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ABSTRACT 

 

 Condensation of carbonyl compounds with primary amines is one 

of the traditional reactions in chemistry, leading to the formation of Schiff 

base compounds. Rare earth metal complexes having N, O donor Schiff 

bases play a vital role in pharmaceutical, biological and industrial chemistry, 

due to their diverse applications as contrast enhancing agents in NMR 

imaging, luminescent probes in medicine and biology, radiometal-labeled 

agents for diagnostic imaging, catalyst, supramolecular assemblies with 

enhanced physiochemical properties and even for rare earth separation.  

 With these objectives in mind, Schiff base rare earth metal 

complexes are synthesised and characterised. In addition, the Schiff base 

ligands and their rare earth metal complexes are screened for their invitro 

antimicrobial activities against Escherichia coli, Pseudomonas aeruginosa, 

Staphylococcus aureus, Streptococcus agalactiae, Candida and Aspergillus 

species and also for catalytic activities. 

 The experimental part of this thesis includes,  the synthesis of 

Schiff base ligands like, Sodium 2-(5-bromo-2-hydroxybenzylideneamino)-3-

hydroxypropanoate (SeBrS denoted as L1), Sodium 2-(5-bromo-2-

hydroxybenzylideneamino)-3-hydroxybutanoate (ThBrS as denoted L2)  and 

Sodium 2-(5-bromo-2-hydroxybenzylidene amino)-4-methylpentanoate (LBrS 

denoted as L3 and their corresponding rare earth metal complexes like       

Gd (III), Pr (III), Er (III), Sm (III), Tb (III) and Yb(III) Schiff base complexes. 

The typical procedure and experimental setup for anti-bacterial, antifungal 

studies and aniline oxidation has been incorporated in chapter 3. The results 

and discussion part of the thesis describe the characterisation and 

application of these newly synthesised complexes. The following 

observations have been made based on the spectral and analytical data: 



vi 
 

 Spectral study and thermal data of the rare earth metal Schiff base 

complexes derived from serine showed that two nitrate groups are bound in 

a bidentate manner to the central Ln (III) ions in the coordination sphere 

while another nitrate is in the outer coordination sphere in complexes.  The 

fluorescence data reveals that the Sm (III),  Tb (III)  and Er (III) Schiff base 

complexes exhibit characteristic luminescence of corresponding +3 ions, 

which indicates that the ligand (L1) is a good organic chelator to absorb and 

transfer energy to Sm (III),  Tb (III)  and Er (III) ions.  The synthesised rare 

earth Schiff base complexes derived from leucine exhibits the coordination of 

the ligand with the central Ln (III) ion through phenolic oxygen, azomethine 

nitrogen and the carboxylic oxygen with 1:1 stoichiometry.  The samarium 

and terbium Schiff base complexes show interesting fluorescence properties.                                 

 The in vitro antibacterial activity results showed that most of the 

synthesised complexes using serine, threonine and leucine based Schiff 

bases, possess good antibacterial activity against bacteria like Escherichia 

coli, Proteus, Staphylococcus aureus and Pseudomonas aeruginosa.  The 

rare earth Schiff base complexes were found to possess enhanced 

antimicrobial activity than the corresponding free Schiff base ligands.  In 

addition, antifungal activity of the complexes is higher than that of the 

antibacterial activity of the complexes.   

 The above complexes possess good catalytic ability for the 

oxidation of aniline under mild conditions and Gd (III) Schiff base complex 

derived from leucine was utilised to check the generality and efficiency of 

oxidation of various substituted anilines. The result herein reveals that the 

leucine based rare earth Schiff base complexes are good catalysts for 

reactions of commercial importance and suitable to catalyse aniline oxidation 

reaction under mild experimental conditions. The catalytic study could be 

further extended for other newly synthesised complexes. Further, research 

and developments in the application of this Schiff base rare earth metal 

complexes would be highly useful to industries and academic world. 
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1. INTRODUCTION 

 

 The accomplishment of antimicrobial agents, ranging from direct 

killing of invading pathogens to immune response modulation and other 

complex biological responses, has stimulated research and clinical interest 

for more than two decades.  However the area is still flourishing due to 

emerging discoveries in the functions, roles and regulation of antimicrobial 

agents.  An antimicrobial agent kills microorganisms or inhibit their growth 

and they can be grouped according to the microorganisms against which 

they act on; antibacterial are used against bacteria and antifungal are used 

against fungi.  

 There are several indications that new approaches are required to 

combat emerging infections and the global spread of drug-resistant 

pathogens.  There is no doubting the need for new strategies and new 

molecules to treat pathogens that are resistant to nearly the full array of 

contemporary antibiotics [1]. We are at a critical point, not seen since the 

pre-antibiotic era, at which infections caused by some bacterial pathogens 

are untreatable. Treatment of bacterial, fungal, and viral infections selects for 

the emergence of resistant organisms that may be rare in the initial 

population but become increasingly prevalent under selective drug pressure.  

In fact, the presence of an antibiotic can accelerate mutation and 

recombination in bacterial populations and contribute directly to its own 

obsolescence.   

 Design of strategies for novel antimicrobial calls for the exploration 

of antimicrobials which fight against the infectious microbes that exploits the 

beneficial and commensal microbes in sites where normal microbiota reside. 

Recently, the lanthanide Schiff base complexes have acquired special 
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attention in medicinal and pharmaceutical field since they show excellent 

biological activities. 

 Some of the lanthanide complexes are used in biomedical analysis 

as MRI contrast agents [2]. Because of special, photophysical and biological 

properties, lanthanide complexes can be used as biological probes in the 

areas of clinical chemistry and molecular biology [3]. Due to their special 

electronic configuration, lanthanide complexes have inspired many efforts on 

the design and synthesis as potential anticancer and antibacterial agents [4-

7]. Polydentate ligands such as Schiff bases, assisted by metal ions, provide 

highly organised supramolecular metal complexes. Such complexes possess 

binding sites and cavities for various cations, anions and organic molecules 

[8].  

 The versatile nature of the lanthanide Schiff base complexes, 

make them an important candidate in catalysis of numerous organic 

transformations like oxidation of amines to their corresponding oxygen 

containing derivatives. . Some of the Schiff base complexes containing N 

and O donor atoms are effective stereospecific catalysts for oxidation [9], 

reduction [10], hydrolysis [11], biological activities [12,13], and other organic 

and inorganic transformations. These organic transformations are 

environmentally friendly and hence they are highly desirable for the 

treatment of waste water which contains toxic organic pollutants. Aniline one 

such pollutant, is used in the manufacturing of dyes, polymers, which 

includes rubber, herbicides, pesticides, fungicides, and pharmaceuticals, is 

released into environment from these industries. Aniline is also found in the 

effluents of petroleum refinery plants. Aniline containing chemicals find wider 

applications in various arenas.  Because of its toxic and unmanageable 

nature it is considered to be an increasing threat to both the environment 

and human health. Therefore, aniline has aroused great attention and is 

classified as a persistent organic pollutant.  So there is an urgent need to 

develop efficient and economical methods to remove this pollutant from 

wastewater.   
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 Several solutions have been proposed in this regard, including 

adsorption, chemical oxidation, biological and catalytic oxidation.  During the 

past decade, great interest has been focused on a promising technology 

based on the oxidation of the hazardous and refractory organic compounds, 

by the use of advanced oxidation processes. Various combinations of 

hydrogen peroxide, ozone and ultraviolet light are used to generate hydroxyl 

radicals.   

 Focus of the current research is to synthesis the lanthanide 

complexes of Schiff base ligands and to study their applications as 

antimicrobial agents and in catalysis.  

1.1  SCHIFF BASE 

 Schiff bases are condensation products of primary amines with 

carbonyl compounds and they were first reported by Hugo Schiff in 1864. 

The common structural feature of these compounds is the azomethine group 

with a general formula RN=CH-R1, where R and R1 are alkyl, aryl, cyclo alkyl 

or heterocyclic groups which may be variously substituted. These 

compounds are also known as anils, imines or azomethines [14 -17].  

R NH2 + R' C

O

H R N CH R' + H2O

Primary amine Aldehyde Schiff base By product
 

Scheme 1.1 Process of condensation of aldehyde and primary amine 

 Schiff bases that contain aryl substituents are substantially more 

stable than alkyl substituents.  Schiff bases of aliphatic aldehydes are 

relatively unstable and readily polymerizable, while those of aromatic 

aldehydes have effective conjugation and stability.   
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  The formation of a Schiff base from an aldehydes or ketones is a 

reversible reaction and generally takes place under acid or base catalysis, or 

upon heating [18].  

C

O

H R'
+ NH2R CH R'

OH

NHR

CH R'

NR

+ H2O

Aldehyde        Primary amine           Carbinolamine                       Imine              By product  

Scheme 1.2 Process of formation of Schiff base with carbinolamine 
intermediate 

 The formation is generally driven to the completion by separation 

of the product or removal of water or both. Many Schiff bases can be 

hydrolysed back to their aldehydes or ketones and amines by aqueous acid 

or base [19].  

      The mechanism of Schiff base formation is another variation on 

the theme of neucleophilic addition to the carbonyl group. In this case, the 

neucleophile is the amine. In the first part of the mechanism, the amine 

reacts with the aldehyde or ketone to give an unstable addition compound 

called carbinolamine. The carbinolamine loses water by either acid or base 

catalysed pathways. Since the carbinolamine is an alcohol, it undergoes acid 

catalysed dehydration. 

        Typically the dehydration of the carbinolamine is the rate-

determining step of Schiff base formation and that is why the reaction is 

catalysed by acids. Yet the acid concentration cannot be too high because 

amines are basic compounds. If the amine is protonated and becomes non-

neucleophilic, equilibrium is pulled to the left and carbinolamine formation 

cannot occur. Therefore, many Schiff bases synthesis are best carried out at 

mildly acidic pH [20]. 
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 The dehydration of carbinolamines is also catalysed by base. This 

reaction is somewhat analogous to the E2 elimination of alkyl halides except 

that it is not a concerted reaction. It proceeds in two steps through an anionic 

intermediate. The Schiff base formation is really a sequence of two types of 

reactions, i.e. addition followed by elimination. 

 Because of the relative easiness of preparation, synthetic flexibility 

and the special property of C=N group, Schiff bases are generally excellent 

chelating agents, especially when a functional group like –OH or –SH is 

present close to the azomethine group so as to form a five or six membered 

ring with the metal ion.  Several studies showed that the presence of a lone 

pair of electrons in a sp2 hybridised orbital of nitrogen atom of the 

azomethine group is of considerable chemical and biological importance 

[21]. 

 The electron-donating groups, such as azomethines can trap 

metal ions with large radii and high coordination numbers. In such a case, 

the two or more metal atoms are located in one cavity in close proximity to 

each other and which in turn can be characterised by unusual magnetic 

properties and catalytic activity [22].  Versatility of Schiff base ligands, 

biological, analytical and industrial applications of their complexes make 

further investigations in this area highly desirable. 

1.1.1 Amino Acid Schiff Base 

 Schiff base complexes of amino acids have gained importance 

because of their physiological and pharmacological activities. The 

complexes of amino acid Schiff bases are considered to constitute new kinds 

of potential antimicrobial and anticancer reagents due to the presence of 

azomethine functional group [23]. 

 Several structural studies have been carried out on Schiff base 

complexes of transition and rare earth metals derived from salicylaldehyde 
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and amino acids, in view of the fact that, these complexes can be used as 

non-enzymatic model analogous to the key intermediates in many metabolic 

reactions of amino acids such as transamination, decarboxylation,  and -

elimination and racemisation [24].  Further, the reactive functional group 

associated with the amino acid side chain enhances the bridging nature of 

the ligand with the central metal ion playing a vital role in metabolic activities.  

 The Schiff base derived amino acid have been considered to be 

suitable candidate, which allow easy artificial linkage of various functional 

groups with N-terminal to generate a variety of multidentate metal 

complexes. The coordination behaviour of aminoacid – salicylaldehyde 

derived ligands with diverse metal ions has been well explored [25]. 

 Synthetic metallo nucleases, showing photo-induced nuclease 

activity are of importance in photodynamic therapy of cancer. Hence, protein 

binding and photo induced protein cleavage activity of metal complexes of 

Schiff base ligands derived from amino acids have been well documented. 

These are used as new generation metal based anticancer drugs to control 

tumor metastases [26].  

1.2 RARE EARTH METAL  CHEMISTRY 

1.2.1 General Characteristics  

  The lanthanides exhibit a number of features in their chemistry 

that differentiate them from the d-block metals. The reactivity of the elements 

is greater than that of the transition metals, because they exhibit a very wide 

range of coordination numbers, generally 6–12 [27]. Their coordination 

geometries are determined by ligand steric factors rather than crystal field 

effects. 

 The lanthanides form labile ‘ionic’ complexes that undergo facile 

exchange of ligand. The 4f orbitals in the Ln3+ ion do not participate directly 

in bonding, being well shielded by the 5s2 and 5p6 orbitas. Their 
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spectroscopic and magnetic properties are thus largely uninfluenced by the 

ligand [28].  Lanthanides have small crystal-field splitting and very sharp 

electronic spectra in comparison with the d-block metals. They prefer anionic 

ligands with donor atoms of rather high electronegativity (e.g. O, F). 

 They readily form hydrated complexes, on account of the high 

hydration energy of the small Ln3+ ion  and  this  can  cause  uncertainty  in  

assigning coordination numbers. Insoluble hydroxides precipitate at neutral 

pH unless complexing agents are present. The chemistry is largely that of 

one (3+) oxidation state, certainly in aqueous solution. They do not form 

Ln=O or Ln N multiple bonds of the type known for many transition metals 

and certain actinides [29]. Unlike the transition metals, they do not form 

stable carbonyls and have virtually no chemistry in the zero oxidation state. 

1.2.2 Magnetic Properties 

 With the exception of La3+ and Lu3+, the Ln3+ ions all contain 

unpaired electrons and are paramagnetic. Their magnetic properties are 

determined entirely by the ground state, as the excited states are so well 

separated from the ground state, owing to spin–orbit coupling and are thus 

thermally inaccessible [30]. The ground state for a given lanthanide ion is 

unaffected by the ligands bound to it and thus crystal field splittings are weak 

because of the shielding of the 4f electrons by the filled 5s and 5p orbitals. 

Since the magnetic moment of the Ln3+ ions is essentially independent of 

environment, one cannot distinguish between coordination geometries as is 

sometimes possible for transition metals, in the case of octahedral and 

tetrahedral Co2+ complexes. 

1.2.3  Coordination Chemistry 

 Compared with transition metals, lanthanide elements have two 

distinct characteristics in terms of their coordination number [31]:  



 

 

8

 i)  Large coordination numbers. For example, the 

coordination number of 3d transition metals is generally four 

or six. However, the most common coordination number of 

lanthanide complexes is eight or nine. This number is close 

to the sum of the 6s, 6p, and 5d orbitals. Another fact 

responsible for the large coordination number of lanthanide 

complexes is the large ionic radius of the lanthanide 

elements.  The ionic radius of Fe3+ and Co3+ are 55 and 54 

pm, respectively for the coordination number six. However, 

the ionic radius of La3+, Gd3+, and Lu3+ are 103.2, 93.8, and 

86.1 pm, respectively for the same coordination number.  

 ii)  Variable coordination numbers. The coordinating 

stabilisation energy (about 4.18 kJ·mol 1) of lanthanide ions 

is much smaller than the crystal field stabilisation energy of 

transition metals (typically 418 kJ·mol 1). Therefore, the 

coordinating bonds of lanthanide complexes are not 

directional and the coordination number varies from 3 to 12. 

1.2.4   Photophysical Properties 

 The ground state spectral terms of lanthanide elements in the 

periodic table can be sorted into two categories and these are divided by 

gadolinium: the first category consists of elements before gadolinium, which 

includes lanthanum, cerium, praseodymium, neodymium, promethium, 

samarium, europium, and gadolinium, while the second category contains 

the elements after gadolinium, which includes gadolinium, terbium, 

dysprosium, holmium, erbium, thulium, ytterbium, and lutetium [32]. 

 Because the 4f shells of lanthanide elements are unfilled, different 

arrangements of 4f electrons generate different energy levels. The 4f 

electron transitions, between the various energy levels, could generate 

numerous absorption and emission spectra. 



 

 

9

1.3 DONORS 

 Binding of metallo elements with polydentate ligands to form ring 

structure, where the metal atom is part of the ring, is called chelation.  In 

chelates, metal is firmly held by a number of ligand atoms usually nitrogen, 

oxygen or sulphur through coordinate covalent bonds. 

      Ligands that contain significantly different chemical functions such 

as hard and soft donors find increasing use in chemistry because of their 

selectivity introduced in the metal-ligand interactions and their possible 

dynamic behavior [33].    

 Schiff bases are generally bi, tri or tetra dentate ligands capable of 

forming very stable complexes with rare earth metals. Monodentate Schiff 

bases are not known to form stable complexes, probably due to the 

insufficient basic strength of the imino nitrogen of the C=N group.  Bi or 

tridentate Schiff base ligands are able to coordinate with many different 

metal ions through both azomethine group and OH/SH group [34], and to 

stabilize them in various oxidation states, enabling the use of Schiff base 

metal complexes for a large variety of useful organic transformations.  

 The presence of hard N- and soft S-donor atoms in the backbone 

of Schiff base ligands, enable them to react readily with both transition and 

main group metal ions yielding stable metal complexes, some of which have 

been shown to exhibit interesting physico-chemical properties and significant 

biological activities [35].  There has been much interest in hard / soft mixed 

donor ligands for use in catalysis [36].   

 The rare earth metal complexes having N and O donor Schiff 

bases possess unusual configuration, structural liability and are sensitive to 

molecular environment because of the versatility of their steric and electronic 

properties, which can be modified by choosing the appropriate amine 
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precursors and ring substituents. They have shown an exponential increase 

in their activity as inorganic catalyst for various organic transformations.   

1.4  SCHIFF BASE – RARE EARTH METAL COMPLEXES 

 The luminescent properties of lanthanides have attracted much 

attention for their wide applications in light emitting diodes, liquid crystal, 

fluoro immune assays, biophysics, Laser technology and optical 

telecommunication systems [37].  The luminescent intensities of the 

lanthanide metal complexes are strongly dependent on (i) the efficiency of 

the organic ligand to absorb UV light, (ii) the efficiency of energy transfer 

from the ligand to metal, and (iii) the efficiency of lanthanide metal 

luminescence. 

 Recently, the design and construction of lanthanide-based 

complexes have sparked increasing interest not only on account of the 

intriguing variety of architectures and topologies in supramolecular chemistry 

and crystal engineering, but also the special photo/electroluminescence, 

photocatalytic, and magnetic characteristics [38]. 

 Schiff-base ligands with N, O donor sets have often been used 

since the Schiff-base ligands may assemble coordination architectures 

directed by the lanthanide (III) ions, while the lanthanide ions can promote 

Schiff-base condensation and can give access to complexes. Owing to the 

stabilisation of Schiff bases by coordination with lanthanide ions, it is 

possible to study applications of the complexes. Complexes of Schiff base 

and lanthanide are extensively used as catalysts for RNA hydrolysis, agents 

in cancer radiotherapy, contrast agents for NMR imaging and luminescent 

probes in visible and near IR domain [39]. 
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1.5  BIOLOGICAL IMPORTANCE 

 Schiff bases were reported to possess antibacterial, antifungal and 

antitumor activities. Several researchers have studied the synthesis, 

characterisation and structure-activity relationship of Schiff bases. 

      The rare earth complexes of hydroxycoumarin derivatives are also 

subjects of increasing interest in bioinorganic and coordination chemistry.  

Lanthanides (III) complexes show antitumor activity and some interesting 

lanthanide (III) complexes of coumarin derivatives have been reported [40]. 

 Lanthanides and lanthanide compounds have attracted a great 

deal of interest in recent years because they have applications in medicinal 

inorganic chemistry and in materials science. In medicine, lanthanide 

complexes are exploited as contrast agents for magnetic resonance imaging 

(MRI) and are gaining importance in other diagnostic procedures and also as 

radio therapeutic drugs [41]. 

1.5.1  Antimicrobial Activities 

 The presence of both hard nitrogen or oxygen and soft sulphur 

donor atoms in the backbones, makes the ligands readily coordinate with a 

wide range of transition metal ions yielding stable and intensely coloured 

metal complexes, some of which have been shown to exhibit interesting 

physical and chemical properties and potentially useful biological activities 

[42]. 

    In recent years, there have been several reports about the studies 

on the preparation, characterisation, and antimicrobial properties of rare 

earths combine with antibacterial materials. These studies all indicate that 

rare earths can increase antibacterial properties. It has been established that 

the antibacterial materials containing rare earths can release many free 

hydroxylic radicals, which can kill bacteria efficiently [43]. 
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    Cleiton da Silva et al [44] have reported the synthesis and 

antimicrobial activity of a series of Schiff bases derived from the 

condensation of 5-chloro-salicylaldehyde and primary amines and found that 

they were most active against the standard bacterial species. They have 

also reported the efficiency of the Schiff bases to inhibit the growth of fungi 

of clinical interest, such as Aspergillus fumigatus, Aspergillus flavus, 

Trichophyton mentagrophytes and Penicillium marneffei. 

 Halli et al have reported a series of Co(II), Ni(II), Cu(II), Cd(II), 

Zn(II) and Hg(II) complexes of neutral bidentate Schiff base with azomethine 

nitrogen and carbonyl oxygen donor atoms. All compounds showed varying 

antioxidant activities while Ni(II), Zn(II), and Hg(II) complexes have shown 

good antioxidant activity compared to the Schiff base ligand.  Further, the 

DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging capacity of the 

synthesised compounds dependents on the concentration [45].  

1.6  CATALYTIC ACTIVITIES 

 Oxidation reaction is so important that it continues to be an area 

attracting intense interest among academic and industrial chemists. An ideal 

oxidation system would employ inexpensive, readily abundant, terminal and 

environment friendly oxidants like H2O2, molecular oxygen and so on, 

instead of the noxious traditional oxidants such KMnO4, K2Cr2O7, OsO4 etc., 

[46, 47]. 

