeL4Cl]2 (6) 

[VOL3]2 (7) 

[VOL4]2(8) 

[FeL5Cl]2 (9) 

[VOL5]2.H20 (10) 

Bands 

(Xmax, nm) 

513 

261 

242 

227 

374 

272 

508 

315 

280 

248 

411 

406 

341 

249 

244 

224 

414 

356 

323 

717 

462 

441 

364 

315 

250 

240 

410 

231 

Molar extinction 

coefficient 

(e, M~'cm~') 

150 

35100 

44850 

15060 

30440 

200 

18160 

43160 

500 

490 

510 

5630 

7650 

24450 

20150 

20800 

220 

16210 

16550 

20340 

17530 

7250 

Assignments 

Intraligand 

Intraligand 

Intraligand 

LMCT 

Intraligand 

Aig—• T 2 g 

Intraligand 

Intraligand 

Intraligand 

' B ^ A , 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

2 B 2 ^ A , 

Intraligand 

Intraligand 

Aig-» Tig 

Aig—• T2g 

6 A . g - 4 A . g 

LMCT 

Intraligand 

Intraligand 

LMCT 

Intraligand 

Geometry 

Square 

pyramidal 

Binuclear 

square 

pyramidal 

Binuclear 

square 

pyramidal 

Binuclear 

square 

pyramidal 

Binuclear 

square 

pyramidal 

* 

Binuclear 

square 

pyramidal 

Binuclear 

square 

pyramidal 
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Compounds 

[FeL5Cl(PPh3)]2(ll) 

[FeL5Cl (Im)]2 (12) 

[FeL5(H20)2]2(13) 

Na[V02L5] (14) 

[FeL6Cl] (15) 

[VOL6(H20)].H20 (16) 

[FeL7(acac)(EtOH)](17) 

[FeL8(acac)(EtOH)] (18) 

Bands 
(X âx, nm) 

365 

231 

503 

466 

364 

311 

244 

420 

306 

231 

418 

242 

493 

334 

247 

230 

493 

299 

276 

254 

415 

405 

368 

340 

306 

246 

415 
368 
340 
306 
246 
233 

Molar extinction 
coefficient 

(e, i v rW) 
2590 

13800 

930 

1145 

2630 

2810 

6620 

5980 

29140 

18940 

20700 

25140 

250 

10000 

18250 

20650 

200 

35400 

28400 

29400 

800 

1200 

2200 

17000 

14200 

51200 

700 
1300 
8250 
6850 
24950 

Assignments 

LMCT 

Intraligand 

Aig—•• T2 g 

6A, g- 4A l g 

LMCT 

Intraligand 

Intraligand 

LMCT 

Intraligand 

Intraligand 

LMCT 

Intraligand 

Aig—• T2g 

Intraligand 

Intraligand 

Intraligand 
2B2-^A, 

Intraligand 

Intraligand 

Intraligand 

Aig-* T2g 

6A,g^4A l g 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

*A l g-4A,g 

Intraligand 
Intraligand 
Intraligand 
Intraligand 
Intraligand 

Geometry 

Octahedral 

Octahedral 

Octahedral 

Square 

pyramidal 

Distorted 

square planer 

Distorted 

square planer 

Octahedral 

Octahedral 
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Compounds 

[FeL9(H20)2]N03 (19) 

[FeL„(H20)2]N03 (20) 

[FeL,2(H20)2]N03 (21) 

[FeL13N03H20] (22) 

[FeL14N03H20] (23) 

NH4[FeL9F2] (24) 

NH4[FeL9(NCS)2] (25) 

Na[FeL9(N3)2] (26) 

Bands 

(Xmax, nm) 

482 

410 

323 

278 

513 

342 

248 

517 

473 

359 

319 

244 

422 

386 

262 

236 

415 

340 

262 

246 

365 

323 

204 

482 

361 

303 

251 

429 

320 

276 

Molar extinction 

coefficient 

(E, NT'cirf') 

300 

500 

20500 

8550 

1500 

8200 

11800 

400 

420 

8130 

12060 

21110 

880 

1800 

19420 

220 

3640 

33360 

32600 

60 

25220 

52040 

2600 

1170 

6490 

5810 

1800 

19460 

24220 

Assignments 

Aig-> T2g 

6 A l g - 4 A I g 

Intraligand 

Intraligand 

Aig—> T2g 

Intraligand 

Intraligand 

A ] g — • T 2 g 

6 A l g - 4 A l g 

Intraligand 

Intraligand 

Intraligand 

Aig-> T2g 

Intraligand 

Intraligand 

Intraligand 

b A l g - 4 A l g 

Intraligand 

Intraligand 

Intraligand 

% g - > 4 A l g 

Intraligand 

Intraligand 

Aig-> T2g 

6 A l g -VA l g 

Intraligand 

Intraligand 

'A.g-VA.g 

Intraligand 

Intraligand 

Geometry 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedral 

Octahedral 



90 

Compounds 

[FeL12(Im)2]N03 (27) 

[FeL12(Py)2]N03 (28) 

[VOL9]H20 (29) 

[VOLn]H2O(30) 

[VOL12]H20 (31) 

[VOL13]H20 (32) 

Bands 
(̂ max, nm) 

535 

519 

309 

257 

237 

381 

340 

318 

256 

250 

231 

481 

319 

227 

425 

353 

315 

302 

246 

772 
513 
386 
334 
245 
235 

524 
415 
368 
340 
306 
246 
238 

Molar extinction 
coefficient 

(e, M"'cm_1) 
1085 

1030 

13065 

6580 

8940 

7240 

18000 

18300 

22600 

140 

34120 

13180 

17200 

17700 

15300 

14800 

59400 

200 
400 

16400 
28800 
75700 

200 
1100 
1400 

18300 
23500 
64500 

Assignments 

Aig-» T2g 

6A. g - 4A l g 

Intraligand 

Intraligand 

Intraligand 

LMCT 

LMCT 

Intraligand 

Intraligand 

Intraligand 

Intraligand 
2 B 2 ^ A , 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

Intraligand 
2B2->

ZE 
2B2->

2A, 
LMCT 

Intraligand 
Intraligand 
Intraligand 
Intraligand 

2B2-2A, 
LMCT 

Intraligand 
Intraligand 
Intraligand 
Intraligand 
Intraligand 

Geometry 

Octahedral 

Octahedral 

Square 

pyramidal 

Square 

pyramidal 

Square 
pyramidal 

Square 

pyramidal 
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Compounds 

[VOL,4]H20 (33) 

[FeL,5Cl2]Cl (34) 

[FeL16Cl2]Cl (35) 

[VOL15]S04.H20 (36) 

[VOL16]S04.H20 (37) 

[Fe(L1oXH20)jl(N03)! (38) 

[VO(L,0)]SO4.H2O (39) 

[Fe(L9)(H20)2] (40) 

Bands 

(Amax, nm) 

415 

363 

340 

262 

246 

490 

365 

261 

230 

343 

245 

490 

262 

229 

490 

414 

342 

245 

505 

338 

259 

235 

596 

337 

253 

234 

437 

354 

274 

Molar extinction 

coefficient 

(e, NC'cnf') 

140 

170 

1930 

10420 

12710 

150 

750 

49150 

34500 

8660 

27370 

200 

28600 

45800 

300 

500 

11370 

39570 

-

25760 

3960 

-

60 

27370 

3130 

18510 

2740 

2990 

22410 

Assignments 

% - z A , 

LMCT 

Intraligand 

Intraligand 

Intraligand 

Aig—* T2g 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

Intraligand 

*B2- 'A, 

LMCT 

Intraligand 

Intraligand 

A!g-» T2g 

Intraligand 

Intraligand 

Intraligand 

' B 2 - ' A , 

Intraligand 

Intraligand 

Intraligand 

LMCT 

Intraligand 

Intraligand 

Geometry 

Square 

pyramidal 

Octahedral 

Octahedral 

Square 

pyramidal 

Square 

pyramidal 

Octahedral 

Square 

pyramidal 

Octahedral 
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to the charge transfer spectra extending to the visible region. The oxovanadium(IV) 

complexes 3, 7, 8, 10, 31 and 33 exhibited a very weak intensity band in 410-451 nm 

region assignable to 2B2—»2Ai transition, which is characteristics of VO(IV) ion in a 

square pyramidal geometry. The other oxovanadium complexes, however, showed 

similar transition in relatively lower energy region around 500 nm. In addition, some of 

the complexes exhibited intense bands in the 363-418 nm regions, which are attributed 

to a ligand to metal charge transfer (LMCT) transition [220]. The intense higher-energy 

bands in the region 230-360 nm in all the complexes can be attributed to intraligand 

7i—>TI* and n—>n* transitions [221]. A rather high 8 value some Fe(III) and VO(IV) 

complexes suggest substantial distortion of the octahedral/square pyramidal structure. In 

most cases, only two d-d bands were observed for Fe(III) complexes instead of three 

bands as would be expected for Fe(III) complexes in octahedral ligand field. A similar 

situation was observed in VO(IV) complexes where one d-d band was noted instead of 

two d-d bands. 

6.5. NMR spectra 

The *H NMR spectral data of ligands (Appendix 3) are summerised in Table-4 and 

structurally relevant features are discussed herein. The !H NMR spectrum of the free 

ligand Li and L2 displayed a sharp singlet at 3.67 and 2.22 6, which are attributable to 

the -OCH3 and -CH3 groups, respectively. Schiff bases L3 and L4 exhibited the 

absorption of OH proton at 12.65 and 12.94 8, respectively, as a singlet. The triplet at 

0.88 5, multiplet at 1.00-1.83 8, triplet at 4.0 8 in the ligands L3 and L4 is due to protons 

of the -CH3, -(CH2)n, -OCH2 groups presents in alkoxy side chain, respectively. The 

singlet at 11.72, 12.97, 15.580 and 10.845 8 in the Schiff base Ls, L6, L7 and L8 , 

respectively, are attributable to the phenolic OH group present in 2-aminophenol 

moiety. 
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TABLE-4. 'H NMR spectral data of Schiff base ligands 

Compounds 

Schiff base (L|) 

Schiff base (L2) 

Schiff base (L3) 

Schiff base (L4) 

Schiff base (L5) 

Schiff base (L6) 

Schiff base (L7) 

Absorption 
(5, ppm) 

3.677 

6.650-7.531 

2.228 

6.769-7.879 

0.882 

1.005-1.835 

4.001 

6.314-7.309 

8.564 

12.658 

0.880 

1.003-1.825 

3.982 

6.480-7.282 

8.532 

12.94 

1.845 

2.069 

5.171 

6.828-7.194 

11.725 (aromatic C-OH) 

9.009 (enolic OH) 

1.252 

1.677 

5.269 

6.637-8.045 

12.970 

6.893-7.723 

8.041 

15.580 

15.599 

Type of proton 

-OCH3 

Benzene ring H 

-CH3 

Benzene ring H 

-CH3 

-(CH2),o-

-OCH2-

. Benzene ring H 

-CH=N-

-OH 

-CH3 

-(CH2)12-

-OCH2-

Benzene ring H 

-CH=N-

-OH 

-CH3 

-CH3 

-CH=C< 

Benzene ring H 

-OH 

-OH 

-CH3 

-CH3 

-CH=C< 

Benzene ring H 

-OH 

Benzene ring H 

-CH=N-

-OH 

-OH 

Multiplicity and 
coupling constant 

Singlet 

Muitiplet 

Singlet 

Muitiplet 

Triplet, 4.5 Hz 

Muitiplet 

Triplet, 5.1 Hz 

Muitiplet 

Singlet 

Singlet 

Triplet, 4.8 Hz 

Muitiplet 

Triplet, 5.1 Hz 

Muitiplet 

Singlet 

Singlet 

Singlet 

Singlet 

Singlet 

Muitiplet 

Singlet 

Singlet 

Singlet 

Singlet 

Singlet 

Muitiplet 

Singlet 

Muitiplet 

Singlet 

Singlet 

Singlet 
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Compounds 

Schiffbase(L8) 

Schiffbase(L9) 

Schiff base(Lio) 

Schiff base(Ln) 

Schiff base(Li2) 

Schiff base(Ln) 

Schiff base(Li4) 

Schiff base(Li5) 

Schiff base(L)6) 

Absorption 
(5, ppm) 

6.564-7.841 

8.459 

10.845 

13.041 

1.913 

2.003 

3.429 

5.001 

10.895 

6.548-6.917 

8.541 

6.836-8.442 

9.463 

15.053 

15.269 

Type of proton 

Benzene ring H 

-CH=N-

-OH 

-OH 

-CH3 

-CH3 

-CH2-

-CH=C< 

-OH (enol) 

Furan ring H 

-CH=N-

Benzene ring H 

-CH=N-

-OH 

-OH 

Multiplicity and 
coupling constant 

Multiplet 

Singlet 

Singlet 

Singlet 

Singlet 

Singlet 

Triplet, 2.4 Hz 

Singlet 

Singlet 

Multiplet 

Singlet 

Multiplet 

Singlet 

Singlet 

Singlet 

Very poor solubility in CDC13 and DMSO 

3.692 

4.601 

5.957 

7.240-7.921 

4.587 

5.959 

7.258-7.925 

3.537-3.753 

7.084-7.404 

7.166-8.179 

-CH2-

-OH 

-CH< 

Benzene ring H 

-OH 

-CH< 

Benzene ring H 

-CH2-

Benzene ring H 

Benzene ring H 

Singlet 

Singlet 

Singlet 

Multiplet 

Doublet, 4.5 Hz 

Doublet, 4.2 Hz 

Multiplet 

Multiplet 

Multiplet 

Multiplet 

The appearance of a singlet at 5.17 and 5.26 5 in L5and L6 assignable to olefinic proton 

provides a compelling evidence that the ligands exist in enol form. The absorption 

corresponding to other protons appeared at their normal position. The spectra of the 

ligand L9 revealed a singlet at 10.89 ppm, attributed to the proton of the enolic OH 
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group. The methylene protons (-N-CH2-CH2-N-), olefinic proton (-CH=C<) and methyl 

protons (-CH3) showed their resonances at 3.42, 5.00 and 1.91-2.00 ppm, respectively. 

Schiff bases (Ln-L^), registered absorption of the characteristic protons at usual 

position. The azomethine protons (-HC=N-) of the Schiff bases (L3, L4, L7, Ls, L10-L12) 

appeared as singlets at 5 8.53-9.46 while the protons of the benzenoid ring in all the 

Schiff bases appeared as a multiplet at 5 6.31-8.44. In the Schiff base L10, the protons of 

furfuraldehyde ring appeared at 6.54-6.91 8 as multiplet. 

The 13C NMR spectral data of the Schiff base ligands (Appendix 4) are displayed in 

Table-5. The azomethine carbon atom of all the ligands is observed at 162.82 - 198.92 

ppm along with other peaks of structural significance and thus confirming the !H NMR 

results. 

