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SYNOPSIS 

In recent years, the designed construction of extended network systems from simple 

molecular building blocks represents one of the most challenging issues facing synthetic 

chemistry [1]. Intense research activities directed towards the development of this field 

have induced the assembly of inorganic metal clusters [2, 3] coordination complexes and 

organic molecules of great diversity into extended motif's that are held together either by 

strong metal ligand bonding or by weaker bonding forces such as hydrogen bonding and 

Tr-Tr interaction. The materials that have been produced in this way are referred to as 

modular, since they are assembled from discrete molecule (building blocks), which can 

be modified to have well-defined function [4]. The integrity of the building blocks is 

preserved during synthesis and ultimately translated into the resulting assembled network, 

and this feature offers numerous opportunities for designing framework systems with 

desired topologies and architectures [1]. Self-assembly processes directed by metal-ligand 

ligation have been widely used to construct open supramolecular systems with novel 

topologies and potentially interesting functions [5]. 

In this context, much attention has been paid to the chemistry of intermolecular 

interactions such as metal-ligand coordination, which is responsible for the directed 

assembly of a wide variety of 2-D and 3-D extended structures, metal-organic networks 

[6], exhibiting unusual ion exchange [7,8], neutral guest exchange [9] and selective 

adsorptive behavior [10]. The design of supramolecular structure with interesting 

structural and magnetic properties has fuelled research in this relatively new area of 

research due to the interesting structural features as well as the anticipated properties of 

the extended solids. The successful pursuit of controlling the supramolecular assembly of 

molecules in the solid state is not only challenging but is expected to impact many 

technologies such as catalysis, nonlinear optics, microelectronics, sensors, molecular 

recognition, interesting structural and magnetic properties [6,11]. 

A convenient path to build infinite polymeric structures is by using a multifunctional 

ligand to link metal ions to form an infinite configuration. Such a ligand has a rigid 

conformation and would therefore facilitate the crystal engineering of the resulting 

coordination networks [5]. The construction of such coordination polymers with anionic 

multifunctional linking group (or ligand) has become a frontier area of research in recent 
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years. Many authors have reported a number of open frame works with various cavities or 

channels in which rigid spacers such as 1,3,5-benzene tricarboxylic acid [1,6,12,13], 1,4-

benzene dicarboxylic acid [14], 2,4,6-triisopropyl benzoic acid [15], 3,5-pyridine 

dicarboxylic acid [5], benzene-1, 2,4,5-tetracarboxylic acid [16,17], benzene-1, 2,4, -

tricarboxylic acid [16], 2-mercapto benzoic acid [18] etc. were employed as building 

blocks. Apart from polycarboxylic acids, polyalcohol, polyethers and polyphosphoric acid 

have also been used for thp construction of such solid-state architectures through 

coordination to a variety of transition metals [19]. The emerging importance of benzene 

carboxylate based network systems indicates that a rich synthetic chemistry can be 

developed in this field. In addition metal-carboxylate complexes have been of practical 

importance in industry. 

In this context, the present work has been undertaken on the synthesis, reactivity aspects 

of substituted benzene , carboxylates of alkali earth metals and the results of these 

investigations are presented in this thesis entitled, "Synthesis, Reactivity Studies, 

Spectroscopic, Thermal and Structural Investigation of Metal Carboxylates." 

The thesis consists of five chapters and the first chapter reviews the known chemistry of 

metal-carboxylates. The chemistry of metal-carboxylates is an area of intense research 

investigations in view of its diverse applications, ranging from the relevance of metal-

carboxylate complexes as model systems for the metalloactive sites in bioinorganic 

chemistry [20] to their usefulness as novel materials in materials science. Metal oxides 

can be readily prepared from metal-carboxylate precursors by thermal decomposition 

methods [21]. Metal-carboxylates exhibit fascinating structural features. The structural 

diversity encountered in metal-carboxylate complexes can be attributed to the versatile 

ligational behavior of the carboxylate group which can function like a bidentate ligand 

binding to a single metal or alternatively as a bridging bidentate ligand coordinating to 

two metals or as a monodentate ligand [22]. The versatile ligational behaviour has 

resulted in the isolation of a variety of mononuclear, dinuclear, trinuclear, tetranuclear 

and poynuclear metal-car  boxylates, which exhibit interesting magnetic properties [23]. 

The known chemistry of such systems are highlighted in this chapter. The present work 

aims at the synthesis of novel metal carboxylate complexes derived from substituted 

benzene carboxylic acids. Scheme I depicts the structure of several substituted benzene 

carboxylic acids. 

:VIII 



NO 2 

NO 2 

COOH 

NO 2 

SH 

COOH 

HOOC 

HOOC 

COOH 

COOH HOOC COOH 

HOOC 

   

   

 

HOOC COOH 

Scheme I 

The recently reported chemistry of benzene carboxylic acids is summarized. Metal-amino 

acid interactions are very relevant in biology. In this context, the chemistry of amino 

substituted benzoic acid becomes important [17,24]. Similar is the case of mercapto 

substituted benzoic acids, in view of importance of the —SH group in biology. The 
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chemistry of the nitro-substituted acids is especially useful to understand the role of 

electronic features in view of the differing electronic nature of the nitro and amino groups 

[25]. An important aspect of the structural feature of the extended network complexes 

derived from amino benzoic acid is the identification of weak H-bonding interactions 

between the —NH2 group and coordinated water in the form of N-H---O bonds (H-donor) 

[26]. In the case of the corresponding nitro carboxylic acids the H-bonding interactions 

will be different (Scheme II). ,The subtle difference in the type of H-bonding interactions 

namely H-acceptor or H-donor bonds cannot only alter the structural architecture but also 

the material characteristics. All the above aspects are discussed in the first chapter of the 

thesis, which gives an overview of the existing literature of the metal carboxylates, with 

special reference to substituted benzene carboxylates. 

Scheme II 

The second chapter outlines the scope of the present work. A primary aim of the present 

investigation is to develop simple synthetic strategies for the convenient synthesis of 

metal-carboxylates using readily available starting materials. It may be noted that several 

reported extended network systems derived from carboxylates have been assembled under 

hydrothermal conditions. It is of interest to develop synthetic methods for the 

construction of carboxylate network complexes under ambient conditions. It is well 

known that the formation of the product in any synthetic transformation is quite 



dependent on the choice of the metal source as well as the source of carboxylate. The course 

of the reaction can be dictated by a suitable choice of starting materials as well as the solvent 

system. In other words, the reactions are amenable to changes in the type and nature of metal 

source as well as the carboxylic acid. A common method to synthesize metal-carboxylate is 

by reacting metal carbonate with carboxylic acid. This reaction which is a simple acid-base 

reaction wherein the metal carbonate functions as the base can be represented as shown 

below: 

H2O 
MCO3 + 2 RCOOH 	> {M(RC00)2(H20),,] + CO2 t 

where M is a bivalent metal such as Mg, Ca, Sr, Ba, Co. 

Another way to obtain the carboxylate product is by using a soluble metal salt for e.g., a 

metal chloride and reacting it with the carboxylic acid in the presence of mild base like 

sodium bicarbonate. This reaction can be represented as shown below: 

H2O 
MCh + 2 RCOOH + 2 NaHCO3 	> [M(RC00)2(H20)„] + 2 NaC1 + CO2 i* 

----(2) 

Instead of NaHCO3 other bases like NH4OH, Na2CO3, NaOH etc. can also be used. In 

addition other metal sources like metal acetylacetonates or even a metal acetate can also be 

employed for the synthesis of metal-carboxylate complexes. When a metal acetate is used as 

the metal source the carboxylate synthesis can be achieved by the carboxylate exchange 

reaction, that is by reacting with a stronger acid for example benzoic acid. It is to be noted 

that the metal-carboxylate complexes are not stable in strongly acidic media. Such a reaction 

can be employed for the decomposition of the metal-complex as well as the analysis of the 

metal content. 

The formation of the metal-carboxylate product depends on several factors. The basicity of 

the metal salts and the acidity of the carboxylic acids are two important considerations, 

which dictate the course of the reaction. The solvent used, the reaction time and other added 

ligands etc. can all influence the nature of the final product. The reactions investigated with 

different carboxylic acids in the present work are summarized in Scheme III. 
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Acids : 

4-nbaH = Para-nitrobenzoic acid; 3-nbaH = Meta-nitrobenzoic acid 
2-nbaH = Ortho-nitrobenzoic acid; 4-abaH = Para-aminobenzoic acid 
3-abaH = Meta-aminobenzoic acid; 2-abaH = Ortho-aminobenzoic acid 
3,5 -dnbaH = 3, 5 Dinitrobenzoic acid 

Metal Salts used: MCO3 and MC12 (M=Mg, Ca, Sr, Ba and Co) 

Scheme HI 

The third chapter describes the full details of the experimental aspects of the present 

work, which includes the synthesis of metal carboxylates as well as their reactivity 

studies. The reaction sequences employed for the synthesis have been already 

summarized in scheme- III. Scheme IV, summarizes the reactivity studies of the 

synthesized complexes. 
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Scheme IV 

The synthetic aspects and physicochemical as well the structural investigations of the 

newly synthesized complexes are described in fourth chapter. The synthesis of the 

complexes have been achieved by reacting metal carbonate with substituted carboxylic 

acid or alternatively by reacting metal halide with the carboxylic acid in presence of a 

mild base as described in equation 1 and 2. It is observed that in all cases hydrated metal 

complexes are obtained. Further the use of freshly prepared metal carbonate (in the case 

of cobalt) enhances the dissolution of carbonate. While similar products are obtained 

when MCO3 and MC12 is used, in the case of Ba, the use of BaCl2 affords a halide 

containing complex [Ba(4-aba)Cl] while the use of BaCO3 gives [Ba(4-aba)2(H20)2]. The 

insolubility of p-nitrobenzoic acid in water has been utilized as a convenient gravimetric 

method for its estimation. Further, a convenient protocol has been developed for the 

estimation of 4-nbaH using the HPLC method. The complexes synthesized in the present 

work have been studied by a variety of methods (Scheme V) and the details of these 

investigations are elaborated in this chapter. 
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METAL 
CARBOXYLATE 

Scheme V 

An important property of the para substituted carboxylic acid complexes is their ability to 

undergo reversible hydration. A representative complex exhibiting this phenomenon is 

[Mg(H20)6](4-aba)2.2H20 [27] . This complex can be fully dehydrated and the anhydrous 

complex can be rehydrated by exposing to water as shown below 

20)6](4-  aba) 2.2H 20 	H20 [Mg(4-aba) 2] 

Similar behavior is also observed for paranitrobenzoate complexes of cobalt. In contrast the 

corresponding ortho substituted complex cannot be leversibly hydrated. This feature 

indicates that this property is dependent 04 the position of the substituent group with respect 

to carboxylate in the six membered ring. All the complexes prepared in this work have been 

studied by thermoanlytical methods including TG, DTA, DSC and isothermal weight loss 

studies. Most of the complexes decompose at around 400 °C to give rise to metal oxide. 