 The utilisation of peroxides as surrogates of dioxygen has been 

extensively investigated for the oxidation of various organic substrates, 

including amines, sulfides, alkanes, alkenes or alcohols [48]. The alkali metal 

added to the supported Lanthanum catalysts caused selective promotion of 

the catalytic activity for the partial oxidation of benzyl alcohol [49]. 

 Oxidation of amines to their corresponding oxygen containing 

derivatives has attracted much attention during the past few decades. 
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Azobenzene, azoxybenzene, nitrobenzene and nitrosobenzene have been 

formed in the oxidation of aniline by organic and inorganic oxidants. The 

product composition in the oxygenation of amines depends on the oxidant, 

catalyst, quaternary ammonium salts and reaction conditions employed [50]. 

 C. F. Chang et al (2009) have reported their results on the 

oxidation of amines by aqueous hydrogen peroxide under the influence of 

Si-Co as catalyst, in which quantised amount of catalyst, oxidant and 

reaction time was observed for carrying out the catalytic reaction [51]. Hence 

the rare earth metal complexes have received attention as promising 

oxidation catalysts in the selective oxygenation of aromatic and aliphatic 

amines, in term of lesser quantum of catalyst and load time. 

1.7  METALLO – ELEMENTS UNDER INVESTIGATION 

1.7.1  Praseodymium 

 Praseodymium is a chemical element that has the symbol Pr and 

atomic number 59. Praseodymium is a soft, silvery, malleable and ductile 

metal in the lanthanide group. It is too reactive to be found in native form, 

and when artificially prepared, it slowly develops a green oxide coating. 

 Compounds of praseodymium occur in oxidation states +2, +3 

and/or +4. Praseodymium (IV) is a strong oxidant, instantly oxidizing water to 

elemental oxygen (O2), or hydrochloric acid to elemental chlorine. Thus, in 

aqueous solution, only the +3 oxidation state is encountered. Praseodymium 

(III) salts are yellow-green and, in solution, present a fairly simple absorption 

spectrum in the visible region, with a band in the yellow-orange at 589–

590 nm (which coincides with the sodium emission doublet), and three 

bands in the blue/violet region, at 444, 468 and 482 nm approximately.  

 Praseodymium is paramagnetic at any temperature above 1K [52]. 

These positions vary slightly with the counter-ion. Praseodymium oxide, as 

obtained by the ignition of salts such as the oxalate or carbonate in air, is 
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essentially black in colour with a tint of brown or green and contains +3 and 

+4 praseodymium in a somewhat variable ratio, depending upon the 

conditions of formation. Its formula is conventionally rendered as Pr6O11. 

Praseodymium oxide in solid solution with ceria, or with ceria-zirconia, have 

been used as oxidation catalysts [53]. 

1.7.2  Gadolinium 

 Gadolinium is a chemical element with symbol Gd and atomic 

number 64. It is a silvery-white, malleable and ductile rare-earth metal. It is 

found in nature only in combined (salt) form. Gadolinium is paramagnetic at 

room temperature, with a ferromagnetic curie point of 20 °C [54]. 

 Gadolinium combines with most elements to form Gd (III) 

derivatives. Nitrogen, carbon, sulfur, phosphorus, boron, selenium, silicon 

and arsenic at elevated temperatures, forming binary compound [55]. 

 Unlike other rare earth elements, metallic gadolinium is relatively 

stable in dry air. However, it tarnishes quickly in moist air, forming a loosely 

adhering gadolinium (III) oxide (Gd2O3), which spalls off, exposing more 

surfaces to oxidation 

 Gadolinium has no known native biological role, but its compounds 

are used as research tools in biomedicine. Gd3+ compounds are components 

of MRI contrast agents. It is used in various ion channel electrophysiology 

experiments to block sodium leak channels and stretch activated ion 

channels. 

1.7.3  Samarium 

 Samarium is a chemical element with symbol Sm and atomic 

number 62. It is a moderately hard silvery metal that readily oxidizes in air. 

Being a typical member of the lanthanide series, samarium usually assumes 

the oxidation state +3. Compounds of samarium (II) are also known, most 
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notably the monoxide SmO, mono chalcogenides SmS, SmSe and SmTe, as 

well as samarium (II) iodide. The last compound is a common reducing 

agent in chemical synthesis. Samarium has no significant biological role and 

is only slightly toxic. 

 Important application of samarium and its compounds is as 

catalyst and chemical reagent. Samarium catalysts assist decomposition of 

plastics, dechlorination of pollutants such as polychlorinated biphenyls 

(PCBs), as well as the dehydration and dehydrogenation of ethanol [56]. 

 Samarium metal has no biological role in human body. Its salts 

stimulate metabolism, but it is unclear whether this is the effect of samarium 

or other lanthanides present with it. The total amount of samarium in adults 

is about 50 micrograms, mostly in liver and kidneys and with about 8 

micrograms per liter being dissolved in the blood. Samarium is not absorbed 

by plants to a measurable concentration and therefore is normally not a part 

of human diet. However, a few plants and vegetables may contain up to 1 

part per million of samarium. Insoluble salts of samarium are non-toxic and 

the soluble ones are only slightly toxic [57].  

1.7.4  Terbium 

 Terbium is a chemical element with the symbol Tb and atomic 

number 65. It is a silvery-white rare earth metal that is malleable, ductile and 

soft enough to be cut with a knife. Terbium is never found in nature as a free 

element, but it is contained in many minerals, including cerite, gadolinite, 

monazite, xenotime and euxenite. The most common valence state of 

terbium is +3, as in Tb2O3. The +4 state is known in TbO2 and TbF4 [58]. 

Terbium burns readily to form a mixed terbium (III, IV) oxide. 

 Terbium oxide is used in green phosphors in fluorescent lamps 

and colour TV tubes. Sodium terbium borate is used in solid state devices. 

The brilliant fluorescence allows terbium to be used as a probe in 
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biochemistry, where it somewhat resembles calcium in its behavior. Terbium 

"green" phosphors (which fluorescence a brilliant lemon-yellow) are 

combined with divalent europium blue phosphors and trivalent europium red 

phosphors to provide the "trichromatic" lighting technology which is by far the 

largest consumer of the world's terbium supply. Trichromatic lighting 

provides much higher light output for a given amount of electrical energy 

than the incandescent lighting [59]. 

1.7.5  Erbium 

 Erbium is a chemical element in the lanthanide series, with the 

symbol Er and atomic number 68. A silvery-white solid metal when artificially 

isolated, natural erbium is always found in chemical combination with other 

elements on Earth [60]. 

 Erbium's everyday uses are varied. It is commonly used as a 

photographic filter and because of its resilience it is useful as a metallurgical 

additive. A large variety of medical applications (i.e. dermatology, dentistry) 

utilize erbium ion's 2940 nm emission, which is highly absorbed in water 

(absorption coefficient about 12000/cm). Such shallow tissue deposition of 

laser energy is necessary for laser surgery, and the efficient production of 

steam for laser enamel ablation in dentistry. 

 Erbium does not have a biological role, but erbium salts can 

stimulate metabolism. Human consume 1 milligram of erbium a year on 

average [61]. The highest concentration of erbium in human is in the bones, 

but there is also erbium in the human kidneys and liver. 

1.7.6  Ytterbium 

 Ytterbium is a chemical element with symbol Yb and atomic 

number 70. It is the fourteenth and penultimate element in the lanthanide 

series, or last element in the f-block, which is the basis of the relative stability 

of the +2 oxidation state. However, like the other lanthanides, the most 
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common oxidation state is +3, seen in its oxide, halides and other 

compounds. In aqueous solution, like compounds of other late lanthanides, 

soluble ytterbium compounds form complexes with nine water molecules. 

Because of its closed-shell electron configuration, its density and melting 

and boiling points differ from those of the other lanthanides. 

 The ytterbium +3 ion is used as a doping material in active laser 

media, specifically in solid state lasers and double clad fiber lasers. 

Ytterbium lasers are highly efficient, have long lifetimes and can generate 

short pulses; ytterbium can also easily be incorporated into the material used 

to make the laser [62]. Ytterbium lasers commonly radiate in the 1.06–

1.12 µm band being optically pumped at wavelength 900 nm–1 µm, 

dependently on the host and application. The small quantum defect makes 

ytterbium a prospective dopant for efficient lasers and power scaling [63]. 

 Ytterbium can also be used as a dopant to help improve the grain 

refinement, strength and other mechanical properties of stainless steel. 

Some ytterbium alloys have rarely been used in dentistry [64].  
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2. LITERATURE OVERVIEW 

 

2.1  INTRODUCTION 

 Nowadays, the research field dealing with Schiff base coordination 

chemistry has expanded enormously. The importance of Schiff base 

complexes for bioinorganic chemistry, biomedical applications, 

supramolecular chemistry, catalysis and material science, separation and 

encapsulation processes, and formation of compounds with unusual 

properties and structures has been well recognised and reviewed. In this 

chapter the various fields where the Schiff base complexes finds applications 

and several aspects explored by the researchers has been reviewed in 

detail. 

2.2  ANTIMICROBIAL PROPERTIES 

 Schiff bases have been reported to show a variety of biological 

actions by virtue of the azomethine linkage, which is responsible for various 

antibacterial, antifungal, herbicidal and clinical activities. They form an 

interesting class of ligands that has enjoyed popular use in the coordination 

chemistry of transition, inner transition and main group elements. 

 Biological and pharmaceutical activities of Schiff base derived 

from 2-thiophene carboxaldehyde and aminobenzoic acid have been studied 

in comparison to Cu, Fe, Zn, Ni and Co complexes by Safaa et al (2011) 

[65]. These compounds were screened for the antimicrobial activity against 

bacterial species and fungal species. E. coli was inhibited by Fe, Cu and Zn 

complexes and Candida species was inhibited with low inhibition zone. 
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  Taha et al (2011) [66] reported the synthesis of Ln (III) complexes 

of the Schiff base ligand bis-(salicyladehyde)-1,3-propylenediimine and 

screened them for the antibacterial activity. The results obtained reflected 

that the ligand exhibited a good activity against Pseudomonas aeruginosa 

and Shigella dysenteriae and do not show any activity against Proteus 

vulgaris. Most of the tested Ln (III) complexes possessed a high 

antibacterial activity against the Gram-negative bacteria tested. 

  Jadhav et al (2011) [67]  explored the antimicrobial activity of the 

Schiff base ligands synthesised from dehydroacetic acid, o-phenylene 

diamine and fluoro benzaldehyde and its  metal complexes of Cu(II), Ni(II), 

Co(II), Fe(III) and Mn(II). The results of investigation indicated that all the 

ligands and their metal complexes arrested the growth of Aspergillus niger 

and Trichoderma. Metal complexes showed considerable increase in fungi 

toxicity compared to their ligands. The in vitro antibacterial activity against 

bacteria such as Staphylococcus aureus and Escherichia coli, by paper disc 

plate method, show  that the inhibition by metal complexes was higher than 

that of the free ligands and corresponding metal salts against the same 

organism under identical experimental conditions. 

 A series of La(III), Th(IV) and VO(IV) complexes with Schiff bases 

derived from 8-formyl-7-hydroxy-4-methylcoumarin and o-phenylenediamine 

/ ethylenediamine have been synthesised  and screened for their in vitro 

antimicrobial activity by Kulkarni et al (2009) [40]. Antibacterial study 

revealed that, Schiff bases and some metal complexes were found to be 

highly active against Escherichia coli, Pseudomonas aeruginosa and 

Salmonella typhi.  In case of antifungal studies, both Schiff bases and some 

of their complexes were found to be highly active against Aspergillus niger, 

Aspergillus flavus   and Cladosporium fungi. 

 The antimicrobial activity of nine Ln (III) complexes of the Schiff 

base ligand derived by the condensation of 2-hydroxy-1 naphthaldehyde 

with 1,6-hexanediamine, was explored by Ajlouni et al (2012) [22].  All the 
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nine Ln (III) complexes and  the Schiff base ligand was studied against 

Pseudomonas aeruginosa, Klebsiella  and Escherichia coli bacteria. It was 

observed from the result that most of the synthesised complexes of the 

tested series possessed good antibacterial activity against bacteria and the 

microbial activity of the complexes in most cases is higher than that of the 

corresponding ligand. 

 The anti-oxidant potential of Schiff base ligand and its lanthanide 

complexes, [Ln(H2L)(NO3)2 . 2H2O]NO3,  ((Ln = La,  Pr,  Nd, Sm, Eu, Gd, Tb,  

Dy  and  Er)  (H2L = Schiff base ligand)) was determined by its scavenging 

ability on the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical by 

Ajlouni et al (2012) [68]. Ln (III) complexes are significantly more efficient in 

quenching DPPH radical than the free ligand. Ligand interacts with the 

positively charged Ln (III). The electron density is drawn from the oxygen 

that makes the O–H bond more polarised; as a result, the H atom has a 

greater tendency to ionize than those in the free ligand. Due to the above 

reasons the lanthanide complexes show stronger antioxidant activities than 

the ligand alone. 

 Teng-Jin et al (2014) [69]  synthesised two multidentate Schiff 

bases by reacting S-4 picolyldithiocarbazate with 4-carboxybenzaldehyde 

(Cb4PDTC) and pyridine-2-carboxaldehyde (Pc4PDTC) and their transition 

metal Ni(II), Cu(II), Zn(II) and Cd(II)) complexes. Moreover, their anti-

microbial, cytotoxic and antioxidant activities were evaluated. The result 

which showed that only copper (II) and cadmium (II) complexes are active 

against four types of fungi and bacteria 

 The antioxidant activities of four Ag(I), Cd(II) and Cu(II) complexes 

[Ag2L2](ClO4)2, [CdL(NO3)2], [Cd2L2Cl4]  and [Cu2L2 (ClO4)3](ClO4)  with   the  

Schiff base ligand derived from 1-(pyrazin-2-yl) ethanone and 1,2-

ethanediamine  were described by Omer et al (2014) [70]. The metal 

complexes showed better antioxidant activities than the ligand. Among these 

complexes, [Cu2L2 (ClO4)3] (ClO4) complex showed a higher activity than the 
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other complexes. This was attributed to the chelation of the organic 

molecules with the metal ions to generate a strong effect on scavenging 

radicals in the biological system. The antioxidant activity of the ligand and its 

complexes showed a guiding role for the design and synthesis of potential 

antioxidants and therapeutic agents for some diseases. 

 Wider investigations were carried out by Ceyhan et al (2011) [71] 

on biological activities of the Schiff base ligands (HL1 and HL2 obtained from 

2,6-di-tert-butyl-4-hydroxy aniline, and two carbonyl compounds 2,6-di-

formyl-4-isopropyl phenol  and 2,6-di-formyl-4-tert-butyl phenol) and their 

metal complexes against the bacteria and yeast. The organisms used were 

C. xerosis, B. brevis, B.megaterium, B. cereus, M. smegmatis, S. aureus, M. 

luteus and E. faecal (as Gram-positive bacteria) and P. aeruginosa, K. 

pneumoniae, E. coli, Y. enterocolitica, K. fragilis, S. cerevisiae, and C. 

albicans (as Gram-negative bacteria). The diffusion agar technique has been 

used to evaluate the antibacterial activity of the synthesised complexes. The 

results of the bactericidal screening showed that the Schiff base ligand HL1 

has no activity on B. megaterium, M. luteus, S. cerevisiae, and K. fragilis, it 

shows activity against the other microorganisms. The ligand HL2 does not 

show any activity against M. smegmatis, M. luteus, E. faecalis, E. coli,  

S. cerevisiae, and C. albicans, but, it has moderate activity against the other 

microorganisms. 

 The antimicrobial properties of the novel transition metal Schiff 

base complexes derived from 5-bromosalicylaldehyde and 1,2-bis(4-chloro-

2-aminophenoxy)ethane has been well explored by Salih et al (2014) [72].  

The Schiff  and its all metal complexes showed weak antibacterial activities 

against E. coli, while Ligand (L), Cu(II), Ni(II), Co(II), Zn(II), Ti(III), V(III) and 

Fe(III) complexes showed weak antibacterial activities against B. subtilis 

except Mn(II). On the other hand, Ni(II) complex exhibited strong 

antibacterial activity against M. luteus, Zn(II) and Mn(II) showed weak 

antibacterial activities against M. luteus. The ligand and it’s all metal 

complexes did not exhibit antibacterial activities against P. aeruginosa.       
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  Kavitha et al [73] reported the antimicrobial properties for a series 

of Co(II) complexes of 3-formyl chromone Schiff bases the ligands either 

exhibited no activity or having low to moderate activity against bacteria and 

fungi strains. But their Co (II) complexes showed moderate to good activity 

compared to the standard antibiotics. Among all the Co(II)complexes, 

[Co(L2)2].3H2O (L2=2-((4-oxo-4H-chromen-3 yl)methylneamino) benzoicacid) 

complex showed effective activity against all  bacteria and fungi strains.  

However [Co(L4)2].3H2O  (L4=3-((2-mercaptophenylimino)methyl)-4H-

chromen-4-one)does not show activity against P.vulgaris and C.albicans. In 

comparison, the activity of all the strains was increased by ligands when 

coordinated with Co (II) ion. 

2.3  LUMINESCENT PROPERTIES 

 Organo lanthanide complexes attract considerable interest, not 

only because of their structures, but also potential applications of their 

luminescent properties. The luminescence of a complex depends not only on 

the metal ion but also on the coordination environment, e.g., a metal-

centered, ligand sensitised luminescence may occur when a suitable ligand 

efficiently absorbs the excitation energy followed by energy transfer to the 

metal center.  

 Taha et al (2011) [66] synthesised and characterised the 

tetradentate Schiff base ligand L (L = bis-(salicyladehyde)-1,3-

propylenediimine) and its Ln (III) complexes. The Tb and Dy complexes 

exhibited characteristic luminescence of Tb and Dy ions whereas the Nd, La, 

Gd, Er, Sm and Pr complexes showed only the fluorescence characteristic of 

the ligand. This indicated that the ligand L was a good organic chelator to 

absorb and transfer energy to Tb and Dy ions. They explained that the 

energy gap between the lowest triplet state energy level of the ligand   and 

the lowest excited state level of Tb (III) favour to the energy transfer process 

for Tb.  
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Figure 2.1 Emission spectrum of the complex [TbL(NO3)2(H2O)2](NO3) 

 Pengfei Yan et al (2007) [74] synthesised six new 1D lanthanide 

Schiff base coordination polymers and characterised them by elemental 

analysis and spectroscopic analysis. Fluorescent spectroscopic analysis 

indicated that ligand tunes the luminescent properties of the lanthanide ions. 

The triplet state energy level of the Schiff base ligand matched well with the 

lowest excited state (4G5/2) level of Sm3+ ion. Hence they observed that the 

lanthanide schiff-base complexes are promising luminescent materials. The 

studied the design of analogous polymers using various Schiff bases and 

explored the accessibility of the Lewis acid lanthanide metal sites in the 

complexes. 

 Pawan et al (2011) [75] has reported the mesogenic Schiff-base, 

N,N-di-(4-decyloxysalicylidene)- l,6-diaminohexane, coordinates to Ln (III) 

as a neutral bi-dentate species to yield seven-coordinate complexes with La, 

Pr, Nd, Sm, Eu, Gd, Tb, Dy and Ho, the polyhedron being possibly distorted 

mono-capped octahedron. The zwitterion-species of the neutral bi-dentate 

ligand, coordinated to the Ln (III) metal ion through two phenolate oxygens. 

The fluorescence studies indicate that the ligand appeared to be a suitable 

organic chelator for energy transfer to Tb (III) ion.  
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Figure 2.2 The fluorescence spectra of (a) Tb (III) and (b)  Sm (III) 
complexes 

 Tian-Lin et al (2007) [76] reported the synthesis of a new Schiff 

base ligand with tripodal structure, N,N,N-tri-(3-indolemethanal) 

triaminotriethylamine and its complex with terbium.  The author revealed that 

the Schiff base ligand could form stable complex with terbium ion and was 

coordinated to Schiff base nitrogen atoms and the bridgehead nitrogen atom 

of the ligand. The terbium complex with ligand can emit intrinsic spectrum of 

the ion under excitation of ultraviolet light. The results indicated that H+ could 

strongly enhance the luminescence of terbium complex with ligand in 

aqueous solutions. The results demonstrate that the nitrogen atom of indole 

is important for the fluorescence enhancement of the switch. The 

mechanism of the fluorescence enhancement by protonation of the indole 

nitrogen atom is due to the suppressed photoinduced electron transfer 

(PIET) fluorescence quenching when adding acid.  

 Jean-Claude et al (2007) [77] has explored the wide choice of 

luminescence properties displayed by lanthanide ions, as well as the well-

mastered introduction of these ions into a wealth of different molecular and 

extended structures such as coordination polymers and microporous 

materials, which is a fantastic playground for scientists and engineers. This 

also revealed that the lanthanides will be the key elements in helping 

scientists to meet all the future technological challenges, including solving 
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the energy problem. This will also boost the capability to monitor biological 

processes essential to life and help physicians curing major diseases such 

as cancer. 

2.4  CATALYTIC PROPERTIES 

 Organic pollutants in industrial wastes predominantly contain 

amines. Research has been widely carried out to oxidise these amines into 

nontoxic products. Schiff base ligands and its transition and rare earth metal 

complexes are used as catalyst for this oxidation studies. Researchers have 

been aiming to oxidise the amines to the desired products and also enhance 

the life cycle of the catalyst under optimum conditions. 

  A new approach for polymerisation of aniline has been reported 
by Nabid et al (2007) [78] by using transition-metal tetrasulfonated 
phthalocyanine as catalysts. This approach provided a distinct advantage 
over similar reactions employing native enzymes due to higher stability and 
lower price of the catalysts. The polymerisation was accomplished in an 
aqueous buffer at pH 2. The results indicate that application of Fe complexes 
in polymerisation of aniline is better than Mn and Co as catalysts. Also they 
have shown that the metallophthalocyanines are better catalysts than 
metalloporphyrin. 