TABLE-5. 13C NMR spectral data of Schiff base ligands 

Compounds 

Schiff base (L0 

Schiff base (L2) 

Schiff base (L3) 

Schiff base (L4) 

Schiff base (L5) 

Prominent peaks (5, ppm) 

55.22, 113.89, 122.21, 128.82, 129.23, 131.37, 132.96, 142.29, 

156.99, 165.36 

20.78, 120.49, 128.99, 129.26, 129.86, 131.46, 132.95, 135.21, 

146.57,165.77 

14.13, 22.54, 22.69, 25.97, 29.03, 29.35, 29.56, 29.59, 29.64, 29.66, 

31.92,68.36, 101.52, 108.13, 113.00, 115.67, 118.14, 120.91, 

128.03, 134.03, 135.82, 149.68, 162.79, 163.52, 164.12 

14.14, 22.70, 25.97, 29.04, 29.37, 29.56, 29.60, 29.66, 29.68, 29.70, 

31.93,68.36, 101.55,108.10,113.01, 115.74, 118.22, 120.87, 

128.00, 134.01, 135.78, 149.71, 162.68, 163.65, 164.11 

19.61,28.61,97.35, 117.26, 120.13, 125.37, 128.00, 128.74, 

152.44, 163.46, 196.23 
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Schiff base (L6) 

Schiffbase (L7) 

Schiff base (L8) 

Schiffbase (L9) 

Schiff base(Lio) 

Schiff base(Ln) 

Schiff base(L,2) 

Schiff base(L, 3) 

Schiff base(L 14) 

Schiff base(L,5) 

Schiff base(L,6) 

20.54,24.86,99.95, 116.38, 124.60, 125.27, 132.09, 135.80, 

151.04, 162.82, 168.50, 196.65 

107.34, 116.01, 116.84, 117.90, 119.41, 122.53, 124.42, 125.75, 

126.25, 127.56, 128.62, 133.27, 137.23, 148.47, 149.03, 176.72 

114.89, 115.84, 116.94, 118.32, 124.32, 126.14, 127.73, 128.54, 

128.65, 131.01, 131.42, 132.06, 132.98, 133.10, 137.99, 138.48, 

150.32, 192.84 

18.69, 28.86, 43.49, 96.15, 162.91, 195.53 

112.32, 116.92, 145.85, 149.38, 150.98 

39.21,39.49,39.77,40.04,40.35, 118.79, 121.51, 123.30, 127.14, 

127.79, 128.98, 136.25, 155.96, 168.48 

Very poor solubility in CDCI3 and DMSO 

45.78, 127.78, 127.92, 128.14, 128.60, 129.15, 129.16, 133.44, 

133.94, 138.99, 198.95 

76.19, 76.58, 77.00, 77.42, 127.73, 128.22, 128.53, 128.64, 129.09, 

129.81, 133.47, 133.85, 138.97, 198.92 

45.76, 127.89, 128.12, 129.65, 137.69, 160.33 

128.27, 128.80, 129.18, 129.82, 129.97, 139.04, 141.21, 153.47 

6.6. Mass spectra 

The mass spectra of selected ligands and complexes have been recorded in ESI /FAB 

ionization mode (Appendix 5). The m/z values of the peaks are listed in Table-6. The 

peaks corresponding to molecular ions [M]+ was observed in all the ligands and 

complexes. In few compounds the peaks due to [M+H]+ has also been observed [222]. 
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TABLE-6. Mass spectral data of the selected ligands and complexes. 

Compounds 

Schiffbase(L2) 

Schiffbase(L3) 

Schiff base (L4) 

Schiffbase(L5) 

Schiff base (L^) 

Schiff base (L7) 

Schiff base (Lg) 

Schiff base (L9) 

Schiff base(Lio) 

Schiff base(Li2) 

Schiff base(Li3) 

Schiff base(Li5) 

Schiff base(Lie) 

[VO(L,)2]S04.H20 (3) 

[FeL4Cl]2 (6) 

[VOL3]2 (7) 

[FeL5Cl]2 (9) 

[VOL5]2.H20 (10) 

[FeL7(acac)(EtOH)] (17) 

[FeL8(acac)(EtOH)] (18) 

[FeL9(H20)2]N03 (19) 

[FeLi3N03H20] (22) 

NH4[FeL9(NCS)2] (25) 

... 

m/z 

388[M]+, 194,91,103 

400.7, 399.7, 398.6, 396.6[M]+, 228, 185 

427.4, 426.5, 229.6 

191.9[M]+, 173.9, 133.8 

219.7[M]+,201.9, 162.8, 161.7 

263.1 [M]+ 

291.1[Mf, 292.1, 293.1 

226, 225, 166.8, 125.8, 83.8, 57.9, 44 

190.1, 189.1, 188.1[M]+, 161.1 

370.1, 369.1, 368.1[Mf, 225.1, 215.1 

449,225,210, 105,107 

468[M]+, 235,206, 131.8, 129.8, 117.8, 103.8, 

283.1,204.9, 

1021[M]+,420 

1029[M]+, 994, 958, 514, 479, 387, 282 

926[M]+, 755, 616, 463, 398, 370, 294, 278 

561[Mf,489,281, 191 

529[M]+,512,254, 191 

464.1[M]+ 

489[M]+, 443 

378[M]+, 390, 340, 278, 263 

578, 520 

413,393,278,248 
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Compounds 

Na[FeL9(N3)2] (26) 

[VOL9]H20 (29) 

[VOL,i]H2O(30) 

[VOL13]H20(32) 

[VOLi4]H20 (33) 

[VOL,5]S04.H20 (36) 

[VOL,6JS04.H20 (37) 

[Fe(L10)(H2O)2](NO3)3(38) 

[VO(L10)]SO4.H2O (39) 

[Fe(L9)(H20)2] (40) 

m/z 

386,364,320 

307, 289 

498.2[Mf 

531[M]+,514 

561,409,254 

648[M]+ 

744[M]+, 669 

466[M]+, 432 

369,351.1 

314[M]+,278[M-2H20] 

In addition to molecular ion peaks, the spectra exhibited peaks assignable to various 

fragments. The probable fragmentation patterns are as follows. 

m/z=388 
(Found m/z=388) 

m/z=194 
(Found m/z= 194) 

m/z=91 
(Found m/z=91) 

~l 
:.N 

m/z=103 
(Found m/z= 105) 

Fragmentation pattern of the Schiff base L2 
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m/z=397 
(Found m/z=396.6) 

OC12H25 | ' 

m/z=185 
Found m/z=186 

PathB 

Path A 

^ V ^ ^ N OH 

o- H 

m/z=228 
Found m/z=230 

Fragmentation pattern of Schiff base L 3 

OH w // 
'"V^N OH 

• H » C U P ^ 0' 

m/z=425 
Found m/z=426 [M+H] 

^ r ^ N b H 

o 
H 

m/z=228 
Found m/z=229 

Fragmentation pattern of Schiff base L4 
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H3C 

H,C 

N OH 

OH 

H3C 
\ / 

= N OH 

H3C 

-OH 

m/z=191 
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Fragmentation pattern of Schiff base L 10 
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Scrutiny of the fragmentation pattern not only confirmed the molecular mass as per 

proposed formulae but also attested the bridging nature of the ligands in the dinuclear 

complexes. 
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6.7. Single crystal X-ray diffraction study: Data collection and structure 

refinement 

Suitable single crystal of Schiff base L9 (size 0.06X0.60X0.80 mm) was mounted on a 

thin glass fibre with commercially available super glue. The X-ray data were collected 

with a BRUKER SMART CCD diffractometer using graphite monochromated Mo Ka 

radiation \=0.71073 A, at 295(2) K. The programme SAINT was used for integration of 

diffraction profiles and absorption correction was made with SADABS programme. The 

structure was solved by direct methods (SIR-92) [223] and refined with the full matrix 

least squares method on F2 with the use of SHELXL-97 program package [224]. The 

non-hydrogen atoms were refined anisotropically. All hydrogen atoms were located by 

Fourier analysis. All calculations were carried out using SHELXL 97[224], PLATON 

99 [225], SHELXS 97 [227] and WinGX system, Ver 1.70.01.[227]. A summery of 

crystallographic data and structure refinement parameters are given in Table-7. 

Refinement converged satisfactorily to give R=0.0842 and Rw=0.2622 with residual 

electron density minimum and maximum of-0.23 and 0.37 respectively. 

TABLE-7. Crystal data and structure refinement for the ligand L9. 

Empirical formula 

Formula weight 

Temperature (K) 

Wavelength, A.Mo-Ka 

Crystal system 

Space group 

a(A) 

b(A) 

c(A) 

C12H20N2O2 

224.30 

295(2) 

0.71073 A 

Triclinic 

P-l (No.2) 

7.1158(5) 

10.4490(8) 

10.4810(8) 

Absorption coeff. (u.) 

F(000) 

eO 

Index ranges 

Total data 

Unique data 

I>2a(7) 

0.076 mm"' 

244 

2.2 to 27.5 

-9 < h <9 

-13<k<13 

-13<l<13 

9496 

3057 

1079 
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oft 

P(u) 

Y(°) 

Volume(A') 

Z 

Density(gcrrf3) 

62.589(5) 

78.531(6) 

75.900(6) 

667.55(9) 

2 

1.116 

R(Int) 

Weighing scheme, W 

Final R indices 

Goodness of fit on F2 

Min. and max. residual 

electron density(e. A-3) 

0.091 

[a'(F0)'+(0.1218P)V 

P=(|F0|'+2|Fc|')/3 

R=0.0842,wR2=0.2622 

S=0.94 

-0.23, 0.37 

The crystal structure of the Schiff base is shown in figure 6.6 using ORTEP 3v2 

molecular graphic tools, and selected bond lengths and bond angles are summarized in 

Table-8. 

Figure 6.6. Crystal structure of the Schiff base L9. 
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TABLE-8. Selected bond lengths and bond 

Bond lengths 

01-HI 

01-C2 

02-H2 

02-Ctl 

N2-C7 

N2-C8 

N1-C6 

N1-C4 

(A) 

0.820(3) 

1.240(6) 

0.821(4) 

1.233(6) 

1.454(6) 

1.330(6) 

1.459(5) 

1.324(6) 

angles for the compounds L9. 

Bond angles 

H1-01-C2 

H2-02-CU 

C7-N2-C8 

C6-N1-C4 

N1-C6-C7 

N2-C7-C6 

O2-C11-C10 

N1-C4-C3 

C11-C10-C8 

C4-C3-C2 

N2-C8-C10 

01-C2-C3 

N1-C6-C7-N2 
(torsional angles) 

(u) 

109.5(4) 

109.5(4) 

125.8(4) 

126.4(3) 

112.7(3) 

112.1(3) 

123.3(4) 

121.0(4) 

125.3(5) 

124.7(4) 

120.7(4) 

120.4(4) 

66.4(4) 

The crystal structure confirms the existence of the ligand in enol form. Further the 

presence of intramolecular hydrogen bonding between the pair of atoms Ol-Hl— -Nl 

and 02-H2—-N2 is seen. The two O N bonds (C6-N1 and C7-N2) are not lying in the 

same plane making a torsional angle of 66.4° The two OH groups are oriented away 

from each other presumably due to the presence of intermolecular hydrogen bonds 

between the pair of atoms 01 -N1 and N1 -01. 

6.8. Thermal microscopy and Phase Behavior 

The phase transitions of the compounds were measured using differential scanning 

calorimetry (DSC) at 10°C min"' heating rate. The transition temperatures along with 

associated enthalpies and entropies are shown in Table-9. The thermogram (Figl 
lure 
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6.7.1 and 6.7.2) showed three transitions in heating cycle and two in cooling cycle for 

compound L3. That its higher homologue (compound L4) showed only one transition 

both in heating and cooling cycle is noteworthy. Cr—•SmB and SmB—>SmX phase 

transition in compound L4 could not be detected by DSC even at 5 C/min rate of 

heating or cooling and with a sample of 10 mg (the capacity of cup used in DSC pyrisl 

system). However, those transitions were observed on cooling at a very slow rate by 

thermal microscopy. 

TABLE- 9. Phase transition temperatures (°C) along with associated enthalpies AH 

(KJmol1) and entropies AS (Jmor'K"1). 

Compound 

Sch iff base 

(L3) 

Schiff base 

CU) 

Heating cycle 

Transition 

Cr-»SmB 

SmB-+SmX 

SmX—•Iso 

Cr-*Iso 

T(°C) 

66.3 

97.0 

149.1 

143.5 

AH 

0.7 

8.6 

36.1 

24.3 

AS 

2.06 

23.24 

85.52 

58.34 

Cooling Cycle 

Transition 

Iso—»SmX 

SmX->SmB 

-

Iso-»Cr 

T(UC) 

115.2 

84.1 

-

127.6 

AH 

20.5 

1.2 

-

28.0 

AS 

52.80 

3.36 

-

69.89 

Textural analysis was done with the help of a Polarizing Optical Microscope (POM). 

On slow cooling from isotropic liquid, a high birefringent mosaic texture (Fig 6.7.3.a 

and 6.7.3.b) appeared at 162.1°C. On further cooling, a low birefringent smectic X 

phase with grainy like texture appeared at 146.2 °C in compound Li (Fig 6.7.3.d) and at 

145.9 °C in compound L2 (Fig 6.7.3.g). The texture looks uniform between crossed 

polarizer, however, the formation of two distinct chiral domains were recognised by 

decrossing the polarizers as bright and dark domains. The brightness of these domains 

was interchanged by decrossing the analyzer in the opposite sense (Fig. 6.7.3.C and 

6.7.3.e; 6.7.3.f and 6.7.3.h). Considering the fact that the brightness of two domains 
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Figure 6.7.1. Differential scanning calorimetry profile of Schiff base ligand (L3) 
derived from Ci20(OH)CHO and 2-aminophenol. 

140(OH)2AP 
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Area = 108 978 mJ 
Delta H = 57.357 J/g 

Peak = 127 649 "C 
Area =-125.352 mJ 
Delta H = -65.975 J/g 

135 1«0 
Temperature C'C) 

Figure 6.7.2. Differential scanning calorimetry profile of Schiff base ligand (L4) 
derived from Ci40(OH)CHO and 2-aminophenol. 
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Figure 6.7.3. Optical micrograph of compound (a) Li at 162.1 °C (b) L2 at 162.1 °C 

(c) L, at 146.2 °C (d) L, at 146.2 UC (e) L, at 146.2 UC (f) L2 at 145.9 UC 

(g) L2 at 145.9 °C (h) L2 at 145.9 °C 

interchanges depending on the sense of the decrossing direction, two domains were 

identified as chiral domains [228]. It was also observed that the size of the domains 

depends on the rate of cooling the sample. This kinds of optical property was reported 

in several bent core materials [229, 230]. Thus the possibility of the smectic X phase 

being a variant of B2 phase may not be ruled out. XRD study is needed to confirm this. 

Analogous Schiff bases (iV and L/) prepared from simple aniline(vide experimental) 

without any hydroxo group at the ortho position, however, are devoid of any 

mesogenicity. These compounds also lack any solid state chirality. This clearly suggests 
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the significance of the phenolic OH (of 2-aminophenol) group via intermolecular 

hydrogen bonding for the chiral mesogenic behaviour through stacking interaction. 

The vanadyl and iron chloride complexes of the ligands L3 and L4 exhibited only crystal 

to isotropic (Cr-»Iso) transition. The stronger interaction between square pyramidal 

V=0 or Fe-Cl centre seemed to inhibit the formation of liquid crystallinity. Also the 

deprotonation of the ligand during complexation restricted the scope of intermolecular 

hydrogen bonding and this may be considered as an additional factors for the loss of 

mesogenicity. 

6.9. Antimicrobial activity studies 

The ligands L5 and L<6 and their oxovanadium(IV) complexes were assayed for their in 

vitro antimicrobial activities at a concentration of 50 ug/ml against Klebsiella 

pneumoniae, Staphylococcus aureus, Pseudomonas aeroginosa, Escherichia coli, 

Bacillus subtilis and Proteus vulgaris using ethanol as solvent as well as control and 

tetracyclin as standard drug following the method described in experimental. The results 

are listed in Table-IOA. It is apparent that the ligands containing phenolic hydroxy 

group (L5) are more active than those having aromatic carboxylic group (L6). 

TABLE-IOA. Antimicrobial effects of the ligands L5 and L ând their complexes 10 and 16. 

Compound 

Control 

Tetracyclin 

Ligand (L5) 

Ligand (L6) 

[VOL5]2.H2O(10) 

[VOUH!0)].H20(16) 

Microorganism (Inhibition zone a / mm) 

K.pneumonia 

N.O. 

16.33±0.57 

7.66±0.57 

6.66±0.57 

10.0±1.0 

N.O. 

S. aureus 

N.O. 

20.66±0.57 

10.0±1.0 

N.O. 

13.66±0.57 

6.33±0.57 

P.aeroginosa 

N.O. 

19.0±1.0 

7.66±1.15 

N.O. 

ll.OiO.O 

N.O. 

E.coli 

8 

22.66±1.15 

14.0±1.0 

10.66=1=1.15 

13.0±1.0 

N.O. 

B.subtilis 

8 

18.0±0.0 

12.66±1.15 

12.0*0.0 

10.33±0.57 

N.O. 

P.vulgar is 

7 

24.66±0.57 

8.33±0.57 

N.O. 