Five of the synthesized complexes have been studied by X-ray crystallography method and 

representative structures are presented. In the Co(II) complexes structurally characterized in 

this work, the nitrobenzoate or the aminobenzoate function as a monodentate ligand. In 
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the complex [Co(H20)4(4-nba)212H20 the Co(II) metal is located on a centre of inversion 

[26]. Four oxygen atoms of four water ligands, which lie on a square plane, bind the 

central metal and two monodentate nitrobenzoate ligands, which are trans to each other, 

complete a distorted octahedron around cobalt [Fig la]. The oxygen atom of the nitro 

group of the paranitrobenzoate forms hydrogen bonds (H acceptor bonds) with a H atom 

of the coordinated water on an adjacent Co thus linking the complex in a chain. These 

chains are further linked by hydrogen bonding which use the crystal water (Fig. lb). This 

gives rise to an unprecedented H-bonded suprarholecular network (Figlc). The structure 

of the corresponding para-aminobenzoate is similar with the para-aminobenzoate 

functioning as a monodentate ligand. The Co(II) lies on a center of inversion and is bound 

to four molecules of water which lie on a square plane. Two monodentate aminobenzoate 

ligands, which are trans to each other, complete the octahedron. 

Fig la. Crystal structure of [Co(H20)4(4-nba)212H20 showing the atom—labelling 
scheme and displacement ellipsoids drawn at 50% probability level 
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Fig lb. The linking of the complex [Co(H20)4(4-nba)212H20 into a chain via 
intermolecular 0—H•••0 hydrogen bonds (0(7)•••0(4)) and these chains are again 
laterally linked by 0(3) solvent water molecules. 

Fig lc. The supramolecular hydrogen bonding network when viewed 
down crystallographic a axis. 
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The structure of [Mg(H20)6](4-aba)2.2H20 consisting of discrete [IvIg(H20)6] 2+  cation 

and paranitrobenzoate anions (Fig.2). In [Mg(H20)6] 2+  cation, Mg lies at the centre of an 

octahedron and is bound to six aquo ligands. 

Fig.2 

In the complex [Co(H 20)2(im)2(4-aba)2] the cobalt lies on a centre of inversion. Two 

water ligands trans to each other and two monodentate nitrobenzoates lie on a squre 

plane. The octrahedral coordination is completed by two imidazole ligands, which are 

trans to each other (Fig 3a). The extended structure of the complex is shown in Fig 3b. 

The corresponding Mg complex [Mg(I-120)2(im)2(4-aba)2] is isostructural with the cobalt 

analogue. 

Fig.3a 	 Fig.3b 

Fig 3 
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The final chapter summarizes the results of the present work. A few of the important results 

are as follows: 

• The reaction of metal carbonate directly with substituted benzoic acid or metal halide with 

carboxylic acid leads to the formation of hydrated metal carboxylates Using the carbonate 

route, the elusive hydrated Mg-anthranilate complex namely [Mg(H20)6](2-aba)2.2H20 has 

been isolated. In case of barium, the use of BaC12 affords a halide containing complex [Ba(4- 

aba)C1] while the use of BaCO3 gives[Ba(4-aba)2(H20)2]. 

• HPLC method has been developed to estimate the para-nitrobenzoic acid content. 

• The para substituted complexes viz. [Mg(H20)6](4-aba)2.2H20, [Mg(H20)6](4- 

nba)2.2H20, [Co(H20)4(4-nba)212H20, [Co(H20)4(4-aba)2] can be reversibly dehydrated. 

The differing nature of the thermal decomposition process of the Mg- amino or nitrobenzoate 

complexes is explained in terms of the orientation of nitro or amino group with respect to 

carboxylate in the benzene ring. 

• The subtle difference in the H-bonding characteristics of —NO2 group as compared to —NH2 

group is demonstrated by the structure of the complex [Co(H20)4(4- nba)212H20. The crystal 

structure of this complex is interesting in terms of supramolecular H-bonding interaction. 

Both functional groups of nba ligand, the coordinated and crystal waters are exclusively 

involved in the formation of 3D supramolecular network in the crystal structure of 

[Co(H20)4(4-nba)212H20. The tetrahedral arrangement the crystal water mimics the basic 

unit of many ice modifications. 

• The alkali-earth carboxylate complexes can be thermally decomposed in air at 400 °C to 

yield high surface binary oxides. 

The thesis ends with some recommendations for future work. 
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CHAPTER 1 

INTRODUCTION 

In recent years, the designed construction of extended network systems from simple 

molecular building blocks represents one of the most challenging issues facing synthetic 

chemistry [1]. Intense research activities directed towards the development of this field 

have induced the assembly of inorganic metal clusters [2, 3] coordination complexes and 

organic molecules of great diversity into extended motif's that are held together either by 

strong metal ligand bonding or by weaker bonding forces such as hydrogen bonding and 

Tr-TT interaction. The materials that have been produced in this way are referred to as 

modular, since they are assembled from discrete molecule (building blocks), which can 

be modified to have well-defined function [4]. The integrity of the building blocks is 

preserved during synthesis and ultimately translated into the resulting assembled network, 

and this feature offers numerous opportunities for designing framework systems with 

desired topologies and architectures [1]. Self-assembly processes directed by metal-ligand 

ligation have been widely used to construct open supramolecular systems with novel 

topologies and potentially interesting functions [5]. 

In this context, much attention has been paid to the chemistry of intermolecular 

interactions such as metal-ligand coordination, which is responsible for the directed 

assembly of a wide variety of 2-D and 3-D extended structures, metal-organic networks 

[6], exhibiting unusual ion exchange [7,8], neutral guest exchange [9] and selective 

adsorptive behavior [10]. The design of supramolecular structure with interesting 

structural and magnetic properties has fuelled research in this relatively new area of 

research due to the interesting structural features as well as the anticipated properties of 

the extended solids. The successful pursuit of controlling the supramolecular assembly of 

molecules in the solid state is not only challenging but is expected to impact many 

technologies such as catalysis, nonlinear optics, microelectronics, sensors, molecular 

recognition, interesting structural and magnetic properties [6,11]. 
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A convenient path to build infinite polymeric structures is by using a multifunctional 

ligand to link metal ions to form an infinite configuration. Such a ligand has a rigid 

conformation and would therefore facilitate the crystal engineering of the resulting 

coordination networks [5]. The construction of such coordination polymers with anionic 

multifunctional linking group (or ligand) for example a polycarboxylic acid has become a 

frontier area of research in recent years [12]. Many authors have reported a number of 

open frame works with various cavities or channels in which rigid spacers such as 1,3,5-

benzene tricarboxylic acid [1,6,13,14], 1,4-benzene dicarboxylic acid [15], 2,4,6- 

triisopropylbenzoic acid [16], 3,5-pyridine dicarboxylic acid [5], benzene-1,2,4,5- 

tetracarboxylic acid [17,18,], benzene-1,2,4,-tricarboxylic acid [17] , 2,6- 

naphthalenedicarboxylic acid, benzinetribenzoic acid, methanetetrabenzoic acid, 

adamantanetetracarboxylic acid and adamantine-tetrabenzoic acid [12], 

benzenehexacarboxylic acid (mellitic acid) [19] etc. were employed as building blocks. 

Apart from polycarboxylic acids, polyalcohol, polyethers and polyphosphoric acid have 

also been used for the construction of such solid-state architectures through coordination 

to a variety of transition metals [20]. Benzene carboxylic acids can afford several 

possibilities as the carboxylate group is attached to a stable six-membered ring. The 

presence of donor groups like -NH2, -SH or groups like —NO2, can extend the architecture 

and thus add variety to the final structures of the metal-carboxylates. Fig.1.1 depicts the 

structures of several substituted benzene carboxylic acids many of which are 

commercially available. :'The emerging importance of metal-organic network systems 

derived from benzene carboxylic acids indicates that a rich synthetic chemistry can be 

developed in this field. In this context, the present work has been undertaken on the 

synthesis, reactivity aspects of substituted benzene carboxylates of alkali earth metals and 

the results of these investigations are presented in this thesis entitled, "Synthesis, 

Reactivity Studies, Spectroscopic, Thermal and Structural Investigation of Metal 

Carboxylates". The known chemistry of metal-carboxylates, highlighting the recent 

developments in this area is reviewed in this chapter. 

Metal carboxylates are the reaction products of metals and organic acids, which 

consist of metal (inorganic portion) and a "organic" carboxylic acid part. These parts can 

be attached in various ways to give building blocks of certain desired properties; for 

instance magnetism, or electrical conductivity. They are also referred to as metal soaps 

and siccatives. 
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The chemistry of metal carboxylates is currently a frontier area of research in view of 

the material applications mentioned above. An important reason for the continued interest in 

this area is the structural diversity encountered in metal-carboxylates as evidenced by the 

fascinating structures adopted by metal carboxylates [21,22] and their scope in industrial 

applications. They have diverse applications as shown below: 

1. They are potentially exploitable in applications based on selective molecular adsorption, 

catalysis or ion exchange. They exhibit interesting physical properties including long 

range magnetic order (ferromagnetism or antiferromagnetism), optical properties such as 

luminescence or catalytic activity [23]. 

2. They are relevant as model systems for the metalloactive sites in bioinorganic chemistry 

[24,25]. They are useful as model for biological recognition, transport and allosteric 

phenomena [26]. Carboxylate plays an important role by coordinating with 

metalloprotein active sites in redox potential attenuation and in the mechanism of 

catalysis, metal regulation and metal ion reconstitutors. 

3. They can be used as reagents to effect synthetic transformations in organic chemistry. For 

example, the basic oxo centered acetate which is obtained by the action of KMnO4 on 

Mn(H) acetate in acetic acid oxidizes alkenes to lactones [27]. It is used industrially for 

the oxidation of toluene to phenol. 

4. They can be used as precursors for the preparation of metal-containing ceramics [28,29]. 

5. They are important materials that have interesting solid state [magnetic as well as 

electrical] properties. The magnetic moment of the novel hexanuclear complex 

[Co6(OH)2(L)10] (L=phenylcinnamate) shows a large decrease from 300 to 25 K which 

amounts to antiferromagnetic coupling between the cobalt ions in octahedral and 

tetrahedral sites. In contrast, the open framework trinuclear Co as well as Fe complexes 

derived from BTC (1,3,5-benzenetricarboxylic acid) exhibit ferromagnetic interactions 

below 10 K for the pure Co phase [30,31]. Very recently molecules have been reported 

that function as nanomagnets and they are termed as single molecule magnets [SMM's]. 