 Alizadeh et al (2005) [50] showed that the oxidation of aniline by 
35% hydrogen peroxide, catalysed by H3PW12O40 family (under two-phase 
conditions at room temperature or under reflux) provided a simple and 
general procedure for the preparation of nitrosoaniline, which was difficult to 
prepare selectively by conventional methods. The results clearly 
demonstrated that this oxidation system was more efficient in the selective 
oxidation of aniline with hydrogen peroxide. 

 The oxidations of primary aromatic amines were investigated by 
Wenchao Lu et al (2008) [79]. Cuprous chloride-air system can catalyze the 
oxidation of primary aromatic amines to azo derivatives, anils and quinone 
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anils. They have reported that the experimental procedure is simple and the 
products could be easily isolated in high yields. 

 

Scheme 2.1 Catalytic Oxidation of aniline using hydrogen peroxide 

 

Scheme 2.2 Catalytic Oxidation of 4-methoxyaniline 

 The catalytic activities of the lanthanum (La) catalysts supported 

on the zeolite and SiO2 and the alkali metal-added counterparts (alkali 

metal/La/support) were studied by Masaya et al (2004) [49] using the gas-

phase catalytic oxidation of benzyl alcohol. The addition of alkali metal to the 

La/NaZSM-5 and La/SiO2 catalysts caused an increase in the oxidation 

activity, particularly the partial oxidation activity of benzyl alcohol. The added 

alkali metal was indicated to play an important role in activating the reactant 

through the adsorption of benzyl alcohol, in addition to inhibiting the 

deposition of carbonaceous materials on the catalyst.  

 Chang et al (2009) [51] have given the procedure in their work 

which offers several advantages for the preparation of azoxybenzenes from 

the corresponding aniline such as low loading of catalyst, mild conditions, 

high yields and clean reactions, which make it a useful and attractive 
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methodology for organic synthesis. The simple workup procedure is also 

beneficial to this method. Although the preparation of the catalyst was 

nontrivial, it offers information for the future design of new catalysts.  

 

Scheme 2.3 Oxidation of anilines with hydrogen peroxide over Si-Co 

Through the literature review it has been observed that the Schiff 

bases show a variety of biological actions by virtue of the azomethine 

linkage, which is responsible for various antibacterial, antifungal and 

antioxidant properties.  Upon complexation, these properties found to 

enhance due to the coordination with the central metal ions. In addition, it 

has been reported that the Schiff base complexes of transition, rare earth 

metal ions have played a significant role in various reactions to enhance 

their yield and product selectivity.  The convenient route of synthesis and 

thermal stability of Schiff base ligands have contributed significantly for their 

possible applications in catalysis as metal complexes.  Catalytic activity of 

Schiff base complexes show significant variations with structure and type of 

Schiff base ligands used.  These studies have clearly demonstrated that the 

Schiff base complexes of rare earth metals are versatile and efficient 

catalysts for reaction of commercial importance and suitable to catalyze 

various reactions under mild conditions.   

Keeping all these facts in mind and the efficacy of the Schiff base 

metal complexes, new type of Schiff base ligands using aminoacid 

derivatives and rare earth Schiff base complexes are synthesized and they 

are screened for various applications like antibacterial, antifungal, 

luminescent and catalytic properties. 
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2.5  AIMS AND OBJECTIVES 

 The major objectives of the current study are: 

i) to prepare new Schiff bases having N, O donor ligands using 

the derivatives of aminoacids viz., serine, threonine and 

leucine respectively with 5-bromo salicylaldehyde. 

ii) to synthesise complexes with the above ligands using rare 

earth metals like Pr, Sm, Gd, Tb, Er and Yb. 

iii) to characterise the various Schiff base ligands and rare earth 

metal complexes using  spectral / analytical techniques like 

FTIR, NMR, UV, mass and TGA/DTA. 

iv) to study the fluorescence effect of Ln (III) Schiff base 

complexes derived from  serine, threonine and leucine.  

v) to study the applicability towards the antimicrobial activity of 

the rare earth metal Schiff base complexes derived from 

serine, threonine and leucine. 

vi) to study the catalytic effect of rare earth metal Schiff base 

complexes derived from leucine, in the oxidation of aniline 

and substituted anilines. 

2.6  OUTLINE OF THE THESIS 

 The content of the current thesis has been divided into ten 

chapters. 

 Chapter one: This chapter throws light on the fundamental 

concepts and brief introduction of the present work.  

 Chapter two: This chapter reviews the literature concerning 

various Schiff bases derived from amino acid, importance of Schiff bases, 
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their characterisation and rare earth metal Schiff base and their applications 

in various fields. 

 Chapter three: A detailed description of all the reagents and 

materials used, procedures for physical measurements has been discussed 

in this chapter. Also, the procedures for the preparation of Schiff bases in 

addition to the synthesis of their corresponding rare earth metal complexes, 

procedures for antimicrobial, antioxidant and the catalytic activities of the 

synthesised compounds has been discussed. 

 Chapter four: This chapter illustrates the preparation and 

characterisation of the rare earth metal Schiff base complexes of type 

[Ln(L1)(NO3)2(H2O)].NO3.Where, Ln = Pr (III), Sm (III), Gd (III), Tb (III), Er 

(III) and Yb (III) and L1 = Sodium 2-(5-bromo-2-hydroxybenzylideneamino)-

3-hydroxypropanoate, derived from L-serine and 5-bromosalicylaldehyde. 

Fluorescence characteristics of the above said complexes have been 

studied and the complexes are screened for their antimicrobial activities. 

 Chapter five: The synthesis of various rare earth metal 

complexes of the Schiff base ligand L2 derived from threonine and 5-

bromosalicylaldehyde, L2 = Sodium 2-(5-bromo-2-hydroxybenzylidene 

amino)-3-hydroxybutanoate and the spectral characterisation of the newly 

synthesised complexes have been expressed in this chapter, along with their 

fluorescence, antimicrobial activities. 

 Chapter six: This chapter describes the synthesis of new  

lanthanide complexes of Pr (III), Sm (III), Gd (III), Tb (III), Er (III) and Yb 

(III) with the Schiff base, Sodium 2-(5-bromo-2-hydroxybenzylideneamino)-

4-methylpentanoate, derived from leucine and 5-bromosalicylaldehyde.  

Their fluorescence and antimicrobial nature have also been studied.  

 Chapter Seven: This chapter describes the catalytic nature of the 

synthesised lanthanide complexes, Pr (III), Sm (III), Gd (III), Tb (III), Er (III) 
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and Yb (III) with the Schiff base, derived from leucine towards the oxidation 

of anilines and substituted anilines with H2O2 as oxidant. 

 Chapter Eight: This is a concluding chapter which focuses on the 

summary of the present work.  Various tridentate Schiff base ligands L1, L2, 

L3 and their Ln (III) complexes were synthesised and characterised by 

elemental analysis, TGA/DTA, spectral analysis like 1H NMR, UV, FT-IR and 

Mass Spectrometry.  The fluorescence studies of the synthesised complexes 

indicate that the ligand L is a good organic chelator to absorb energy and 

transfer it to Ln (III) ions.  The biological studies of the complexes show that 

most of the synthesised complexes possess a good biological activity 

against pathogens tested than the corresponding free Schiff base ligand.  

The Ln (III) complexes of the Schiff base ligand L3 possess good catalytic 

ability for oxidation of aniline under mild conditions and [Gd(L3)(NO3)2 

(H2O)]NO3  complex was chosen as standard to check the generality and 

efficiency of oxidation of various substituted anilines. 

 Chapter Nine: The future prospect of the current investigation has 

been presented in this chapter. 

 Chapter Ten: The list of references used throughout the thesis 

has been given in this chapter. 
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3. EXPERIMENTAL METHODS AND TECHNIQUES 

 

 The details of the general experimental techniques adopted, 

analytical procedures and materials employed along with details like 

preparation of ligands, preparation of metal complexes, solvent purification 

are described in this chapter. 

3.1  MATERIALS EMPLOYED 

 The following chemicals were used at various stages of this work:  

The sources of the chemicals are given within parenthesis.  5-bromo 

salicylaldehyde, L-Leucine (Sigma-Aldrich), L-Serine (Sigma-Aldrich),  

L-Threonine (Sigma-Aldrich), Praseodymium (III) nitrate hexahydrate (Rare 

Earths), Samarium (III) nitrate hexahydrate (Rare Earths), Gadolinium 

(III) nitrate hexahydrate (Rare Earths), Erbium (III) nitrate hexahydrate 

(Rare Earths), Terbium (III) nitrate hexahydrate (Rare Earths), Ytterbium 

(III) nitrate hexahydrate (Rare Earths), Sodiumhydroxide pellets (SRL), 

Phenylamine (Sigma-Aldrich), p-Tolylamine (Sigma-Aldrich), 4-Chloro-

phenylamine (Sigma-Aldrich), 4-Nitro-phenylamine (Sigma-Aldrich),  

4-Methoxy-phenylamine (Sigma-Aldrich), m-phenylenediamine (Sigma-

Aldrich), 3-Methoxy-phenylamine (Sigma-Aldrich), 3-Chloro-phenylamine 

(Sigma-Aldrich),   m-Tolylamine (Sigma-Aldrich), 2-Chloro-phenylamine 

(Sigma-Aldrich), 2-Methoxy-phenylamine (Sigma-Aldrich), Amino-benzoic 

acid (Sigma-Aldrich), 30 % H2O2 (SRL).  

3.2  SOLVENTS 

 Common solvents like ethanol, methanol, acetone, acetonitrile, 

chloroform, dichloromethane, hexane, petroleum ether, DMSO, DMF(HPLC 

Grade), and CDCl3 used at various stages of this  work were purified 
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according to the standard procedures described either in Weissberger series 

(Weissberger et al 1970)  or in qualitative analysis by Vogel (Vogel 1978). 

3.3 EXPERIMENTAL METHODS 

3.3.1  Synthesis of Schiff Base Ligand [L1]   

 The sodium salt of the Schiff base ligand L1 was synthesised as 

per the following literature procedure [80]. To an aqueous solution of   

L-Serine  (0.002 mol) in 10 mL water containing NaOH (0.002 mol),  

5-bromosalicyaldehyde (0.002 mol) in 10 mL ethanol was added drop wise 

with constant stirring and heated under reflux for 3-5 h on a mantle at 50oC. 

Then, the reaction mixture was cooled to room temperature. Fine shining 

yellow precipitate of the sodium salt of the Schiff base ligand L1 (sodium 2-

(5-bromo-2-hydroxybenzylideneamino)-3-hydroxypropanoate) formed was 

filtered off, washed with ethanol-water mixture and stored in a vacuum 

desiccator over anhydrous calcium chloride.   

H2N
OH

O
OH

serine

+
HO

O
Br

5-bromosalicylaldehyde

OHN

Br

OOH

ONa
EtOH/NaOH

Reflux - 3h

L1
sodium 2-(5-bromo-2-hydroxybenzylideneamino)-3-

hydroxypropanoate
 

Scheme 3.1 Synthesis of Schiff base ligand [L1] 

3.3.2  Synthesis of [Ln(L1)(NO3)2(H2O)].NO3 Complexes  

 The rare earth Schiff base complexes were synthesised as per the 

following general literature procedure [80].   A 0.002 mol of a Schiff base 

ligand L1 was dissolved in 10 mL of ethanol. To this solution, a solution of 

0.002 mol Ln(NO3)3.xH2O in 10 mL water, was added drop wise with  
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constant stirring and finally heated under reflux for 3 – 5 h on a hot plate at 

50oC. The reaction mixture was cooled to room temperature. A fine yellow 

precipitate of the solid complexes formed was filtered off, washed with 

ethanol-water mixture and stored in a vacuum desiccator over anhydrous 

calcium chloride.   

 The following Ln (III) complexes were prepared using the similar 

procedure and its physical properties are tabulated in Table 3.1. 

 [Pr(L1)(NO3)2(H2O)] NO3,  

 [Sm(L1)(NO3)2(H2O)] NO3,   

 [Gd(L1)(NO3)2(H2O)] NO3,  

 [Tb(L1)(NO3)2(H2O)] NO3,   

 [Er(L1)(NO3)2(H2O)] NO3,  

  [Yb(L1)(NO3)2(H2O)] NO3.          

CH

O

N C
O

Ln
O

NO3

NO3

H2O NO3

OH

OHN

Br

OOH

ONa

L1

BrLn(NO3)3.xH2O
Reflux
3-5 h

+
EtOH / H2O mixture

 

 Scheme 3.2  Synthesis of rare earth metal Schiff base [L1] complexes. 

  



 

 

34

Table 3.1   Physical properties and the percentage yield of the Schiff 
base ligand [L1] and its Ln (III) complexes 

Compound Molecular Formula Colour Yield (%) 

L1 C10H9O4NBrNa Bright Yellow 79 

[Pr(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrPr Yellow 86 

[Sm(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrSm Yellow 84 

[Gd(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrGd Pale Yellow 96 

[Tb(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrTb Yellow 92 

[Er(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrEr Yellow 74 

[Yb(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrYb Yellow 81 

 

3.3.3  Synthesis of Schiff Base Ligand [L2] 

 The sodium salt of the Schiff base ligand L2 was synthesised as 

per the following literature procedure [81]. To an aqueous solution of  

threonine (0.002 mol) in 10 mL water containing NaOH (0.002 mol),  

5-bromosalicyaldehyde (0.002 mol) in 10 mL ethanol was added drop wise 

with constant stirring and heated under reflux for 3-5 h. on a mantle at 50oC. 

Then, the reaction mixture was cooled to room temperature. Fine shining 

yellow precipitate of the sodium salt of the Schiff base ligand (sodium 2-(5-

bromo-2-hydroxybenzylideneamino)-3-hydroxybutanoate) formed was 

filtered, washed with ethanol-water mixture and stored in a vacuum 

desiccator over anhydrous calciumchloride.   
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NH2
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O
HO

Threonine

+
HO
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Br
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Br
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L2
sodium 2-(5-bromo-2-hydroxybenzylideneamino)-3-

hydroxybutanoate  

Scheme 3.3 Synthesis of Schiff base ligand [L2] 

3.3.4  Synthesis of [Ln(L2)(NO3)2(H2O)].NO3 Complex  

 The rare earth Schiff base complexes were synthesised as per the 

following general literature procedure [81].   A 0.002 mol of a Schiff base 

ligand L2 was dissolved in 10 mL of ethanol. To this solution, a solution of 

0.002 mol Pr(NO3)3.xH2O in 10 mL water, was added drop wise with 

constant stirring and finally heated under reflux for 3 – 5 h. on a hot plate at 

50oC. The reaction mixture was cooled to room temperature. A fine yellow 

precipitate of the solid complex formed was filtered, washed with ethanol-

water mixture and stored in a vacuum desiccator over anhydrous calcium 

chloride.   

 The following Ln (III) complexes were prepared using the similar 

procedure and its physical properties are tabulated in Table 3.2. 

 [Pr(L2)(NO3)2(H2O)] NO3,  

 [Sm(L2)(NO3)2(H2O)] NO3, 

 [Gd(L2)(NO3)2(H2O)] NO3, 

 [Tb(L2)(NO3)2(H2O)] NO3, 

 [Er(L2)(NO3)2(H2O)] NO3, 

 [Yb(L2)(NO3)2(H2O)] NO3. 
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Scheme 3.4  Synthesis of rare earth metal Schiff base [L2] complexes. 

Table 3.2 Physical properties and the percentage yield of the Schiff 
base ligand [L2] and its Ln (III) complexes 

Compound Molecular Formula Colour Yield (%) 

L2 C11H11O4NBrNa Bright Yellow 81 

[Pr( L2)(NO3)2(H2O)]NO3 C11H12O11N3BrPr Yellow 93 

[Sm(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrSm Yellow 87 

[Gd(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrGd Yellow 86 

[Tb(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrTb Pale Yellow 94 

[Er(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrEr Yellow 88 

[Yb(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrYb Pale Yellow 79 

 

3.3.5  Synthesis of Schiff Base Ligand [L3] 

 The sodium salt of the Schiff base ligand was synthesised as per 

the following literature procedure [82]. To an aqueous solution of  Leucine  

(0.002 mol) in 10 mL water containing NaOH (0.002 mol), 5-

bromosalicyaldehyde (0.002 mol) in 10 mL ethanol was added drop wise 

with constant stirring and heated under reflux for 3-5 h. on a mantle at 50oC. 

Then, the reaction mixture was cooled to room temperature. Fine shining 

yellow precipitate of the sodium salt of the Schiff base ligand (sodium 2-(5-

bromo-2-hydroxybenzylideneamino)-4-methylpentanoate) formed was 
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filtered off, washed with ethanol-water mixture and stored in a vacuum 

desiccator over anhydrous calcium chloride.   

NH2

O

HO

Leucine

+
HO

O
Br

5-bromosalicylaldehyde
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Br

O

ONa
EtOH/NaOH

Reflux - 3h

L3

sodium 2-(5-bromo-2-hydroxybenzylideneamino)-4-
methylpentanoate

 

Scheme 3.5  Synthesis of Schiff base ligand [L3] 

3.3.6  Synthesis of [Ln(L3)(NO3)2(H2O)] NO3 Complex  

 The rare earth Schiff base complex was synthesised as per the 

following general literature procedure [82].   A 0.002 mol of a Schiff base 

ligand L3 was dissolved in 10 mL of ethanol. To this solution, a solution of 

0.002 mol Ln(NO3)3.xH2O in 10 mL water, was added drop wise with 

constant stirring and finally heated under reflux for 3 – 5 h. on a hot plate at 

50oC. The reaction mixture was cooled to room temperature. A fine yellow 

precipitate of the solid complex formed was filtered off, washed with ethanol-

water mixture and stored in a vacuum desiccator over anhydrous calcium 

chloride.   

 The following Ln (III) complexes were prepared using the similar 

procedure and its physical properties are tabulated in Table 3.3. 

 [Pr(L3)(NO3)2(H2O)] NO3, 

 [Sm(L3)(NO3)2(H2O)] NO3,  

 [Gd(L3)(NO3)2(H2O)] NO3,  

 [Tb(L3)(NO3)2(H2O)] NO3,   

 [Er(L3)(NO3)2(H2O)] NO3, 

  [Yb(L3)(NO3)2(H2O)] NO3. 
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Scheme 3.6  Synthesis of rare earth metal Schiff base [L3] complexes 

Table 3.3 Physical properties and the percentage yield of the Schiff 
base ligand [L3] and its Ln (III) complexes 

Compound Molecular Formula Colour Yield (%) 

L3 C13H16O3NBrNa Bright Yellow 86 

[Pr( L3)(NO3)2(H2O)]NO3 C13H16O10N3BrPr Yellow 96 

[Sm(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrSm Yellow 94 

[Gd(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrGd Yellow 96 

[Tb(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrTb Yellow 95 

[Er(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrEr Yellow 91 

[Yb(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrYb Yellow 89 

 

3.3.7  In vitro Antibacterial Study  

 The synthesised Schiff base ligand L1 and their corresponding   

Ln (III) complexes were screened for antibacterial activity against the gram 

negative and gram positive pathogens namely, Escherichia coli, Proteus, 

Pseudomonas aeruginosa, Staphylococcus aureus, L2, L3 and their 

corresponding Ln (III) complexes against the pathogens namely Escherichia 

coli, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus 

agalactiae  by the reported method [83]. The stock solution (1 mg mL-1) of 

the test chemical was prepared in DMF solution. The stock solution was 
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further diluted with sterilised distilled water to different dilutions in µg mL-1. 

The test chemicals of different dilutions were added to sterile blank 

antimicrobial susceptibility discs. The bacteria were subcultured in agar 

medium and the discs were kept onto the same.   The petridishes were 

incubated for 24 h at 37oC.  The Standard antibacterial drug (ciprofloxacin/ 

Amikacin) was also screened under similar conditions for comparison.  

Activity was determined by measuring the zones of growth inhibition 

surrounding the discs.  Growth inhibition was compared with the standard 

drug.  In order to clarify the effect of solvent (DMF) on the biological 

screening, DMF alone was added to separate discs and used as control, and 

it showed no activity against bacterial strains.   

3.3.8  In vitro Antifungal Study  

 The synthesised Schiff base ligand L1, L2, L3 and their 

corresponding Ln (III) complexes were screened for in vitro antifungal 

activity according to the disc diffusion method. The assay was determined 

against the fungal species Candida and Aspergillus by the reported method 

[84, 85].  The stock solution (1 mg mL-1) of the test chemical was prepared in 

DMF solution. The stock solution was further diluted with sterilised distilled 

water to different dilutions in µg mL-1. The test chemicals of different dilutions 

were added to sterile blank antimicrobial susceptibility discs. The fungi were 

sub cultured in potato dextrose agar (PDA) and the discs were kept onto the 

same.   The petridishes were incubated for 72 h at 28°C.  The standard 

antimicrobial drug Ketoconazole was also screened under similar conditions 

for comparison.  The results were recorded by measuring the zones of 

growth inhibition surrounding the discs. The mean value obtained from three 

independent replicates was used to calculate the zone of growth inhibition of 

each sample.  In order to clarify the effect of solvent (DMF) on the 

antimicrobial screening, DMF alone was added to separate discs and used 

as control, and it show no activity against the fungal strains. 
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3.3.9  Catalytic Oxidation of Aniline 

 To a stirred solution of the catalyst (0.015 mmol) and 30 % of 

H2O2  (10 mmol) in CH2Cl2  (7 mL), aniline (8 mmol) was added and the 

reaction mixture was stirred at room temperature for the required time. 

Progress of the reaction was monitored by TLC at regular intervals and 

continued for mentioned reaction time.  After removal of the solvent, the 

residue was purified by Silica gel flash chromatography to afford 

azobenzene.  All the azobenzene thus obtained were identified by 

comparing 1H NMR data with values reported in the literature and those of 

the authentic samples.   The desired 3,3’-azotoluene was obtained (Yield: 

66 %), for which, 1H NMR (CDCl3, 200 MHz):  (ppm) = 2.44 (s, 6H), 7.27–

7.73 (m, 14H). 13C NMR (CDCl3, 100 MHz):  (ppm) = 20.9, 119.7, 123.4, 

128.7, 131.4, 138.0, 152.4. 