14.33±1.15 

6.33±0.57 

including disc diameter 4 mm, N.O.- not observed 
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Further the complex 10 showed much higher activity compared to the free ligand L5. 

The enhancement in activity on complexation is related to transamination and 

racemization reaction in biological system [231, 232]. Upon chelation the lipophilic 

nature increases which favours its permeation through the lipid layer of the membrane 

and thus helps in crossing cell membrane of the microorganism and thereby enhances 

the biological utilization ratio and activity of the testing compound [233]. In our work 

we observed that the Schiff base L5 exhibited maximum inhibitory activity against 

E.coli while its oxovanadium(IV) complex (10) showed promising inhibitory effect 

against P.vulgaris amongst the microorganism tested. 

The ligands L3 and L4 and their iron(IIl) complexes (5 and 6) were also tested for their 

in vitro antimicrobial activities at a concentration of 50 ng/ml against Klebsiella 

pneumoniae and Bacillus subtilis using ethanol as solvent as well as control and 

kanamycin as standard drug. The results are presented in Table-IOB. 

TABLE- 10B. Antimicrobial activity of the ligands L3 and L4 and their iron(III) complexes. 

Compound 

Control 

Kanamycin 

Ligand (L3) 

Ligand (L4) 

[FeL3Cl]2 (5) 

[FeL4Cl]2 (6) 

Inhibition zone3 (mm) 

K. pneumoniae 

Not observed 

16.33±0.57 

8.0±1.0 

11.66±0.57 

9.0±0.0 

14.0±1.0 

B. subtilis 

7.0±0.0 

17.66±0.57 

Not observed 

Not observed 

Not observed 

Not observed 

a including disc diameter 4 mm 

All the compounds were moderately active against Klebsiella pneumoniae while none 

showed any activity against Bacillus subtilis. Further, a significant increase in activity 
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against Klebsiella pneumoniae with increasing the chain length of alkoxy group in 

aldehyde part of the Schiff base is believed to be due to enhanced polarizability of the 

molecule [234]. 

6.10. Electrochemical behaviour 

Electrochemical studies of the selected compounds were carried out by cyclic 

voltametry in anhydrous acetonitrile solution of ca 10~3 M concentration containing 

0.1 M tetrabutyl ammonium perchlorate (TBAP) as supporting electrolyte in the 

potential range 1.2 to -1.2 V vs SCE at 100 mVs-1 scan rate unless stated otherwise. 

The redox potentials for the compounds are given in Table-11 and corresponding 

voltamograms are presented in appendix 6. As can be seen from the voltamograms that 

the oxovanadium(IV) complexes 10, 16 and 36 exhibited almost reversible oxidation 

behaviour one electron response assignable to VO(V)/VO(IV) couple. The iron(III) 

complex 34 also displayed a reversible one electron wave assignable to Fe(IlI)-Fe(II) 

redox process. The oxovanadium(IV) complexes 29, 30, 31 and 39 displayed a 

quasireversible one electron response with AEP values greater than 100 mV and may be 

assigned to VO(V)/VO(IV) redox couple. The iron(III) complexes 9, 15, 17, 18, 19, 20, 

21, 24, 25, 26 and 38 also exhibited quasireversible (peak to peak separation > 100 mV) 

one electron response corresponding to Fe(III)/Fe(II) couple. 

The half wave potential E\a of all the complexes except 18, 29, 30 and 31 are negative 

and very small implying that these compounds can be easily oxidized or reduced. This 

feature would make them valuable as catalyst in redox reactions[235]. In addition, from 

the fact that the E1/2 values are close to one another, it follows that all the Schiff base 

complexes would exhibit nearly identical redox activity. For the complexes 18, 29, 30 

and 31, the E1/2 values being positive as well as large, suggest that these compounds can 

neither be easily oxidized nor can be reduced. Thus, in order to use them successfully in 
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redox reactions, some structural modifications to reduce the Em value may be 

required. 

TABLE-11. Electrochemical data of the complexes in acetonitrile 

Compounds 

[FeL5Cl]2 (9) 

[VOL5]2.H20 (10) 

[FeL6Cl] (15) 

[VOL6(H20)].H20 (16) 

[FeL7(acac)(EtOH)] (17) 

[FeL8(acac)(EtOH)](18) 

[FeL9(H20)2]N03 (19) 

[FeL„(H2O)2]NO3(20) 

[FeL12(H20)2]N03 (21) 

NH4[FeL9F2] (24) 

NH4[FeL9(NCS)2] (25) 

Na[FeL9(N3)2] (26) 

[VOL9]H20 (29) 

[VOLn]H2O(30) 

[VOL12]H20 (31) 

[FeL,5Cl2]Cl (34) 

[VOL15]S04.H20 (36) 

FeL10(H2O)2](NO3)3 (38) 

[VOL10]SO4.H2O (39) 

EP
a(V) 

-0.183 

-0.468 

-0.311 

-0.357 

0.682 

0.806 

-0.448 

-0.404 

-0.326 

-0.253 

-0.152 

-0.433 

0.735 

0.982 

0.735 

-0.380 

-0.162 

1.21 

-0.270 

EP
C(V) 

-0.738 

-0.525 

-0.688 

-0.412 

-0.707 

-0.691 

-0.854 

-0.763 

-0.687 

-0.648 

-0.553 

-0.570 

0.529 

0.640 

0.646 

-0.447 

-0.209 

-1.38 

-0.564 

AEP(V) 

0.555 

0.057 

0.377 

0.055 

1.389 

1.497 

0.406 

0.359 

0.361 

0.395 

0.399 

0.137 

0.206 

0.342 

0.089 

0.067 

0.047 

2.59 

0.294 

Em (V) 

-0.460 

-0.496 

-0.499 

-0.384 

-0.012 

0.0575 

-0.651 

-0.583 

-0.506 

-0.450 

-0.351 

-0.501 

0.632 

0.811 

0.690 

-0.413 

-0.185 

-0.085 

-0.834 
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6.11. Thermal investigations 

The thermal behaviour of the few selected complexes have been studied using TGA, 

DTG and DTA analysis (Appendix 7). The decomposition stages, temperature ranges, 

decomposition products as well as found and calculated weight loss percentages of the 

complexes are summerised in Table 12A. The DTA data of the complexes are 

presented in Table 12B. 

TABLE-12A. T.G.A. and D.T.G. data of the complexes 

Complex 

[VO(L2)2]S04.H20 

(4) 

[VO(L6)(H20)].H20 
(16) 

[Fe(L7)(acac)(EtOH)] 
(17) 

[Fe(L9)(H20)2]N03 

(19) 

T.G. 
plateau(°C) 

94-833 

40-128 

128-321 

321-435 

435-928 

214-292 
464-535 

603-628 

171-235 

300-321 

350-385 

471-500 

D.T.G 
(°C) 

193 

48 

172 

365 

458 

278 
515 

615 

225 

313 

369 

486 

Mass loss (%) 
Expt 

91.43 

4.29 

31.43 

11.71 

44.01 

11.24 
21.87 

7.5 

34.37 

19.37 

2.85 

4.29 

Calcd 

92.99 

5.59 

-

-

-

9.25 
21.64 

-

-

-

-

-

Process 

loss of lattice water 
and final 

decomposition of the 
ligand. 

loss of lattice water 

loss of coordinated 
water and partial 

decomposition of the 
ligand. 

partial decomposition 
of the ligand 

final decomposition of 
the ligand 

loss of ethanol 
loss of acetylacetone 
partial decomposition 

of the ligand 
Loss of NO3, two 
coordinated water 

molecule and partial 
decomposition of the 

ligand 
partial decomposition 

of the ligand 
partial decomposition 

of the ligand 
partial decomposition 

of the ligand 
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Complex 

[Fe(L12)(H20)2]N03 

(21) 

[Fe(L13)(N03)(H20)] 

(24) 

[VO(L14)]H20 

(31) 

[Fe(L10)(H2O)2](NO3)3 

(38) 

T.G. 
plateau(°C) 

135-164 

164-252 

252-664 

103-214 

214-385 

385-532 

532-707 

707-1000 

40-72 

72-671 

128-192 

192-635 

D.T.G 
(°C) 

147 

244 

643 

198 

376 

503 

693 

893 

70 

231 

177 

601 

Mass loss (%) 
Expt 

6.88 

11.87 

28.75 

13.34 

11.66 

9.45 

3.33 

22.22 

2.86 

85.72 

7.63 

38.62 

Calcd 

6.92 

11.92 

-

13.74 

-

-

-

-

3.10 

85.66 

7.22 

40.34 

Process 

loss of two coordinated 

water molecule 

loss of NO3 

partial decomposition 

of the ligand 

Loss coordinated water 

and nitrate 

partial decomposition 

of the ligand 

partial decomposition 

of the ligand 

partial decomposition 

of the ligand 

partial decomposition 

of the ligand 

Loss of lattice water 

final decomposition of 

the ligand 

loss of two molecules 

of coordinated water 

final decomposition of 

the ligand 

The complex 4 undergoes decomposition mainly in a single stage in 94-833 C range 

with DTG peak at 193°C. The mass loss observed in this step is 91.43% against the 

calculated loss of 92.43% corresponding to dehydration and complete decomposition of 

the ligand. The complex 16 undergoes decomposition in four stages. The first stage 

takes place in the temperature range 40-128°C with DTG peak at 48°C corresponding to 

the release of loosely bound lattice water molecule [236]. The second stage in the 
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TABLE-12B. D.T.A. data of the complexes 

Complex 

[VO(L2)2]S04.H20 (4) 

[VO(L6)(H20)].H20 

(16) 

[Fe(L7)(acac)(EtOH)] 

(17) 

[Fe(L9)(H20)2]N03 

(19) 

[Fe(L12)(H20)2]N03 

(21) 

[Fe(L13)(N03)(H20)] 

(24) 

[VO(L14)]H20 (31) 

[Fe(L10)(H2O)2](NO3)3 

(38) 

Temperature 

range (°C) 

-

110-190 

414-608 

495-612 

172-248 

294-352 

100-185 

226-287 

291-422 

145-280 

-

D.T.A. 

peaks (°C) 

-

139endo 

464 exo 

542 exo 

182 endo 

230 endo 

317 endo 

150 exo 

254 exo 

382 exo 

235 endo 

-

AH 

(J/g) 

-

158.12 

1950.20 

1003.29 

15.21 

68.01 

251.75 

166.28 

64.25 

312.85 

148.36 

-

Process 

-

dehydration 

decomposition 

decomposition 

dehydration 

ionization 

melting 

partial decomposition 

partial decomposotion 

partial decomposition 

melting 

-

temperature range 128-321 C with DTG peak at 172 C corresponds to the loss of 

coordinated water molecule [237] and partial decomposition of the ligand. The 

dehydration step is associated with endothermic change in 110-190°C with DTA peak at 

139°C. The exothermic change in 414-608°C with DTA peak at 464°C is associated 

with decomposition of the ligand molecule. The T.G. curve of the complex 17 shows a 

weight loss of 11.24% (calcd. 9.25%), 21.87% (calcd 21.64%) and 7.5% in the 

temperature ranges 214-292, 464-535 and 603-628°C with DTG peak at 278, 515 and 

615 C , respectively corresponding to elimination of ethanol, acetylacetone and partial 

decomposition of the ligand molecule. The exothermic change in 495-612°C with DTA 
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peak at 542°C is related to decomposition of the ligand molecule. The decomposition of 

the complex 19 in 171-235°C with DTG peak at 225°C corresponding to a weight loss 

of 34.37% is related to elimination of nitrate, two molecules of cooedinated water and 

partial loss of the Schiff base logand. Subsequent decomposition of the complex is 

attributed to partial decomposition of the ligand. The complex has endothermic change 

in the temperature range 172-248°C with two DTA peaks at 182 and 230°C. The first 

peak indicates dehydration while the second represents ionization of the complex. A 

sharp endothermic peak in 294-352°C with DTA peak at 317°C favours melting of the 

compound. The T.G. curve of the complex 21 shows a weight loss of 6.88% (calcd. 

6.92%) in the temperature range 135-164°C with d.t.g. peak at 147 °C corresponding to 

loss of two molecules of coordinated water. The second decomposition stage of the 

complex in 164-252°C range having DTG peak at 244°C. It brings a weight loss of 

11.87% (calcd. 11.92%) that correlate with ionization of the complex leading to loss of 

nitrate ion. Partial decomposition of the complex is continued in 252-664 C with d.t.g. 

peak at 643°C showing weight loss of 28.75%. The exothermic obtained the 100-185 

and 226-287°C with DTA peak at 150 and 254°C are associated with partial 

decomposition of the ligand. The complex 24 undergoes decomposition in five stages. 

The first stage of decomposition takes place in 103-214°C range with DTG peak at 

198°C representing loss of coordinated water as well as nitrate. The weight loss 

observed in this step is 13.34% against the calculated value of 13.79%. This is followed 

by further decomposition of the complex in 214-385, 385-532, 532-797 and 707-1000°C 

ranges with DTG peak at 376, 503, 693 and 893°C attributable to partial decomposition 

of the ligand. Exothermic changes in 291-422°C with DTA peak at 382°C represents 

decomposition of the ligand moiety. The oxovanadium(IV) complex 31 shows a weight 

loss of 2.86% (calcd. 3.10%) and 85.72% (calcd. 85.66%) respectively in the 
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temperature ranges 40-72 and 72-671°C with DTG peak at 70 and 231°C representing 

release of lattice water and final decomposition of the ligand. The endothermic peak in 

the temperature range 145-280°C with DTA peak at 235°C indicates melting of the 

complex. The iron(III) complex 38 shows initial weight loss of 7.63% (calcd. 7.72%) in 

the temperature range 128-192°C with DTG peak at 177°C is associated with loss of 

two molecules of coordinated water. The subsequent weight loss of 38.62% (calcd. 

40.34%) in 192-635°C having DTG peak at 601°C is related to final decomposition of 

the ligand. 

6.12. Magnetic Properties 

The characteristics of any magnetic material, whether it is hard, soft, or intermediate, 

are best described in terms of their hysteresis loop. The most common measurement 

method employed for hysteresis loop determinations at ambient temperature is the 

Vibrating Sample Magnetometer (VSM). Room temperature magnetic susceptibility 

measurements of the selected samples were conducted on Vibrating Sample 

Magnetometer. The magnetization vs magnetic field were examined in the range -20000 

to +20000 Gauss and the corresponding curves were presented in appendix 8. The 

parameters extracted from the hysteresis loop that are most often used to characterize 

the magnetic properties of materials are the saturation magnetization (Ms), the 

remanence (Mr), the coercivity (He), the squareness ratio (SQR), the slope at He and 

the initial slope. The results are summerised in Table 13. When a ferromagnetic 

material is magnetized in one direction, the maximum remanent magnetization that a 

material can acquire is called saturation magnetization. Strong magnets have higher 

saturation. It will not relax back to zero magnetization when the imposed magnetizing 

field is removed. The amount of magnetization it retains at zero driving field is called 

its remanence. It must be driven back to zero by a field in the opposite direction; the 
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amount of reverse driving field required to demagnetize it is called its coercivity. 

Coercivity measures how permanent a magnet is. A soft magnet possess small 

coercivity while a hard magnet possess large coercivity. The squareness ratio (SQR) is 

given by the ratio of (Mr/Ms) and is essentially a measure of how square the hysteresis 

loop is. In general large SQR values are desired for recording devices. Magnetic 

materials are classified into two broad categories, soft or hard. Soft magnetic materials 

are characterized by large permeabilities and very small coercivities, typically less than 

1 Oe. Hard magnetic materials are most often used in permanent magnet applications 

and are characterized by large saturation magnetizations, large coercivities, typically 

greater than 10 kOe, and also by large energy products (i.e., BHmax). Intermediate 

magnetic materials are generally characterized by coercivities on the order of 1 kOe, 

and these materials are usually used in magnetic media[238]. 
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The magnetic moment of the complexes is calculated from the initial slope of a 

hysteresis experiment as follows. The initial slope of magnetization in emu/(gG) will 

give the gram magnetic susceptibility (Xg). 

Molar magnetic susceptibility (Xm) = (Xg) x M, where M= molecular mass of the 

substance. 