The most thoroughly studied SMM is [Mn12012(02CMe)16(H20)4].2(HO2CMe).4H20 

[32, 33, 34]. 
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6. Metal carboxylates are also important from their anti-microbial activity point of view. 

[35] 

7. Manganese carboxylates are quite relevant in the water oxidation/oxygen evolution 

center (WOC) of photosystem (PS-II) within the photosynthetic apparatus of green 

plant and cyanobacteria.[36]. 

8. Metal carboxylates can be used as biologically active molecules in pharmaceutical, 

wood protection and fungal growth retardation activity eg [Cu2(02CCnH2n+i)Urea] 

n = 5 to 11 [37,38] 

9. They are used as petrochemical catalysts, grease and lubricants additives, fuel 

combustion additives, polyurethane catalysts and polymerization catalysts. 

10. Co, Pb, Ca, Mn and Zr carboxylates have long been used in the paint and printing 

ink industry as driers (oxidation/polymerization catalyst). 

Metal-carboxylates exhibit fascinating structural features. The structural diversity 

encountered in metal-carboxylate complexes can be attributed to the versatile ligational 

behavior of the carboxylate group which can function like a bidentate ligand binding to a 

single metal or alternatively as a bridging bidentate ligand coordinating to two metals or 

as a monodentate ligand [21,22]. Carboxylates can also function as a monodentate ligand 

wherein the oxygen atom of the carboxylic acid binds to a metal ion or as a bidentate 

ligand wherein both the oxygen atoms bind to the metal ion. A schematic representation 

of the different possibilities for the carboxylate ligand binding with metal ion are 

described below [39,40]. The different modes of carboxylate ligation are summarized in 

Fig. 1.2. 

Fig 1.2. shows the different binding modes of carboxylate ligands. The most 

commonly observed mode of carboxylate bonding in many carboxylates is unidentate, 

symmetrical chelate, and symmetrical syn-syn bridging mode. Acetates and 

trifluoroacetates of weak Lewis acids are usually symmetric while those of very strong 

Lewis acids are often asymmetric. The other forms are not common, but anti-anti single 

bridging occurs in [Mn(salen)(CO2Me)],, (salen =bis(salicylaldehyde-ethylenediamine) 

and anti-syn in [Ph(CH2)3SnO2CMe] n . 
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It is not uncommon to have more than one coordination type in the same molecule 

[41,42]. The syn-syn bridges in (RC00) -  ligand are extremely common and important in 

compounds with M-M quadruple bonds. This can be seen in the complex such as 

[C0804(02CPh)12(MeCN)3(H20]).2MeCN and [Co6(OH)2(L)D3] L = phenylcinnamic acid 

[31]. Molybdenum carboxylates (acetates) show M-M quadruple bonds. It is also possible 

to have a syn-syn binding Triode without any bridging between the metal ions. An 

example of such a complex is the binuclear cupric acetate [Cu(02CH3)21120]2. 

Interestingly in the analogous chromium complex [Cr(02CCH3)2H20]2 a short metal-

metal bond (1.96A) is observed. This metal-metal bond has been attributed to the 

diamagnetic nature of the Cr(II) complex while in the Cu(II) complex there is no direct 

metal-metal bond. In the anti-anti form (Fig 1.2), there is no possibility of M-M bond 

formation as the metals are far apart to allow any sort of interaction. This feature is 

observed in the dimeric Cu(II) formate complex [Cu(02CH2)41120] [39]. 

In some metal complexes, the carboxyl group functions as an anion and the bonding 

in these systems can be described as just an electrostatic interaction between the metal ion 

and the carboxylate anion. This type of bonding is seen in case of complexes like 

Na(HCOO). In ionic acetates or in aqueous solution, the free (CH3CO 2)-  ion exhibits both 

symmetric and anti symmetric C-0 stretching modes at —.1415 cm -1  and 1570 cm-1 . These 

frequencies can vary by ± 20 cm -1 . Since the symmetry of even the free ion is low and it 

gives two JR active bands, evidence for the mode of coordination must be derived from 

the positions rather than the number of bands [43]. When the carboxyl group is 

unidentate, that is each (RC00) -  group uses only one of the two available 0 atoms to 

bond to the metal, one of the C-0 bonds should have enhanced double bond character 

[bond length will be shorter] and should give rise to a high frequency band. Such bands 

are observed in 1590 to 1650 cm -1 . Such a bonding is seen in Co(02CCH3)2.4H20 [44]. 

Bidentate coordination of the carboxylate ligand with the metal ion leads to the formation 

of a four membered ring (Fig 1.2). Here, the C-0 bond lengths are equivalent. The infared 

spectra show multiple bands between 1400 and 1550 cm 1.  This multiplicity is attributed 

to coupling between (CH3CO2) -  groups bonded to the same metal atom(s). Symmetrical 

bidentate coordination is observed in the complexes [Zn(CH3CO2)2.2H20] and 

Na[UO2(CH3CO2)3]• 
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The carboxylates serve as an important class of ligands in inorganic chemistry and 

biology. Of the various types of metal-carboxylate binding modes, monodentate bridging 

between metal centers offers unique flexibility. The monodentate bridging mode is 

postulated to be an important intermediate between the other, more common, carboxylate 

attachments modes based on observed variation of the geometry of monodentate bridges 

in structurally characterized complexes. The movement from monodentate bridging to 

these other binding modes, termed the `carboxylate shift' has been analyzed and reported 

recently [45]. Many crystal structures containing carboxylate group that have been 

reported have been used to extract structural changes to the carboxylate group upon 

binding to different elemental centers. The structural changes to the carboxylates group 

depend on the elemental center it is interacting with. The trends follow those traditionally 

associated with covalency, elements exhibiting electronegativity closest to that of oxygen 

exhibit the largest structural change. [46]. The size, shape and charge of the organic 

ligands plays an important role in the synthesis of novel polynuclear metal-carboxylate 

assemblies [30]. The majority of the carboxylate complexes possess coordinated water, 

with few systematic structural variations present that could be used to describe structure-

property relationship. 

Metal carboxylate complexes of mononuclear, binuclear, trinuclear, tetranuclear and 

polynuclear types have been structurally characterized and reported in the literature. 

Representative examples of mononuclear binuclear, trinuclear, tetranuclear and 

polynuclear carboxylate complexes are discussed below. In some complexes, it has been 

observed that the carboxylate ligand can adopt more than one type of binding mode 

described earlier. This is indicative of the versatile coordination behavior of this ligand. 

MONONUCLEAR CARBOXYLATES 

A majority of the carboxylate complexes of the alkali metals, alkali earth metals are 

mononuclear carboxylates. Most of the chemical elements are known to form 

mononuclear carboxylate or at least the acetate derivatives, many of which have been 

known almost as long as inorganic chemistry itself. Many monocarboxylic acids tend to 

form mononuclear carboxylate complexes with metals. The important feature of the 

organic acids, which may well assume a greater importance in present day inorganic 
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chemistry is the ability to form extended network systems via hydrogen bonds, resulting 

in the formation of supramolecular assembly. 

The alkali-earth metals Mg, Ca, Sr, and Ba normally form mononuclear carboxylates 

with the common carboxylic acids like acetic, benzoic as well as substituted benzoic 

acids. The chemistry of the carboxylates of alkai-earth metals derived from amino 

substituted benzoic acid for example 2-abaft (anthranilic acid) has been recently 

described and the structures of all these complexes have been described [47- 49]. All the 

complexes form hydrated metal-anthranilates and the structures of all these complexes 

can be described as extended hydrogen bonded network systems. The presence of weak 

H-bonding interactions between the anthranilate anion and the [Mg(H20)6] 2+  was 

predicted during the course of this study when the synthesis of the hydrated Mg(II)-

anthranilate was reported [48]. The structure of this [Mg(H20)6](2-aba)2.2H20 complex 

which was reported by Schmidbaur later [49] was in accordance with the earlier 

prediction. A prominent intra anionic H-bond spans the amino and the carboxylate group 

of each anthranilate unit. The structure of [Mg(H20)6](2-aba)2.2H20 is entirely different 

from that of the structures of the anthranilates of the heavier congeners viz. [Ca(2- 

aba)2(H20)3]. [{Sr(2-aba)2(H20)3}1.H20]., and [Ba(2-aba)2 (H2O)]. in that the 

anthranilates are part of the coordination sphere of the dications, while in the magnesium 

salts the integrity of the [Mg(H20)6] 2+  octahedral ion is strictly conserved. In this work, it 

has been shown that the coordination ability of the anthranilic acid can be fine-tuned 

depending on the nature and size of the group II metal ions [47]. In the case of [Ca(2- 

aba)2(H20)3]. the 2-aba ligands make four bonds to the central calcium through the 

carboxylate oxygen atoms, while in the case of [{Sr(2-aba)2(H20)311.11201 3 , and [Ba(2- 

aba)2(H20)].. the coordination number of the central metal is enhanced to six and seven. 

In the Sr and Ba - anthranilates the amino nitrogen is also bonded to the central 

metal. Interestingly the amino group of the anthranilate ligand does not coordinate to the 

central metal in both [Mg(H20)6](2-aba)2.2H20 and [Ca(2-aba)2(H20)3]. which can be 

attributed to the hard nature of the Mg and Ca dictions as compared to Sr and Ba. In all 

five different modes of coordination of the anthranilate ligand have been realized for the 

alkali-earth metals [47] in addition to its function as an anion (uncoordinated) in the Mg 

complex. Another interesting outcome of this study is the ability of the anthranilate ligand 

and coordinated and lattice water molecules to engage themselves in intra and inter 
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molecular hydrogen bonding to form two and three dimensional supramolecular network. 

The clue to the understanding the stability of coordination polymer derived from the 

substituted aminobenzoic acid lies probably in the structure of the complexes. This can be 

explained in terms of the disposition of amino group in the aromatic ring with respect to 

the carboxylate group. In the 2-aminobenzoate complexe, the —NH2 group makes an angle 

of 60°C with respect to the carboxylate functionality while in the corresponding 4- 

aminobenzoate  complex; it is trans to the carboxylate. Interestingly the hydrated Mg(II) 

complex derived from 4-abaH is quite stable while the Mg(II) complex derived from 2- 

abaH is slowly dehydrated. It is reasonable to assume that this geometrical difference in 

the position of amino group in six membered ring is a key factor that probably affects the 

stability [48]. The chemistry of the alkali-earth metal complexes obtained from 4- 

aminobenzoic acid, [Mg(H20)6](4-aba)2.2H20, [Ca(4-aba)2(H20)21, [Sr(4-aba)2(1420)21 

and [Ba(4-aba)Cl] has also been described recently by Murugavel et al. [50]. In this work 

the structures of the hydrated Mg(II) and Ca(II) 4-aminobenzoate were reported while the 

structure of the Sr. and Ba 4-aminobenzoates were described in older literature. [51,52]. 