 

 

 

 

Scheme 3.7  Catalytic oxidation of aniline 

 

3.4 ANALYTICAL METHODS 

3.4.1 Microanalysis  

 Carbon, hydrogen and nitrogen contents of the newly prepared 

ligands and complexes were analysed at CDRI, Lucknow and IIT, Madras. 

3.4.2 Molecular Weight Determination  

 Molecular weight determination was done by Rast micro method 

by determining the freezing point depression of a solvent.  Diphenyl (71oC) 

CH2Cl2(2 ml), r.t.

NH2

Phenylamine

GdL1(NO3)2H2O].NO3/H2O2 N N

Diphenyl-diazene

[GdL1 (NO3) 2H2O]NO3/H2O2 

CH2Cl2 (2mL), 30oC 
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was used as the solvent which was calibrated using naphthalene.  About 10 

mg of the complex was introduced to 100 mg of diphenyl to determine its 

melting point depression.  The molecular weight was determined by 

employing the equation, 

 

3f

f

K wM 10
T W

   (3.1) 

Where Kf = cryoscopic constant of the solvent employed, w = weight of 

the solute, Tf = freezing point depression and W = weight of the 

solvent taken. 

3.5 INSTRUMENTAL METHODS 

3.5.1 Infrared Spectra 

 The infrared spectra of all the complexes and the ligands were 

recorded on a Perkin-Elmer 577 (4000-400 cm-1) double beam infrared 

spectrophotometer or Perkin-Elmer 783 spectrophotometer or on a JASCO 

FT / IR 5300 model spectrophotometer.   

 KBr pellet method was used here, which involves the mixing of 

powdered KBr with the solid sample and pressing the mixture under high 

pressure. The KBr pellet thus obtained was inserted into the holder in the 

spectrometer and the spectrum was obtained. 

3.5.2 Electronic Spectra 

 Electronic spectra were recorded in DMF (HPLC Grade) solution 

on a Shimadzu UV-Vis. 160 spectrophotometer in the range 200-800 nm. 

The concentration of the samples prepared was (1.0  10-6 M) and the 

spectrum was recorded at room temperature. 
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3.5.3 NMR Spectra 

 Proton magnetic resonance spectral measurements were made on 

a Brucker 300 MHz (or) Perkin-Elmer R32, 90 MHz (or) Joel, GSX 400, 400 

MHz spectrometer in deuterated organic solvent DMSO with 

tetramethylsilane (TMS) as the internal standard.  Frequencies were 

measured by the side band technique and area was determined 

planimetrically. 
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4.  SCHIFF BASE DERIVED FROM SERINE AND ITS 
LANTHANIDE (III) COMPLEXES 

 

4.1 INTRODUCTION 

 An enhanced global change has given a pressing need to develop 

an alternate synthetic approach for biologically and synthetically important 

compounds.  Schiff base ligands and their metal complexes have been 

shown to exhibit a variety of application including biological, clinical, 

analytical and industrial in addition to their important roles in catalysis and 

organic synthesis [86-90] and hence continue to occupy as a vital ligands in 

metal coordination chemistry [91-93], even almost a century since their 

discovery.  Since, chemistry of lanthanides is a promising research area 

stimulated by a wide variety of applications, coordination chemistry of 

lanthanides and its complexes have aroused much interest [94].  Schiff 

bases can coordinate to many lanthanide systems, because of their 

excellent coordination nature to the rare earth ions and the ability of 

sensitizing the properties of lanthanide ions [95, 96].  An interesting 

coordination chemistry of lanthanide Schiff base complexes and their role in 

chemical, medical and industrial processes are enough to recognize them as 

worthwhile for the synthesis of new complexes. Therefore, an attempt has 

been made to describe synthesis, characterisation and biological evaluation 

of some lanthanide (III) Schiff base complexes containing N, O donor atoms. 

 A novel tridentate Schiff base ligand [L1] (Figure 4.1) and its six 

lanthanide (III) complexes were synthesised (Chapter 3). The coordination 

behaviour of lanthanide(III) ions with Schiff base ligand [L1] have been 

studied using  1HNMR , elemental analysis, Thermal studies, Mass, FT-IR 

and UV-Vis., data.  Moreover, Fluorescence behaviour and antimicrobial 
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efficiency of these complexes against different microorganisms have also 

been studied. 

OHN

Br

OOH

ONa

L1

sodium 2-(5-bromo-2-hydroxybenzylideneamino)-3-
hydroxypropanoate

 
Figure 4.1 Sodium salt of the Schiff base ligand [L1] 

4.2 RESULTS AND DISCUSSION 

 In the present investigation, the Schiff base ligand [L1] and its six 

new lanthanide metal complexes were synthesised and characterised by 

different analytical techniques. The ligand [L1] was synthesised by the one 

step condensation of L-serine with 5-bromosalicyaldehyde and characterised 

by UV-Vis, FT-IR, 1H  NMR,  Mass  and  TG  Analysis.   All  the  Ln  (III) 

complexes (Ln= Pr, Sm, Gd, Tb, Er and Yb) were synthesised as per the 

scheme given in Scheme 4.1, in which Ln(NO3)3.xH2O was used as the 

source of metal and they correspond to the formula [LnL1(NO3)2(H2O)] NO3.  

All the complexes were non-hygroscopic powders and stable in air, soluble 

in DMSO and DMF, sparingly soluble in methanol, ethanol, acetonitrile and 

ethylacetate. 

 



 

 

45

H2N
OH

O
OH

serine

+ HO

O
Br

5-bromosalicylaldehyde

OHN

Br

OOH

ONa
EtOH/NaOH

Reflux - 3h

L1

sodium 2-(5-bromo-2-hydroxybenzylideneamino)-3-
hydroxypropanoate

Reflux 
  3-5h

Ln(NO3)3.xH2O

CH

O

N C
O

Ln
O

NO3

NO3

H2O NO3

OH

Br

Ln(III) complexes

 
Scheme 4.1 Synthesis of Schiff base ligand [L1] and Ln (III) Schiff 

base complex [Ln = Pr (III), Sm (III), Gd (III), Tb (III),    
Er (III) and Yb (III)] 

4.2.1 Elemental Analysis 

 Table 4.1 shows the list of the elemental analysis of the Schiff 

base ligand [L1] and synthesised Ln (III) Schiff base complexes which are in 

good agreement with the calculated values.    
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Table 4.1  Elemental Analysis of the ligand [L1] and Ln (III) Schiff 
base complexes 

Compound Molecular 
Formula 

Molecular 
weight 

Cal.(Exp.)% 

C H N 

L1 C10H9O4NBrNa 310 38.73(38.67) 2.93(3.23) 4.52(4.73) 

[Pr(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrPr 569.01 21.11(21.45) 1.77(1.56) 7.38(7.53) 

[Sm(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrSm 578.46 20.76(21.06) 1.74(1.92) 7.26(7.59) 

[Gd(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrGd 585.35 20.52(20.76) 1.72(1.53) 7.18(7.42) 

[Tb(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrTb 587.03 20.46(20.22) 1.72(1.31) 7.16(7.32) 

[Er(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrEr 595.36 20.17(20.45) 1.96(1.38) 7.06(7.23) 

[Yb(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrYb 601.14 19.98(19.57) 1.68(1.36) 6.99(6.55) 

 

4.2.2  Mass Spectra 

 A mass spectrum of the newly synthesised Schiff base ligand 

confirms the proposed formula by detecting the molecular fragments.  Mass 

spectrometry chemical ionisation of the ligand and the lanthanide complexes 

(Figures 4.1 and 4.9) show abundant molecular ions at various m/z values.  

The mass spectrum of the ligand shows molecular ions [C10H9O4BrNNa]+. at 

m/z = 310 and important fragments at m/z = 256 [C9H6O3BrN]+, 185 

[C7H5BrO]+ ,  125  [C3H4O3NNa]+ and 79 [Br]+.  Some isotopic peaks of the 

compounds are also found around these peaks [97]. 

 The mass spectrum of the Pr (III) complex shows molecular ions 

[C10H10O11N3BrPr]+. at m/z = 569 and important fragments at m/z = 425 

[C10H8O4NBrPr]+, 184 [C7H4BrO]+ , 102 [C3H4O3N]+ and 79 [Br]+.  

 The mass spectrum of the Sm (III) complex shows molecular ions 

[C10H10O11N3BrSm]+. at m/z = 578 and important fragments at m/z = 459 

[C10H8O4NBrSm]+, 184 [C7H4BrO]+ , 102 [C3H4O3N]+ and 79 [Br]+.  
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 The mass spectrum of the Gd (III) complex shows molecular ions 

[C10H10O11N3BrGd]+. at m/z = 585 and important fragments at m/z = 442 

[C10H8O4NBrGd]+, 184 [C7H4BrO]+ , 102 [C3H4O3N]+ and 79 [Br]+.  

 The mass spectrum of the Tb (III) complex shows molecular ions 

[C10H10O11N3BrTb]+. at m/z = 587 and important fragments at m/z = 445 

[C10H8O4NBrTb]+, 184 [C7H4BrO]+ , 102 [C3H4O3N]+ and 79 [Br]+.  

 The mass spectrum of the Er (III) complex shows molecular ions 

[C10H10O11N3BrEr]+. at m/z = 595 and important fragments at m/z = 453 

[C10H8O4NBrEr]+, 184 [C7H4BrO]+ , 102 [C3H4O3N]+ and 79 [Br]+.  

 The mass spectrum of the Yb (III) complex shows molecular ions 

[C10H10O11N3BrYb]+. at m/z = 601 and important fragments at m/z = 459 

[C10H8O4NBrYb]+, 184 [C7H4BrO]+ , 102 [C3H4O3N]+ and 79 [Br]+.  

 

Figure 4.2  Mass Spectrum of the Schiff base ligand [L1] 
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Figure 4.3 Mass Spectrum of the [Pr(L1)(NO3)2(H2O)]NO3 complex 
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Figure 4.4  Mass Spectrum of the [Sm(L1)(NO3)2(H2O)]NO3 complex 
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Figure 4.5  Mass Spectrum of the [Gd(L1)(NO3)2(H2O)]NO3 complex 
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Figure 4.6  Mass Spectrum of the [Tb(L1)(NO3)2(H2O)]NO3 complex 
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Figure 4.7  Mass Spectrum of the [Er(L1)(NO3)2(H2O)]NO3 complex 
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Figure 4.8 Mass Spectrum of the [Yb(L1)(NO3)2(H2O)]NO3 complex 
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Figure 4.9  HR-MS of the [Pr(L1)(NO3)2(H2O)]NO3 complex 
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4.2.3  Molar Conductance 

 Molar conductivity data for all the Ln (III) Schiff base complexes in 

DMF solution at room temperature are observed to be in the range of   

110-121 Scm2mol-1 and are given in Table 4.2.  This suggests 1:1 

electrolytes and the two nitrate are coordinated to the Ln (III) ion [98]. 

Table 4.2 Molar conductance of the ligand [L1] and Ln (III) Schiff 
base complexes in DMF 

Compound 
 

Molecular Formula 
m 

(S cm2 mol 1) 

L1 C10H9O4NBrNa - 

[Pr(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrPr 121.02 

[Sm(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrSm 119.52 

[Gd(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrGd 117.82 

[Tb(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrTb 116.24 

[Er(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrEr 112.63 

[Yb(L1)(NO3)2(H2O)]NO3 C10H10O11N3BrYb 110.02 

 

4.2.4  Thermo Gravimetric Analysis 

 Thermogravimetric and differential thermogravimetic analysis were 

carried out for the Schiff base ligand [L1] and its corresponding Ln (III) 

complexes within the temperature range from ambient temperature to 900oC 

under N2 flow. The correlation between the different decomposition steps of 

Ln (III) complexes with corresponding weight losses are discussed in terms 

of proposed formula of the  Ln (III) complexes. The water content was 

determined by the thermogravimetric analysis (TGA).  The TGA results 

showed that the ligand [L1] (Figure 4.10) is thermally stable in the 

temperature range 25 – 223oC. The decomposition starts at 223oC and gets 

completed at 3000C with one decomposition step. 



 

 

56

 The thermal behaviour studies of all the complexes are almost 

same. The thermogram of Ln (III) Schiff base complexes are depicted in 

Figure 4.11 – 4.16.  In the thermogram of all Ln (III) complexes, the 

coordinated water molecules decomposes around 103 - 106oC with a weight 

loss about 3%, lattice nitrate and coordinated nitrate molecules decomposed 

in the region 140 - 145oC and 340 - 342oC with a weight loss about 10.4% 

and 20.6% respectively.  

 The Gd (III) complex decomposed significantly around 415oC due 

to loss of organic moiety with the weight loss about 34.2%.  Finally, these 

processes were followed by the last step, in which, oxidation Gd (III) occurs 

to give corresponding oxide  as residue [99]. 

 The Pr (III) Schiff base complex was stable up to 342°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 342–520°C with DTG peak at 415°C 

corresponds to loss of organic moiety. 

 The Sm (III) Schiff base complex was stable up to 343°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 342–498°C with DTG peak at 422°C 

corresponds to loss of organic moiety. 

 The Yb (III) Schiff base complex was stable up to 340°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 342–520°C with DTG peak at 415°C 

corresponds to loss of organic moiety. 

 The Tb (III) Schiff base complex was stable up to 346°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 346–530°C with DTG peak at 425°C 

corresponds to loss of organic moiety. 
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Figure 4.10 (a) TG and (b) DTA curves of Schiff base ligand [L1]   

a 

b 
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Figure 4.11  TG/DTA curves of the [Pr(L1)(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 4.12  TG/DTA curves of the [Sm(L1)(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

 

a 

b 
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Figure 4.13  TG/DTA curves of the [Gd(L1)(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 4.14  TG/DTA curves of the [Tb(L1)(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 4.15 TG/DTA curves of the [Er(L1)(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 4.16  TG/DTA curves of the [Yb(L1)(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

a 

b 
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 The Er (III) Schiff base complex was stable up to 342°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 342–510°C with DTG peak at 432°C 

corresponds to loss of organic moiety. 

4.2.5  1H NMR SPECTRA  

 The 1H NMR Spectra of Schiff base ligand [L1] (Figure 4.17) in 

DMSO-d6 shows signal of triplets at  4.09 ppm and doublet at  4.12 are 

due to ,  methine and methylene hydrogen atom respectively [100].  The 

multiplets in  6.65-7.62 ppm region are assigned to the protons of 

benzylidene ring groups.  The broad singlet at  3.32 ppm and   2.0 ppm is 

due to the aromatic hydroxyl and allylic hydroxyl group respectively [101]. 

The strong singlet at  8.11 ppm is assigned for the azomethine roton [102].  

This is in accordance with what the following IR data have revealed.  

   

 



 

 

65

 

 

Figure 4.17 1H NMR spectrum of the Schiff base ligand [L1] 
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4.2.6  IR Spectra 

 The IR band assignments are given in Table 4.3 and spectra in    

Figure 4.18 – 4.24.  The IR spectra of Ln (III) complexes displays the ligand 

characteristic bands with the appropriate shifts due to complex formation and 

the IR spectra of all the complexes displays similarity. The IR band at 1678 

cm-1 of the free Schiff base ligand is due to the presence of azomethine 

group. Upon complexation, these bands are shifted to lower wave number by 

20 cm-1 indicating [95] a stronger double bond character of the imine band 

and a coordination of the azomethine nitrogen atom to the Ln (III) ion 

[103,104]. This coordination is further supported by the appearance of 

medium intensity band around 474 cm-1 assigned to Ln-N vibration. 

 IR spectrum of the free Schiff base ligand exhibits a broad band at 

3100 and 3400cm-1, which is attributed to the stretching frequencies of 

aromatic hydroxyl substituent and allylic hydroxyl substituent.  The 

disappearance of aromatic hydroxyl group after complexation denotes the 

coordination through phenolic –OH with the central metal ion [105]. The 

characteristic band around 3365cm-1 remains in the spectra of the 

complexes shows the non-coordination of allylic –OH to the central metal 

ion. 

 The coordination of Ln (III) ion with the phenolic -OH is further 

supported by the appearance of a medium intensity band around 536 cm-1 

assigned to Ln-O vibration [95].  The absorption bands of coordinated nitrates 

were observed at about 1465( 1), 1159( 2), 829( 3), 1323( 4).  In addition, 

the separation of two highest frequency band ( 1- 4) is approximately 140 

cm-1 and accordingly the coordinated NO3
- ion in the complexes is a 

bidentate ligand [106-108].  The band at 1383 cm-1 in the spectrum of the 

complexes indicates that the existence of free nitrate group in the 

coordination sphere [109].   
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Table 4.3  Infrared spectral data for the ligand [L1] and the Ln (III) complexes 

 
Compounds R-OH C=N 

NO3
- 

asym 
(COO

-
) sym (COO

-
) Ln-O Ln-N 

1 2 3 4 0 

L 3323 1678 - - - - - - - - - 

[PrL(NO3)2(H2O)]NO3 3392 1631 1454 1158 829 1323 1383 1525 1381 540 474 

[SmL(NO3)2(H2O)]NO3 3385 1648 1466 1159 827 1323 1383 1525 1390 534 473 

[GdL(NO3)2(H2O)]NO3 3395 1652 1466 1159 829 1325 1383 1515 1390 540 474 

[ErL(NO3)2(H2O)]NO3 3392 1658 1465 1158 826 1323 1383 1510 1390 540 474 

[TbL(NO3)2(H2O)]NO3 3380 1649 1466 1157 825 1325 1383 1520 1384 536 473 

[YbL(NO3)2(H2O)]NO3 3365 1654 1465 1159 829 1323 1383 1525 1384 536 474 
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Figure 4.18  IR spectrum of the Schiff base ligand [L1] 
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Figure 4.19 IR spectrum of the [Pr(L1)(NO3)2H2O]NO3 complex 
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Figure 4.20 IR spectrum of the [Sm(L1)(NO3)2H2O]NO3 complex 
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Figure 4.21 IR spectrum of the [Gd(L1)(NO3)2H2O]NO3 complex 
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Figure 4.22 IR spectrum of the [Tb(L1)(NO3)2H2O]NO3 complex 
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Figure 4.23 IR spectrum of the [Er(L1)(NO3)2H2O]NO3 complex 
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Figure 4.24 IR spectrum of the [Yb(L1)(NO3)2H2O]NO3 complex 
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 The complexes show strong band in the region 1510 -1525 cm-1 

and a weaker band in the region 1381 - 1390 cm-1 assigned to asymmetric 

and symmetric stretching frequencies of COO- group respectively.  The 

frequency difference between the asymmetric and symmetric stretching 

frequencies comes around 215 cm-1, which suggests the monodentate 

coordination of the carboxyl group of amino acid with the Ln (III) ion [110].  

The existence of medium intensity band around 1625 cm-1 is  due  to  the  

symmetric and the asymmetric O–H stretching vibrations of inner-sphere 

water molecule [111].    

4.2.7  Electronic Spectroscopy 

 The UV-visible absorption spectra of the Schiff base ligand [L1] 

and its Ln (III) complexes (Figures 4.25 – 4.31) were carried out in DMF at 

room temperature. The values of the absorption wavelength and its band 

assignments are listed in Table 4.4 and comparative spectrum is shown in 

Figure 4.32. The absorption of the ligand [L1] is characterised by three main 

absorption bands at 232, 261 and 385 nm. The band appearing at lower 

energy is attributed to n * transition of conjugation between the lone pair 

of electrons of p orbital of N atom in azomethine group and conjugated  

bond of the benzene ring [112]. The bands appearing at higher energy are 

attributed to * of the benzene ring and * transition of the 

azomethine group [113,114]. 

 The UV-visible absorption spectra of all the Ln (III) Schiff base 

complexes show similarities, which indicates similarity in their structures and 

generally show the characteristic bands of the free ligands with some 

changes both in frequencies and intensities.  Upon complexation, the 

absorption bands of the complexes are slightly shifted to shorter wavelength 

(Blue shift) compared to those of the free ligand. These modifications of the 

shifts and intensity of the absorption bands indicates the coordination of the 

ligand to the metal ion.  In general, the lanthanide ions do not appreciably 
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contribute to the spectra of their complexes, since f-f transitions are Laporte-

forbidden and very weak in nature [115].   

 The Sm (III) and Gd (III) complexes have high absorbance when 

compared to other complexes.  This is due to the difference in their molar 

absorptivity of the complexes that cause the spectrum to become more 

intense which is referred to as hyperchromic shift and the decrease in 

absorbance is referred to as a hypochromic shift. There is a variety of factors 

that can cause these changes. One of the factors is found in a process 

known as solvatochromism.  It can also be due to the solvent polarizability 

as well. Basically it is the change in the colour of a material, as a function of 

the dielectric properties of the solvent.  

 

Figure 4.25  UV spectra of the Schiff base ligand [L1] in DMF solution                       

(1.0  10-6 M) at room temperature 
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Figure 4.26 UV-visible spectrum of the[Pr(L1)(NO3)2H2O]NO3complex 

in DMF solution (1.0  10-6 M) at room temperature 

 

Figure 4.27 UV-visible spectrum of the [Sm(L1)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 
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Figure 4.28  UV-visible spectrum of the [GdL1)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 

 

Figure 4.29 UV-visible spectrum of the [Tb(L1)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 
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Figure 4.30 UV-visible spectrum of the [Er(L1)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 

 

Figure 4.31 UV-visible spectrum of the [Yb(L1)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 
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Figure 4.32 Comparative UV spectra of the Schiff base ligand [L1] 
and Ln (III) Schiff base complexes in DMF solution  

(1.0  10-6 M) at room temperature 
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Table 4.4 UV-Vis Spectral Data max. (nm)  for  the  ligand  [L1]  and  the  
complexes 

Compound max (nm) Band 
assignment 

L1 
232,261 
385 

* 
* 

[Pr(L1)(NO3)2(H2O)]NO3 
221,248 
323 

* 
* 

[Sm(L1)(NO3)2(H2O)]NO3 
226,244 
346 

* 
* 

[Gd(L1)(NO3)2(H2O)]NO3 
214,243 
376 

* 
* 

[Tb(L1)(NO3)2(H2O)]NO3 
224,244 
343 

* 
* 

[Er(L1)(NO3)2(H2O)]NO3 
226,246 
352 

* 
* 

[Yb(L1)(NO3)2(H2O)]NO3 
222,243 
352 

* 
* 

 

4.2.8  Fluorescence Studies 

 The rare earth elements still have a unique and important impact 

on our lives. The unfilled 4f electronic structure of the rare earth elements 

makes them have special properties in luminescence, magnetism and 

electronics, which could be used to develop many new materials for various 

applications such as phosphors, magnetic materials, hydrogen storage 

materials and catalysts. 