The effective magnetic moment (uefr) is then calculated using the relation 

Heff=2.827xV(x/
mxT), 

Xm = Xm~ Xdiâ  where Xdia is diamagnetic correction. The diamagnetic corrections are 

calculated by summing the contributions from the atoms, ions and bonds of the 

molecule [239]. These group contributions are known as Pascal's constants. 

Calculation of the effective magnetic moment (u.eff) 

(1) [Fe(L2)2(N03)2]N03 (2) 

gram magnetic susceptibility (xg) = 14.649 xlO 

Molar susceptibility (xm) = Xg * M 

= 14.649 xlO^xioig 

= 14912.682 xlO-6 emu mol-1 

Xm — X m - Xdia 

= (14912.682 xl0"6)-(-544.22xl0"6) 

= 15456.902x10^ emu mol"' 

ueff=2.827xV(x/
mxT) 

=2.827x^(15456.902 x\0^x300) 

= 6.08B.M. 

(2)[FeL5Cl]2(9) 

gram magnetic susceptibility (Xg) = 19.167 xlO-6 

Molar susceptibility (Xm) = Xg x M 



= 19.167 xio~6x561 

= 10752.687 x 10"6 emu molH 

Xm = X m - Xdia 

= (10752.687 xl0"6)-(-249.7x10^) 

= 11002.387 xlO"6 emu mol"1 

ueff=2.827xV(x
/
mxT) 

=2.827x^(11002.387 xl0"6x300) 

= 5.36 B.M. 

(3) [VOL5]2.H20 (10) 

gram magnetic susceptibility (Xg) = 0.607 xio -6 

Molar susceptibility (Xm) = Xg x M 

= 0.607x10^x530 

= 321.71 xio^emumor1 

X m = Xm— Xdia 

= (321.71 xi0"6)-(-214.5xl0"6) 

= 536.21 xio -6 emu mol-1 

ueff=2.827xV(x
/
mxT) 

=2.827xV(536.21 x 10^x300) 

= 1.13 B.M. 

(4) [VOL6(H20)].H20 (16) 

gram magnetic susceptibility (Xg) = 3.796 xlQT6 

Molar susceptibility (Xm) = Xg x M 

= 3.796 xio_6x320 

= 1214.72 xio -6 emu mol"1 

Xm — X m - Xdia 
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= (1214.72 x lO" 6 )^ - 135.58X10"6) 

= 1350.3 xlO^emumol-1 

Hefr=2.827xV(x/
nixT) 

=2.827x^(1350.3x10^x300) 

= 1.79B.M. 

(5) [FeL12(H20)2]N03 (21) 

gram magnetic susceptibility (Xg) = 27.838 xlO-6 

Molar susceptibility (Xm) = Xg x M 

= 27.838x10^x520 

= 14475.76x10^ emu mof1 

X m ~" Xm— Xdia 

= (14475.76 xl0"6)-(-258.48xl0"6) 

= 14734.24 xio -6 emu mof1 

ueff=2.827xV(X
/
mxT) 

=2.827xV( 14734.24 X10"6x300) 

= 5.94B.M. 

(6) [FeL14N03H20] (23) 

gram magnetic susceptibility (Xg) = 19.169 XIO-6 

Molar susceptibility (Xm) = Xg x M 

= 19.169x10^x630 

= 12076.47 xlO"6 emu mof1 

Xm — X m - Xdia 

= (12076.47 xl0"6)-(-309.12xl0"6) 

= 12385.59 xlO"6 emu mof1 

U e ^ ^ x V ^ x T ) 



=2.827xV(12385.59 xlO"°x300) 

= 5.45B.M. 

(7) [VOL9]H20 (29) 

gram magnetic susceptibility (xg) = 6.169 XI0"° 

Molar susceptibility (Xm) = Xg * M 

= 6.169 xl0"°x307 

= 1893.883 x 10"° emu mol"1 

/ _ _ 
Xm Xm Xdia 

= (1893.883 x l ( p ) - ( - 119.14x10"°) 

= 2013.023 xlO^emumof1 

uefT=2.827xV(x/
mxT) 

=2.827xV(2013.023 xl0~6x300) 

= 2.19B.M. 

(8) [VOL12]H20 (31) 

gram magnetic susceptibility (Xg) = 8.234 XI0 

Molar susceptibility (Xm) = Xg * M 

Xm 

Heff 

= 8.234x10^x451 

= 3713.534x10"° emu mof1 

= X m - Xdia 

= (3713.534x10"°)--(-216.08x10"°) 

= 3929.614x10"° emu mol"1 

= 2.827xV(x/
mxT) 

=2.827xV(3929.614 

= 3.06B.M. 

xl0"6x300) 



(9) [FeL15Cl2]Cl (34) 

gram magnetic susceptibility (xg) = 21.943 XlCf6 

Molar susceptibility (Xm) = Xg x M 

= 21.943 x K T ^ O . S 

= 13835.061 xlO^emumol"1 

/ _ _ 
Xm Xm Xdia 

= (13835.061 xi0"6)-(-342.92xl0"6) 

= 14177.981 xio^emumof1 

uefT=2.827xV(X
/
mxT) 

=2.827xV(14177.981 xi (T^OO) 

= 5.83B.M. 

(10)FeL10(H2O)2](NO3)3(38) 

gram magnetic susceptibility (xg) = 76.740 XI0"6 

Molar susceptibility (Xm) = Xg x M 

= 76.740x10^x466 

35760.84 xlO"6 emu mof1 

I m Xm Xdia 

= (35760.84 x l O " V ( - 176.22xl0-6) 

= 35937.06 xlO-6 emu mol"1 

uefT=2.827xV(x/
mxT) 

=2.827xV(35937.06 xl0"6x300) 

= 9.28B.M. 

(ll)[VOLI0]SO4.H2O(39) 

gram magnetic susceptibility (xg) = 9.126 XlO-6 

Molar susceptibility (Xm) = Xg x M 
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= 9.126x10^x369 

= 3367.494 xio -6 emu mol"1 

/ _ 
Xm Xm Xdia 

_6^ / -\ic i ^ i A ~ 6 \ = (3367.494 xJ0"°)-(- 136.1x10"°) 

= 3503.594 xio -6 emu mol"1 

uefT=2.827xV(X
/
mxT) 

=2.827xV(3503.594 xl0"6x300) 

= 2.89B.M. 

(12)[FeL9(H2O)2](40) 

gram magnetic susceptibility (/g) = 26.757 xlO"6 

Molar susceptibility (Xm) = Xg * M 

= 26.757x10^x314 

= 8401.698x10"* emu mol-1 

/ _ _ 
Xm Xm Xdia 

= (8401.698 x l 0 ~ V ( - 145.64x10"°) 

= 8547.338x10"° emu mol"1 

uefT=2.827xV(^mxT) 

=2.827xV(8547.338 xl0~°x300) 

= 4.52B.M. 

The magnetic moment of the iron(III) complexes 2, 21, 23 and 34 lie in the range 5.45-

6.08 B.M. indicating the presence of five unpaired electrons consistent with a high spin 

Fe(III) octahedral complex. The magnetic moment of the binuclear Fe(lII) complex 9 is 

much lower than expected for a high spin d5 configuration. This is due to 

antiferromagnetic interactions between the pair Fe3+ ions [240]. The complex 40 is 



135 

found to have effective magnetic moment of 4.52 B.M. that corresponds to four 

unpaired electrons and thus consistent with high spin Fe(ll) octahedral complex having 

d6 configuration. The mononuclear oxovanadium(lV) complex 16 and 29 have magnetic 

moments little higher than expected for a d1 system. The higher values of magnetic 

moment is due to orbital contribution [241]. Unusual high values of magnetic moment 

for the Fe(lII) complex 38 and VO(IV) complexes 31 and 39 is probably due to 

dimerization and ferromagnetic interaction. 

6.13. DFT study 

Quantum chemical DFT calculations were performed on selected compounds using 

B3LYP/6-31G* functional implemented in commercially available Gaussian 03 

program suite [242] without imposing symmetry constraints. The optimized structure of 

the compounds are presented in Figure 6.12.a - 6.12.J and significant structural data are 

summerised in Table 14. The thermochemical properties of the complexes 19, 24, 25 

and 26 is also computed and listed in Table-15. 

It is seen from the optimized structure of the ligand L3, L4 and L3' that hydrogen atom 

of the OH group at ortho position of the aldehyde moiety is intramolecularly hydrogen 

bonded to azomethine nitrogen. Further, the orientation of the two phenyl rings across 

the C=N bond is quite different in the Schiff base compounds obtained from 2-amino 

phenol (L3 and L4) and those with anilines (L3'). This may as well be responsible for the 

difference in chiral behaviour. The optimised geometry of the binuclear complex 6 and 

7 reveals that the coordination environment around metal centre is square pyramidal 

with the oxo group in complex 6 and chloro group in complex 7 are projected along 

axial direction. The optimized structure of the complex 17 showed the geometry around 

the metal centre is distorted octahedral with metal-oxygen (ethanol) distance of 2.576 

A. The optimized structure of the complexes 19, 24, 25 and 26 reveals that the 



TABLE-14. Selected bond lengths and bond angles for the ligands L3, L4, L3 and 

complexes 6, 7,19, 24, 25, 26. 

Compounds 

Schiffbase(L3) 

Sch iff base (L4) 

Sch iff base (L3) 

Bond lengths 

C(4)-O(10) 

C(4)-C(5) 

C(5)-C(1I) 

O(10)-H(14) 

C(ll)-N(15) 

C(17)-N(15) 

C(17)-C(36) 

0(41)-H(42) 

C(36)-0(41) 

C(4)-O(10) 

C(4)-C(5) 

C(5)-C(ll) 

O(10)-H(14) 

C(ll)-N(15) 

C(17)-N(15) 

C(17)-C(36) 

0(41)-H(42) 

C(36)-0(41) 

C(4)-O(10) 

C(4)-C(5) 

C(5)-C(ll) 

O(10)-H(14) 

C(ll)-N(15) 

C(17)-N(15) 

C(17)-C(36) 

(A) 
1.366 

1.430 

1.441 

1.011 

1.309 

1.414 

1.413 

0.979 

1.383 

1.367 

1.430 

1.441 

1.011 

1.309 

1.414 

1.414 

0.981 

1.382 

1.361 

1.432 

1.442 

1.020 

1.307 

1.416 

1.407 

Bond angles 

C(5)-C(4)-O(10) 

C(4)-C(5)-C(ll) 

C(5)-C(ll)-N(15) 

C(ll)-N(15))-(17) 

N(15))-C(17)-(36) 

C(17)-C(36)-(41) 

C(5)-C(4)-O(10) 

C(4)-C(5)-C(ll) 

C(5)-C(ll)-N(15) 

C(ll)-N(15))-(17) 

N(15))-C(17)-(36) 

C(5)-C(4)-O(10) 

C(4)-C(5)-C(ll) 

C(5)-C(ll)-N(15) 

C(ll)-N(15))-(17) 

(°) 
120.7 

121.5 

122.5 

122.9 

116.4 

121.1 

120.7 

121.5 

122.5 

122.9 

116.4 

120.7 

121.0 

121.9 

122.9 
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Compounds 

[FeL4Cl]2 (6) 

[VOL3]2(7) 

[Fe(L7)(acac)(EtOH)] 

(17) 

Bond lengths 

Fe(23)-N(28) 

Fe(23)-0(22) 

Fe(23)-0(24) 

Fe(23)-0(16) 

Fe(23>-Cl(44) 

Fe(17)-N(13) 

Fe(17)-0(16) 

Fe(17)-O(10) 

Fe(17)-0(22) 

Fe(17)-Cl(43) 

V(23)-N(28) 

V(23)-0(22) 

V(23)-0(24) 

V(23)-0(16) 

V(23)-0(44) 

V(I7)-N(13) 

V(17)-0(16) 

V(17)-O(10) 

V(17>-0(22) 

V(17>-0(43) 

Fe(l)-N(l) 

Fe(l)-0(1) 

Fe(l)-0(2) 

Fe(l)-0(3) 

Fe(l)-0(4) 

Fe(l)-0(5) 

(A) 
2.073 

2.113 

1.989 

2.147 

2.459 

2.077 

2.102 

1.997 

2.167 

2.475 

2.191 

2.177 

2.044 

2.166 

1.818 

2.191 

2.175 

2.059 

2.199 

1.820 

2.122 

2.034 

2.091 

2.075 

2.143 

2.576 

Bond angles 

N(28)-Fe(23)-0(22) 

N(28)-Fe(23)-0(24) 

0(24)-Fe(23)-0(16) 

0(16)-Fe(23)-0(22) 

N(13)-Fe(17)-0(16) 

N(13)-Fe(17)-O(10) 

O(10)-Fe(17)-O(22) 

0(22)-Fe(17)-0(16) 

N(28)-V(23)-0(22) 

N(28)-V(23)-0(24) 

0(24)-V(23)-0(16) 

0(16)-V(23)-0(22) 

N(13)-V(17)-0(16) 

N(13)-V(17)-O(10) 

O(10)-V(17)-O(22) 

0(22)-V(17)-0(16) 

N(l)-Fe(l)-0(1) 

N(l)-Fe(l)-0(2) 

0(l)-Fe(l)-0(3) 

0(2)-Fe(l)-0(3) 

N(l)-Fe(l)-0(4) 

N(l)-Fe(l)-0(5) 

(°) 
79.64 

91.24 

99.07 

77.53 

79.34 

90.62 

102.57 

77.32 

75.89 

85.16 

96.27 

75.81 

75.16 

84.68 

102.64 

75.17 

87.4 

79.6 

97.2 

95.5 

95.3 

91.6 
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Compounds 

[FeL9(H20)2]N03 

(19) 

NH4[FeL9F2] (24) 

NH4[FeL9(NCS)2] 

(25) 

Na[FeL9(N3)2] 

(26) 

Bond lengths 

Fe(l)-N(l) 

Fe(l)-N(2) 

Fe(l)-0(1) 

Fe(l)-0(2) 

Fe(l)-0(3) 

Fe(l)-0(4) 

Fe(l)-N(l) 

Fe(l)-N(2) 

Fe(l)-0(1) 

Fe(l)-0(2) 

Fe(l)-F(l) 

Fe(l)-F(2) 

Fe(l)-N(l) 

Fe(l)-N(2) 

Fe(l)-0(1) 

Fe(l)-0(2) 

Fe(l)-N(3) 

Fe(l)-N(4) 

Fe(l)-N(l) 

Fe(l)-N(2) 

Fe(l)-0(1) 

Fe(l)-0(2) 

Fe(l)-N(3) 

Fe(l)-N(4) 

(A) 
1.931 

1.931 

1.893 

1.893 

1.988 

1.988 

1.940 

1.940 

1.943 

1.943 

1.843 

1.844 

1.937 

1.937 

1.925 

1.925 

1.941 

1.941 

1.943 

1.943 

1.927 

1.928 

1.985 

1.985 

Bond angles 

N(l)-Fe(l)-N(2) 

0(l)-Fe(l)-0(2) 

N(l)-Fe(l)-0(1) 

N(2)-Fe(l)-0(2) 

N(l)-Fe(l)-N(2) 

0(l)-Fe(l)-0(2) 

N(l)-Fe(l)-0(1) 

N(2)-Fe(l)-0(2) 

N(l)-Fe(l)-N(2) 

0(l)-Fe(l)-0(2) 

N(l)-Fe(l)-0(1) 

N(2)-Fe(l)-0(2) 

N(l)-Fe(l)-N(2) 

0(l)-Fe(l)-0(2) 

N(l)-Fe(l)-0(1) 

N(2)-Fe(l)-0(2) 

(°) 
85.6 

90.8 

92.3 

92.3 

86.1 

86.5 

93.7 

93.7 

85.8 

86.7 

93.7 

93.8 

85.9 

86.3 

93.9 

94.0 



139 

TABLE-15. Thermochemical properties of the complexes 19, 24, 25 and 26. 