Interestingly in the case - of Ba a mixed ligand complex which contains Ba, 4-aba and Cl 

in 1:1:1 ratio was isolated while the lighter congeners gave rise to hydrated metal-4aba 

complexes having metal:4-aba in a 1:2 stoichiometry. The Mg and Ca complexes are 

distinctly different in their coordination geometry as well as the crystal packing [50]. In a 

recent paper the chemistry of the coinage metal Ag with 4-aminobenzoic acid has been 

reported [53]. In this work the possible coordination modes of the free 4-aminobenzoic 

acid (4-abaH) as well as the monoanionic 4-aminobenzoate has been described (Fig 1.3). 

The structures of four Ag(I) complexes derived from 4-abaH and two Ag(II) complexes 

of 3-abaH have been described. In this study, the structure of six hydrogen bonded 

silver(I) complexes namely, Ag(4-abaH)2(NO3), [Ag(4-abaH)2(NO3)]„, {[Ag(4-aba)(4- 

ab aH)] .H20} „, {[Ag(4,4' -bipy)(H20)](4-aba)0.5(NO3)o.5.(1120)o.5),, [Ag(3-abaH0.5)2] and 

{[Ag(3-aba)].H20},„. In Ag(4-abaH)2(NO3), 4-abaH serves as a monodentate ligand 

coordinating to Ag(I) through its nitrogen atom, while uncoordinated carboxylic group 

links (4-abaH)-Ag-(4-abaH) into a one-dimensional metallic carboxylic synthon. The 

second complex, [Ag(4-abaH)2(NO3)],, may be regarded as an extension of Ag(4- 

abaH)2(NO3) into a two dimensional carboxylic synthon through NO3" bridging two 

adjacent Ag(I) centers. In {[Ag(4-aba)(4-abaH)].H20}„, 4-abaH is in a monodentate 

mode and 4-aba in a 1.1-N, 0 bridging mode link three-coordinated Ag(I) to form a one- 
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dimensional swallow-like chain, which is further extended into a two-dimensional layer 

structure through inter-chain hydrogen bonding interactions. The alternating Ag(I) and 

4,4' -bipy in {[Ag(4,4'-bipy)(H20)](4-aba)0.5(NO3)o.5•(1-120)o.5}n give rise to a slightly 

distorted linear chain, which is further extended into a two-dimensional layer through the 

completely overlapping and off-set stacking interactions. The hydrogen bonds involving 

weakly coordinated water molecules and 4-abalurther extend it into a three-dimensional 

framework. In [Ag(3-abaHo.5)2],  the inter-molecular hydrogen bonding and ic-ic stacking 

interactions extend [Ag(3-abaH0.5)2] into a two-dimensional supramolecular architecture. 

In {[Ag(3-aba)].H20} , 3-aba in a 1.1 3-N, 0, 0' coordination mode links three coordinated 

Ag(I) into a two-dimensional network. Uncoordinated water molecules and adjacent S-

aba oxygen atoms form intermolecular hydrogen bonds. 

In this context the reported chemistry of the corresponding nitro isomer namely para-

nitrobenzoic acid deserves to be mentioned. 4-nbaH differs from 4-abaH in that the 

electron donating-NH 2  group is replaced by the electron withdrawing —NO2 group. Unlike 

-NH2 group which is a potential donor site, the —NO2 group lacks such characteristics. 

However the oxygen atoms of the nitro group can participate in H-bonding interactions to 

give rise to fascinating network systems. The reported chemistry of the para-nitrobenzoic 

acid (4-nbaH) clearly demonstrates the versatile bonding nature of this ligand [54-70] and 

that para-nitrobenzoate (4-nba) can support different coordination geometries. Fig, 1.4, 

depicts a few structural types of metal complexes of the 4-nba ligand [54-59]. 

An important structural feature of the reported aminobenzoate complexes is the 

identification of an extended hydrogen bonded network system [18,50]. Short H-bonding 

contacts of the type (N-H...0) are observed between a H atom of the amino group (H-

donor bond) and the 0_ atom of a coordinated water. In contrast, the nitro group is 

expected to hydrogen bond through its 0 atom rather than nitrogen. In this case, a H atom 

from a coordinated water can hydrogen bond (H-acceptor bond) to the 0 atom of the nitro 

group to form hydrogen bonds of the type 0...H-0. This has been demonstrated by a 

redetermination of the structure of the previously reported [60] complex [Co(H 20)2(4- 

nba)212H20[71]. The corresponding 4-aba complex of Co(II) is also known as a 

tetrahydrated viz. [Co(H20)4(4-aba)2] [72,73]. This complex differs from the 

nitrobenzoate, which does not contain lattice water. Other Co(II) complexes have also 
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been reported [74]. The cobalt complex of nicotinic acid derivative as well as amino 

benzoic acid namely trans-diaquobis(3-aminobenzoate-0)-bis(nicotinamide-N)Cobalt(II) 

[Co(p-02H2NC6H4C00)2(H20)4] crystallize in monomeric form with cobalt in a center 

of symmetry. All the ligands are monodentate and the 0 atoms of each water molecule 

and benzoate group form a slightly distorted square-planar coordination around the Co 

atom, which is completed to-a Jahn-teller distorted octahedron by pyridine N atoms of 

nicotinamide. [74] 

The structure of imidazole containing Co(II) complexes of benzoic acid have 

recently appeared [75]. In the case of [Co(im) 6(OBZ) 2] and [Co(im)6(MB)2] im= 

imidazole, OBZ= benzoate; MB= p-methoxy benzoate, the Co(II) ions have octahedral 

geometry with a [CoN6] chromophore. In the solid state, the complexes all form a three-

dimensional network through N-H---O hydrogen bonds. Six imidazole molecules through 

the tertiary nitrogen atom are coordinated to each Co(II) atom. 

The cobalt complexes derived from 3,5-pyridinedicarboxylic acid (PDC) deserve 

to be mentuioned. Depending upon the reaction conditions either a 2D-cobalt polymer 

[Co(PDC)(H20)] [76] or 3-D cobalt polymer [Co(PDC)(H20)] can be isolated. The 

[Co(PDC)(H20)] complex exhibits an interesting three dimensional polymeric structure. 

The [Co(PDC)(H 20)] forms three-dimensional polymeric structure. The repeating 

(monomeric) unit in polymer consists of one Co(II) metal, one PDC ligand, and one H 2O 

ligand. The repeating units are linked by the carboxylate oxygen atoms of the PDC 

ligands. The Co metal is six coordinated bonded to four carboxylate oxygen atoms from 

the three PDC ligands and one nitrogen atom from fourth PDC ligand and one oxygen 

atom from the aqua ligand. The coordination sphere of Co can be described as distorted 

octahedron. The complicated 3-D polymeric structure with multifunctional PDC unit acts 

as a bridging ligands connecting four Co metals through its two COO" group and one N 

atom. One C00 -  group chelates to one Co ions and the other C00 -  bonds to two other Co 

ions through the two oxygen atoms in a monodentate fashion. The nitrogen atom of the 

pyridine group bonds to the fourth Co metal. The size of the channel formed appears to be 

too small to accommodate even small guest molecules such as water. The water ligand is 

expected to inhibit the entering guest molecules. The shortest centroid-to- centroid 

distance between adjacent pyridyl rings (of the pyridinedicarboxylate groups) is 3.294 A, 
indicating some 7r-T interactions between layers in [Co(PDC)(H20)]. Recently the alkali- 
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earth metal complexes derive from 2-mercatobenzoic acid (H2MBA) have been reported 

[77]. In the case of the complexes derived from 2-mercatobenzoic acid (H2MBA) of Ca, Sr, 

and Ba form mononuclear complexes with the formation of extended polymeric network In 

this case the thiol group of the mercaptobenzoic acid undergoes facile oxidation to form Hr 

DTBB ligand, which then coordinates to the metal ions. While the coordination is 

exclusively through the carboxylate groups of the DTBB ligands in the case of hard metal 

ions such as Ca, and Sr the disulfide linkage also participates in the metal binding in the case 

of the softer barium ion. The binding of disulfide linkage to barium ions has been attributed 

to play some role in heavy metal poisoning by barium in physiological system [77]. 

Interestingly in this series of complexes no Mg(II) complex could be prepared and only an 

ammonium salt [(HOOCC6H4SSC6H4COOH)(HOOCC6H4SSC6H4COON'H4) could be 

isolated. 

BINUCLEAR CARBOXYLATES 

The paddle wheel structure is an important motif of dinuclear carboxylates. Most transition 

metals form compounds that adopt the 'paddlewheel' structure, where a dimetal core is 

bridged by four monoanionic p.2-i 2 carboxylato ligands [78]. The axial ligands, L, most 

commonly donor solvent molecules, are present in the vast majority of these compounds. 

With few exceptions, compounds whose formulas do not have exogenous ligands have 

structures in which the molecules form infmite chains in such a way that each molecule has 

its axial sites occupied by oxygen atoms from its neighbors. eg . Dirhodium, Rh2(TiPB)4 

where TiPB = 2,4,6-triisopropylbenzoate. With several crystal structures reported in the 

literature, dimetal tetracarboxylates comprise an important class of inorganic compounds, 

especially as this structure framework can support metal-metal bonded units, with bond 

orders of one half to four. The influence of the axial ligands on metal-metal bond lengths, 

magnetic properties and electronic structure has been the subject of many publications, yet 

cases where the dimetal unit embraced by four carboxyl groups is devoid of any kind of axial 

ligation (whether exogenous or through self-association) are extremely rare. 

One of the earliest Cr" compounds to be discovered (1844) was the acetate hydrate 

[Cr2(O2CCH3)4(H20)2]. It was long recognized as anomalous because it is red and 

diamagnetic whereas the mononuclear Cr" compounds are blue-violet and strongly 
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paramagnetic. This compound as well as numerous others of the general formula 

[Cr2(O2CR)4L 2], have the paddlewheel structure, whereas carboxylate free of donor 

ligand L tend to associate. The synthetic problem of creating a Cr2(O2CR)4 molecule 

without axial ligands was solved by Cotton [79]. The ligand employed was 2,4,6- 

triisopropylbenzoate (TiPB), which proved bulky enough to shield all of the carboxyl 

oxygen atoms from engaging- in association with neighboring molecules, and yielded a 

compound, Cr2(TiPB) 4  , this clearly indicates that the use of steric factors ( bulky group) 

on the six-membered ring can be yield newer complexes. The same strategy has been 

applied for the corresponding dinuclear Rh carboxylate and several new compixes which 

have two, one or no axial ligands have been reported by Cotton recently. [16]. 