 The emission spectra of the Schiff base ligand and its Ln (III) 

complexes are shown in Figure 4.8. The emission spectrum were recorded 

upon excitation at 360 nm and the free ligand [L1] exhibits broad 

fluorescence band around 425 nm attributed to   * transition [116,117].   
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The  emission spectrum of Sm (III) displays five luminescence bands 

corresponding to the    * transition at 440 nm, 4G5/2  6H3/2 at 485 nm, 
4G5/2  6H5/2 at 565 nm,4G5/2  6H7/2 at 598 nm, 4G5/2

6H9/2 at  644  nm  

respectively.  The intensity sequence of the peaks is I4G5/2 6H9/2  I4G5/2  6H7/2 

 I4G5/2  6H5/2  I4G5/2  6H3/2 [118].   

 For Er (III) complex, the emission spectrum excited at 300 nm 

shows four luminescence bands corresponding to   * at 440 nm,  
4S3/2  4I15/2 at  486 nm , 4S3/2  4I13/2 at 613 nm, 4S3/2  4I11/2 at 647 nm 

transitions, respectively.   

 For Tb (III) complex, the emission spectrum excited at 300 nm 

shows five luminescence bands.   * broad band at 433nm.  Further, 

sharp luminescence bands corresponding to 5D4  7F6    at 480 nm, 5D4  
7F6 at 545 nm, 5D4  7F6 at 586 nm, 

5D4  7F6 at 625 nm transition 

respectively.  The appearance of small band at 840 nm denotes the 

secondary derivatives of the rare earth Schiff base complexes.  These 

results indicate that the ligand L1 is a good chelating organic chromophore 

and can be used to absorb and transfer energy to the Ln (III) ions. 

 The Gd (III), Pr (III) and Yb (III) complexes, shows a broad 

emission band around 438-456 nm, which is assigned to   * transition.  

The fluorescence intensity of these complexes are less while compare with 

other complexes, this may be attributed to the complexation occurs with 

ligands evident from lesser binding constant values.   
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Figure 4.33  Emission spectra of Sm (III) Er (III) and Tb (III) Schiff 

base complexes in DMF solution (1.0  10-6 M)  at  room  

temperature.  Emission spectrum is obtained with  

exc. = 360 nm 

4.2.9  Antibacterial Studies  

 The Schiff-base ligand [L1] and its Ln (III) complexes reported 

here were evaluated for antibacterial activity against Escherichia coli, 

Proteus, Staphylococcus aureus and Pseudomonas aeruginosa and the 

percentage inhibition detail of the same for maximum concentration  

(100 µg mL-1) are tabulated in Table 4.5. The Schiff base ligand [L1] is 

biologically active and its activity arise from the presence of imine group 

which imports in elucidating the mechanism of transformation reaction in 

biological systems.  However, its Ln (III) complexes showed remarkable 

antibacterial activity as a result of chelation of metal with organic ligand 

synergistically increasing its effect [119].  

 From the results obtained, the antibacterial activity of Ln (III) Schiff 

base complexes is found to be higher than that of a free Schiff base ligand, 
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against the same microorganism under identical experimental conditions. 

This is similar to earlier observations [120].   

 Remarkable enhancement in activity was found for Sm (III) Schiff 

base complex against the species Escherichia coli.  For the species Proteus 

Sm (III) Schiff base complex showed higher activity than the other Ln (III) 

complexes. In a similar manner the percentage inhibition was higher for      

Er (III) complex against both Staphylococcus aureus and Pseudomonas 

aeruginosa pathogens. The percentage inhibition for the Schiff base ligand 

and all the Ln (III) complexes have been depicted in Figure 4.35 - 4.38.  

 This increased activity of the Ln (III) complexes upon chelation is 

attributed to Tweedy’s chelation theory, according to which, the chelation 

reduces the polarity of the metal atom mainly because of the positive charge 

of the metal partially shared with donor atoms present on the ligand and 

there is electron delocalisation over the whole chelate ring [121]. This, in 

turn, increases the lipophilic character of the metal chelate and favors its 

permeation through the lipid layers of the bacterial membranes [109].  

 Generally, it is suggested that the chelated complexes deactivate 

various cellular enzymes, which play a vital role in various metabolic 

pathways of these microorganisms. Other factors such as solubility, 

conductivity and dipole moment, affected by the presence of metal ions, may 

also increase the biological activity of the metal complexes compared to the 

ligand. 
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Table 4.5 Antibacterial results of the Schiff base ligand [L1] and their 
Ln (III) complexes for maximum concentration (100 µg mL-1) 

Compound 
% inhibition against bacteria  

E. coli Proteus P. aeruginosa S. aureus 

L1 70.43 50.61 44.93 55.32 

[Pr(L1)(NO3)2(H2O)]NO3 85.46 60.23 46.42 72.45 

[Sm(L1)(NO3)2(H2O)]NO3 85.92 70.16 56.43 82.53 

[Gd(L1)(NO3)2(H2O)]NO3 84.57 75.73 60.82 72.82 

[Tb(L1)(NO3)2(H2O)]NO3 82.92 53.72 47.24 75.69 

[Er(L1)(NO3)2(H2O)]NO3 71.95 44.32 74.21 68.32 

[Yb(L1)(NO3)2(H2O)]NO3 70.94 58.41 49.34 65.46 

DMF - - - - 

Ciproflaxacin 100 100 100 100 
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   (a)  Escherichia coli                               (b)  Staphylococcus aureus 

 

                                      

(c)   Pseudomonas aeruginosa 

 

C – Control;    1 – 25 µg mL-1 ;    2 – 50 µg mL-1 ;  

                       3 - 75 µg mL-1 ;     4 – 100 µg mL-1   

 

Figure 4.34 Zone of inhibition of (a) Sm(III) (b) Sm(III) (c)  Er(III)   
complexes of Schiff base Ligand [L1] for bacterial 
species 
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Figure 4.35 Percentage Inhibition of Schiff base ligand [L1] and their 
Ln (III) Schiff base complexes against Escherichia coli  

 

Figure 4.36  Percentage Inhibition of Schiff base ligand [L1] and their 
Ln (III) Schiff base complexes against  Proteus 
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Figure 4.37  Percentage Inhibition of Schiff base ligand [L1] and their 
Ln (III) Schiff base complexes against Pseudomonas 
aeruginosa 

 

 

Figure 4.38  Percentage Inhibition of Schiff base ligand [L1] and their 
Ln (III) Schiff base complexes against Staphylococcus 
aureus 
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4.2.10  Antifungal Studies  

 The antifungal activity of the Schiff-base ligand [L1] and its Ln (III) 

complexes reported here were evaluated for Candida and Aspergillus 

species and the percentage inhibition detail of the same for maximum 

concentration  (100 µg mL-1) are tabulated in Table 4.6. The comparative 

antifungal activity have been depicted in Figure 4.40 and 4.41. The Schiff 

base ligand [L1] and all the Ln (III) complexes show high antifungal activity 

against the reported species.  However the Ln (III) complexes showed 

remarkable antibacterial activity than the Schiff base ligand.  This is probably 

due to the greater lipophilic nature of the complexes [119]. 

 It was observed that the antifungal activity of few complexes were 

very near to the standard antifungal agent Ketokonazole.  Compared to all 

other Ln (III) complexes the Yb (III) complex shows very high activity 

against the species Candida. In the case of Aspergillus species, the Sm (III) 

complex has higher activity among other Ln (III) complexes. 

 It was evident from the data that this activity significantly increased 

on coordination. This enhancement in the activity may be rationalised on the 

basis that their structures mainly possess an additional C=N bond. It has 

been suggested that the Schiff base with nitrogen and oxygen donor 

systems inhibit enzyme activity, since the enzymes which require these 

groups of their activity appear to be especially more susceptible to 

deactivation by metal ions on coordination.  

 Moreover, coordination reduces the polarity of the metal ion mainly 

because of the partial sharing of its positive charge with the donor groups 

[120] within the chelate ring system formed during coordination. The activity 

of the complexes can be related to the strength of the metal–ligand bond, 

besides other factors such as size of the cation, receptor sites, diffusion and 

a combined effect of the metal and the ligands for inactivation of the 

biomolecules. 
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Table 4.6 Antifungal results of the Schiff base ligand [L1] and their    
Ln (III) complexes for maximum concentration (100 µg mL-1) 

Compound 
% inhibition against fungi 

Candida Aspergillus 

L1 65.45 60.29 

[Pr(L1)(NO3)2(H2O)]NO3 67.87 75.25 

[Sm(L1)(NO3)2(H2O)]NO3 89.35 90.47 

[Gd(L1)(NO3)2(H2O)]NO3 95.25 72.49 

[Tb(L1)(NO3)2(H2O)]NO3 94.76 89.91 

[Er(L1)(NO3)2(H2O)]NO3 93.86 95.12 

[Yb(L1)(NO3)2(H2O)]NO3 97.83 89.75 

DMF - - 

Ketokonazole 100 100 
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            (a)  Candida                                          (b)  Aspergillus 

 

C – Control; 1 – 25 µg mL-1   ; 2 – 50 µg mL-1    

3 - 75 µg mL-1  ; 4 – 100 µg mL-1   

 

Figure 4.39   Zone of inhibition of Tb (III) complex of Schiff base Ligand 
[L1] for fungal species 
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Figure 4.40 Percentage Inhibition of Schiff base ligand [L1] and their 
Ln (III) Schiff base complexes against Candida 

 

 

Figure 4.41 Percentage Inhibition of Schiff base ligand [L1] and their 
Ln (III) Schiff base complexes against Aspergillus 
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4.3 CONCLUSION 

 The results of the spectral studies of the synthesised tridentate 

Schiff base ligand L1 and its Ln (III) complexes under investigation 

supported the suggested structures. Thermal study reveals that these 

complexes are stable up to 340°C.  The fluorescence data reveals that the 

Sm (III), Tb (III) and Er (III) complexes exhibit characteristic luminescence 

of Sm (III), Tb (III) and Er (III) ions, which indicates that the ligand L1 is a 

good organic chelator to absorb and transfer energy to Sm (III), Tb (III) and 

Er (III) ions.  The antibacterial activity results show that most of the 

synthesised complexes possess a good antimicrobial activity against the 

pathogens tested than the corresponding free Schiff base ligand. 
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5. SCHIFF BASE DERIVED FROM THREONINE  
AND ITS LANTHANIDE (III) COMPLEXES 

 

5.1 INTRODUCTION 

 Lanthanide complexes attract considerable interest in bioinorganic 

and coordination chemistry Schiff base complexes derived from amino acids 

are important due to their ability to possess unusual configurations and 

biological importance [122,123]. Lanthanide Schiff base complexes have 

some advantages for luminescence research because of their special 

structures [124].  Exhibiting outstanding optical properties and a broad 

spectrum of biological activities, rare-earth metal complexes of Schiff-base 

type ligands derived from amino acids attract great interest of researchers in 

recent years [125,126]. In general, lanthanide complexes display varying 

cytotoxic effects [127,128].  

 Such properties of this type of complexes encouraged us [129] 

further to synthesize, characterize and study the fluorescence and biological 

activity of the Pr (III), Sm (III), Gd (III), Er (III), Tb (III) and Yb (III) 

complexes of the Schiff base ligand [L2] (Figure 5.1). All the synthesised 

compounds are screened in vitro for their antibacterial and antifungal 

activities using disc diffusion assay. Human pathogenic bacteria Escherichia 

coli, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus 

agalactiae and fungi Candida, Aspergillus are evaluated based on their 

toxicity to different concentrations of Ln (III) Schiff base complexes. 
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OHN

Br

OOH

ONa

L2
sodium 2-(5-bromo-2-hydroxybenzylideneamino)-3-

hydroxybutanoate  

Figure 5.1 Sodium salt of the Schiff base ligand L2 

5.2 RESULTS AND DISCUSSION 

 In the present investigation, the Schiff base ligand [L2] and its six 

new lanthanide metal complexes were synthesised and characterised by 

different analytical techniques. The ligand [L2] was synthesised by one step 

condensation of L-threonine with 5-bromosalicyaldehyde and characterised 

by UV-Vis, FT-IR, 1H  NMR,  Mass  and  TG  analysis.   All  the  Ln  (III) 

complexes were synthesised as per the scheme given in Scheme 5.1, in 

which Ln(NO3)3.xH2O was used as the source of metal and they correspond 

to the formula [Ln(L2)(NO3)2(H2O)].NO3. All the complexes were stable in air 

and non-hygroscopic powders, soluble in DMSO and DMF, sparingly soluble 

in methanol, ethanol, acetonitrile and ethylacetate. 

 

          L2 
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Ln (III) Complexes  

Scheme 5.1 Synthesis of Schiff base ligand [L2] and Ln (III) Schiff 
base complexes [Ln = Pr (III), Sm (III), Gd (III), Tb (III), 
Er (III) and Yb (III)] 

5.2.1 Elemental Analysis 

 Table 5.1 shows the list of the elemental analysis of the Schiff 

base ligand [L2] and synthesised Ln (III) Schiff base complexes which are in 

good agreement with the calculated values based on the proposed 

molecular formula. 
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Table 5.1  Elemental Analysis of the ligand [L2] and Ln (III) Schiff base complexes 

Compound Molecular Formula Molecular weight 
Cal.(Exp.)% 

C H N 

L2 C11H11O4NBrNa 324.1 40.72(40.76) 3.39(3.42) 4.31(4.32) 

[Pr(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrPr 583.04 24.03(24.06) 2.67(2.69) 7.01(7.01) 

[Sm(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrSm 592.49 22.27(22.30) 2.02(2.04) 7.08(7.09) 

[Gd(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrGd 599.38 22.02(22.04) 2.00(2.02) 7.00(7.01) 

[Tb(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrTb 601.06 21.96(21.98) 1.99(2.01) 6.98(6.99) 

[Er(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrEr 609.39 21.66(21.68) 1.96(1.98) 6.89(6.90) 

[Yb(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrYb 615.17 21.45(21.48) 1.95(1.97) 6.82(6.83) 
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5.2.2  Mass Spectra  

 A mass spectrum of the newly synthesised Schiff base ligand 

confirms the proposed formula by detecting the molecular fragments. Mass 

spectrometry chemical ionisation of the ligand and the lanthanide complexes 

as shown in Figures 5.2 – 5.9, show abundant molecular ions at various m/z 

values.  The mass spectrum of the ligand shows molecular ions 

[C11H11O4BrNNa]+. at m/z = 323 and important fragments at m/z = 245 

[C11H11O3NNa]+, 185 [C7H5BrO]+, 141 [C4H6O3NNa]+ and 79 [Br]+.  Some 

isotopic peaks of the compounds are also found around these peaks [97]. 

The mass spectrum of the Pr (III) complex shows molecular ions 

[C11H12O11N3BrPr]+. at m/z = 599 and important fragments at m/z = 441 

[C11H10O4NBrPr]+, 184 [C7H4BrO]+ , 116 [C4H6O3N]+ and 79 [Br]+.  

The mass spectrum of the Sm (III) complex shows molecular ions 

[C11H12O11N3BrSm]+. at m/z = 592 and important fragments at m/z = 450 

[C11H10O4NBrSm]+, 184 [C7H4BrO]+ , 116 [C4H6O3N]+ and 79 [Br]+.  

The mass spectrum of the Gd (III) complex shows molecular ions 

[C11H12O11N3BrGd]+. at m/z = 599 and important fragments at m/z = 457 

[C11H10O4NBrGd]+, 184 [C7H4BrO]+ , 116 [C4H6O3N]+ and 79 [Br]+.  

The mass spectrum of the Er (III) complex shows molecular ions 

[C11H12O11N3BrEr]+. at m/z = 609 and important fragments at m/z = 467 

[C11H10O4NBrEr]+, 184 [C7H4BrO]+ , 116 [C4H6O3N]+ and 79 [Br]+.  

The mass spectrum of the Tb (III) complex shows molecular ions 

[C11H12O11N3BrTb]+. at m/z = 601 and important fragments at m/z = 459 

[C11H10O4NBrTb]+, 184 [C7H4BrO]+ , 116 [C4H6O3N]+ and 79 [Br]+.  

The mass spectrum of the Yb (III) complex shows molecular ions 

[C11H12O11N3BrYb]+. at m/z = 615 and important fragments at m/z = 473 

[C11H10O4NBrYb]+, 184 [C7H4BrO]+ , 116 [C4H6O3N]+ and 79 [Br]+.  
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Figure 5.2  Mass Spectrum of the Schiff base ligand [L2] 
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Figure 5.3  Mass Spectrum of the [Pr(L2)(NO3)2(H2O)]NO3 complex 
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Figure 5.4  Mass Spectrum of the [Sm(L2)(NO3)2(H2O)]NO3 complex 
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Figure 5.5  Mass Spectrum of the [Gd(L2)(NO3)2(H2O)]NO3 complex 
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Figure 5.6  Mass Spectrum of the [Tb(L2)(NO3)2(H2O)]NO3 complex 
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Figure 5.7  Mass Spectrum of the [Er(L2)(NO3)2(H2O)]NO3 complex 
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Figure 5.8  Mass Spectrum of the [Yb(L2)(NO3)2(H2O)]NO3 complex 

 

 

 

 

 

 

 

  

%
 

m/z 



 

 

106

 

 

 

 

Figure 5.9 HR-MS of the [Pr(L2)(NO3)2(H2O)]NO3 complex 
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5.2.3  Molar Conductance 

 Molar conductivity data for all the Ln (III) Schiff base complexes in 

DMF solution at room temperature are observed to be in the range of  112-

123 Scm2mol-1 are tabulated in Table 5.2. This suggests 1:1 electrolytes and 

the two nitrate are coordinated to the Ln (III) ion [98]. 

Table 5.2 Molar conductance of the ligand [L1] and Ln (III) Schiff 
base complexes 

Compound Molecular Formula 
m 

(S cm2 mol 1) 

L2 C11H11O4NBrNa - 

[Pr(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrPr 123.03 

[Sm(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrSm 121.32 

[Gd(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrGd 119.62 

[Tb(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrTb 115.42 

[Er(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrEr 113.35 

[Yb(L2)(NO3)2(H2O)]NO3 C11H12O11N3BrYb 112.12 
 

5.2.4  Thermo Gravimetric Analysis 

 Thermogravimetric and differential thermogravimetic analysis were 

carried out for the Schiff base ligand [L2] and its corresponding Ln (III) 

complexes within the temperature range from ambient temperature to 800°C 

under N2 flow. The correlation between the different decomposition steps of 

Ln (III) complexes with corresponding weight losses are discussed in terms 

of proposed formula of  Ln (III) complexes. The TGA results show that the 

ligand [L2] (Figure 5.10 - 5.16) is thermally stable in the temperature range 

25 – 275°C. The decomposition starts at 275°C and gets completed at 330°C 

with one decomposition step. 

 The thermal behavior studies of all the complexes are almost 

same. Hence, the Ln (III) complex has been discussed.  In the thermogram 
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of all Ln (III) complex, the coordinated water molecules decomposes around 

104oC with a weight loss of about 2.7%, lattice nitrate and coordinated 

nitrate molecules decomposed in the region 154°C and 373°C with a weight 

loss of about 9.4% and 18.5% respectively.  

 The Gd (III) complex decomposes significantly around 445°C due 

to the loss of organic moiety with the weight loss of about 45.8%.  Finally, 

these processes are followed by the last step, in which, oxidation Gd (III) 

occurs to give the corresponding oxide as residue [99]. The Pr (III) Schiff 

base complex was stable up to 378°C and its decomposition started at this 

temperature. The complexes underwent decomposition in the range 378–

570 °C with DTG peak at 450°C corresponds to loss of organic moiety. 

 The Sm (III) Schiff base complex was stable up to 356°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 356–520°C with DTG peak at 429°C 

corresponds to loss of organic moiety. 

 The Yb (III) Schiff base complex was stable up to 364°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 364–550°C with DTG peak at 410°C 

corresponds to loss of organic moiety. 

 The Tb (III) Schiff base complex was stable up to 380°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 380–550°C with DTG peak at 432°C 

corresponds to loss of organic moiety. 

 The Er (III) Schiff base complex was stable up to 390°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 390–500°C with DTG peak at 448°C 

corresponds to loss of organic moiety. 
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Figure 5.10  TG/DTA curves of the Schiff base ligand [L2]  (a) TG – thermogravimetric analysis curve;   
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 5.11  TG/DTA  curves  of  the  [PrL2(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 5.12  TG/DTA curves of the [SmL2(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 5.13  TG/DTA curves of the [GdL2(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 5.14  TG/DTA curves of the [TbL2(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 5.15  TG/DTA  curves  of  the  [ErL2(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure 5.16  TG/DTA curves of the [YbL2(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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5.2.5  1H NMR Spectra  

 The 1H NMR Spectra of Schiff base ligand in DMSO-d6 has been 

depicted in Figure 5.17. It shows that the signal of doublets at 4.04 ppm 

and 4.0 ppm are due to methine and methylene hydrogen atom respectively 

[100].  The multiplets in  6.93-7.34 ppm region are assigned to the protons 

of aromatic benzylidene ring groups.  The broad singlet at 5.0 ppm and  

2.0 ppm is due to the aromatic hydroxyl and allylic hydroxyl group 

respectively [101]. The strong singlet at 8.13 ppm is assigned for the 

azomethine proton [102].  This is in accordance with what the following IR 

data has revealed.  
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Figure 5.17  1H NMR spectra of the Schiff base ligand [L2] 
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5.2.6  IR Spectra 

 The IR band assignments are given in Table 5.3 and spectra in     

Figures 5.18 – 5.24.  The IR spectra of Ln (III) complexes displays the ligand 

characteristic bands with appropriate shifts due to the complex formation, 

and the IR spectra of all the complexes display similarity. The IR band at 

1694 cm-1 of the free Schiff base ligand is due to the presence of 

azomethine group. Upon complexation, these bands are shifted to lower 

wave number by 20-40 cm-1 indicating [95] a stronger double bond character 

of the imine band and a coordination of the azomethine nitrogen atom to the 

Ln (III) ion [103,104]. This coordination is further supported by the 

appearance of medium intensity band around 470 cm-1 assigned to Ln-N 

vibration.  