Compounds 

[FeL9(H20)2]N03 (19) 

NH4[FeL9F2] (24) 

NH4[FeL9(NCS)2] (25) 

Na[FeL9(N3)2] (26) 

Dipole moment 

(Debye) 

2.0482 

5.3973 

4.6815 

8.1044 

Ionozation potential 

(kJmor1) 

1023.3 

291.9 

381.7 

327.1 

Electron affinity 

(kJmol"1) 

-390.2 

414.8 

180.6 

277.7 

geometry around the metal center is slightly distorted octahedral with aquo, fluora, 

thiocyanato and azido groups along the axial direction. Intramolecular hydrogen 

bonding between the pair of atoms 01-HI9 and 02-H21 are seen in the optimized 

structure of [Fe(L)(H20)2]N03 complex (19). The data showed that Fe-N (azomethine) 

bond length is nearly same in all the complexes while Fe-0 bond length significantly 

differs. The largest Fe-0 bond distance was noticed when the axial position was 

occupied by the highest electronegative fluoride and the smallest for labile water 

molecule occupancy. When bond angles of different complexes are compared, it was 

observed that (Nl-Fel-N2) angle differs negligibly while a large variation in (Ol-Fel-

02), (Nl-Fel-Ol) and (N2-Fel-02) bond angles was noticed. The ionization potential 

of the complex 19 is very high while its electron affinity being negative, presumably 

due to cationic nature of the complex ion. 
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* ^ T 1 F 2 t ^ *""* * C32 C33 

a—«* ^F" - C 1 7 C34 

C35 

Figure 6.12.a. B3-LYP/6-31G* optimized geometry of the Schiff base L3. 

+£&i t 

* k~*2 U „ „ c 3 2 C33 fc--g» C5 C l l 

.B^-^< fc— C17 

\ 

Figure 6.12.b. B3-LYP/6-31G* optimized geometry of the Schiff base L4. 

Figure 6.12.C. B3-LYP/6-31G* optimized geometry of the Schiff base L3. 
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Figure 6.12.d. B3-LYP/6-31G* optimized geometry of the complex 
[FeL9(H20)2]N03 (19). 

Figure 6.12.e. B3-LYP/6-31G* optimized geometry of the complex 
NH4[FeL9F2] (24). 
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Figure 6.12.f. B3-LYP/6-31G* optimized geometry of the complex 
NH4[FeL9(NCS)2] (25). 

Figure 6.12.g. B3-LYP/6-31G* optimized geometry of the complex 
Na[FeL9(N3)2] (26). 
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Figure 6.12.h. B3-LYP/6-31G* optimized geometry of the complex [FeL4Cl]2 (6). 
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Figure 6.12.i. B3-LYP/6-31G* optimized geometry of the complex [VOL3]2 (7). 
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Figure 6.12.J. B3-LYP/6-31G* optimized geometry of the complex 
[FeL7(acac)(EtOH) (17). 

The harmonic vibrational frequencies of the compounds were also computed 

theoretically by DFT methods (Table 16 and 17) and the results are compared with the 

experimental ones. It is observed that the empirically scaled harmonic vibrational 

frequencies are very similar and in fairly good agreement with the experimental ones 

[243]. The large deviation observed in L3 and L4 for 0(41)-H(42) stretching may be 

attributed to the intermolecular hydrogen bonding that was ignored in DFT studies. 
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TABLE-16. B3LYP optimized harmonic vibrational frequencies of the compounds L3 and L4. 

Assignments 

0(41)-H(42) 

O(10)-H(14) 

C-H sym (-CH2) 

C-H asym("CH2) 

C(17)-N(15) 

C(36)-0(41) 

C(4)-O(10) 

Stretching frequency (cm1) 

L3 

3614(3431) 

2998 (2953) 

3025(3024) 

3081(3083) 

1648(1636) 

1289(1270) 

1178(1158) 

L4 

3614(3446) 

2997 (2956) 

3025(3024) 

3082(3085) 

1648(1636) 

1289(1270) 

1178(1159) 

values in parenthesis indicates corresponding experimental ones. 

TABLE-17. B3LYP optimized harmonic vibrational frequencies of the compound 19, 
24, 25 and 26. 

Assignment 

Fe(l)-0(1) 

Fe(l)-N(l) 

Fe(l)-N(3) 

Fe(l)-F(l) 

C(4)-0(l) 

C(2)=N(1) 

C(ll)-S(l) 

C(13)-N(3) 

N(3)-N(5)-N(7) 

19 

440 (435) 

475 (453) 

-

-

1281(1274) 

1569(1573) 

-

-

-

24 

442(431) 

456(484). 

-

624 (652) 

1503(1508) 

1631(1627) 

-

-

25 

474(435) 

489 (483) 

416(414) 

-

1484(1420) 

1625(1569) 

774(771) 

2077(2073) 

2086 (2049) 

-

26 

434 (438) 

466 (486) 

419 

-

1492(1508) 

1631 (1590) 

-

-

2046 (2344) 

2060 (2366) 

values in parenthesis indicates corresponding experimental ones. 
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Little deviations of the others from the observed values arises due to neglect of 

anharmonicity in B3LYP method and also due to relatively large size' of the molecule 

[244, 245]. It is to be mentioned here that the average error for frequencies calculated 

with B3LYP functional was reported to be of the order of 40-50 cm"1 [246]. 
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CONCLUSIONS 

Various Schiff base ligands of bi, tri and tetradentate nature were synthesized and their 

complexes with Fe(II), Fe(III) and VO(IV) were prepared. Structural characterization of 

the synthesized compounds were done by elemental analysis and spectral technique viz. 

IR, UV-V1S, 'H NMR, 13C NMR, magnetic susceptibility measurements and mass 

spectroscopy. Single crystal of one of the Schiff bases was obtained successfully and 

characterized by X-ray diffraction technique. Few Fe(III) complexes containing loosely 

bound solvent molecule were used successfully to access newer mixed ligand 

complexes. The reaction of the aquated iron(HI)-Schiff base complex of the type 

[FeL(H20)2]N03 with anionic ligand ammonium bifluoride, ammonium thiocyanate or 

sodium azide in 1:2 molar ratio afforded hitherto unreported mixed-ligand complexes of 

the type A+[FeL(X)2]" (A=NH4; X=F, NCS and A=Na ; X=N3) (Scheme 5.3.b). Similar 

type reaction with neutral donors, imidazole and pyridine led to the formation of mixed-

ligand complexes of the type [FeL(X)2]N03 (X=Im or Py). Reaction of binuclear Fe(III) 
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complex of the type [Fe(L5)Cl]2 with imidazole and triphenyl phosphine in 1:1 molar 

ratio also afforded mixed ligand complexes of the type [Fe(L5)(X)Cl]2 (X= 1m or PPh3). 

The mesogenic behavior of the compounds were investigated by Polarizing Optical 

Microscope and Differential Scanning Calorimetry. Schiff bases (L3 and L4) derived 

from condensation of 4-substituted long chain alkoxy salicyldehyde and 2-aminophenol 

displayed liquid crystalline property with smectic-X phase having chiral domain. This 

mesogenic behaviour was lost on complexation with iron(III) and oxovanadium(JV). 

The stronger interaction between square pyramidal V=0 or Fe-Cl centre seemed to 

inhibit the formation of liquid crystalline phase. 

Few selected compounds were screened for their invitro antimicrobial activities against 

various gram-positive and gram-negative bacteria. The Schiff base L5 and its 

oxovanadium(lV) complex were found to have pronounced activity against Klebsiella 

pneumoniae, Staphylococcus aureus, Pseudomonas aeroginosa, Escherichia coli, 

Bacillus subtilis and Proteus vulgaris while the other compounds examined showed 

only moderate activity. 

The redox behaviour of the compounds were examined by cyclic voltammetric 

technique. Most of the complexes exhibited a quasi-reversible response. The half wave 

potential of almost all the complexes are negative and very small implying that present 

Schiff base complexes of iron(IIl) and oxovanadium(IV) can be easily oxidized or 

reduced. This characteristics feature would make them a valuable catalyst in redox 

reactions. 

Thermal behaviour of the complexes were studied by TGA, DTG and DTA technique. 

Weight loss at different temperature ranges was explained satisfactorily with the help of 

proposed structure. 
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Magnetic susceptibility of the few complexes were studied using Vibrating Sample 

Magnetometer at room temperature against variable field sirength. The magnetic 

properties of the compounds were characterized by the parameters saturation 

magnetization (Ms), the remanence (Mr), the coercivity (He), the squareness ratio 

(SQR), the slope at He and the initial slope. The saturation magnetization and 

coercivities of the compounds are neither very high nor very low and thus these are 

characterized as intermediate magnetic material. These materials are usually used in 

magnetic media. The magnetic moment of mononuclear Fe(III) complexes and VO(IV) 

complexes are consistent with high spin d5 and d1 system while much lower values of 

magnetic moment in binuclear complexes is due to antiferromagnetic interaction. 

Unusual high values of magnetic moment for the Fe(lU) complex 38 and VO(IV) 

complex 31 and 39 is probably due to dimerization and subsequent ferromagnetic 

interaction. 

The structure of the selected compounds were optimized by Quantum Chemical Density 

Functional Theory using B3LYP functional and 6-31G* basis set implemented in 

GAUSSIAN 03 package and structurally significant geometrical parameters were 

computed. Harmonic vibration frequencies as calculated theoretically was found 

comparable with those of experimental ones. 

In all, condensation of appropriately selected aldehyde and amines led to quite a large 

number of Schiff base ligands which depending on metal : ligand stoichiometry, metal 

source, reaction condition, solvent used led to neutral or anionic, mononuclear or 

dinuclear, simple or mixed-ligand Schiff base complexes. The solvated complexes have 

been demonstrated to be suitable synthons for accessing newer complexes via ligand 

exchange reactions.Though efforts to obtain single crystals of the complexes did not 

prove successful, choice of appropriate technique is anticipated to afford single crystals 
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suitable for structure determinations. This is also expected to render unambiguous proof 

of the molecular structures proposed based on spectral data. Some complexes which 

were were obtained as solvated ones, in particular, may serve as catalyst for many 

organic transformation reactions. Appending a long alkyl or alkoxy group at suitable 

position of the Schiff base ligand can generate interesting supramolecular arrangements 

which in turn may lead to mesogenicity, NLO activity etc. 
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Supplementary materials 

Crytallographic data for the structural analysis of the ligand have been deposited with 

the Cambridge Crystallographic Data Centre, CCDC No. 262373 A copy of this 

information may be obtained free of charge from The Director, CCDC, 12 Union Road, 

Cambridge, Cb2 1EZ, UK (fax: +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk or 

www: http://www.ccdc.ac.uk). 

mailto:deposit@ccdc.cam.ac.uk
http://www.ccdc.ac.uk
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Infrared spectra of the compounds 
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APPENDIX 2 

UV-VIS spectra of the compounds 



201 

J . 3 U U 

3.000 

2.000 

1.000 

0.000 

i 

CN 

I 
\ 

^ - — — -

I 

I 

-

-

1 

225.00 400.00 BOO .00 800.00 

UV-VIS spectra of the Schiff base L, 

1.500 

1.000 

0.000 * 

-1.0B2 
225.00 400.00 eoo.oo 800.00 

UV-VIS spectra of the Schiff base L2 



202 

0.000 

-1.030 
250.00 300.00 "TOO .00 500.00 550.00 

nm 

UV-VIS spectra of the Schiff base L3 

4.480 

4.000 

2.000 

0.000 -

-1.082 
255.00 300.00 

-

_ 
f 

I 

o 

1 

1 

CM 

1 

1 

T— 

I 

' 

" 

-

400.00 
nm. 

500.00 550.00 

UV-VIS spectra of the Schiff base L4 



203 

4.000 

2.000 

0.000 

<7i 

I 

CM 

1 

1 1 

T— 

i 

1 1 

" 

" 

225.00 300.00 400.00 
nm. 

500.00 550.00 

UV-VIS spectra of the Schiff base L5 

2.000 

1.000 

0.000 

•i n f l o 

1 "* 

I 

CO 

1 

1 

CM 

I 

1 

1 

r -

I 

1 

-

225.00 300.00 400.00 500.00 550.00 
nm. 

UV-VIS spectra of the Schiff base L6 



204 

0.000 

-1.082 
225.00 300.00 500.00 000.00 

UV-VIS spectra of the Schiff base L7 

0.000 -

-1.082 
225.00 300.00 500.00 800.00 

UV-VIS spectra of the Schiff base L8 



205 

2.500 

2.000 -

1.000 -

0.000 

-1.000 

225.00 

-

FJ 

I I 

" 

l 

-

300.00 400.00 500.00 

UV-VIS spectra of the Schiff base L9 

1.000 

0.500 -

Jo 0.000 -

-0.500 -

-1.0B2 
225.00 300.00 800.00 

UV-VIS spectra of the Schiff base Lio 



206 

4.480 

4.000 T 

2.000 • 

400.00 eoo.oo 800.00 

UV-VIS spectra of the Schiff base L n 

1.000 

0.500 

-0.500 

0.000 -

UV-VIS spectra of the Schiff base L12 

800.00 



207 

4.480 

4.000 

2.000 

0.000 

-1.082 

: 

I 
D 
1 <fr O 

_ , 

CM 

1 

1 

1 

" 

" 

225.00 400.00 800.00 800.00 

UV-VIS spectra of the Schiff base L13 

0.000 

-1.082 
225.00 400.00 eoo.oo 800.00 

UV-VIS spectra of the Schiff base Li4 



208 

4.480 

4.000 -

2.000 

0.000 -

-1.002 
228.00 

-

-a-

i 

re 

i 

I 

CN 

1 

1 

1 

• 

-

-

300.00 400.00 
rtm. 

500.00 550.00 

UV-VIS spectra of the Schiff base L,5 

4.480 

4.000 

2.000 -

0.000 -

-1.082 
230.00 

-

<fr 

I 

m 

i 

I 

CN 

* 

I 

I 

T— 

i 

I 

" 

300.00 400.00 
nm. 

500.00 550.00 

UV-VIS spectra of the Schiff base Ll6 



209 

1.500 

1.000 -

0.500 -

0.000 -

-0.500 
225.00 800.00 

UV-VIS spectra of the complex [Fe(L,)2(N03)2]N03 (1) 

4.480 

4.000 

3.000 

2.000 

1.000 

o.ooo IH 

-0.500 
225.00 

n 

<d-

I 

D CM 

1 

1 

7 
i 

-

• 

400.00 800.00 
nm. 

800.00 

UV-VIS spectra of the complex [Fe(L2)2(N03)2]N03 (2) 



210 

§ 2.000 • 

1.000 

0.000 -

-0.500 
225.00 400.00 eoo.oo 800.00 

UV-VIS spectra of the complex [VO(Li)2]S04.H20 (3) 

4.480 

1.000 

D.000 

-0.500 
220.00 900.00 

UV-VIS spectra of the complex [VO(L2)2]2+S042".H20 (4) 



211 

2.135 

2.000 

1.500 

1.000 

0.500 -

-0.100 

I 

<N 

—j I 

-

' 

I 

^ 

I 

I 

-

-

-

I 

280.00 300.00 400.00 
nm. 

500.00 550.00 

UV-VIS spectra of the complex [Fe(L3)Cl]2(5) 

I 

0.000 -

•1.002 

246.00 300.00 400.00 500.00 550.00 
nm. 

UV-VIS spectra of the complex [Fe(L4)CI]2 (6) 



212 

I 

5.000 

4.000 

2.000 

0.000 

-1.0B2 

sr 

o 

I " 
I H \ 

i 

m 

I 

i 

1 I 

-

CM-

w 

I 1 

220.00 300.00 400.00 
nm. 

500.00 550.00 

UV-VIS spectra of the complex [VO(L3)]2(7) 

1.«4O0 

4.000 

2.000 

0.000 

1 n m 

« 

r*\ I 
CM 

I 

I I 

,_ 

I I 

-

-

250.00 400.00 800.00 
nm. 

UV-VIS spectra of the complex [VO(L4)]2 (8) 

800.00 



213 

4.490 

4.000 

2.000 

0.000 -

-1.0B2 

IMO 

1 

-

IO 

* 

O CN 

1 " ' 

* • - — * 

1 

1 

-

1 

230.00 

5.000 

4.000 • 

< 2.000 • 

0.000 -

-0.002 
225.00 

400.00 000.00 800.00 
nm. 