Copper(II) forms several dinuclear carboxylates which are readily made by the 

interaction of the carboxylic acid with CuCO3. They are binuclear with four carboxylate 

bridges and have the paddlewheel structure. The Cu-Cu distance varies from — 2.24 to 

2.81A°. There is weak coupling of the unpaired electrons one on each Cu ll  ion, giving rise 

to a singlet ground state. With a triplet state laying only a few kilojoules per mole above it 

the latter state is thus appreciably populated at normal temperatures and the compounds 

are paramagnetic. At 25°C p,eff is —1.4BM/Cu atom and the temperature dependence is 

very pronounced. Phenomenologically the interaction in the dinuclear acetate and many 

other compounds with similar temperature dependences of the magnetic moment can be 

described as antiferromagnetic couplings of the unpaired spins on the adjacent Cu ll  atoms, 

without invoking any Cu-Cu bonding [40]. 

The structure of two novel binuclear nickel coordination polymers namely 

[Ni2(2,2'-biPY)2(OH)2(H2btec)13n and [Ni2(1,10'-phen)2(OH2)2(btec)] n  btec= 1,2,4,5- 

benzenetetracarboxylaic acid have been reported. The bipyridine complex exhibits a 

novel one-dimensional chainlike structure, in which the dinuclear Ni, centers are linked 

by the btec ligands. Furthermore, the adjacent chains are linked into 2-D wavelike layer 

via the strong OH---O hydrogen bonding intersections. The compound with 1,10- 

phenonthroline possesses an unusual two-dimensional steplike network with interesting 

rhobic grids. The introduction of N-donor chelate ligands into the metal sites may inhibit 

the expansion of the polymeric framework to obtain the desired low dimensional 

coordination polymer [80]. 
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TRINUCLEAR CARBOXYLATES 

Oxo-centered trinuclear structure is an important structural motif and is observed 

in several systems [40, 81]. Carboxylate complex of metals like Mn, Co, Fe, Ru exhibit a 

trinuclear structure. Manganese carboxylates can be used to prepare polynuclear Mn 

compounds to understand the intimate involVement of the metal Mn in the water 

oxidation and oxygen evolution process occurring in photosynthesis. 

Although "manganic acetate" has long been known to have the oxo-centered 

[Mn"'0(11.-02CMe)6] +  core it is often referred to as Mn(OAc)3.2H20 [82]. The trinuclear 

carboxylates can be extremely complicated and often have mixed valencies, eg., 

Mn2+,Mn3+. Oxygen centered triangles are important units found widely in the so called 

"basic" carboxylates (and some other bridging anions) of many metals for eg, Ga [83] V, 

Cr, Mn, Fe [84], Co, Ru, Rh , Jr and Pt. For the +3 state they have the general formula 

[M30(02CR)6L3 ]+  where L is a neutral ligand such as H2O or pyridine. The structure of 

all these complexes are similar consist of the oxo-centered trinuclear core. A series of 

oxo-bridged, trinuclear cluster complexes, [Fe30(02C41 -15)6(L)31 +  L= H20,pyridine, 3- and 

4- methylpyridine) have been recently reported [85] 

In the case of novel 113-oxo-bridged heterobimetallic iron(III)-manganese(II) 

carboxylate of the composition [Fe2MnO(CHC12C00)6(THF)2H20], the positional 

parameters of the various metal ions within trinuclear [Fe2MnO] 6  core were determined 

unambiguously due to their different coordination environment and hydrogen bonds 

forming between two H2O molecules coordinated to Mn ions in different clusters. In this 

complex distribution of the metal ions in trinuclear cluster is identical localished. It is 

interesting to emphasize that this complex constitutes the first example of g3-oxo-bridged 

heterotrinuclear cluster containing dichloroacetate as bidentate-bridged ligand, which is 

especially rare and is used to characterize trinuclear carboxylates.[86] 

In the crystal structure of a trinuclear iron monoiodoacetate complex 

[Fe(III)2FeR0(02CCH2D6(1120)3][Fe(III)30(02CCH2I)6(H20)3]I , there are two kinds of 

Fe30 molecules (Fe(III)2Fe(II)0 and Fe(III)30) are crystallographically indistinguishable. 

All the Fe atoms are crystallographically equivalent because of a crystallographic 
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threefold symmetry. The interesting feature of this structure is that it forms a bicpped 

trigonal antiprism structure constructed by the ion and surrounding six I atoms of 

monoiodoacetate ligands. [87] 

A recent report describes the structure of a Cu(II) complex derived from 1,3,5-

benzene tricarboxylic acid (trimeric acid TMAH3) [88]. This complex is synthesized in 

good yields from CuSO4, TMA and Imidazole (Im) and is formulated as 

[Cu3(TMA)2(1m)6(H20)].xH20. The trimeric Cu(II) complex is made up of infinite sheets 

of Cu(II) cations joined by TMA 3-  anions. In this complex two different types of 

coordination geometries [trigonal bipyramid and square pyramid] have been observed for 

Cu(II). This compound has large cavities, which hold water and is thermally stable upto 

200°C. The structure of this complex is discussed in terms of weak H-bonding 

interaction to create a three dimensional network. 

In addition to the oxo-centered trinuclear structure described above other 

trinuclear complexes derived from benzene poycarboxylic acids have been recently 

reported. A representative example of such a complex of benzene 1,2,4-tricarboxylic acid 

is [CO3(C911306)2(C10118N2)2(C10148N2)2]. This complex contains two different 

coordination environments. The two different Co are separated by distance of 5.105 A. 
One of the Co has distorted octahedral coordination geometry. It consists of a chelating 

bipyridine ligand, a chelating carboxylate group and two more carboxylate oxygen. The 

two carboxylates, which are binding through one oxygen to Co, have an ortho 

relationship on the benzene ring. It consists of two water arrange trans and four 

carboxylate groups. In the case of [Co3(O2CCH2CH2PO3)2.6H2O], cobalt carboxylate-

phosphate with an extended three dimensional structures; a frame work of trimer of edge 

sharing CoO6 Octahedral and organic species with two different fuctionalgroups, 

carboxylate and phosphoric both coordinate with metal atoms.[17] 

In the case of benzene tricarboxylic acid complexes; [M3(BTC)2.12H20] (M = Co, 

Ni, and Zn) all the metals form isostructural, trinuclear carboxylate [Co3(BTC)2.12H20] 

complexes. The structure of a zig-zag chain constructed from two symmetry in equivalent 

tetra-aqua cobalt(II) units. Two of the carboxylate units of BTC bind in a unidentate 

fashion to the symmetry-equivalent cobalt centers while the third carboxylate binds in a 

bidentate fashion to the equatorial positions third cobalt, but symmetry-equivalent and 
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distorted octahedral cobalt center and numerous hydrogen bonding interaction involving 

every remaining water and carboxylate unit in the structure to yield a tightly held 3-D 

solid having a total 56 hydrogen bonding interaction per unit other structure such as 

[Zn3(BTC)2.H20] can be similarly explained.[6] . The complex with benzene1,2,4,5- 

tetracarboxylic acid or benzene 1,2,4 tricarboxylic acid with divalent metal such as Co, 

Mn and Zn form trinuclear complex.[17]. 

In the trinuclear Cd complex, [Cd 3(trimesate)2(H20)9].2H20, a bilayer-type 

framework that is constructed from trimesic anions acting as three-metal connectors and 

Cd2+  cations acting as spacers, complex is trigonally coordinated to metal cations acts as 

node while organic ligand acts as a linear spacer. Cd +2  cation binds preferably to 

carboxylic acid in the chelate bidentate mode. This probably is of some importance 

because the chelate effect is expected to reinforce the framework stability. The 

coordnation geometry around the Cd center can be described as a distorted pentagonal 

bipyramid and distorted capped trigonal prism [89]. 

TETRANUCLEAR CARBOXYLATES 

The trifluroacetate and benzoate complex, [CuO2CCF3]4.2C6H6. [CuO2Cph]4 

complexes are tetramers with bridging carboxylates. In these complexes, four Cu atoms 

that although part of ring in themselves to form a parallelogram, rectangle or a square, 

most commonly at the vertices of a tetrahedron regular or slightly distorted. Several 

tetranuclear manganese complexes like, [Mn402(O2Cph)7(bipy)2], 

[Mn402(02Cme)7(bipy)21, [Mn402(02Cme)2(pic)2] and [Mn408C14(02Cme/ph)8(pic)2] etc. 

have been prepared by Christou et al as model for photosystem II [36]. 

Some important complexes have the formula [Be40(O2CR)6] and are formed by 

refluxing the hydroxide with carboxylic acids. These white crystalline compounds are 

soluble in organic solvents, even alkanes, but are insoluble in water and lower alcohols'. 

They are inert to water but are hydrolyzed by dilute acids; in solution they are un-ionized. 

They have the structure illustrated in Fig 2g. The central oxygen atom is tetrahedrally 

surrounded by four metal atoms [40]. 
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Most of the divalent iron oxalate compounds have a chain structure but the 

product of photoreduction of mononuclear [bipyH] [Fe iii(ox)2(H20)2] (ox=oxalate) gives a 
n- three dimensional anionic polymeric network of [Fe2II(ox)3].2 and  [Fen(bipy)3]2+ ions  

[90]. A simple oxo anion is [02Fe0Fe02] 6-  [91]. [Fe40(DPhF)6] is a tetranuclear basic 

oxo-compound in which there is a "tetrahedron" of iron atoms with an oxygen atom at its 

center; two opposite Fe- Fe edges are doubly bridged by formamidinate ligands, another 

two opposite edges are strongly bridged and the remaining two edges are unbridged [92]. 

This type of structure is somewhat related to that of basic beryllium acetate. 

Platinum(II) acetate has quite a different structure without Pt-Pt single bonds. The 

acetate acts as a bridging ligand and each Pt ion is tetra coordinated. A similar compound 

with a tetra bridged structure is [Pt2(IA-form)4] where form is N,N- bis(p-tolyformamidate) 

[93]. In [Pt(OAc)2]4 the acetate ligands in the plane of the Pt4 cluster are labile while those 

perpendicular to it are inert to substitution. Thus, reaction with ethylenediamine (en) 

gives [Pt4(1-0Ac)4(en)4 4+  with chelating en ligands [94]. 