 IR spectrum of the free Schiff base ligand exhibits a broad band at 

3050 and 3250 cm-1, which is attributed to the stretching frequencies of 

aromatic hydroxyl substituent and allylic hydroxyl substituent.  The 

disappearance of aromatic hydroxyl group after complexation denotes the 

coordination through phenolic –OH with the central metal ion [105]. The 

characteristic band around 3239 cm-1 remains in the spectra of the 

complexes and shows the non-coordination of allylic –OH to the central 

metal ion. 

 The coordination of Ln (III) ion with the phenolic -OH is further 

supported by the appearance of a medium intensity band around 535 cm-1 

assigned to Ln-O vibration [95].  The absorption bands of coordinated nitrates 

were observed at about 1466( 1), 1163( 2), 828( 3), 1375( 4).  In addition, 

the separation of two highest frequency bands ( 1- 4) is approximately 90 

cm-1 and accordingly the coordinated NO3
- ion in the complexes is a 

bidentate ligand [106-108].  The band at 1395 cm-1 in the spectrum of the 

complexes indicates that the existence of free nitrate group in the 

coordination sphere [109].  The complexes show strong band in the region 

1540-1565 cm-1 and a weak band in the region 1275 - 1370 cm-1 assigned to 
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asymmetric and symmetric stretching frequencies of COO- group 

respectively.  The frequency difference between the asymmetric and 

symmetric stretching frequencies comes around 170 cm-1, which suggests 

the monodentate coordination of the carboxyl group of amino acid with the 

Ln (III) ion [110].  The existence of medium intensity band around 1610 cm-1 

is due to the symmetric and the asymmetric O–H stretching vibrations of 

inner-sphere water molecule [111]. 
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Table 5.3 Infrared spectral data for the ligand [L2] and the Ln (III) complexes 

Compounds R-OH C=N 
NO3

- 
asym(COO

-
) sym(COO

-
) Ln-O Ln-N 

1 2 3 4 0 

L 3250 1694 - - - - -   -   -   -   - 

[PrL(NO3)2(H2O)]NO3 3242 1651 1458 1160 829 1373 1388 1555 1281 540 474 

[SmL(NO3)2(H2O)]NO3 3228 1668 1466 1159 827 1363 1385 1549 1280 534 473 

[GdL(NO3)2(H2O)]NO3 3225 1652 1466 1159 829 1365 1383 1515 1390 540 474 

[ErL(NO3)2(H2O)]NO3 3235 1658 1467 1160 829 1355 1383 1510 1390 540 472 

[TbL(NO3)2(H2O)]NO3 3240 1659 1466 1157 825 1360 1383 1520 1382 536 471 

[YbL(NO3)2(H2O)]NO3 3239 1675 1466 1163 828 1375 1395 1564 1275 535 470 
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Figure 5.18 IR spectrum of the Schiff base ligand [L2] 
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Figure 5.19 IR spectrum of the [Pr(L2)(NO3)2H2O]NO3 complex 
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Figure 5.20 IR spectrum of the [Sm(L2)(NO3)2H2O]NO3 complex 
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Figure 5.21 IR spectrum of the [Gd(L2)(NO3)2H2O]NO3 complex 
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Figure 5.22 IR spectrum of the [Tb(L2)(NO3)2H2O]NO3 complex 
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Figure 5.23 IR spectrum of the [Er(L2)(NO3)2H2O]NO3 complex 
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Figure 5.24 IR spectrum of the [Yb(L2)(NO3)2H2O]NO3 complex 
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5.2.7  Electronic Spectroscopy 

 The UV-Vis. absorption spectra for the freshly prepared solutions 

of the Schiff base ligand [L2] and its Ln (III) complexes (Figures 5.25 – 5.31) 

in DMF are recorded at room temperature. The values of the absorption 

wavelength and its band assignments are listed in Table 5.4 and 

comparative spectrum is shown in Figures 5.32.  The absorption of the 

ligand [L2] is characterised by three main absorption bands at 237, 271 and 

376 nm. The band appearing at lower energy is attributed to n * 

transition of conjugation between the lone pair of electrons of p orbital of N 

atom in azomethine group and conjugated  bond of the benzene ring [112]. 

The bands appearing at higher energy are attributed to * of the 

benzene ring and * transition of the azomethine group [113,114]. 

 The UV-visible absorption spectra of all the Ln (III) Schiff base 

complexes show similarities,  which indicate similarity in their structures and 

generally show the characteristic bands of the free ligands with some 

changes both in frequencies and intensities.  Upon complexation, the 

absorption bands of the complexes are slightly shifted to shorter wavelength 

(Blue shift) compared to those of the free ligand. These modifications of the 

shifts and intensity of the absorption bands indicate the coordination of the 

ligand to the metal ion.  In general, the lanthanide ions do not appreciably 

contribute to the spectra of their complexes, since f-f transitions are Laporte-

forbidden and very weak in nature [115].   

 The difference in absorbance among the lanthanide (III) metal 

complexes is attributed to their difference in molar absorptivity. The increase 

in absorption is referred to as hyperchromic shift and the decrease in 

absorption is referred to as hypochromic shift. These shifts are caused due 

to the factor known as solvatochromism. This leads to the change in colour 

of the complexes as a function of the dielectric properties of the solvent. It 

was observed that the Sm (III) and Gd (III) complexes have high 
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absorbance when compared to other complexes. The reasons of which may 

also be due to the solvent polarizability factor. 

 

Figure 5.25 UV-visible spectrum of the Schiff base ligand [L2] in DMF 

solution (1.0  10-6 M) at room temperature. 

 

Figure 5.26  UV-visible spectrum of the [Pr(L2)(NO3)2H2O]NO3 

complex in DMF solution (1.0 10-6 M) at room 

temperature 
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Figure 5.27  UV-visible spectrum of the [Sm(L2)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6  M)  at  room  

temperature 

 

 

Figure 5.28  UV-visible spectrum of the [Gd(L2)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6  M)  at  room  

temperature 
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Figure 5.29  UV-visible spectrum of the [Tb(L2)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6  M)  at  room  

temperature 

 

Figure 5.30  UV-visible spectrum of the [Er(L2)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6  M)  at  room  
temperature 
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Figure 5.31  UV-visible spectrum of the [Yb(L2)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6  M)  at  room  

temperature 

 

Figure 5.32 Comparative UV-visible spectra of the Schiff base ligand 

L2 and its Ln (III) complexes in DMF solution (1.0  10-6 

M) at room temperature 
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Table 5.4  UV-visible  Spectral  Data max. (nm) for the ligand [L2] 
and the complexes 

Compound max (nm) Band assignment 

L2 237,271 
376 

* 
* 

[Pr(L2)(NO3)2(H2O)]NO3 
219,246 

353 
* 
* 

[Sm(L2)(NO3)2(H2O)]NO3 
226,241 

367 
* 
* 

[Gd(L2)(NO3)2(H2O)]NO3 
219,243 

358 
* 
* 

[Tb(L2)(NO3)2(H2O)]NO3 
226,253 

339 
* 
* 

[Er(L2)(NO3)2(H2O)]NO3 
228,252 

362 
* 
* 

[Yb(L2)(NO3)2(H2O)]NO3 
221,249 

335 
* 
* 
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5.2.8  Fluorescence Studies 

 The emission spectra of the ligand [L2] and its Ln (III) complexes 

(1.0  10 5M in DMF solution) are recorded at the room temperature.  

 The emission spectrum of the free ligand exhibits broad 

fluorescence band centered at 430 nm attributed to * transitions 

[116,117]. Inspection of emission spectra ( exc.= 360 nm) shown in  

Figure 5.33. indicate that [Sm(L2)(NO3)2(H2O)].NO3, [Er(L2)(NO3)2(H2O)]NO3 

and [Tb(L2)(NO3)2(H2O)].NO3 complexes exhibit the characteristic emission 

spectra of the Sm (III), Er (III) and Tb (III) ions, respectively. This indicates 

that the Schiff base ligand is a good chelating organic chromophore and can 

be used to absorb and transfer energy to the Ln (III)ions.  

 The sensitised emission spectrum of the [Sm(L2)(NO3)2 

(H2O)].NO3complex displays three luminescence bands at 560, 610and 640 

nm corresponding to the 4G5/2
6H5/2,4G5/2

6H7/2 and 4G5/2
6H9/2 transitions 

respectively.  

  For the Tb (III) complex, the emission spectrum excited at 300 nm 

shows three luminescence bands at 501, 535, and 599 nm corresponding to 

the 5D4
7F6, 5D4

7F5 and 5D4
7F4 transitions respectively.   

 For Er (III) complex, the emission spectrum shows three 

luminescence bands at 490, 520 and 650 nm corresponding to the blue 

emission 4F9/2
6H15/2, 4F9/2

6H13/2 and 4F9/2
6H11/2 transitions respectively. 

 The above three Schiff base complexes was sensitised by its 

chelating organic ligand, which was acting as photosensitiser. The emission 

of Ln (III) ions can be mainly observed by sensitisation process upon the 

excitation of the chelating Schiff base organic moiety, since the organic 

chromophores have large molar absorption coefficients of several orders as 

compared with those of Ln (III) ions. 
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Figure 5.33  Emission spectra of Sm (III), Er (III) and Tb (III) Schiff 

base complexes in DMF solution (1.0  10-6 M) at room 

temperature. Emission spectrum is obtained with  

exc. = 360 nm. 
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5.2.9  Antibacterial Studies  

 The Schiff-base ligand [L2] and its Ln (III) complexes reported 

here were evaluated for antibacterial activity against Escherichia coli, 

Streptococcus agalactiae, Staphylococcus aureus, and Pseudomonas 

aeruginosa and the percentage inhibition detail of the same for different 

concentrations (60,40 and 20µg mL-1) are tabulated in Table 5.5. The Schiff 

base ligand [L2] is biologically active and its activity arise from the presence 

of imine group which imports in elucidating the mechanism of transformation 

reaction in biological systems.  However its Ln (III) complexes showed 

remarkable antibacterial activity as a result of chelation of metal with organic 

ligand synergistically increasing its effect [119].  

 From the results obtained, the antibacterial activity of Ln (III) Schiff 

base complexes is found to be higher than that of a free Schiff base ligand, 

against the same microorganism under identical experimental conditions. 

This is similar to earlier observations [120].   

 Remarkable enhancement in activity was found for Gd (III) Schiff 

base complex against the species Escherichia coli.  For the species 

Streptococcus agalactiae Sm (III) and Pr (III) Schiff base complex showed 

higher activity than the other Ln (III) complexes. In a similar manner the 

percentage inhibition was higher for Er (III) complex against both 

Staphylococcus aureus, and Pseudomonas aeruginosa pathogens. The 

percentage inhibition for the Schiff base ligand and all the Ln (III) complexes 

have been depicted in Figure 5.35 - 5.38.  

 This increased activity of the Ln (III) complxes upon chelation is 

attributed to Tweedy’s chelation theory, according to which, the chelation 

reduces the polarity of the metal atom mainly because of the positive charge 

of the metal partially shared with donor atoms present on the ligand and 

there is electron delocalisation over the whole chelate ring [121]. This, in 
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turn, increases the lipophilic character of the metal chelate and favors its 

permeation through the lipid layers of the bacterial membranes [109].  

 Generally, it is suggested that the chelated complexes deactivate 

various cellular enzymes, which play a vital role in various metabolic 

pathways of these microorganisms. Other factors such as solubility, 

conductivity and dipole moment, affected by the presence of metal ions, may 

also increase the biological activity of the metal complexes compared to the 

ligand. 

Table 5.5 Antibacterial results of the Schiff base ligand [L2] and their 
Ln (III) complexes for maximum concentration (60 µg mL-1) 

Compound 
% inhibition against bacteria 

E. coli S.agalactiae P. aeruginosa S. aureus 

L2 51.15 64.70 73.48 76.47 

[Pr(L2)(NO3)2(H2O)]NO3 56.43 70.58 58.42 76.47 

[Sm(L2)(NO3)2(H2O)]NO3 64.70 70.58 72.58 82.35 

[Gd(L2)(NO3)2(H2O)]NO3 70.58 64.70 94.11 82.35 

[Tb(L2)(NO3)2(H2O)]NO3 59.28 62.83 81.73 80.25 

[Er(L2)(NO3)2(H2O)]NO3 59.46 72.85 60.12 85.56 

[Yb(L2)(NO3)2(H2O)]NO3 65.06 72.87 74.46 82.45 

DMF - - - - 

Amikacin 100 100 100 100 
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                (a) Escherichia coli                         (b) Pseudomonas aeruginosa                                      

   
 

         (c) Streptococcus agalactiae                (d) Staphylococcus aureus 

 

C – Control;  1 - 20 µg mL-1    ; 2 – 40 µg mL-1  ;  3 – 60 µg mL-1 

  
Figure  5.34  Zone  of  inhibition  of  (a)  Gd  (III) (b) Gd (III) (c)  Yb  (III)  

(d) Er (III) complex of Schiff base Ligand [L2] for bacterial 
species 
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Figure 5.35 Percentage Inhibition of Schiff base ligand [L2] and their 
Ln (III) Schiff base complexes against Escherichia coli  

 

 

Figure 5.36  Percentage Inhibition of Schiff base ligand [L2] and their 
Ln (III) Schiff base complexes against Streptococcus 
agalactiae 
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Figure 5.37 Percentage Inhibition of Schiff base ligand [L2] and their 
Ln (III) Schiff base complexes against Pseudomonas 
aeruginosa 

 

 

Figure 5.38  Percentage Inhibition of Schiff base ligand [L2] and their 
Ln (III) Schiff base complexes against Staphylococcus 
aureus 
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5.2.10  Antifungal Studies  

 The antifungal activity of the schiff-base ligand [L2] and its Ln (III) 

complexes reported here were evaluated for Candida and Aspergillus 

species and the percentage inhibition detail of the same for different 

concentrations (60,40 and 20 µg mL-1) are tabulated in Table 5.6. The 

comparative antifungal activity have  been depicted in Figure 5.40 and 5.41. 

The Schiff base ligand [L2] and all the Ln (III) complexes show high 

antifungal activity against the reported species.  However the Ln (III) 

complexes showed remarkable antibacterial activity than the Schiff base 

ligand.  This is probably due to the greater lipophilic nature of the complexes 

[119]. 

 It was observed that the antifungal activity of few complexes were 

very near to the standard antifungal agent Ketokonazole.  Compared to all 

other Ln (III) complexes the Sm (III) complex shows very high activity 

against the Candida species. In  the  case  of Aspergillus species also the    

Sm (III) complex has high activity of all the Ln (III) complexes. 

 It was evident from the data that this activity significantly increased 

on coordination. This enhancement in the activity may be rationalised on the 

basis that their structures mainly possess an additional C=N bond. It has 

been suggested that the Schiff base with nitrogen and oxygen donor 

systems inhibit enzyme activity, since the enzymes which require these 

groups for their activity appear to be especially more susceptible to 

deactivation by metal ions on coordination.  

 Moreover, coordination reduces the polarity of the metal ion mainly 

because of the partial sharing of its positive charge with the donor groups 

[120] within the chelate ring system formed during coordination. The activity 

of these complexes can be related to the strength of the metal–ligand bond, 

besides other factors such as size of the cation, receptor sites, diffusion and 
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a combined effect of the metal and the ligands for inactivation of the 

biomolecules. 

Table 5.6 Antifungal results of the Schiff base ligand [L2] and their Ln 
(III) complexes for maximum concentration (60 µg mL-1) 

Compound 
% inhibition against fungi 

Candida Aspergillus 

L2 62.14 52.18 

[Pr(L2)(NO3)2(H2O)]NO3 64.70 65.49 

[Sm(L2)(NO3)2(H2O)]NO3 98.92 94.11 

[Gd(L2)(NO3)2(H2O)]NO3 100 70.58 

[Tb(L2)(NO3)2(H2O)]NO3 96.42 85.24 

[Er(L2)(NO3)2(H2O)]NO3 97.54 93.74 

[Yb(L2)(NO3)2(H2O)]NO3 98.45 92.62 

DMF - - 

Ketokonazole 100 100 
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                       (a) Candida                                           (b)  Aspergillus 

 

C – Control;    1- 20 µg mL-1   ;    2 – 30 µg mL-1 ;  3 – 60 µg mL-1 

 

Figure 5.39 Zone of inhibition of (a) Gd(III) (b) Sm(III) complex of 
Schiff base Ligand [L2] for fungal species 
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Figure 5.40  Percentage Inhibition of Schiff base ligand [L2] and their 
Ln (III) Schiff base complexes against Candida 

 

Figure 5.41 Percentage Inhibition of Schiff base ligand [L2] and their 
Ln (III) Schiff base complexes against Aspergillus 
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5.3 CONCLUSION 

 The chapter presented includes the synthesis of the Ln (III) 

complexes of the  tridentate Schiff base ligand L2 formed by the 

condensation of     L-Threonine  and 5-bromosalicyaldehyde. The structures 

of the Schiff base ligand L2 and the lanthanide metal complexes have been 

confirmed by various spectral studies like 1H  NMR,  UV,  FT-IR  and  Mass  

Spectrometry. The results of investigation support the suggested structures.  

The coordination number eight is suggested for the metal ion in these 

lanthanide(III) complexes. The fluorescence data reveals that the Sm (III), 

Tb (III) and Er (III) complexes exhibit characteristic luminescence of         

Sm (III), Tb (III) and Er (III) ions. The synthesised complexes exhibit 

enhanced antimicrobial activity than the corresponding free Schiff base 

ligand.  All the newly synthesised compounds possess higher antifungal 

properties than the antibacterial property. 
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6. SCHIFF BASE DERIVED FROM LEUCINE AND  
ITS LANTHANIDE (III) COMPLEXES 

 

6.1 INTRODUCTION 

 Schiff base ligands have gained paramount importance due to 

their versatility like straight forward synthesis, electron donor property and 

multidentate nature, which results in very high binding constants for d- and  

f-block metals [130, 131]. The condensation between –NH2 group of the 

amino acids and carbonyl group of the aldehydes or ketones needs a 

special condition due to Zwitter ionic effect of aminoacids.  It has been 

observed that pH plays a vital role in the process of condensation [132, 133]. 

The trivalent lanthanide ion, complexes with strongly chelating species 

containing highly electronegative donor atoms, forms stable complexes 

[134].   Lanthanide and lanthanide complexes have attracted a great deal of 

interest in recent years because they have applications as antioxidants 

[135], in medicinal inorganic chemistry [136, 137], catalysis [138], 

luminescence chemical probes and sensors [139] and pharmacological 

activities [140, 141]. Further the lanthanide complexes were found to exhibit 

extremely sharp emission [142]. 

 As a result of the above facts, and in view of the diversified 

roles of lanthanide Schiff base metal complexes, in continuation of our work 

[129, 143], we have synthesised and studied the physicochemical properties 

of lanthanide(III) complexes derived from Schiff base ligand [L3] (Figure 

6.1) with N, O donor atoms.  The structures of the isolated complexes have 

been established using spectral techniques like UV-visible, FT-IR, 1H NMR 

and Mass Spectrometry. The fluorescence study and investigation of 

antimicrobial activity of rare earth metal Schiff base complexes were made. 
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OHN

Br

O

ONa

L3

sodium 2-(5-bromo-2-hydroxybenzylideneamino)-4-
methylpentanoate  

Figure 6.1 Sodium salt of the Schiff base ligand L3 

6.2   RESULTS AND DISCUSSION 

 In the present investigation, the Schiff base ligand [L3] and its six 

new lanthanide metal complexes were synthesised and characterised by 

different analytical techniques.  Scheme 6.1 summarizes the multi-step 

procedure leading to the target complexes.  The ligand was synthesised   by   

the   one   step   condensation   of   leucine   and   5 bromosalicylaldehyde 

and characterised by UV-Vis, FT-IR, 1H NMR, Mass and TG Analysis. 

 All the Ln (III) complexes were synthesised by the multistep 

procedure in which Ln(NO3)3.xH2O was used as the source of metal and 

they correspond to the formula [Ln(L3)(NO3)2(H2O)].NO3. All the complexes 

were stable in air and non-hygroscopic powders, soluble in DMSO, DCM 

and DMF, sparingly soluble in methanol, ethanol, acetonitrile and 

ethylacetate. 
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NH2

O

HO

Leucine

+ HO

O
Br

5-bromosalicylaldehyde

OHN

Br

O

ONa
EtOH/NaOH

Reflux - 3h

L3

sodium 2-(5-bromo-2-hydroxybenzylideneamino)-4-
methylpentanoate

Reflux 
3-5h

Ln(NO3)3.xH2O

NO3CH

O

N C

O

Ln

O

NO3

NO3

H2OBr

Ln(III) complexes

 
Scheme 6.1 Synthesis of Schiff base ligand [L3] and Ln (III) Schiff 

base Complexes [Ln = Pr (III), Sm (III), Gd (III), Tb (III), 
Er (III) and Yb (III)] 

6.2.1   Elemental Analysis 

 Table 6.1 shows the list of the elemental analysis of the Schiff 

base ligand and synthesised Ln (III) Schiff base complexes which are in 

good agreement with the calculated values. 
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Table 6.1 Elemental Analysis of the ligand [L3] and Ln (III) Schiff base complexes 

Compound Molecular Formula Molecular weight 
Cal.(Exp.)% 

C H N 

L3 C13H16O3NBrNa 336 46.45(46.65) 4.50(4.49) 4.17(4.15) 

[Pr( L3)(NO3)2(H2O)]NO3 C13H16O10N3BrPr 596 26.16(26.18) 2.85(2.85) 7.03(7.04) 

[Sm(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrSm 605 25.75(25.76) 2.78(2.80) 6.93(6.93) 

[Gd(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrGd 612 25.48(25.47) 2.76(2.77) 6.84(6.85) 

[Tb(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrTb 613 25.40(25.40) 2.74(2.76) 6.85(6.84) 

[Er(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrEr 621 25.05(25.06) 2.74(2.73) 6.73(6.74) 

[Yb(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrYb 628 24.81(24.83) 2.69(2.70) 6.65(6.68) 
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6.2.2  Mass Spectra  

 A mass spectrum of the newly synthesised Schiff base ligand [L3] 
confirms the proposed formula by detecting the molecular fragments.   
Mass spectrometry chemical ionisation of the ligand [L3] (Figure 6.2- 6.9) 
shows m/z at 336.  The HRMS of the complexes (Figure 6.2) show the 
molecular ions [M]+. at various m/z values.  Some isotopic peaks are also 
found around the fragment peaks [144]. 