UV-VIS spectra of the complex [Fe(L5)Cl]2 (9) 

400.00 BOO .00 680.00 
nm. 

UV-VIS spectra of the complex [VO(L5)]2.H20 (10) 



214 

in 

< 

z.uuu 

1.000 

0.000 

n T < / 1 

N 

1 

T -

1 

1 

1 

220.00 400.00 800.00 
nm. 

800.00 

UV-VIS spectra of the complex [Fe(L5)Cl(PPh3)] (11) 

2.000 

1.000 

0.000 

-0.520 

w 

* 

I 

m 

i 

CN 

1 

T~ 

1 

225.00 400.00 eoo.oo 
nm. 

800.00 

UV-VIS spectra of the complex [Fe(L5)Cl(Imz)] (12) 



215 

3.000 

2.000 -

1.000 •' 

0.000 

-0.400 
220.00 800.00 

UV-VIS spectra of the complex [Fe(L5)(H20)]2 (13) 

3.000 

2.000 • 

VI 

< 

1.000 

0.000 

•0.300 
220.00 800.00 

UV-VIS spectra of the complex Na[V02(L5)] (14) 



216 

1.000 

0.500 

0.000 

-0.500 

•3-

1 m 

1 - " 1 

cv< 

I ' 

1 

_ ... 1 

I 

225.00 300.00 400.00 500.00 550.00 

UV-VIS spectra of the complex Fe(L6)Cl (15) 

1.000 

I 

0.500 -

0.000 i 

-0.502 

222.00 300.00 500.00 550.00 

UV-VIS spectra of the complex [VO(L6)(H20)].H20 (16) 



1.000 

0.500 -

0.000 -

-0.500 -

-1.002 
225.00 300.00 

217 

000.00 

UV-VIS spectra of the complex [Fe(L7)(acac)(EtOH)] (17) 

0.000 

-1.0B2 
225.00 300.00 400.00 500.00 000.00 

UV-VIS spectra of the complex [Fe(L8)(acac)(EtOH) (18) 



218 

1.000 

0.500 -

0.000 

-0.500 

I 

<d-

m 

I 

(N 

I 

I 

I 

T -

J 

I 

225.00 300.00 400.00 500.00 550.00 

nm. 

UV-VIS spectra of the complex [Fe(L9)(H20)2]N03(19) 

0.500 

0.400 -

0.200 

0.000 -

-0.200 

-0.400 -

-0.500 
225.00 400.00 900.00 800.00 

UV-VIS spectra of the complex [Fe(L„)(H20)2]N03 (20) 



219 

0.000 -

-1.0B2 
225.00 400.00 800.00 800.00 

UV-VIS spectra of the complex [Fe(Li2)(H20)2]N03 (21) 

1.000 

0.000 

225.00 800.00 

UV-VIS spectra of the complex [Fe(LI3)(N03)(H20)] (22) 



220 

4.480 

4.000 

2.000 

0.000 

-1.0B2 

K O 

i 

1 

m 

i 

"d-

D 
cs 

• 

1 1 

r— 

i 

i i 

-

-

225.00 300.00 400.00 
nm. 

500.00 eoo.oo 

UV-VIS spectra of the complex [Fe(Li4)(N03)(H20)] (23) 

2.803 rr 

2.000 -

1.000 -

0.000 

-0.287 
200.00 800.00 

UV-VIS spectra of the complex NH4[Fe(L9)F2] (24) 



221 

1.500 

1.000 -

0.500 -

-0.001 

-

M-

I 

i 

i 

i 

I 

" 

225.00 300.00 400.00 
nm. 

500.00 550.00 

UV-VIS spectra of the complex NH4[Fe(L9)(NCS)2] (25) 

2.373 

2.000 -

1.000 

0.000 -

•0.872 

-

m 

CN 

I 

* 

i 

I 

i 

225.00 400.00 800.00 750.00 

UV-VIS spectra of the complex Na[Fe(L9)(N3)2] (26) 



222 

4.000 

3.000 

2.000 

1 000 

0.000 

•1 1 

• 

1A 
\ _ ^ _ 

• ' 

UV-VIS spectra of the complex [Fe(L,2)(Im)2]N03 (27) 

§ 0.500 

UV-VIS spectra of the complex [Fe(L12)(Py)2]N03 (28) 



223 

2.000 

I 

1.000 

0.000 

•0.707 

220.00 300.00 500.00 550.00 

UV-VIS spectra of the complex [VO(L9)].H20 (29) 

0.000 

-1.082 
220.00 4O0.00 900.00 800.00 

UV-VIS spectra of the complex [VO(L„)].H20 (30) 



224 

4.480 

4.000 

2.000 

0.000 

-1.0B2 
220.00 000.00 

UV-VIS spectra of the complex [VO(Li2)].H20 (31) 

4.480 

4.000 

2.000 -

0.000 -

-1.0B2 

h*. 

i 

-

I 

J 

• 

L \~_— 

I 

IO 

-J~— 

i 

<J-

H 
o 

• 

1 

<N) 

i 

1 

I -

t 

1 

" 

225.00 300.00 400.00 
nm. 

500.00 800.00 

UV-VIS spectra of the complex [VO(L]3)].H20 (32) 



225 

1.500 

1.000 -

0.600 -

0.000 -

-0.500 
225.00 300.00 eoo.oo 

UV-VIS spectra of the complex [VO(Li4)].H20 (33) 

n 
< 

0.000 -

-0.216 

220.00 400.00 000.00 

nm. 
800.00 

UV-VIS spectra of the complex [Fe(L,5)Cl2]Cl (34) 



226 

210.00 800.00 

UV-VIS spectra of the complex [Fe(Li6)CI2]Cl (35) 

2.000 

V) 

n 
< 

1.000 

0.000 -

-0.518 

ro 

fl\ « 

I v 

i - r— i 

__i i i 

215.00 400.00 600.00 8B0.00 
nm. 

UV-VIS spectra of the complex [VO(Li5)]S04.H20 (36) 



227 

JO 
< 2.000 

1.000 -

0.000 -

-0.580 
225.00 800.00 

UV-VIS spectra of the complex [VO(Li6)]S04.H20 (37) 

4 .HOU " % 

4.000 

3.D00 

2.000 

1.000 

0.000 

n finn 

a-

m , 

' 

CN 

1 

1 

- ^ I 

1 

-

-

-

225.00 400.00 800.00 eoo.oo 

UV-VIS spectra of the complex [Fe(Li0)(H2O)2](NO3)3 (38) 



228 

J .OUU 

3.000 

2.000 

1.000 

0.000 

1-

D J 

1 

1 

1 

7 

i 

-

-

225.00 «rao.oo 000.00 eoo.oo 

UV-VIS spectra of the complex [VO(Li0)]SO4.H2O (39) 

3.000 

I 

2.000 

1.000 

0.000 

-0.400 

-

-

_ 

n 

CM 

i 

T -

i i 

-

-

225.00 400.00 600.00 
nm. 

800.00 

UV-VIS spectra of the complex [Fe(L9)(H20)2] (40) 



229 

APPENDIX 3 

1H NMR spectra of the compounds 
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13C NMR spectra of the compounds 
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APPENDIX 5 

Mass spectra of the compounds 
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APPENDIX 6 

Cyclic voltammogram of the complexes 
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TGA and DTA graph of the complexes 
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APPENDIX 8 

Hysteresis curve of the complexes 
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Abstract 

Neutral [N2OJ donor tetradentate Schiff base derived from furfuraldehyde and hydrazine hydrate and its 
complexes with VO(IV), Fe(III), Co(II), Ni(II), Cu(II) and Zn(ll) have been prepared and characterized by 
physical, spectral and analytical studies. The complexes have a sloichiometry [ML(H,0)JXm (M= VO, Fe, Co, 
Ni, Cu andZn ; n=0 or 2 ; X=SO, N03or CH}COO; m=l, 2 or 3). An octahedral geometry were proposed for 
theFe(HI) andCo(H) complexes and a square pyramidal geometry for the VO(IV) complex. While Ni(II), Cu(II) 
and Zn(II) complexes were conjectured to possess a square planar geometry. The redox behaviour of the 
complexes were examined by cyclic voltammatric studies. 

Key words: Tetradentate Schiff Base, Hydrazine Hydrate, Furfuraldehyde. 

Introduction 

Compounds containing imines have not only found 
extensive application in organic synthesis, but 
several of these molecules display significant 
biological activity (Miyaurae/. al. 1995, Baleizno 
et. al. 2004, Bandini et al. 2002, Canali and 
Sherrington, 1999). In the last decade Schiff base 
ligands have received extensive attention mainly 
because of their wide application in the field of 
catalysis and due to their antimicrobial (Chouhan 
and Sheazi, 1999), anti-tuberculosis 
(Jayabalakrishnan and Natarajan, 1999), and 
antitumour activity (Jeeworth et al. 2000). They 
easily form stable complexes with most transition 
metal ions. Schiff base complexes derived from 
heterocyclic compounds have found increased 
interest in the context of bioinorganic chemistry 
(Chaviara el al. 2004, Ciller et al. 2009, Agarwal 
and Hingorani, 1990). Heterocyclic compounds 
such as pyridine, 2, 2'-bipyridine and related 
molecules are good ligands due to the presence of 

one or more ring nitrogen atoms with a localized 
pair of electrons. The application potential has led 
to the formation of series of novel Schiff base 
compounds with a wide range of physical, 
chemical and biological properties (Mauryae/. al. 
1993, Bassett et al. 1978, Tarcero et al. 2003, 
Milvoic et al. 2003), spanning a broad spectrum 
of reactivity and stability. Though anionic Schiff 
base ligands have been exploited for 
complexation, those with neutral Schiff base 
ligands have not been adequately studied. 

Accordingly we report herein, synthesis and 
characterization of some new complexes of 
VO(IV), Fe(III), Co(II), Ni(II), Cu(II) and Zn(U) 
with a neutral N202 donor Schiff base derived 
from furfuraldehyde with hydrazine hydrate. 
Cyclic voltammetry of VO(IV) and Fe(III) 
complexes showed typical quasireversible 
electrochemical response. 
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Materials and Methods 

Reagents and solvents 

All the chemicals and solvents used were of 
analytical grade. The metal salts (E. Merck) were 
commercially available pure samples. 
Furfuraldehyde obtained from Qualigens fine 
chemicals was distilled before use and hydrazine 
hydrate was used as received. Ethanol was dried 
over activated lime. 

Physical measurements 

Microanalytical (C, H, N) data were obtained with 
a Perkin-Elmer Model 240C elemental analyzer. 
Infrared spectra were determined by using KBr 
pellets on a FT-1R spectrophotometer in the region 
400-4000 cm1. Electronic spectra were recorded 
in dichloromethane solution on a Shimadzu 1600-
PC UV-VIS spectrophotometer in 200-800 nm 
range. Nuclear magnetic resonance spectra ('H 
and l3C) were acquired from Bruker Advance 300 
MHz FT NMR Spectrometer using CDG3 as 
solvent and TMS as internal standard. Mass 
spectra were recorded on a DART-MS 
spectrometer with ESI ionization mode. 
Electrochemical behaviour of the complexes were 
investigated by cyclic voltametric method at room 
temperature in acetonitrile for ca. 1 X I03 mol 
dm3 using n-Bu4NC104 as supporting electrolyte 
under a dry N, atmosphere on a PC controlled 
CHI model 660C electrochemistry system. A Pt 
disk, a Pt wire auxiliary electrode and an aqueous 
saturated calomel electrode (SCE.) were used in 
a three electrode configuration. 

Synthesis ofligand (L) 

Hydrazine hydrate (0.01 mol, 0.50 g) was dissolved 
in dry ethanol and then added to an ethanolic 
solution of furfuraldehyde (0.02 mol, 1.92 g) 
containing few drops of acetic acid and the mixture 
was refluxed for 4 hours. The solvent was then 
removed on rotary evaporator and the residue 

crystallized at room temperature. The yellow 
crystals so obtained was recrystallised from 
ethanol to obtain the pure Schiff base compound 
(Fig.l). 

/ \ 

Schiff base (L) 

Figure 1. The molecular structure of the Schiff base. 

Synthesis of complexes(l-6) 

General procedure 

Warm ethanolic solution (20 cm3) of Schiff base 
(I mmol) was added to a magnetically stirred 
solution of the respective metal salts (1 mmol) in 
ethanol (20 cm3). Vanadyl sulphate, iron (III) 
nitrate, cobalt (II) nitrate, nickel (II) acetate, 
copper (II) acetate and zinc (II) acetate were used 
as metal source. The mixture was refluxed for 1 
hour and cooled to room temperature. On cooling, 
precipitates of the desired metal complexes were 
formed, which were filtered, washed with ethanol 
and dried. Recrystailization from ethanol afforded 
the pure metal complexes. The yield recorded were 
ca 65%. 

Results and discussions 

The tetradentate Schiff base is devoid of any 
ionisable proton and serve as neutral ligand 
forming cationic complexes. The complexes (1-
6) were all obtained as coloured microcrystalline 
solids stable to air and moisture. Following an elicit 
reaction strategy (Scheme 1), the complexes were 
accessed by direct interaction of the ligand (L) 
and the metal ion in ethanolic medium. 

. .,n. •. . . , „ ^ „ r Ethanol 
M(N03)x or M(OAc)2 or M(S04)2 + L ^ ^ ^ 

[ML]Xn 

(X=NQ3, OAc or S04 ; n=l, 2 or3 
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Scheme - 1 summarized in Table 1. The elemental analysis of 
_. I .• , . . Ct.u r- j j i the complexes correspond well with the proposed 
The analytical data of the ligand and complexes r K P ^UO U 

along with some physical properties are formulae (Fig 2). 

S04 .H20 

OH2 

1. . N - - N 

(N03)3 

OH2 

1 Co (N03) 3̂ 2 

(OAc)2 ^6 (OAc)2 

H. .N—N 
^Qf \/ 

Zn 
^ 

H 

(OAc)2 

5 6 

Figure 2. Proposed structure of the Schiff base complexes, 1-6. 

IR spectra 

The IR spectra of the ligand and complexes feature 
absorption bands characteristics of various bond 
types providing information regarding the 
formation of the ligand and its coordination mode 
in the complexes. The structurally relevant IR 
bands with their assignments are shown in Table2. 

The ligand showed characteristic azomethine 
(C=N) band at ca 1640 cm"1. Shifting of this band 
to lower wave numbers in the spectra of the 
complexes suggested coordination of the 
azomethine nitrogen during complexation (Tas et. 
al. 1998). Two distinct bands in the region 434-
592 cm-1 in the complexes assignable to M-N and 
M-0 stretch provide compelling evidence for the 
coordinated metal ion in the ligand framework 
(Thomas et. al. 1995) The vanadyl complex 
exhibited an additional band at ca 980 cm"' 
attributed to the V=0 stretching (Xiu et. al. 1996). 
In addition, the broad bands at ca 3425 cm"' in the 

vanadyl complexes assignable to v (O-H) of the 
lattice water molecule. Coordination of water 
molecule to the vanadyl centre may not, however, 
be ruled out. The characteristics v (S-0 ) of 

x assy' 

uncoordinated sulphate was observed at ca 1120 
cm"'(Nakamoto, 1986). Iron(III) and cobalt(II) 
complexes showed sharp band at ca 1385 cm ' 
which corresponds to v N-0 ) of uncoordinated 
nitrate (Kunchandy and Indrasenanl990). The 
coordinated water molecules in iron(III) and 
cobalt(II) complex was evidenced by the 
appearance of broad bands in the range 3367-3407 
and weak bands at ca 880 and 590 cm"', owing to 
v(O-H), prock(H20) and pwagg(H20), respectively 
(Nakamoto, 1986). The aquo groups occupy the 
axial positions completing six coordination. The 
C-0 stretching vibration of the free acetate ion 
was observed at ca 1600 cm-1 in Ni(Il), Cu(II) 
and Zn(II) complexes (Wang, 2007) in conformity 
with their occurrence as counter anion. 
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Table 1. Physical and analytical data of the Schiff base ligand and its complexes, 1-6 

Compound 

Ligand (L) 

Complex 1 

Complex 2 

Complex 3 

Complex 4 

Complex 5 

Complex 6 

Molecular 
composition 
C,0H8N2O2 

MW=188 
VCloH,oN202S 

MW=369 
FeC,oH,2N50,3 

MW=466 
CoC,0H,2N40,o 

MW=407 
NiCMHMN206 

MW=364.5 
CuC|4HMN206 

369.5 
ZnC|4HMN206 

MW=371.5 

Colour 

yellow 

red 

red 

red 

light 
yellow 

brown 

dirty 
white 

Yield 
(%) 

70 

65 

60 

60 

55 

60 

65 

Found (Calcd) (%) 
C 

63.5(63.8) 

32.1(32.5) 

26.0(25.8) 

29.9(29.5) 

46.0(46.1) 

45.3(45.5) 

45.4(45.2) 

H 

4.4(4.3) 

2.9(2.7) 

2.7(2.6) 

3.1(2.9) 

4.0(3.8) 

4.1(3.8) 

3.5(3.8) 

N 

15.2(14.9) 

7.4(7.6) 

14.9(15.0) 

13.5(13.8) 

8.1(7.7) 

7.6(7.6) 

7.2(7.5) 

Table 2. Characteristic IR bands (cm-1) for the ligand and the complexes, 1-6. 