Although Pdll  and Pt" are generally viewed as having low affinity for oxygen 

donors, in the latter case there are notable exceptions. Palladinum(II) acetate, one of the 

most important palladinum compounds, is used as the source for the Pd compounds and 

has been greatly studied in a wide variety of Pd catalysed reactions of organic 

compounds. It is readily obtained by dissolving Pd in acetic acid containing some 

concentrated HNO3 and forms brown crystals. It acts somewhat like [Hg(02CMe)2] and 

[Pb(02CMe)4] in attacking aromatic hydrocarbons electrophilically in acidic media, 

although in acetic acid it will attack, the -CH 3  group of toluene. The complex dissociates 

in hot benzene. 

POLYNUCLEAR CARBOXYLATES 

Polynuclear complexes are an important class of carboxylates which lead to 

supramolecular assemblies having unprecedented porosity. In the heptanulear Ni complex 

eg. [Ni7(C4H404)6(OH)2(H20)212H20, the Ni atoms are octahedrally coordinated to 

oxygen atoms with bond length between 2.006 and 2.110 A and 0-Ni-0 angle ranging 

from 78.7 to 102.6°  . The nickel succinate presents a remarkable 3D Ni-O-Ni frame work 
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with porosity and high thermal stability, demonstrating that multidimensional M-O-M 

frame works offer advantages in several respect compared to metal-organic compounds 

based on isolated metal atoms or cluster [97]. The decanuclear Co cobalt complexe 

[Coio(OH)6(Chp)6(0-MeBz)7 (n-C311 70H)5] [0-MeBz]and[Colo(OH)6(m-tbhp)6(p-uBz)8 

(Hm hp)2(mhp)]where chp = 2-chloro-6-pyridonate, MeBz = 2-methylbenzoate, mhp = 2- 

methy1-6-pyridonate, Hmhp = 2-methyl_6-hydroxypyridine, p-tBuBz = 4- 

tertbutylbenzoate, have been reported In the methyl benzoate complex, the cobalt ions 

forma centered tricapped-trigonal prism.[98]. Cobalt forms the hexanuclear complex 

[Co6(OH)2(L)10] where L = phenyl cinnamate with phenylcinnamic acid under 

hydrothermal process, this compound consist of two edge-sharing octahedral {Co06} and 

four tetrahedral {Co04} units linked through IA-hydroxide ions. The complex reveals the 

formation of a hexanuclear cluster made up of two octahedral and four tetrahedral Co(Il). 

Co exhibits a slightly distorted octahedral geometry [30]. In the polynuclear complexes 

[Co804(O2Cph)12(DMF) 3(H20)] and [C0804(02Cph)12(meCN)3(H20)]. The structure is 

extremely unusual and contains [Co804] 12+  core possessing trigonal pyramidal geometry 

with cobalt metal at the apices. The structure itself is remarkable for a molecular species 

and shows that even an oxide bridging three tripositive Co centers retains enough basicity 

to bind to a fourth Co ion. [99]. Other example is [Co804(OH)4(O2CMe)2L2] (C104) L = 

1,2-bis(22-bipyridy1-6-ypethane [100]. 

Copper (I) carboxylates have varied structure. The acetate that is obtained as 

white air sensitive crystals by reduction of Cu ll  acetate by Cu in pyridine or MeCN has a 

planar chain structure. By contrast the trifluoracetate [CuO2CCF3]4.2C6H6, and benzoate 

[CuO2CPh]4  complexes are tetramers with bridging carboxylate ligands. Oxo-centered 

complexes can have 124- tetrahedral oxygen in the center of a tetrahedron of divalent metal 

atoms as in [M40(02CMe)6] or in clusters. The best known complex is the Be complex 

which has already been described. Zn II  and Coll  analogues are also known. Iron and Mn 

complexes [95], for example, [Fe ii140(02CM010], also have p,4-0, and higher oxo iron 

polymers may have trigonal bipyramidal coordination as in [Fe50(02CMe)12] ±, or a 

square-planar oxide bridge as in [Fe8(1.14-0)(13-0)4(0Ac)8(tren)4] 6+[96]. Other 

multinuclear oxo species are known, example being [Mn1004(biphen)4C112] 4-  that has 

mixed valencies. This complex contains 4Mn III  and 6MnII  ions with a single 1.14-oxo 

ligand. 	
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IMPORTANCE OF ALKALI-EARTH METALS IN BIOMOLECULES 

The alkaline earth metals Be, Mg, Ca, Sr and Ba form stable compounds in the +2 

oxidation state. The chemistry of Be differs considerably from that of its heavier 

congeners. The metals Mg and Ca are important form a biological point of view owing to 

their widespread occurrence in nature as well as their important biological role. Calcium 

present in the teeth, bones, shells etc is an essential biological material [101]. It is 

necessary for the action of extracellular enzymes, and it participates in many regulatory 

processes. Mg generally prefers hexacoordination and [Mg(H20)6] 2+  is an often 

encountered constituent of many Mg complexes. Mg because of its high charge/radius 

ratio and consequent strong hydration as [Mg(H20)6] 2+  plays biological roles that are very 

different from those of Ca. Mg also has a unique role in the plant kingdom as the central 

metal atom of chlorophyll. Thus Mg and Ca are biologically essential elements and it has 

been suggested that these elements were in fact involved in some of the earliest form of 

life. The Mg ion helps to stablise the three-dimensional structure of ribonucleic acid 

(RNA) and deoxyribonucleic acid (DNA) and is thus crucial to the proper function of 

genetic machinery of the cell. A large number of model complexes containing Ca and Mg 

have been prepared as probes to elucidate the mode of binding of these metals [102]. 

In the case of aspartate and glutamate, the side chains are unique among the 20 

amino acids, in regard to possessing carboxylate groups that can bind the metal cation 

either in a monodentate mode (via one of the carboxylate 0 atom) or bidentately (via both 

carboxylate 0 atoms). In most of the cases, water molecules have a crucial role in 

stabilizing the monodentate carboxylate binding mode of water rich Mg complexes, 

whereas the peptide backbone have a role in destabilizing the monodentate carboxyalte 

binding mode of the 'drier' and bulkier Ca complexes. In the case of monodentate, the 

key factor in determining the carboxylate-binding mode is the availability and type of 

interaction between the metal-free carboxylate 0 atom and its neighbors. But in contrast 

the absence of such interaction, the bidentate carboxylate mode is inherently more stable 

than its monodentate counter part, although the energy difference between the two is 

relatively small. The metal size also indirectly influences the carboxylate-binding mode. 

The smaller metal favor monodentate carboxylate bite it prefer to binding to water 

molecules. Mg(II) cation is much smaller ionic radii (0.72A) as compared to other metals. 

It is harder to solvate hence it prefers monodentate carboxylate binding. However when 
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the partial positive charge on the metal is reduced by incorporation charged ligand into 

the complex, the role of direct metal-carboxylate interaction determining the carboxylate 

binding mode diminishes, the giving more weight to other factors, such as first/second 

shell ligand-carboxylate interaction, in determining the carboxylate-binding mode [103] 

cc-Hydroxy acids play. an important role An many biological processes. Lactic and 

mandelic acid are the most important members of the series. Apart from this biochemical 

relevance, mandelic acid derivatives are components of a variety of pharmaceutical 

formulations. Mainly bacteriostatic and bacteriocidic agents for the rhenal tract and gall 

bladder, in ophthalmology, and in spasmolytic or in antirheumatic drugs. In body fluid 

with neutral or only slightly acidic or basic pH, mandelic acid is present largely in the 

form of its salts with the ubiquitous alkali or alkaline earth cation. These metals are also 

held responsible for the transport of carboxylate substrates through membranes and are 

co-catalyst for their metabolism. The alkali, ammonium and strontium salts are 

anhydrous, calcium and barium salts are monohydrates while magnesium form dihydrate 

complex. It is interesting to note that Mg(11) form dihydrate complex with mandelic acid, 

it is one of the few examples where magnesium is fully chelated by biologically relevant 

ligands [104] trast, in magnesium amino, nitro aspartate, the ligands are either mono-

dentate anions, appear as free carboxylate anions for the [Mg(H20)6] 2+  diction or form 

bridges between the metal atoms to generate a coordination polymer. 
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CHAPTER 2 

SCOPE OF THE PRESENT WORK 

The synthesis of metal-carboxylates can be accomplished in a variety of ways. In 

recent years, hydrothermal as well as solvothermal methods are increasingly being used 

by many researchers for the synthesis of novel carboxylate complexes [1]. In hydro or 

solvothermal method a metal salt and carboxylic acid are reacted at high temperature and 

pressure in aqueous medium (hydrothermal) or in the presence of a structure-directing 

agent, which is usually an amine. These reactions lead to very unusual products which 

exhibit novel as well as interesting structural features as discussed in the earlier chapter. 

Although these reactions are useful for the synthesis of newer materials, one drawback of 

these reactions is the unpredictability of the final product. In addition the special 

equipment needed like Teflon vessels, steel autoclaves, controlled temperature ovens etc. 

makes this method more expensive and also beyond the reach of many laboratories. In 

spite of these disadvantages the hydrothermal (or solvothermal) method is slowly 

emerging as an important synthetic route for the preparation of newer complexes, as 

phase pure products can be obtained in reasonably good yields. In this context, it is to be 

noted that conventional synthetic methods done under atmospheric pressure, room or 

elevated temperatures are still sought after by many research groups in view of the simple 

and inexpensive nature of these reactions which require routine reaction vessels. It is to 

be pointed out that irrespective of the type of the reaction, the nature of the metal-

carboxylate product depends on the choice of the metal source as well as the source of 

carboxylate. Thus these reactions can be investigated by changing the type and nature of 

metal source as well as the carboxylic acid with a view to isolate newer products. 

In this research investigation, simple synthetic strategies were opted for the 

convenient synthesis of metal-carboxylates using readily available starting materials. It 

may be noted that several reported extended network systems derived from carboxylates 

have been assembled under hydrothermal conditions. It is of interest to develop synthetic 

methods for the construction of carboxylate network complexes under ambient 

conditions. In this context, it is well known that the formation of the product in any 
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synthetic transformation is quite dependent on the choice of the metal source as well as 

the source of carboxylate. The course of the reaction can be dictated by a suitable choice 

of starting materials as well as the solvent system. In other words, the reactions are 

amenable to changes in the type and nature of metal source as well as the carboxylic acid 

and also the ancillary ligands. 