The mass spectrum of the Pr (III) complex shows molecular ions 

[C13H16O10N3BrPr]+. at m/z = 595 and important fragments at m/z = 453 

[C13H14O3NBrPr]+, 184 [C7H4BrO]+ , 128[C6H10O2N]+ and 79 [Br]+.  

The mass spectrum of the Sm (III) complex shows molecular ions 

[C13H16O10N3BrSm]+. at m/z = 604 and important fragments at m/z = 462 

[C13H14O3NBrSm]+, 184 [C7H4BrO]+ , 128[C6H10O2N]+ and 79 [Br]+.  

The mass spectrum of the Gd (III) complex shows molecular ions 

[C13H16O10N3BrGd]+. at m/z = 611 and important fragments at m/z = 469 

[C13H14O3NBrGd]+, 184 [C7H4BrO]+ , 128[C6H10O2N]+ and 79 [Br]+.  

The mass spectrum of the Tb (III) complex shows molecular ions 

[C13H16O10N3BrTb]+. at m/z = 612 and important fragments at m/z = 471 

[C13H14O3NBrTb]+, 184 [C7H4BrO]+ , 128[C6H10O2N]+ and 79 [Br]+.  

The mass spectrum of the Er (III) complex shows molecular ions 

[C13H16O10N3BrEr]+. at m/z = 620 and important fragments at m/z = 479 

[C13H14O3NBrEr]+, 184 [C7H4BrO]+ , 128[C6H10O2N]+ and 79 [Br]+.  

The mass spectrum of the Yb (III) complex shows molecular ions 

[C13H16O10N3BrYb]+. at m/z = 627 and important fragments at m/z = 485 

[C13H14O3NBrYb]+, 184 [C7H4BrO]+ , 128[C6H10O2N]+ and 79 [Br]+.  
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Figure 6.2  Mass Spectrum of the Schiff base ligand [L3] 
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Figure 6.3   Mass Spectrum of the [Pr(L3)(NO3)2(H2O)]NO3 complex 
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Figure 6.4  Mass Spectrum of the [Sm(L3)(NO3)2(H2O)]NO3 complex 
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Figure 6.5  Mass Spectrum of the [Gd(L3)(NO3)2(H2O)]NO3 complex 
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Figure 6.6  Mass Spectrum of the [Tb(L3)(NO3)2(H2O)]NO3 complex 

 

 

 

 

 

 

 

 

%
 

m/z   



 

 

156

 

 

Figure 6.7  Mass Spectrum of the [Er(L3)(NO3)2(H2O)]NO3 complex 
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Figure 6.8  Mass Spectrum of the [Yb(L3)(NO3)2(H2O)]NO3 complex 
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Figure 6.9 HR-MS of the [Pr(L3)(NO3)2(H2O)]NO3 complex 
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6.2.3  Molar Conductance 

 Molar conductivity data for all the Ln (III) Schiff base complexes in 

DMF solution at room temperature are observed to be in the range of   

110-125 Scm2mol-1 are tabulated in Table 6.2. This suggests 1:1 electrolytes 

and the two nitrate are coordinated to the Ln (III) ion [98]. 

Table 6.2 Molar conductance of the ligand [L3] and Ln (III) Schiff 
base complexes 

Compound Molecular Formula 
m 

(S cm2 mol 1) 

L3 C13H16O3NBrNa - 

[Pr( L3)(NO3)2(H2O)]NO3 C13H16O10N3BrPr 112 

[Sm(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrSm 116 

[Gd(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrGd 110 

[Tb(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrTb 125 

[Er(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrEr 122 

[Yb(L3)(NO3)2(H2O)]NO3 C13H16O10N3BrYb 119 

 

6.2.4  Thermo Gravimetric Analysis 

 The presence of water molecules and the thermal behaviour of the 

Schiff base ligand and the complexes were investigated by thermal analysis. 

Thermogravimetric curves, TGA and DTA for the ligand Figure 6.10 and 

[Ln(L3)(NO3)2(H2O)]NO3complexes have been obtained in nitrogen 

atmosphere between 0-800°C. Figures 6.11-6.16 represents the TGA and 

DTA curves for Ln (III) Schiff base complexes.     
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 The thermogram of all the Ln (III) Schiff base complexes shows 

that the appearance of small endothermic peak on DTA curve around 100°C 

corresponds to the loss of the water molecule [145].  The corresponding 

weight loss on TGA curve is 2.7% due to the release of water molecule.  A 

further increase of temperature up to 200°C, leads to the elimination of 

HNO3 molecule, 28.31%.   

 The enhancement of temperature up to 400°C in Pr (III) complex,  

leads to the decomposition of organic moiety with the weight loss of 40.23 % 

[146]. The final residue of 28.76 %corresponds to the Pr2O3 [163].  The 

thermal behaviour of the other lanthanide complexes is similar to 

[Pr(L3)(NO3)2(H2O)]NO3which indicates that the complexes undergo two 

major steep degradation steps.  In the first stage, the coordinated water 

molecules are eliminated followed by the elimination of nitric acid, the 

second stage decomposition corresponding to the elimination of the Schiff 

base ligand and beyond 640oC the TGA curve show no change, possibly 

due to the complexes being decomposed to its corresponding Ln2O3 [147]. 

 The Gd (III) Schiff base complex was stable up to 196°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 196 - 530°C with DTG peak at 426°C 

corresponds to loss of organic moiety. 

 The Sm (III) Schiff base complex was stable up to 201°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 201 - 540°C with DTG peak at 540°C 

corresponds to loss of organic moiety. 

 The Yb (III) Schiff base complex was stable up to 198°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 201 - 510°C with DTG peak at 420°C 

corresponds to loss of organic moiety. 
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Figure  6.10 TG/DTA curves of the Schiff base ligand [L3]  (a) TG – thermogravimetric analysis curve;  
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 6.11  TG/DTA  curves  of  the  [PrL3(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 6.12  TG/DTA curves of the [SmL3(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 6.13  TG/DTA curves of the [GdL3(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 6.14  TG/DTA curves of the [TbL3(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 6.15  TG/DTA  curves  of  the  [ErL3(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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Figure. 6.16  TG/DTA curves of the [YbL3(NO3)2H2O]NO3 complex; (a) TG – thermogravimetric analysis curve;    
(b) DTA – differential thermal analysis curve 

a 

b 
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 The Tb (III) Schiff base complex was stable up to 196°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 196 - 498°C with DTG peak at 436°C 

corresponds to loss of organic moiety. 

 The Er (III) Schiff base complex was stable up to 203°C and its 

decomposition started at this temperature. The complexes underwent 

decomposition in the range 203 - 520°C with DTG peak at 440°C 

corresponds to loss of organic moiety. 

6.2.5  1H NMR Spectra 

 The 1H NMR Spectra of Schiff base ligand in DMSO-d6 is shown 

in Figure 6.17, which shows signal of multiplets at  0.84-0.88 ppm 

equivalent to the 6H of two methyl groups. Singlet at  1.69 ppm 

corresponds to the methine protons associated with two methyl groups. 

Multiplets at  2.43-2.56 ppm are due to ,  methylene hydrogen atom 

associated with a azomethine group [148].  The multiplets in  6.59-7.49 

ppm region are assigned to the protons of the benzylidene ring groups 

[149].  The singlet at  3.32 ppm is due to the water impurity of the 

deuterated DMSO, and the strong singlet at  8.34 ppm is assigned to 

the azomethine proton [150].  This is in accordance with the IR data. 
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Figure 6.17 1H NMR spectra of the Schiff base ligand [L3] 
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6.2.6  IR Spectra  

 The IR spectral data for the Schiff base ligand and Ln (III) 

complexes, are listed in Table 6.3 and the comparative spectrum of the 

Schiff base ligand and the complex is shown in Figures 6.18 – 6.24. In order 

to study the binding mode of the Schiff base ligand to the metal ion in the 

complexes, the IR Spectrum of the free Schiff base ligand was compared 

with the spectra of the complexes.  The change in profile of stretching 

frequencies in the complexes, while compared with those observed for the 

isolated ligand confirms the coordination of the ligand with the central metal 

ion. The IR spectral shifts of different complexes are similar, indicating 

similar structures of the Ln (III) complexes. 

 The IR spectrum of the ligand shows a strong absorption band 

around 1665 cm-1, which may be attributed to the azomethine group and it 

was found that this absorption frequency shifted to 1640 cm-1 in the spectra 

of the complex indicates a stronger double bond character of the imine bond 

and a coordination of the azomethine nitrogen atom to the Ln (III) ion 

[151,152].  This coordination is further confirmed through the appearance of 

a medium intensity band around 420 cm-1 assigned to an Ln-N vibration.  

The IR spectrum of the free Schiff base ligand exhibits a broad band around 

3400 cm-1, which is attributed to the stretching frequency of the aromatic 

hydroxyl substituent group, perturbed by intramolecular hydrogen bonding 

[O-H…N] between phenolic hydrogen and azomethine nitrogen atoms 

[153,154].  Further, the appearance of the –OH band around 3490 cm-1 in 

the spectra of the complexes with an increase in intensity indicates that the 

hydroxyl oxygen is coordinated to the Ln (III) ion without proton 

displacement [94].    

 The appearance of band near 1260 cm-1 in the free Schiff base 

ligand is associated with the Ar-O band of the phenolic hydroxyl substituent 

[155].  The shift in the stretching frequency of Ar-O band around 1270 cm-1  

in the spectra of the Ln (III) complexes suggest the coordination of Ln (III) 
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ion occurs through the oxygen atom of the hydroxyl benzene of the Schiff 

base ligand [156].  The complexes show a strong band in the region 1500 -

1525 cm-1 and a weaker band in the region 1380 - 1400 cm-1 assigned to 

asymmetric and symmetric stretching frequencies of COO- group 

respectively.  The frequency difference between the asymmetric and 

symmetric stretching frequencies  comes  around  215  cm-1,  which  

suggests  the  monodentate  coordination  of  the carboxyl group of amino 

acid with the Ln (III) ion [157].  This is further confirmed through the 

appearance of a medium intensity band around 540 cm-1, which may be 

assigned to Ln-O vibration [158].  The infrared spectra of the Ln (III) 

complexes displays several intense band at 1470  cm-1 ( 1),   1028   cm-1   

( 2),  825  cm-1   ( 3)  and  1290  cm-1   ( 4),   which   represents   the  

coordinated nitrate ions with the central metal ion.   The difference in 

frequency separation is approximately 180 cm-1, which suggests that the 

mode of coordination of NO3
- ion with the central metal ion is bidentate in 

nature [159,160].  The IR band at 1383 cm-1 in the spectrum of the complex  

indicates  the  existence  of   the  free  nitrate  group  in  the  coordination  

sphere.    The existence  of  medium  intensity  band  around  1615  cm-1   is  

due  to  the  symmetric  and  the asymmetric O–H stretching vibrations of 

inner-sphere water molecule [161].   The presence of coordinated water is 

also established and supported by TG/DTA analysis of these complexes. 
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Table 6.3 Infrared spectral data for the Schiff base ligand [L3] and the Ln (III) complexes 

Compounds OH C=N Ar-O 
NO3

- 
asym(COO

-
) sym(COO

-
) Ln-O Ln-N 

1 2 3 4 0 

L3 3400 1665 1260 - - - - - - - - - 

[Pr( L3)(NO3)2(H2O)]NO3 3490 1640 1268 1470 1028 825 1290 1383 1505 1380 540 420 

[Sm(L3)(NO3)2(H2O)]NO3 3485 1642 1270 1471 1029 827 1292 1383 1515 1390 548 421 

[Gd(L3)(NO3)2(H2O)]NO3 3495 1640 1270 1470 1029 825 1290 1383 1505 1380 545 420 

[Tb(L3)(NO3)2(H2O)]NO3 3492 1638 1268 1471 1028 826 1292 1383 1500 1380 540 422 

[Er(L3)(NO3)2(H2O)]NO3 3480 1641 1270 1470 1028 825 1292 1383 1510 1390 546 420 

[Yb(L3)(NO3)2(H2O)]NO3 3498 1640 1270 1470 1029 826 1292 1383 1525 1400 545 418 
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Figure 6.18 IR spectrum of the Schiff base ligand [L3] 
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Figure 6.19 IR spectrum of the [Pr(L3)(NO3)2H2O]NO3 complex 
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Figure 6.20  IR spectrum of the [Sm(L3)(NO3)2H2O]NO3 complex 
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Figure 6.21 IR spectrum of the [Gd(L3)(NO3)2H2O]NO3 complex 
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Figure 6.22 IR spectrum of the [Tb(L3)(NO3)2H2O]NO3 complex 
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Figure 6.23 IR spectrum of the [Er(L3)(NO3)2H2O]NO3 complex 
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Figure 6.24 IR spectrum of the [Yb(L3)(NO3)2H2O]NO3 complex 
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6.2.7  Electronic Spectroscopy 

 The UV-visible absorption spectra for the Schiff base ligand 

and the Ln (III) complexes were carried out in DMF at room temperature. 

The numerical values of the maximum absorption wavelength ( max) are 

listed in Table 6.4 and shown in Figures 6.25 – 6.32. The absorption of the 

ligand is characterised by four main absorption bands in the regions 200-500 

nm. The band at the max = 203 nm and at 241 nm is attributed to * 

transition state [162, 163]. The band at the max = 334 nm corresponds to the 

* transition state of the azomethine group and the max = 424 nm is 

attributed to the n * transition state associated with the azomethine 

group with an intra - molecular charge transfer [164]. 

 The high extinction coefficient for absorption in the near UV-visible 

range of Schiff base rare earth metal complexes, leads to the more effective 

energy transfer from the ligand to the coordinated rare earth metal center.  

This leads to the difference in spectral intensity of the Ln (III) complexes. 

 The UV-visible spectra of the complexes generally show the 

characteristic bands of the free ligands with some changes both in 

frequencies and intensities.  These modifications of the shifts and the 

intensity of the absorption bands confirmed the coordination of the ligand 

to the metal ion.  The UV-visible absorption spectra of all the Ln (III) Schiff 

base complexes show a similarity, which indicates similarity in their 

structures. In general, the lanthanide ions do not appreciably contribute to 

the spectra of their complexes, since f-f transitions are Laporte-forbidden 

and very weak in nature [165].  The absorption bands around 200, 330, 420 

nm are slightly shifted to lower frequencies upon complexation. The 

appearance of a new band around 270 nm, being absent in the ligand 

gives further evidence for the complexation. The band at 273 nm is 

attributed to the ligand metal charge transfer [166] and the one around 360 

nm may assigned to the * transition state of the azomethine group 

coupled with charge transfer from ligand to central metal ion [167]. 
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Table 6.4  UV-Visible Spectral Data max. (nm) for the ligand [L3] and 
the complexes 

Compound max (nm)   104(cm2 mol-1) Band 
assignment 

L3 203,241,334, 
424 

5.05,4.52,3.28, 
1.61 

* 
* 

[Pr( L3)(NO3)2(H2O)]NO3 200,229,364, 
273 
429 

3.58,2.41,0.31, 
0.47 
0.05 

* 
LMCT 

* 

[Sm(L3)(NO3)2(H2O)]NO3 202,242,359 
280 
442 

3.17,0.79,0.15, 
0.20 
0.07 

* 
LMCT 

* 

[Gd(L3)(NO3)2(H2O)]NO3 200,230,369, 
276 
428 

3.40,1.36,0.0, 
0.34 
0.094 

* 
LMCT 

* 

[Tb(L3)(NO3)2(H2O)]NO3 201,229,361, 
273 
433 

4.09,3.30,0.52, 
0.7 
0.085 

* 
LMCT 

* 

[Er(L3)(NO3)2(H2O)]NO3 203,229,364, 
273 
429 

3.58,1.59,0.21, 
0.34 
0.05 

* 
LMCT 

* 

[Yb(L3)(NO3)2(H2O)]NO3 200,222,339, 
252 
407 

3.49,1.77,0.21, 
0.83 
0.071 

* 
LMCT 

* 
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Figure 6.25 UV-visible spectrum of the Schiff base ligand [L3] in DMF 

solution  (1.0  10-6 M) at room temperature 

 

 

Figure 6.26 UV-visible spectrum of the [Pr(L3)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  
temperature. 
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Figure 6.27  UV-visible spectrum of the [Sm(L3)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 

 

Figure 6.28  UV-visible spectrum of the [Gd(L3)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 
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Figure 6.29  UV-visible spectrum of the [Tb(L3)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 

 

Figure 6.30  UV-visible spectrum of the [Er(L3)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature. 
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Figure 6.31  UV-visible spectrum of the [Yb(L3)(NO3)2H2O]NO3 

complex in DMF solution (1.0  10-6 M)  at  room  

temperature 

 

Figure 6.32  Comparative UV-visible spectra of the Ln (III) complexes 

in DMF solution (1.0  10-6 M) at room temperature 
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6.2.8  Fluorescence Studies 

 Photophysical studies of the ligand and its rare earth metal 

complexes have been explored in this article.  Figure 6.33 gives the 

emission spectrum of the Samarium and Terbium Schiff base complexes in 

DMF solution at room temperature. Fluorescence properties refer to any 

process, which increases, decreases the fluorescence intensity or a shift of 

the maximum absorption of a sample.  These include excited state reaction, 

molecular rearrangement, energy transfer, ground state complex formation 

and quenching due to collision [146]. 

 The emission spectra of the complexes were recorded upon the 

excitation at 395 nm.  The ligand present fluorescence band at 485 nm.  The 

fluorescence spectra of the complexes present bands that indicate the 

formation of complexes and fluorescence property of the metallic ions. The 

strongest emission was located around 485 nm for the free ligand, may be 

attributed to   * transition state, which shifts upon the complexation.  

Due to the shielding of 4f orbitals from the environment by an outer shell of 

5s and 5p orbitals, the f–f absorption bands are very narrow, which causes 

the minimally perturbed spectral properties of the lanthanide ions by the 

external field generated by the ligands [168].  An organic ligand is necessary 

to improve the quantum yield of luminescent emission for the lanthanide 

ions, since the absorption coefficients of the ligand are many orders of 

magnitude larger than the intrinsically low molar absorption coefficients of 

the trivalent lanthanide ions [169]. Besides, the direct coordination of an 

organic ligand to a lanthanide ion can further improve the energy-transfer 

rates by reducing the distance between the ligand and the lanthanide ion 

[170, 171].  This energy excites the ligand to the excited singlet (S1) state, 

followed by an energy migration via intersystem crossing from the S1 state to 

a ligand triplet (T) state. The energy is then transferred from the triplet state 

of the ligand to a resonance state of the coordinated lanthanide ion without 
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radiation, which in turn undergoes subsequent emission in the visible region 

[172-175]. 

 Inspection of emission spectra at exc.  395 nm exhibits the 

characteristic emission spectra of Sm (III) and Tb (III) complexes.  This 

indicates the coordination nature of the ligand with rare earth metal (III) ions 

for absorption and transfer of energy.  

 The sensitised emission spectra of Sm (III) Schiff base complexes 

display two luminescence bands at 565 nm and 600 nm corresponding to 

the 4G5/2  6H5/2   and 4G5/2   6H7/2 respectively and a shoulder at 642 nm 

is due to 4G5/2  6H9/2.   

 The Tb (III) Schiff base complexes also display two fluorescence 

bands around  556 nm and 590 nm, this may attributed to 5D4  7F5 and 5D4 

 7F4  respectively and a shoulder at 624 nm due to 5D4   7F3. This 

indicates that the energy-transfer chain is successfully completed from the 

excitation of the ligand to the emission of the coordinated Sm (III) and 

Tb (III) central metal ions [162].  The appearance of small band at 840 nm 

denotes the secondary derivatives of the rare earth Schiff base complexes. 
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Figure 6.33 Emission spectra of Sm (III) and Tb (III) Schiff base 

complexes in DMF solution (1.0  10-6 M) at room 

temperature.  Emission spectra is obtained with  

exc. = 395 nm 
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6.2.9 Antibacterial Studies 

 All the synthesised Ln (III) metal complexes and their parent Schiff 

base ligand L3 were screened for their in vitro antibacterial activity against  

Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, 

Streptococcus agalactiae.  The percentage inhibition details of the same for 

maximum concentration (100 µg mL-1) are tabulated in Table 6.5. 

 The antibacterial suggested that, the Schiff base L3 and its Ln (III) 

metal complexes were found to be biologically active and some of the        

Ln (III) metal complexes showed significantly enhanced antibacterial 

activities. It is, however, known that, chelation tends to make the Schiff 

bases to act as more powerful and potent bactereostatic agents [176,177], 

thus inhibiting the growth of bacteria more than the parent Schiff bases.  