Compounds 

Ligand (L) 
Complex 1 

Complex 2 

Complex 3 

Complex 4 
Complex 5 
Complex 6 

v(C=N) 

1641 

1626 

1617 

1638 

1577 
1577 
1576 

v(M-N) 

-

470 

530 

588 

592 
592 
592 

v(M-O) 

-

434 

486 

512 

515 
515 
515 

v(V=0) 

-

978 

-

-

-
-
-

v (0-H/H20) 

-
-

3367 
882(pr) 
591(pw) 
3407 
882(pr) 
588(pw 

-
-
-

v(S-O) 

-

1120 

-

-

-
-
-

v(N-0) 

-

3425 

1382 

1386 

Electronic absorption spectra 

The electronic absorption spectra of the Schiff base 
ligand and its complexes (1-6) were recorded in 
dichloromethane at room temperature. The 
absorption regions of the compounds are given in 
Table 3. The appearance of d->d transition peaks 
in all UV-VIS spectra of the complexes is 
compatible with the presumed geometry. Further, 
the ligand as well as complexes exhibited bands 
with high molar extinction coefficients assignable 
to intraligand charge transfer n-»7c*and n -wi* 
transition in the expected region. 

NMR spectrum 

The 'H and l3C NMR spectral data of the ligand 
is summarized in Table 4. Muitiplet at 6.548-6.917 
8 is attributable to ring protons. A sharp singlet at 
8.541 8 assignable to azomethine proton (-CH = 
N-) confirms the formation of the ligand as 
proposed. 

The l3C NMR spectrum of the ligand showed the 
presence of five magnetically non-equivalent 
carbons and thus provide an additional evidence 
for the proposed structure of the ligand. 
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Table 3. Electronic spectral data of the compounds 

Compounds 

Ligand (L) 

Complex 1 

Complex 2 

Complex 3 

Complex 4 

Complex 5 

Complex 6 

Absorption 
(nm) 

337 
259 
596 
337 
253 
234 
505 
338 
259 
235 
334 
247 
236 
496 
308 
267 
669 
369 
286 
505 
332 
308 

Molar extinction 
coefficient 

(e, M ' W ) 
20300 
1800 
60 

27370 
3130 
18510 
210 

25760 
3960 
4300 
25530 
2440 
3600 
120 

23400 
1740 
170 

27000 
2440 
100 

21660 
17430 

Band 
assignment 

n ->7t* 

71 - » 7 t * 

d-+d 
Intraligand 
Intraligand 
Intraligand 

d-*d 
Intraligand 
Intraligand 
Intraligand 
Intraligand 
Intraligand 
Intraligand 

d->d 
Intraligand 
Intraligand 

d->d 
Intraligand 
Intraligand' 

d-+d 
Intraligand 
Intraligand 

Geometry 

-

Square 
pyramidal 

Octahedral 

Octahedral 

Square planar 

Square planar 

Square planar 

Table 4. The 'H NMR spectral'data and their assignment. 

'H 
5 (ppm) 

6.548-6.917(6H,m) 
8.541 (lH,s) 

Assignment 
Ring proton 

-CH=N-

l3C 
5 (ppm) 

112.32, 116.92, 145.85, 149.38, 
150.98 

Assignment 
Ring carbon 

-CH=N-

Mass Spectra 

The mass spectrum of the ligand recorded in ESI* 
ionization mode showed molecular ion peak at 188 
m/z. Further the peaks at m/z 190 and 191 are 
assignable to [M+H] and [M+2H] fragments, 
respectively thus confirming the stoichiometry of 
the ligand as proposed. 

Electrochemical studies 

The redox behaviour of the complexes 1 and 2 
were examined by cyclic voltammetry in anhydrous 
acetonitrile solution of ca 10° M concentration 

containing0.1 M tetrabutyl ammonium perchlorate 
(TBAP) as supporting electrolyte in the potential 
range 1.6 to -1.6 V vs SCE at 100 mVs'1 scan 
rate. The redox potentials for the compounds are 
given in Table 5 and corresponding voltammograms 
are presented in figure 3. The cyclic 
voltammogram of the complexes showed a well 
defined redox process corresponding to the 
formation of Fe(III)/Fe(II) and VO(V)/VO(IV) 
couple, respectively suggesting a quasi-reversible 
(A£p > 100 mV) electrochemical response. 
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Figure 3. Cyclic voltammograms of the complex 1 and 2 

Table 5. Electrochemical data of the complexes 1 and 2. 

Compounds 
Complex 1 
Complex 2 

E0
a(V) 

-0.270 
1.21 

ED
C(V) 

-0.564 
-1.38 

?E„(V) 
0.294 
2.59 

E,/2(V) 
-0.834 
-0.085 

The half wave potential E t ;, of the complexes is 
negative implying their redox susceptibility. This 
feature would make them valuable as catalyst in 
redox reactions (Perez el at. 2005). 

Conclusion 

In this work N,C>2 donor neutral tetradentate 
Schiff base (derived from condensation of 
furfuraldehyde with hydrazine hydrate) and its 
oxovanadium(IV), iron(III), cobalt(ll), nickel(II), 
coppenTI) and zinc(II) complexes were synthesized 
and characterized by spectral and analytical data. 
Square pyramidal structure for complex 1 and 
octahedral structure for 2 and 3 and square planer 
for the rest, 4-6 has been proposed. The redox 
behaviour of the iron (III) and oxovanadium(IV) 
complexes were invest igated by cyclic 
voltammetry. Based on half wave potential values, 
the iron complex appeared to be easily oxidizable 
or reducible. This characteristic feature render such 
compounds a potential catalyst in many reactions. 
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Abstract 

Cationic Iron(III) Schiff base aquo complex of the type [FeL(H20)2]N03 

(L= C12H18N2O2) was accessed from an interaction of Fe(N03)3.9H20 with the [N2O2] 

donor Schiff base. Reaction of the aquated complex with bifluoride (HF2"), 

thiocyanate (SCN") or azide (N3") in 1:2 molar ratio in methanolic medium led to the 

synthesis of anionic mixed-ligand complexs, [FeLX2]
n" (L=Ci2Hi8N202, X=F, NCS, 

N3). The tetradentate Schiff base ligand was prepared from condensation of 

acetylacetone and ethylenediamine following literature method and characterized by 

spectroscopic and single crystal XRD technique. The complexes were characterized 

using elemental analysis, FT-IR, UV-VIS, mass spectroscopy and solution electrical 

conductivity studies. The magnetic susceptibility measurements suggested occurrence 

of high spin Fe(III) in the complexes. The electronic structures of the compounds 

were extensively analyzed by DFT method using B3LYP/6-31G(d,p) functional and 

overall, very good agreement between theoretical expectations and experimental data 

was achieved. The electrochemical behaviour of the complexes were examined by 

cyclic voltametric method. 

Key words : Schiff base; mixed-ligand iron(III) complex; dft; acetylacetone; 

ethylenediamine. 



1. Introduction 

Metal-Schiff base complexes have continued to enjoy extensive interest owing to their 

synthetic proclivity, structural diversity and potential application in pharmacology and 

catalysis. The design, synthesis and characterization of iron complexes with Schiff 

base ligand, however, play a relevant role in the coordination chemistry of iron due to 

their importance as synthetic models for the iron containing enzymes [1,2], oxidation 

catalysts [3-5] and bistable molecular materials based on temperature, pressure or 

light induced spin crossover behaviour [6-9]. Considerable attention has been devoted 

in recent years to the study of mixed-ligand complexes of transition metals containing 

nitrogen donor ligands [10-12]. Their potential applications like separation materials, 

catalysis precursors, potential models of the catalyse enzymes [13-16]) and their 

interesting structures [17-19] has spurred extensive research in this field. The mixed-

ligand complexes containing N, O, and/or S donor atoms are important owing to their 

significant antifungal, antibacterial, and anticancer activity [20]. Use of iron-Schiff 

base complexes in different catalytic reactions have been dealt with in some recent 

works [21-23]. Although quite a large number of metal-[N2C«2] compounds are on 

record [25-28], reports on corresponding Fe(III) complexes are rather scarce. A 

scrutiny of related literature reveals that mostly divalent metal ions have been used for 

complexation with Schiff bases having [N2O2] core [29-31]. Recent studies showed 

iron(III) tridentate Schiff base complex as efficient catalyst for oxidation of sulfides to 

sulfoxides by urea hydrogen peroxide [32]. Similarly, [N2O2] donor Schiff base 

complexes of palladium(II) have been used as catalyst for reduction of organic 

substrates under mild conditions [33]. Further, oxovanadium(IV)-[N2C«2] Schiff base 

complexes have been shown to exhibit insulin-mimetic activity [34]. [N2O2] donor 

planar tetradentate ligands with four coordinating site render two axial site open to 



ancillary ligands. For instance, iron(III) complexes of [N2O2] donor tetradentate 

Schiff base ligands, [FeL(Im)2].BPli4 (L=salen, acacen) have been shown to posses 

interesting magnetic behaviour [35,36]. Coordination of varying donor ligands at the 

axial site is a synthetic challenge and also allow tunability to physical properties. 

Complexes of VO(II), Ni(II), Co(II) and Cu(II) with unsymmetrical [N202] donor 

Schiff base derived from 2,4-pentanedione/ 1 -phenyl-1,3-butanedione and 

ethylenediamine have recently been reported [37]. 

Accordingly, we report herein the synthesis and structural characterization of mixed-

ligand iron(III) complexes with N2O2 donor tetradentate Schiff base derived from 

condensation of acetylacetone with ethylenediamine incorporating aquo, fluoro, 

thiocyanato or azido group. In addition, density functional theory (DFT) methods 

have been used to model the most stable equilibrium geometry of the complexes. The 

electrochemical behaviour of the complexes are also studied. 

2. Experimental 

2.1. Materials 

Reagent grade and HPLC grade solvents and chemicals were used. Acetylacetone, 

ethanol, methanol and other solvents were distilled prior to their use. 

Ethylenediamine, ammonium bifluoride, ammonium thiocyanate, sodium azide and 

ferric nitrate were obtained from E. Merck. India Ltd. and were used as received. 

2.2. Measurements 

Microanalytical (C, H, N) data were obtained with a Perkin-Elmer Model 240C 

elemental analyzer. Infrared spectra were obtained by using KBr pellets on a 

Spectrum BX series FT-IR spectrophotometer in the region 400-4000 cm-1. Electronic 

spectra were recorded in DCM on a Shimadzu 1600-PC UV-VIS spectrophotometer 

in 200-800 nm range. Nuclear magnetic resonance spectra ('H and I3C) were 



acquired from Bruker Advance 300 MHz FT NMR Spectrometer using CDCI3 as 

solvent and TMS as internal standard. Mass spectra were recorded on a Jeol SX-102 

spectrometer with fast atom bombardment. Magnetic susceptibilities of the complexes 

were measured at room temperature on a Sherwood scientific susceptibility balance 

using Hg[Co(SCN)4] as calibrant. Molar conductances of complexes were determined 

in DMSO (ca. 10"3 M) at room temperature using a Toa CM 405 conductivity meter. 

Electrochemical behaviour of the complexes were investigated by cyclic voltammetric 

method in CHI 660C Electrochemical Workstation in dicholoromethane solution 

versus SCE electrode at room temperature in the potential range -1.0 to 1.0 V. 

3. Synthesis 

3.1. Synthesis Schiffbase ligand, C12H20N2O2 (H2L) 

The ligand was prepared from condensation of acetylacetone and ethylenediamine in 

2:1 molar ratio according to the reported method [38]. Acetylacetone (0.02 mol, 2.0 g) 

and ethylenediamine (0.01 mol, 0.06 g) in 60 cm3 dry ethanol were refluxed for two 

hours in presence of few drops of acetic acid and cooled in a refrigerator. The 

resulting compound was precipitated, filtered and recrystallized from methanol. 

Elem. anal. (%) Calcd C (64.29), H (8.93) and N (12.50). Found C (64.22), H (8.84) 

and N (12.45). FTIR ( KBr pallets, v cm"1) 1143 (C-O), 1617 (C=N), 3447 (O-H). 

UV-VIS (CH2CI2, Xmax nm) 231, 317. 'H NMR (300 MHz, 6 ppm, from TMS in 

CDCI3) 10.89 (s, 2H, OH), 5.00 (s, 2H, -CH=C), 3.42 (t, 4H, -CH2-), 2.17 (s, 6H, 

CH3), 1.91 (s, 6H, CH3).
 13C NMR (300 MHz, 8 ppm, from TMS in CDC13) 195.5, 

162.9, 96.1, 43.4, 28.8, 18.6. MS(FAB, m/z) 225[M+H]+. 

3.2. Synthesis of iron (III) complex [FeL(H20)2]NO3 

The ligand, H2L (0.005 mol, 1.12g) dissolved in methanol (20 cm3) and added to a 

methanol solution (20 cm3) of [Fe(N03)3].9H20 (0.005 mol, 2.02g) and the mixture 



was stirred for 4 h. On cooling to room temperature dark brown microcrystalline solid 

was obtained which was washed with cold absolute ethanol and then dried at air. 

Yield 68%. Elem. anal. (%) calcd C (38.30), H (5.85), and N (11.17). Found C 

(38.23), H (5.88), and N (11.25). FT IR ( KBr pellets, v cm"1) 435 (Fe-O), 453 (Fe-N), 

654 (PwaggH20), 930 (prockH20), 1274 (C-O), 1385 (N-O), 1573 (C=N), 3419 (O-H). 

UV-VIS (CH2C12, W nm) 278, 323, 410, 482. MS (FAB, m/z) 376[M]+. 

3.3. Synthesis of iron (III) complex NH4FeLF2] 

The complex [FeL(H20)2]N03 (0.001 mol, 0.376g) was dissolved in 10 cm3 of 

methanol and to this a methanol solution (10 cm3) of NH4F-HF (0.002 mol, 0.112g) 

was added with continuous stirring and the mixture further stirred for 1 h. On standing 

overnight the compound so precipitated was collected, washed with ethanol and then 

dried in open air. Yield 63%. 

Elem. anal. (%) calcd C (43.11), H (6.59), and N(12.66). Found C (43.18), H (6.52), 

and N (12.66). FTIR ( KBr pellets, v cm"1) 431 (Fe-O), 484 (Fe-N), 652 (Fe-F), 1508 

(C-O), 1627 (C=N). UV-VIS (CH2C12) 365, 323. MS (FAB, m/z) 334[M]+. 

3.4. Synthesis of iron (III) complex NH4[FeL(NCS)2] 

The complex was prepared by a procedure similar to that of the complex NH4[FeLF2] 

with the difference that NH4SCN was added instead of NH4F-HF. Yield 70%. 