A common method of carboxylate synthesis is •  by reacting a metal carbonate with the 

carboxylic acid. A general reaction of this type can be represented as shown below: 

MCO3 + 2 carboxylic acid 	> M(carboxylate) 2  + H2O + CO2 (2.1) 

where M is a bivalent metal 

Another way to obtain the carboxylate product is by using a soluble metal salt for e.g., a 

metal chloride and reacting it with the carboxylic acid in the presence of mild base like 

sodium bicarbonate. This-  reaction can be shown as below: 

MC12 + 2 carboxylic acid + 2 NaHCO3  ----> M(carboxylate)2 + 2 NaC1 + H2CO3 (2.2) 

Instead of NaHCO3  other bases like NH4OH, Na2CO3, NaOH etc. can also be used. By 

changing the reaction stoichiometry the synthesis of [M(carboxylate)Cl] can also be 

visualized in the above reaction. Depending upon the solvent used the carboxylate 

product may also contain same solvent molecules for example water. The use of sodium 

carbonate in the above reaction with the soluble metal chloride will result in the formation 

of the insoluble metal carbonate if the carbonate is added prior to the addition of the 

carboxylic acid. The freshly formed insoluble carbonate will then react as in equation 2.1 

to give a carboxylate product. The advantage of this method lies in the fact that the 

freshly prepared carbonates are normally more active than the commercial carbonate. An 

added advantage of this method is that the reaction stoichiometry can be exactly 

maintained, as the soluble metal chloride salts are available in a state of high purity 

commercially, unlike the carbonate, which can contain small amounts of hydroxide. It has 

already been demonstrated by us that the insoluble nature of the heavy metal carbonate 

can also be advantageous in metal-carboxylate synthesis. A slight excess of the heavy 

metal carbonate can be used in the reaction to ensure complete consumption of the 
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carboxylic acid and the excess insoluble carbonate can be filtered before product isolation 

as observed in the case of cobalt, magnesium etc [48]. It is to be noted that in synthetic 

inorganic chemistry, the sequence of addition of the reagents is a very important factor 

and the product formation depends very much on it. In the present work, the reaction of 

alkali-earth metal carbonate or chloride with substituted benzoic acid in a 1:2 mole ratio 

in water has been investigated. The methodology thus developed was then tried for 

transition metal carbonates with a view to develop a general method. The choice of these 

reagents is due to their ready availability and also due to the fact that the use of the metal 

carbonate precludes the use of a base, as the metal carbonate is itself basic enough to 

deprotonate the carboxylic acid. In view of the ready availability and also the inexpensive 

nature of metal carbonates as well as metal chlorides, these have been our natural choice 

for the metal sources. The reaction sequences investigated in the present work are 

schematized in Scheme 2.1. 

Other methods of metal-carboxylate synthesis can be i) by direct reaction of a 

metal with the carboxylic acid ii) by carboxylate exchange iii) by reaction of metal 

acetylactonates with the carboxylic acid iv) solid state synthesis etc. For example the 

reaction of a metal-acetate with benzoic acid can result in the formation of metal-

benzoate and acetic acid. In general, it is to be noted that the final product obtained 

depends on many factors like the nature of the metal source, the nature of carboxylate 

source, the basicity of the metal source, the acidity of the carboxylic acid, solvent 

medium, reaction time etc. The solubility of metal acetylacetonates in organic solvents 

offers a way to explore carboxylate synthesis in organic media. 

A report has appeared on the synthesis and structural characterization of alkaline 

earth aminobenzoates [47, 50]. In this work metal chlorides have been used as the alkali 

earth metal source, 2 and 4-aminobenzoic acid in presence of ammonia as the carboxylate 

to model the coordination behavior of natural amino acids to biologically relevant metal 

ions. An important point observed in this investigation was that Mg forms a simple 

insoluble anthranilate [Mg(anthranilate) 2] while structurally different aminobenzoates 

which feature interesting network structures were obtained with other metals [47]. 
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Acids : 

4-nbaH = Para-nitrobenzoic acid; 3-nbaH = Meta-nitrobenzoic acid 

2-nbaH = Ortho-nitrobenzoic acid; 4-abaH = Para-aminobenzoic acid 

3-abaH = Meta-aminobenzoic acid; 2-abaH = Ortho-aminobenzoic acid 

3,5 -dnbaH = 3, 5 Dinitrobenzoic acid 

Metal Salts used: MCO3 and MCi2  (M=Mg, Ca, Sr, Ba and Co) 

Scheme 2.1 

In view of the known fact that a stable hydrated [Mg(H20)6] 2+  octahedral cation exists in 

several Mg complexes [105] and the inability to characterize this in magnesiun 

anthranilate it was decided to reinvestigate these reactions by using MgCO3 the metal 

source. 

We have recently shown that the elusive [Mg(H20)6] 2+  octahedral cation in the 

anthranilate complex, can be readily obtained in good yields by using magnesium 

carbonate as the metal source [48]. However this complex is not as stable as the 
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corresponding para-aminobenzoate and undergoes slow decomposition resulting in the 

formation of the anhydrous product. This difference in stability has been attributed by us due 

to the orientation of the amino group with respect to the carboxylic functionality in the 

benzene ring. Interestingly the para isomer can be dehydrated and rehydrated. In other words 

an important property of this compound is its ability to undergo reversible dehydration. 

Keeping in mind the possible use of such a property for applications like water-sensor we 

have done the reversible hydration reactions in a few other systems. 

A careful examination of the earlier reported results also reveals that the alkali metal 

anthranilate complexes of Ca, Ba and Sr exhibit nearly identical 13C NMR chemical shifts 

although the three compounds differ in their solid-state structure [47]. Further, in the reported 

NMR data the assignments of the chemical shifts appear to be incorrect. It will be of interest 

to have a fresh look into the NMR spectra, as it appears based on the available literature data 

that the synthesized complexes have a very nearly similar solution structure unlike the 

differing solid-state structures, which have been already reported. The difference in solid-

state structure has been explained in terms of the hard-soft characteristics of the metal as well 

as the aminobenzoate [47]. 

In synthetic chemistry, the formation of the metal-carboxylate product depends on 

several factors. The basicity of the metal source and the acidity of the carboxylic acid are two 

important considerations, which dictate the course of the reaction. In the context of the 

reported work available on metal-aminocarboxylates, it will be of interest to study the 

complex formation using nitrocarboxylic acids. In this case the isomeric nitrobenzoic acids 

can be chosen as they contain a nitro group which influences the acidity of the acid 

depending on its dispositioning in the six-membered ring with respect to the carboxylic acid. 

The structures of the amino and nitrobenzoic acids have already been presented in the earlier 

chapter. In 2-nbaH the nitro group is disposed at an angle of 60 °  while in the para isomer the 

nitro group is trans to the carboxyl functionality. In the meta isomer the nitro group makes an 

angle of 120°  with respect to the -COOH group. 

Further the nitro group —NO2 (electron withdrawing), which contains an N 

site, is known to be a very weak donor unlike the amino group —NH2 (electron donating). The 

presence of oxygens in the nitro group instead of the H atoms of the amine can also influence 

the H-bonding interactions albeit differently. The differing nature of the amino 
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and nitro carboxylates can be discussed in terms of the structural features of the 

complexes. An important structural feature of the reported aminobenzoate complexes is 

the identification of an extended hydrogen bonded network system [18,47,50]. Short H-

bonding contacts of the type (N-H...0) are observed between a H atom of the amino 

group (H-donor bond) and the 0 atom of a coordinated water. In contrast, the nitro group 

is expected to hydrogen bond- through its 0 atom rather than nitrogen. In this case, a H 

atom from a coordinated water can hydrogen bond (H-acceptor bond) to the 0 atom of 

the nitro group to form hydrogen bonds of the type 0...H-0 as shown in scheme 2.2. 

H" 	H
s\  

H H 

a) H —donor bonds between 4-aba and 
H2O 

, ,O, 

b) H-acceptor bonds between 4-nba and 
H2O 

(Scheme 2.2) 

This effect has been observed in the case of the hydrated cobalt-para-

nitrobenzoate complex (Chapter 4). In this complex, the H-acceptor bonds between the 0 

atom of the -NO2 of the aromatic acid and the H atom from coordinated water molecules 

can give rise to an unprecedented hydrogen bonded supramolecular network. The 

nitrobenzoic acid complexes reported in the literature offer an interesting diverse group of 

compounds wherein it has been shown that the nitrobenzoate can function as a 

monodentate or as a bidentate ligand as already discussed in the earlier chapter. An 

investigation of such compounds will be useful to compare the chemistry of the 

aminocarboxylates with the corresponding nitrocarboxylates. The study of infrared 

spectra of such systems can further lead to the identification of characteristic signatures, 

which can be assigned to a particular structural type. 
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The anthranilate complexes reported in the literature exhibit interesting 

supramolecular structures, which are stabilized by weak H-bonding interactions. It will be 

of interest to see if such structural motifs can be modified by using other coligands that 

have donor properties. For this work the N-donor ligand, imidazole is a good choice as 

imidazole has N-donor sites and also it is biologically relevant in view of the fact that the 

imidazole portion is a component of the important aminoacid histidine. For comparative 

study, substituted imidazoles like benzimidazole, 2-methylimidazole can also be used. It 

may be noted that the use of N-donor diamine ligands with the related oxodonor systems 

like diketonates has been shown to result in the formation of complexes, which have 

interesting material characteristics [106]. A study of the imidazole coordination in the 

amino as well as the nitro-substituted carboxylic acids promises a rich chemistry. Some 

reactions have been designed keeping this point in mind and the details are presented in 

the later chapters. 
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CHAPTER 3 

EXPERIMENTAL DETAILS 

3.1 GENERAL CONSIDERATIONS: 

All the reactions were carried out in air, unless specified otherwise. Distilled water 

was used as solvent in all the reactions. Analytical grade or HPLC grade solvents 

were used in the preparation and characterization of complexes. Metal salts, 

substituted benzoic acids and other reagents were used as purchased. The starting 

materials and reaction products are air stable and hence were routinely prepared 

under normal laboratory conditions without any special precautions. (Caution! 

aminobenzoic acids are known to be carcinogenic and care should be taken while 

handling them). The infrared spectra of the samples were recorded on a Shimadzu 

(model 8101A) and Perkin Elmer (model Paragon) FTIR spectrometers. The 

samples for the infrared spectra were diluted in solid KBr and then pressed as 1 

cm dia pellets. The infrared bands were referenced to polystyrene bands. The 

electronic spectra were recorded in methanol or water using matched quartz cells 

on a Perkin Elmer (model Lambda 12) spectrophotometer. The pH of the solutions 

were determined using short range pH paper as well as electronic pH meter 

(Model PHAN, Lab India). 111 and 13C NMR spectra of the synthesised samples 

were recorded (in DMSO-d6 or D20 as solvent) on a Bruker 300 MHz instrument 

at the National Institute of Oceanography, Dona Paula, Goa and from University 

of Gottingen, Germany. Thermal decomposition studies were performed in an 

electric furnace (Newtronic) fitted with a temperature controller. X-ray powder 

diffraction data were collected on a Philips Holland PW-3710 diffractometer using 