 Tb (III) Schiff base complex showed remarkable enhancement in 

activity against the pathogens Escherichia coli, Streptococcus agalactiae, 

and Pseudomonas aeruginosa. For the species Staphylococcus aureus  

Gd (III) Schiff base complex showed higher activity than the other Ln (III) 

complexes. The percentage inhibition for the Schiff base ligand L3 and all its 

Ln (III) complexes have been depicted in Figure 6.35 - 6.38. From the result 

obtained it is clear that the Tb (III) Schiff base complex acts as a better 

antibacterial agent than the other Ln (III) complexes, which is evident from 

the fact that, it shows greater activity against all the species under 

investigation. 
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Table 6.5 Antibacterial results of the Schiff base ligand [L3] and their 
Ln (III) complexes for maximum concentration (100 µg mL-1) 

Compound 
% inhibition against bacteria  

E. coli S. agalactiae P. aeruginosa S. aureus 

L3 53.76 63.24 75.79 75.46 

[Pr(L3)(NO3)2(H2O)]NO3 58.35 69.45 59.54 73.76 

[Sm(L3)(NO3)2(H2O)]NO3 59.79 71.73 70.61 81.94 

[Gd(L3)(NO3)2(H2O)]NO3 64.26 63.61 88.64 83.18 

[Tb(L3)(NO3)2(H2O)]NO3 65.92 72.49 94.79 79.76 

[Er(L3)(NO3)2(H2O)]NO3 53.45 70.54 64.91 80.54 

[Yb(L3)(NO3)2(H2O)]NO3 61.76 71.34 76.38 81.23 

DMF - - - - 

Amikacin 100 100 100 100 
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     (a) Escherichia coli                                      (b) Streptococcus agalactiae                                       

 

           
 

     (c) Staphylococcus aureus               (d) Pseudomonas aeruginosa 

                                                        

C – Control ; 1 - 20 µg mL-1 ;      2 – 40 µg mL-1 ;    3 – 60 µg mL-1 ;   

4 – 80 µg mL-1  ;  5 - 100 µg mL-1 

 

Figure 6.34  Zone of inhibition of (a) Tb(III) (b) Tb(III) (c) Gd(III)           
(d) Tb(III) complexes of Schiff base Ligand [L3] for 
bacterial species 
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Figure 6.35 Percentage Inhibition of Schiff base ligand [L3] and their 
Ln (III) Schiff base complexes against Escherichia coli  

 

 

Figure 6.36  Percentage Inhibition of Schiff base ligand [L3] and their 
Ln (III) Schiff base complexes against Streptococcus 
agalactiae 
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Figure 6.37  Percentage Inhibition of Schiff base ligand [L3] and their 
Ln (III) Schiff base complexes against Pseudomonas 
aeruginosa  

 

 

Figure 6.38  Percentage Inhibition of Schiff base ligand [L3] and their 
Ln (III) Schiff base complexes against Staphylococcus 
aureus 
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6.2.10   Antifungal Studies 

 Synthesised Ln (III) metal complexes and their Schiff base ligand 

L3 were screened for their in vitro antifungal activity against Candida and 

Aspergillus.  The percentage inhibition detail of the same (Figure 6.40 - 6.41) 

for maximum concentration (100 µg mL-1) are tabulated in Table 6.6. 

 Antifungal activity of synthesised Schiff base ligand L3 and some 

of their complexes are almost nearer to the standard drug Ketokonazole. It 

was evident from the data that this activity significantly increased on 

coordination. This enhancement in the activity of the Schiff base may be 

rationalised on the basis that the structure mainly possess C=N bond. It has 

been suggested that the ligands with nitrogen and oxygen donor systems 

inhibit enzyme activity, since the enzymes which require these groups for 

their activity appear to be more susceptible for the deactivation by metal ions 

on coordination [178,179]. 

 From the observed data it was concluded that, the Schiff base 

ligand L3 and its Ln (III) metal complexes are found to possess higher 

antifungal activity than the antibacterial activity.  

 It was also observed that the antifungal activity of few complexes 

were very near to the standard antifungal agent Ketokonazole.  Compared to 

all other Ln (III) complexes,   Tb (III) complex shows greater activity against 

the fungal species Candida and Aspergillus. Hence, the Tb (III) Schiff base 

complex acts as the better antifungal agent. 
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Table 6.6 Antifungal results of the Schiff base ligand [L3] and their    
Ln (III) complexes for maximum concentration (100 µg mL-1) 

Compound 
% inhibition against fungi 

Candida Aspergillus 

L3 63.42 54.37 

[Pr(L3)(NO3)2(H2O)]NO3 62.49 63.81 

[Sm(L3)(NO3)2(H2O)]NO3 89.07 87.25 

[Gd(L3)(NO3)2(H2O)]NO3 97.18 73.15 

[Tb(L3)(NO3)2(H2O)]NO3 99.04 95.23 

[Er(L3)(NO3)2(H2O)]NO3 96.18 90.18 

[Yb(L3)(NO3)2(H2O)]NO3 96.91 89.49 

DMF - - 

Ketokonazole 100 100 
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(a)  Candida                                      (b) Aspergillus 
 

C – Control ; 1- 20 µg mL-1    ;    2 – 40 µg mL-1 ;  3 – 60 µg mL-1 ;   

4 – 80 µg mL-1  ;   5 - 100 µg mL-1 

 

Figure 6.39 Zone of inhibition of Tb(III) complex of Schiff base  Ligand 
[L3] for fungal species 
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Figure 6.40 Percentage Inhibition of Schiff base ligand [L3] and their 
Ln (III) Schiff base complexes against Candida 

 

 

Figure 6.41 Percentage Inhibition of Schiff base ligand [L3] and their 
Ln (III) Schiff base complexes against Aspergillus 
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6.3 CONCLUSION 

 This chapter reports the synthesis and characterisation of the  

tridentate  Schiff  base  ligand  L3, obtained by the condensation of L-

Leucine and  5-bromosalicyaldehyde  and its Ln (III) complexes. The 

analytical and spectral data reveal that the ligand coordinate to the central 

Ln (III) ion by its phenolic oxygen, azomethine nitrogen and the carboxylic 

oxygen with 1:1 stoichiometry and their coordination number is eight. The 

samarium and terbium complexes exhibit interesting fluorescence properties. 

The synthesised complexes show enhanced antimicrobial activity than the 

corresponding free Schiff base ligand L3.  All the synthesised Ln (III)Schiff 

base complexes possess higher antifungal properties than the antibacterial 

property. All the above facts reveal that these complexes can be 

recommended for establishing a new line of search for antimicrobial agents. 
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7. CATALYTIC ACTIVITY OF LANTHANIDE (III) SCHIFF BASE 
COMPLEXES DERIVED FROM LEUCINE 

 

7.1 INTRODUCTION 

 Catalytic oxidation has gained much interest among the academic 

and industrial chemists [180]. Especially, oxidation of organic substrates by 

inexpensive, readily abundant, terminal and environmental friendly oxidants 

like aqueous H2O2, molecular oxygen are very attractive from the  view  point  

of  industrial  technology and  synthetic  purposes  [181].  Concerning the 

green oxidant, hydrogen peroxide is one of the most powerful candidates 

besides oxygen, because of its high atom efficiency, and water is expected 

as the only by-product to be generated from the reaction [182,183]. 

 Catalytic oxidation of amines to their corresponding oxygen 

containing derivative has attracted much attention during the past few 

decades [184].   Only few examples have been reported [185,186], among 

which, it was found that transition-metal-catalysed oxidative reaction of 

anilines to corresponding azobenzene is highly desirable under atmospheric 

conditions [187]. 

 Anilines are most widespread and principal contaminants of 

industrial waste waters. These comprise an important class of environmental 

contaminants and they are the building blocks for many textile dyes, 

agrochemicals and other class of synthetic chemicals. The reaction 

pathways of aromatic amines in natural systems are dominated by redox 

reactions with soil and sediment constituents. Oxidation of such compounds 

to harmless products is the important goal for basic research and industrial 

applications [188].  Oxidation of anilines leads to the formation of  
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azobenzene  [189],  azoxybenzene  [190,191],  nitrobenzene  [192]  and  

nitrosobenzene  [193]  by organic [194] and inorganic oxidants [189]. The 

product composition in the oxygenation of amines depends on the oxidant, 

catalyst and reaction condition employed. The oxidation of aniline leading to 

the azo compound as a single product becomes a research interest for 

chemists. 

 As a result of the above facts, and in view of the diversified roles 

of lanthanide Schiff base metal complexes, in continuation of our work [129, 

195], we have investigated the oxidation of aniline into their corresponding 

azobenzene, using H2O2 as an oxygen source in the presence of rare earth 

metal Schiff base complexes  derived from leucine.  

7.2  CATALYTIC OXIDATION OF ANILINE AND SUBSTITUTED 
ANILINES 

 The oxidation of aniline and its derivatives to the corresponding 

azo compound have been carried out smoothly in an almost quantitative 

yield using H2O2 as an oxidant and rare earth metal Schiff base complexes 

as catalyst. 

 Table 7.1 gives the results of aniline oxidation into their 

corresponding azobenzene as the product.  All the reactions were carried 

out at room temperature, by using 30 % H2O2 as an oxidant combined with 

the catalytic amount of rare earth metal Schiff base complexes. The 

azobenzene was produced in good yield at room temperature in CH2Cl2  with 

the reaction time less than an hour. 

 Initially, the reaction was carried out without catalyst (Table 7.1, 

entry 1) and enhanced amount of oxidant, it proceeds with the formation of 

product with poor yield and greater reaction time.   Then six types of catalyst 

were tested (Table 7.1, entries 2-7), 70 – 90 % yields of azo benzene with 

excellent conversions were obtained.  To our surprise, among the various 
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catalyst used, the conversion of aniline to corresponding azobenzene in the 

presence of [Gd(L3)(NO3)2(H2O)]NO3  with 10 mmol of H2O2, results 85 % of 

yield within 15 minutes of reaction time at reflux (Table 7.1, entry 3).  

Elevation of reaction temperature has no effect on the aniline oxidation with 

the above Gd (III) Schiff base complex as a catalyst. The other tested 

catalyst also gave moderate to good yield of oxidation product  

(Table 6.5, entries 4-6).  Although, the [Sm(L3)(NO3)2(H2O)]NO3  and 

[Yb(L3)(NO3)2(H2O)]NO3  complexes gave the good yield of the product  

(90 %), the reaction time (30 min. and 60 min. respectively) was the fact that 

carries less importance in the purview of industrial and academics.  The 

effect of catalyst without oxidant (Table 7.1, entry 8) was also tested.  No 

starting material was converted into the product in the absence of H2O2.  

After these testing, [Gd(L3)(NO3)2(H2O)]NO3 was chosen as the catalyst and 

10 mL of H2O2 as an oxidant as the best reaction conditions. 

 To our delight 85 % of azobenzene was produced in CH2Cl2 with 

total conversion of staring material and only 2 mol % of catalyst were utilised 

for the oxidation purpose. With the best reaction condition (Table 7.1, entry 

3) the experiment was carried out to check the generality and efficiency of 

this methodology with the various kinds of substituted anilines are shown in 

Table 7.2  Under the optimised conditions, aniline (entry 1) and various 

substituted anilines were oxidised to its corresponding products in good to 

excellent yields. The oxidative reaction of aromatic aniline with an electron 

withdrawing substituted group such as nitro, acid and chloro group on the 

phenyl ring proceeds with the yield of trace amount (entries 3, 4, 8 ,10 and 

12) under the reaction conditions. This was suspected due to the low 

electron density of phenyl ring. Further, among the various ortho, meta and 

para substituted anilines, para substituted anilines results excellent yield of 

the oxidative products (entries 2 and 5) while compared with meta 

substituted  aniline, which results good yield of the desired product (entries 

6, 7 and 9) and ortho substituted  aniline, which results a moderate yield of 
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the desired product (entry 11).  The desired products were characterised by 
1H NMR as shown in Figures 7.1 – 7.12. 

 In summary, a general rare earth metal Schiff base catalysed 

oxidation of aniline and substituted aniline to the corresponding azo 

compounds have been developed. The reaction proceeds at room 

temperature and use H2O2 as the green oxidant, provides a simple and 

general procedure for the preparation of azo derivatives that is difficult to 

prepare by conventional methods. The result clearly demonstrates that this 

oxidation system is more efficient in the oxidation of aniline to azobenzene 

with H2O2 as an oxidant and [Gd(L3)(NO3)2(H2O)]NO3 complex as a catalyst. 

Table 7.1 Oxidation of aniline catalysed by various Ln (III) complexes 
in CH2Cl2 at RT 

Entry Catalyst Oxidant 
Yield 
(%) 

Reaction 
Time (min.) 

1 - Enhanced 
conc. H2O2 

30 180 

2 [Sm (L3) (NO3)2(H2O)]NO3 H2O2 90 30 

3 [Gd (L3)(NO3)2(H2O)]NO3 H2O2 85 15 

4 [Pr (L3)(NO3)2(H2O)]NO3 H2O2 70 25 

5 [Eu (L3)(NO3)2(H2O)]NO3 H2O2 80 30 

6 [Tb (L3) (NO3)2(H2O)]NO3 H2O2 75 25 

7 [Yb (L3) (NO3)2(H2O)]NO3 H2O2 90 60 

8 [Gd (L3) (NO3)2(H2O)]NO3 - - 240 
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Table 7.2 Oxidation of aniline and substituted anilines catalysed by 
Gd (III) complex in CH2Cl2 at RT 

Entry Anilines Product Yield  
(%) 

1 

 
NH2

Phenylamine 

 
N N

Diphenyl-diazene  

 
85 

2 

NH2

CH3

p-Tolylamine 

N N

H3C CH3

Di-p-tolyl-diazene  

88 

3 

NH2

Cl
4-Chloro-phenylamine 

N N

Cl Cl

Bis-(4-chloro-phenyl)-diazene  

30 

4 NH2

O2N

4-Nitro-phenylamine 

N N

O2N NO2

Bis-(4-nitro-phenyl)-diazene  

12 

5 

OCH3

NH2

 
4-Methoxy-phenylamine 

OCH3N
NH3CO

Bis-(4-methoxy-phenyl)-diazene  

88 

6 

m-phenylenediamine

NH2H2N

 

N NO2N NO2

Bis-(3-nitro-phenyl)-diazene  
 

60 
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Table 7.2 (Continued) 

Entry Anilines Product Yield  
(%) 

 
7 OCH3

NH2

3-Methoxy-phenylamine 

N

OCH3

Bis-(3-methoxy-phenyl)-diazene

H3CO

N

 

62 

 
8 Cl

NH2

3-Chloro-phenylamine 
 

N
N

Cl
Cl

Bis-(3-chloro-phenyl)-diazene  

 
20 

 
9 CH3

NH2

m-Tolylamine 
 

 

N N

H3C CH3

Di-m-tolyl-diazene  

 
66 

 
10 

NH2

Cl
2-Chloro-phenylamine 

N N

Cl Cl

Bis-(2-chloro-phenyl)-diazene  
 

 
12 

 
11 

NH2

OCH3

2-Methoxy-phenylamine 

N N

OMe MeO

Bis-(2-methoxy-phenyl)-diazene  

 
25 

 
 

12 

NH2

Amino-benzoic acid

COOH

 azodibenzoicacid

N
N

OHO

OHO

 

 
 

12 
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Figure 7.1 1H NMR spectra of  Diphenyl-diazene 

 

ppm 
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Figure 7.2 1H NMR spectra of  Di-p-tolyl-diazene 

 

ppm 
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Figure 7.3 1H NMR spectra of Bis-(4-chloro-phenyl)-diazene 

 

ppm 
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Figure 7.4 1H NMR spectra of Bis-(4-nitro-phenyl)-diazene 

 

ppm   
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Figure 7.5 1H NMR spectra of Bis-(4-methoxy-phenyl)-diazene 

 

 

ppm   
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Figure 7.6 1H NMR spectra of Bis-(3-nitro-phenyl)-diazene 

 

 

ppm 
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Figure 7.7 1H NMR spectra of Bis-(3-methoxy-phenyl)-diazene 

 

 

ppm   
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Figure 7.8 1H NMR spectra of Bis-(3-chloro-phenyl)-diazene 

 

 

ppm   
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Figure 7.9 1H NMR spectra of Di-m-tolyl-diazene 

 

 

ppm 
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Figure 7.10 1H NMR spectra of Bis-(2-chloro-phenyl)-diazene 

 

 

ppm 
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Figure 7.11 1H NMR spectra of Bis-(2-methoxy-phenyl)-diazene 

 

ppm 
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Figure 7.12 1H NMR spectra of Azodibenzoic acid 

ppm 
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7.3 CONCLUSION 

The Ln(III) Schiff base complexes have been applied as catalyst 

for the oxidation of aniline and substituted aniline to the corresponding azo 

compounds. Among them, the [Gd(L3)(NO3)2(H2O)]NO3 complex found to 

possess good catalytic ability for oxidation of aniline under mild conditions 

using the green oxidant H2O2 . It gave results 85 % of yield within 15 minutes 

of reaction time. 
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8. SUMMARY AND CONCLUSION 

 

8.1   Ln (III) SCHIFF BASE (L1)  COMPLEXES  

 The tridentate Schiff base ligand L1 and its Ln (III) complexes of 

the type [Ln(L1)(NO3)2(H2O)] NO3 were synthesised and characterised by 

elemental analysis, TGA/DTA, spectral analysis like 1H NMR, UV, FT-IR and 

Mass Spectrometry. The results of investigation support the suggested 

structures of the lanthanide metal complexes.  Thermal study reveals 

thermal stability of complexes.  Spectral study and thermal data showed that 

two nitrate groups are bound in a bidentate manner to the central Ln (III) 

ions in the coordination sphere while another nitrate is in the outer 

coordination sphere in complexes. Hence, coordination number eight is 

suggested for the metal ion in these lanthanide(III) nitrate complexes. The 

fluorescence data reveals that the Sm (III), Tb (III) and  Er  (III) complexes 

exhibit characteristic luminescence of Sm (III), Tb (III) and  Er  (III) ions, 

which indicates that the ligand L1 is a good organic chelator to absorb and 

transfer energy to Sm (III), Tb (III) and Er (III) ions.  The antibacterial 

activity results show that most of the synthesised complexes possess a good 

antimicrobial activity against the pathogens tested than the corresponding 

free Schiff base ligand. 

8.2   Ln (III) SCHIFF BASE (L2)  COMPLEXES 

 Ln (III) complexes of the general formula [LnL(NO3)2(H2O)] NO3 

has been synthesised from the tridentate Schiff base ligand L2 formed by the 

condensation of     L-Threonine  and 5-bromosalicyaldehyde. The bonding of 

ligand to the metal ions has been confirmed by elemental analysis, 

TGA/DTA, spectral analyses like 1H NMR, UV, FT-IR and Mass 
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Spectrometry. The results of investigation support the suggested structures 

of the lanthanide metal complexes.  Thermal study reveals the presence of 

water molecules and thermal stability of the complexes.  Spectral study and 

thermal data show that two nitrate groups are bound in a bidentate manner 

to the central Ln (III) ions in the coordination sphere, while another nitrate is 

in the outer coordination sphere in complexes. Hence, coordination number 

eight is suggested for the metal ion in these lanthanide(III)  complexes. The 

fluorescence data reveals that the Sm (III), Tb (III) and  Er  (III) complexes 

exhibit characteristic luminescence of Sm (III), Tb (III) and  Er  (III) ions, 

which indicate that the Schiff base ligand is a good organic chelator to 

absorb and transfer energy to Ln (III) ions. The synthesised complexes 

exhibited enhanced antimicrobial activity than the corresponding free Schiff 

base ligand.  All the newly synthesised compounds possess higher 

antifungal properties than the antibacterial property.  

8.3   Ln (III) SCHIFF BASE (L3)  COMPLEXES  

 The  rare earth metal complexes of the tridentate  Schiff  base  

ligand  L3, obtained by the condensation of L-Leucine and   

5-bromosalicyaldehyde  were characterised by elemental analysis, 

TGA/DTA, spectral analysis like 1H NMR, UV, FT-IR, and Mass 

Spectrometry. These analytical and spectral data reveal that the ligand 

coordinate to the central Ln (III) ion by its phenolic oxygen, azomethine 

nitrogen and the carboxylic oxygen with 1:1 stoichiometry and their 

coordination number is eight. The samarium and terbium complexes present 

interesting fluorescence properties. The synthesised complexes exhibited 

enhanced antimicrobial activity than the corresponding free Schiff base 

ligand L3.  All the synthesised Ln (III) Schiff base complexes possess higher 

antifungal properties than the antibacterial property.  
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8.4   CATALYTIC ACTIVITY OF Ln (III) SCHIFF BASE (L3)  
COMPLEXES 

 The Ln (III) Schiff base complexes of the ligand L3 have been 

applied as catalyst for the oxidation of aniline and substituted aniline to the 

corresponding azo compounds. The Ln (III) complexes possesses good 

catalytic ability for oxidation of aniline under mild conditions using the green 

oxidant  H2O2 . The result clearly demonstrates that this oxidation system is 

more efficient with [Gd(L3)(NO3)2(H2O)]NO3 complex as a catalyst. Hence, 

this [Gd(L3)(NO3)2(H2O)]NO3  complex was utilised to check the generality 

and efficiency of oxidation of various substituted anilines.  This system 

provides a simple and general procedure for the preparation of azo 

derivatives, which are difficult to prepare by conventional methods. 
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9. SCOPE FOR FUTURE WORK 

 

The following objectives are planned for future studies: 

 To obtain single crystal for all the Schiff base ligands and its 

Ln (III) complexes and to explore the crystal structures. 

 To study the   selective oxidation of aniline and substituted 

anilines using the Ln (III) complexes derived from L1 and L2. 

 To investigate the reaction mechanism of oxidation of aniline. 

 To investigate methods for the recovery and reuse of catalyst 

used for organic transformations. 

 To impregnate the synthesised Schiff base ligands and its 

complexes into the ZnO nano particles and investigate further 

their nature. 

 To explore the biological activities including antimicrobial, 

antioxidant and anticancer efficiency of the above said nano 

particles.  

 To investigate the luminescence property of the Ln (III) Schiff 

base complexes embedded in the ZnO nano particle. 
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