Elem. anal. (%) calcd C (40.78), H (5.34), and N (19.99). Found C (40.85), H (5.39), 

and N (20.02). FT IR ( KBr pellets, v cm"') 414 (Fe-NCS), 435 (Fe-O), 483 (Fe-N), 

771 (C-S), 1420 (C-O), 1569 (C=N), 2073 (C-N sym), 2049 (C-N asym). UV-VIS 

(CH2C12, ^ax nm) 251, 303, 361, 482. MS (FAB, m/z) 412[M]+. 

3.5. Synthesis of iron (III) complex Na[FeL(N3)2] 

The complex was prepared by a procedure similar to that of the complex NH4[FeLF2] 

with the difference that NaN3 was added instead of NH4FHF. Yield 64%. 



Elem. anal. (%) calcd C (37.40), H (4.68), and N (29.09). Found C (37.36), H (4.62), 

and N (29.15). FT IR ( KBr pellets, v cm"1) 425 (Fe-N3), 438 (Fe-O), 486 (Fe-N), 

1260 (C-O), 1624 (C=N), 2344 (N-N-N), 2366 (N-N-N). UV-VIS (CH2C12, 5 w nm) 

276, 320,429, 699. MS (FAB, m/z) 385[M]+. 

4. Results and discussion 

4.1. Chemistry 

A condensation reaction occurred between acetylacetone and ethylenediamine in 1:2 

molar ratio yielding a pale yellow Schiff base bis(acetylacetonato)ethylenediamine in 

weakly acidic medium (scheme 1). The formation of Schiff base was confirmed by FT 

IR, UV-VIS, 'H NMR, ,3C NMR, mass spectroscopy and single crystal XRD study. 

The compound is soluble in polar solvents like methanol, ethanol, chloroform, 

dichloromethane etc but insoluble in nonpolar solvents. 

Iron (III) complexes were prepared in good yield by the reaction of iron(III)nitrate 

and the ligand in 1 : 1 molar ratio (scheme 2). Two molecules of water were found to 

be coordinated to the metal center as supported by microanalysis and spectral data. 

The complex reacts with ammonium bifluoride, ammonium thiocyanate or sodium 

azide in 1:2 molar ratio to give mixed-ligand complexes of the type NH4[FeLF2], 

NH4[FeL(NCS)2] and NH4[FeL(N3)2], respectively. The two axial aquo groups were 

replaced by fluoro, thiocyanato or azido groups (Scheme 3). Pertinent here is to 

mention that insertion of isothiocyanato (NCS) group in the coordination sphere of 

iron centre has been earlier exploited as probe for Surface Enhanced Raman 

Spectroscopy (SERS) and functionalisation of metal nano particle [39,40]. 

4.2. IR spectra 

The free ligand showed stretching modes attributed to C=N, C-0 and O-H at 1617, 

1143 and 3447 cm-1, respectively. On complexation, the C=N band was shifted to 



lower wave number indicating coordination through of the azomethine nitrogen to the 

central metal ion [41]. The bands due to v(O-H) were absent in the complexes, 

indicating coordination through deprotonated ligand. The participation of enolate 

H^C^ y ^ CH3 

=0 

H,C 

H2C ™ CH2 
+ / \ • 

H2N NH2 

H+ 

-2H,0 
• 

H3C 

Ethylenediamine Schiffbase(H2L) 

Scheme 1. Synthesis of the ligand H2L 
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[FeL(H20)2]N03 

NO, 

Scheme 2. Synthesis of Fe(III) complex with Schiffbase H2L. 

oxygen and azomethine nitrogen in the complexes is further supported by the 

appearance of prominent IR peaks for v(Fe-O) and v(Fe-N) at 435^42 cm" and 

454—483 cm-1, respectively [42]. The presence of coordinated water molecules in the 

complex [FeL(H20)2]N03 was confirmed by the appearance of a broad band at ca 

3420 cm"1 for v(O-H) together with a weak band at ca 650 and 930 cm-1 attributable 

to wagging and rocking modes of coordinated water, respectively [43]. A sharp band 

at 1385 cm-1 assignable to vNO(asy) is typical of uncoordinated nitrate ion. Occurrence 

of a strong doublet band at 2049 and 2073 cm"1 alongwith a medium intensity band at 

ca 770 cm"1 in NH4[FeL(NCS)2] attributed, respectively, to v(C-N) and v(N-C-S) 



mode suggested the presence of nitrogen bonded terminal NCS" group [44]. The 

peaks at 2344 and 2366 cm"1 in the complex Na[FeL(N3)2] are attributable to the 

characteristics vibration of azido group. 
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NO, 
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N a N , 
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H3C CH3 

N, 
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H3C CH3 

Na[FeL(N3)2] 

Scheme 3. Reactivity of the complex [FeL(H20)2]N03 

4.3. Electronic spectra 

. The UV-VIS spectra of complexes recorded in dichloromethane solution showed a 

very weak d-d band at ca 480 nm while for azido complexes the same appeared at ca 

700 nm. An absorption band at ca 320 nm in aquo, fluoro or azido complexes is 

attributed to a ligand (p„) —» iron(III) (d0*) charge transfer transition [45,46].The 

higher energy bands in the region 250- 280 nm has been attributed to intraligand jr -> 

7t * transitions [47]. 



4.4. NMR spectra 

The *H NMR spectra of the ligand revealed a singlet at 10.89 ppm, for the enolic 

proton. The signals for methylene protons (-N-CH2-CH2-N-), olefinic proton (-

CH=C<) and methyl protons (-CH3) were located at 3.42, 2.17 and 1.91 ppm, 

respectively [48]. 

The C NMR spectra showed resonances at six different positions concordant with 

six different type of carbon. The peak at 18.69 and 28.66 ppm is due to carbon atom 

of the magnetically nonequivalent methyl groups, while azomethine carbon showed 

resonances at 62.91 ppm. The peak at 43.49, 96.15 and 195.53 is attributable to 

carbon atom of the -CH2, -CH= and =C-OH groups, respectively. 

4.5. Mass spectra 

The mass spectra of the compounds were recorded in FAB+ ionization mode.The 

molecular ion peak of the ligand appeared at m/z 225[M+H]+. The molecular formula 

Ci2H22N307Fe, C12H22N3O2F2FC C14H22N502S2Fe and C^HigNgC^FeNa suggested 

for the complexes were confirmed by their mass spectra. The peak observed at m/z 

378 (ca 376), 334 (ca 334), 413 (ca 412) and 386 (ca 385), respectively corresponds to 

molecular mass of the complexes. The peak at m/z 360 and 340 observed for the 

[FeL(H20)2]N03 complex is attributed to [M-H20]+ and [M-2H20]+ species arising 

from the loss of coordinated water molecules. Complexes Na[FeL(N3)2] and 

NH4[FeL(NCS)2] showed peak corresponding to the complex anionic species at m/z 

364 (ca 362) and 393 (ca 394), respectively. 

4.6. Magnetic susceptibility 

The magnetic moment values of the complexes [FeL(H20)2]NC"3, NH4[FeLF2], 

NH4[FeL(NCS)2] and NH4[FeL(N3)2] at room temperature were found to be 5.97, 



6.54, 6.00 and 6.45 B.M., respectively, supporting high spin (d5, S=6) octahedral 

geometry for the complexes A rather high value of magnetic moment is presumably 

due to orbital contributions [49]. 

4.7. Molar conductance 

The molar conductances of the complexes [FeL(H20)2]N(>j, NH^FeUy, 

NH4[FeL(NCS)2] and NH4[FeL(N3)2] in DMSO solution (ca 10"3 M) were 53.8,47.2, 

50.8 and 51.4 Q^crr^mol"1 suggesting 1:1 electrolytic nature of the complexes [50]. 

4.8. Single crystal XRD 

Single crystal X-ray diffraction study of the ligand showed the existence of 

intramolecular O-H...N hydrogen bonds between the pair of atoms H1-N2 and H2-N1 

(Figure 1). Crystal/refinement data: Empirical formula C12 H20 N2 02 , M = 224.30. 

Triclinic, P-l (No. 2), a = 7.1158(5), b = 10.4490(8), c - 10.4810(8) A, a = 62.589(5), 

P = 78.531(6), Y = 75.900(6) ° V = 667.55(9) A3. Dc (Z = 2) = 1.116g cm-3. uMo = 

0.076 mm"1; specimen: 0.06 x 0.60 x 0.80 mm; '6' Min-Max = 2.2 - 27.5 °; N(,0tai) = 

9466 , N(UniqUe) = 3057 (Rint = 0.091), N0 (I > 2a(I)) = 1079 ; R, = 0.0842, wR2 = 

0.2622. S = 0.94. 

4.9. DFT study 

As efforts to obtain single crystal of the complexes failed, quantum chemical DFT 

calculations were performed using B3LYP/6-31G(d,p) functional implemented in 

commercially available Gaussian 03 program suite [51] without imposing symmetry 

constraints. The optimized structure of the complexes are presented in Figure 2 and 

significant structural data are summerised in Table 1. The geometry around the metal 

center is slightly distorted octahedral with aquo, fluoro, thiocyanato or azido groups 

along the axial direction. Intramolecular hydrogen bonding between the pair of atoms 

01-HI9 and 02-H21 are seen in the optimized structure of [Fe(L)(H20)2]N03 



complex. The data showed that Fe-N (azomethine) bond length is nearly same in all 

the complexes while Fe-0 bond length significantly differs. The largest Fe-0 bond 

distance was noticed when the axial positions were occupied by the highest 

electronegative fluoride and the smallest when the axial positions were occupied by 

the labile water molecules. When bond angles of different complexes are compared it 

was seen that (Nl-Fel-N2) angle differs negligibly while a large variation in (01-

Fel-02), (Nl-Fel-01) and (N2-Fel-02) bond angles was noticed. The harmonic 

vibrational frequencies of the complexes were also computed theoretically by DFT 

methods (Table 2) using 0.9664 as scaling factor [52] and the results are compared 

with the experimental ones. It was observed that the empirically scaled harmonic 

vibrational frequencies are in fairly good agreement with the experimental ones. Little 

deviations from the observed values are due to neglect of anharmonicity in B3LYP 

method [53,54]. It is to be mentioned here that the average error for frequencies 

calculated with B3LYP functional was reported to be of the order of 40-50 cm"'[55]. 

4.10. Electrochemical behaviour 

The electrochemical behaviour of the compounds were studied by cyclic voltametry at 

room temperature in dichloromethane solution of ca 10" M concentration containing 

0.1 M tetrabutyl ammonium perchlorate as supporting electrolyte in the potential 

range -1.0 to 1.0 V versus SCE electrode at a scan rate of 100 mV s"1. The redox 

potential of the compounds are given in Table 3 and a representative voltammogram 

is presented in Figure 3. The complexes displayed a quasireversible one electron wave 

with AE >100 mV, assignable to Fe(III)/Fe(II) redox couple. The half wave potential, 

E./2 obtained for the complexes are negative and small indicating ready redox 

susceptibility of the compounds. These feature render the complexes as valuable 

catalyst for redox reactions [56]. The free ligand did not show any responses in the 



potential range of-1.0 to 1.0 V under similar experimental condition, implying their 

redox innocent character. 

5. Conclusion 

Aquated iron(III)-Schiff base complex, [FeL(H20)2]N03 was prepared by the reaction 

of H2L and Fe(N03)3.9H20 in 1 : 1 molar ratio. The reaction of the complex with 

ammonium bifluoride, ammonium thiocyanate or sodium azide in 1:2 molar ratio 

afforded hitherto unreported mixed-ligand complexes of the type A+[FeL(X)2]~ 

(A=NH4; X=F, NCS and A=Na; X=N3). The crystal structure of the ligand indicated 

the existence of intramolecular hydrogen bonding in its enolic form. The distorted 

octahedral structures of the complexes were conjectured from analytical and spectral 

data. The B3LYP/6-31G(d,p) DFT study also showed the geometry around iron(III) 

center to be octahedral with two axial ly oriented aquo, fluoro, thiocyanato or azido 

group in trans configuration. The thermochemical parameter and harmonic vibrational 

frequencies of the complexes computed by DFT method using B3LYP/6-31G(d,p) 

functional matches well with the experimental. All the complexes showed 

quasireversible redox behaviour with small and negative E1/2 values suggesting their 

potential as catalyst in redox reactions. The synthetic strategy may serve as a 

paradigm for accessing newer mixed ligand Schiff base complexes. The complexes 

reported herein may be used as stabilizing agents for synthesis of metal nano particles. 
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Table 1. DFT [B3LYP/6-31G(d,p)] optimized significant structural data of the 

complexes. 

Parameters [Fe(L)(H20)2]
+ [Fe(L)(F)2]" [Fe(L)(NCS)2]" [Fe(L)(N3)2] 

bond distance in angstrom and bond angles in degrees 

r(Fel-Nl) 

r(Fel-N2) 

r(Fel-Ol) 

r(Fel-02) 

r(Fel-03) 

r(Fel-04) 

r(Fel-Fl) 

r(Fel-F2) 

r(Fel-N3) 

r(Fel-N4) 

a(Nl-Fel-N2) 

a(01-Fel-02) 

a(Nl-Fel-01) 

a(N2-Fel-02) 

1.931 

1.931 

1.893 

1.893 

1.988 

1.988 

-

-

-

-

85.6 

90.8 

92.3 

92.3 

Thermoc 

Dipole moment 

(Debye) 

Ionozation potential 

(kJmol'1) 

Electron affinity 

(kJmol"1) 

2.0482 

1023.3 

-390.2 

1.940 

1.940 

1.943 

1.943 

-

-

1.843 

1.844 

-

-

86.1 

86.5 

93.7 

93.7 

1.937 

1.937 

1.925 

1.925 

-

-

-

-

1.941 

1.941 

85.8 

86.7 

93.7 

93.8 

1.943 

1.943 

1.927 

1.928 

-

-

-

-

1.985 

1.985 

85.9 

86.3 

93.9 

94.0 

lemical properties 

5.3973 

291.9 

414.8 

4.6815 

381.7 

180.6 

8.1044 

327.1 

277.7 



Table 2. B3LYP optimized (experimental) selected harmonic vibrational frequencies 

in cm"1. 

Assignment 

vFe-0 

vFe-N 

v Fe-N (NCS) 

v Fe-N (N3) 

v Fe-F 

vC-0 

vC=N 

vC-S 

vC-N 

v N-N-N 

[Fe(L)(H20)2]
+ 

440 (435) 

475 (453) 

-

-

-

1281 (1274) 

1569(1573) 

-

-

-

[Fe(L)(F)2]" 

431 (431) 

456 (484) 

-

-

624 (652) 

1503(1508) 

1631 (1627) 

-

t 

-

[Fe(L)(NCS)2]-

474 (435) 

489 (483) 

416(414) 

-

-

1484(1420) 

1625(1569) 

774 (771) 

2077 (2073) 
2086(2049) 

-

[Fe(L)(N3)2]-

434 (438) 

466 (486) 

-

419(425) 

-

1292(1260) 

1631 (1624) 

-

-

2346 (2344) 
2360 (2366) 

Table 3. Electrochemical data of the complexes 

Compound 

[Fe(L)(H20)2]N03 

NH4[Fe(L)F2] 

NH4[Fe(L)(NCS)2] 

Na[Fe(L)(N3)2] 

EP
a(V) 

-0.448 

-0.253 

-0.152 

-0.433 

EP
C(V) 

-0.854 

-0.648 

-0.553 

-0.570 

AE(V) 

0.406 

0.395 

0.399 

0.137 

E1/2(V) 

-0.651 

-0.450 

-0.351 

-0.501 



Figure captions 

Figure 1. XRD structure of the ligand H2L. 

Figure 2(a). DFT [B3LYP/6-31G(d,p)] optimized structure of [FeL(H20)2]
+ 

Figure 2(b). DFT [B3LYP/6-31G(d,p)] optimized structure of [FeLF2]' 

Figure 2(c). DFT [B3LYP/6-31G(d,p)] optimized structure of [FeL(NCS)2]" 

Figure 2(d). DFT [B3LYP/6-3 lG(d,p)] optimized structure of [FeL(N3)2]" 

Figure 3. Cyclic voltammogram of the complex NH4[FeLF2] 
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