Cu-Ka radiation at the University Science Instrumentation Centre (USIC), Shivaji 

University, Kolhapur and , on X-ray diffractometer, system APD 2000, Ital 

structures (Italy) at Goa University. TG-DSC studies of complexes were 

performed on a NETZSCH STA 409 PC/4H(Luxx) instrument. Apart from this 

TG-DTA traces of some complexes were recorded in air atmosphere in the 
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temperature range of 20-1000 °C on a NETZSCH simultaneous thermal analyses 

apparatus at Universitat Dresden. A heating rate of 10 °C/min was chosen for all 

measurements. The 4-nitrobenzoicacid (4-nbaH) content of the synthesized 

complexes were estimated on Merck-Hitachi and Thermo Separation /Spectra-

series HPLC instruments 

3.2 SYNTHESIS OF MAGNESIUM-CARBOXYLATES: 

3.2.1 Preparation of [M01120)6](2-aba)2.2H20 

Method I 

Recrystallized anthranilic acid (2-abaH) (2.74 g, 20 mmol) was taken in water 

(-50 mL) and heated on a steam bath. MgCO3 (0.84 g, 10 mmol) was slowly 

added to the hot solution of the acid with continuous stirring till the effervescence 

of carbon dioxide ceases. A small amount of MgCO3 was added to the reaction 

mixture to check for the completion of reaction. A slightly brown coloured 

solution containing a small amount of insoluble material was obtained. To this, 

activated charcoal (-2 g) was added and the reaction mixture was stirred for — 5 

min. The hot reaction mixture was filtered and the black residue was washed with 

hot water (5 mL). The clear, colourless filtrate was kept aside for crystallization. 

After 3-4 days, the solution becomes pale yellow coloured and big blocks of 

colourless crystals were obtained. The crystalline product was filtered and washed 

with cold water followed by alcohol and ether. Yield: 3.31 g (75 %). 

Anal. Found (calcd) for C14H28MgN2012 : Mg 5.21 (5.52); MgO 8.31 (9.15) % 

MgCO3 + 2 (2-abaH) 	 [Mg(H20)6](2-aba)2.2H20 + CO 2T 

H2O 

Method II 

Mg(OAc)2.4H20 (1.07 g, 5 mmol) and recrystallized 2-abaH (1.37 g, 10 mmol) 

were dissolved in 20 mL of water and methanol mixture (1:1, v/v). The reaction 

was carried out at room temperature. The reaction mixture was filtered and kept 

aside for crystallization. After 2-3 days, colourless crystals were obtained. The 

crystalline product obtained was filtered and washed with little ice-cold water 
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followed by iso-propylalcohol (5 mL) and ether (5 mL). The infrared spectrum of 

the compound obtained in this method was identical to that obtained by method I. 

Yield: 1.44 g (65 %) 

Anal.  Found (calcd) for C14H28MgN2O12: Mg 5.21 (5.52); MgO 8.31 (9.15) % 

Mg(0A02  .4H20 + 2 (2-abaH) R.T. [Mg(H20)42-aba)2.2H20 + 2 CH3COOH 

H2O 

3.2.2 Preparation of [Mg(2-aba)2] 

Method I 

Ortho-aminobenzoic acid (2-abaH) (2.74 g, 20 mmol) was taken in water (50 mL) 

and heated on a steam bath. MgCO3 (0.84 g, 10 mmol) was slowly added to the 

hot acid solution with continuous stirring till the effervescence of carbon dioxide 

ceases. A slightly coloured solution containing small amount of insoluble 

powdery material was observed in the solution. To this solution, activated 

charcoal (-2 g) was added, and the hot reaction mixture was filtered. The clear, 

colourless filtrate was concentrated on the steam bath and the heating continued 

for —1h. This resulted in the formation of a very fine white powdery material. The 

compound was filtered, washed thoroughly with water, followed by alcohol and 

ether and dried in air. The compound is insoluble in water and other common 

organic solvents. Yield: 2.08 g (70 %) 

Anal.  Found (calcd) for C14H12MgN2O4: Mg 8.11 (8.20); MgO 13.38 (13.59) % 

MgCO3 + 2 (2-abaH ) 	A 	[Mg(2-aba)2] 

100°C 

Method H 

Freshly prepared crystals of [Mg(H20)6](2-aba)2.2H20 (1.00 g) were taken in a 

crucible and heated for an hour on a steam bath The transparent crystals on 

heating crumbled into an opaque fine powder. The crucible was cooled and the 

resultant opaque powdery sample (0.675 g) formed, was insoluble in water. The 
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powdery material was washed thoroughly with water, followed by alcohol, ether 

and dried in air. The yield was nearly quantitative. The infrared spectrum of this 

compound is identical to that of compound obtained by method I. 

Anal. Found (calcd) for C1all12MgN204: Mg 7.91 (8.20); MgO 12.51 (13.59) % 

[Mg(H20)42-aba)2.2H20 	0 	[Mg(2-aba)2] 

100°C 

Method HI [471 

Ortho-aminobenzoic acid (2—abaH) (2.74 g, 20 mmol) was dissolved in mixture 

of CH3OH (20 mL) and 25 % aq. NH3 (15 mL). MgC12 .6H20 (2.033 g, 10 mmol) 

in water (10 mL) was added to the above solution. The resultant mixture (pH-10) 

was stirred for 1 h at 25°C and subsequently evaporated to dryness. The 

voluminous white solid obtained was washed with water (5 mL), followed by 

alcohol, ether and dried in air. Yield: 1.92 g (65 %) 

Anal. Found (calcd) for C14H12MgN2O4:  Mg 8.04 (8.20); MgO 13.45 (13.59) % 

MgC12 .6H20 + 2 (2-abaH) NH3 	[Mg(2-aba)2] + 2 NH4C1 

H20/CH3OH 

3.2.3 Hydration studies of [Mg(H20)6J(2-aba) 2.2H20 

A powdered sample of [Mg(H20)6](2-aba)2.2H20 (0.500 g) was taken in a silica 

crucible and heated on water bath. The transparent crystalline sample on heating 

crumbled into fine powder. The crucible was cooled and the resultant sample 

(0.3363 g) was equilibrated over water in a dessicator for 24 hours. There was no 

weight increase and this resulted in the isolation of anhydrous product only, unlike 

[Mg(H20)6](4-aba)2.2H20. The final product was analyzed and found to be 

[Mg(2-aba)2]. 

Anal. Found (calcd) for C141112MgN204: Mg 8.14 (8.20); MgO 13.28 (13.59) % 
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3.2.4 Attempted synthesis of [Mg(3-aba)2.xH 20] 

Meta-aminobenzoic acid (3-abaH) (2.74 g, 20 mmol) was taken in water (-30 

mL) and heated on a steam bath MgCO3 (0.84 g, 10 mmol) was slowly added to 

the hot solution of the acid with continuous stirring till the effervescence of 

carbon dioxide ceases. The reaction mixture, which has a slight brown colour, was 

filtered and the clear filtrate left aside for crystallization. After a few days the 

reaction mixture became viscous containing tarry mass and no crystalline material 

could be obtained. Repeated attempts to isolate solid material were not fruitful. 

3.2.5 Preparation of IM01120)6J(4-aba)2.2H20 

Method I 

Para-aminobenzoic acid (4-abaH) (2.74 g, 20 mmol) was taken in water (30-40 

mL) and heated on a steam bath. MgCO3 (0.84 g, 10 mmol) was slowly added to 

the hot solution of the acid with continuous stirring till the effervescence of 

carbon dioxide ceases. A small amount of MgCO3 was added in excess to check 

for the completion of the reaction. The clear solution with small amount of 

insoluble residue was filtered and the clear filtrate kept aside for crystallization. 

After 4-5 days, light brown coloured crystalline compound was obtained. The 

product was filtered, washed with little ice-cold water and dried in vacuo. Yield: 

3.30 g (75 %) 

Anal. Found (calcd) for C14H28MgN2012: Mg 5.33 (5.52), MgO 8.21 (9.15) % 

MgCO3 + 2 (4-abaH) 	A 
	

[Mg(1420)45](4-aba)2 .2H20 + CO21.  

H2O 

Method II MI 

Para-aminobenzoic acid (4—abaH) (2.74 g, 20 mmol) was dissolved in CH3OH 

(20 mL) and 25 % aq. NH3 (15 mL). A solution of MgC12.6H20 (2.03g, 10 mol) in 

water (10 ml) was added to the above solution. The resultant mixture (pH-10) was 
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stirred for 1 h at 25 °C and subsequently evaporated to dryness. The brownish solid 

obtained was dissolved in H20/CH3OH (20 mL) and concentrated to half its initial 

volume and left standing for crystallization. After 3 days light brown coloured 

crystalline compound was obtained. The product was filtered, washed with little 

ice-cold water and dried in vacuo. Yield: 2.86 g (65 %) 

Anal.  Found (calcd) for C14H28MgN2012: Mg 5.41 (5.52). MgO 8.81 (9.15) % 

MgC12.6H20 + 2 (4-abaH) NH3 	[Mg(H20)6](4-aba)2.2H20 + 2 NH4C1 

H20/CH3OH 

3.2.6 Preparation of [Mg(4-aba)2] 

A powdered sample of freshly prepared [Mg(H20)6](4-aba)2.2H20 (500 mg) was 

taken in a previously weighed silica crucible and heated on steam bath for 30 

min. The crucible was cooled over silica gel in a dessicator and weighed. This 

resulted in the formation of the anhydrous compound (335 mg). The infrared 

spectrum of the compound was quite different from that of the starting material 

indicating the formation of new compound. Further the decrease in weight 

corresponded to the loss of eight moles of water. The product thus obtained 

analyzed satisfactorily. 

Anal.  Found (calcd) for Ci4H12MgN204: Mg 8.03 (8.20); MgO 12.92 (13.59) % 

[Mg(H20)6](4-aba)2.2H20 	A 	[Mg(4-aba)2] 

3.2.7 Reversible hydration of MOH20)61(4-aba)2.2H20 

A powdered sample of [Mg(H20)6](4-aba)2.2H20 (0.400 g) was taken in a silica 

crucible and heated on steam bath for about 30 min. The crucible was cooled and 

the resultant sample (0.247 g) was equilibrated over water in a dessicator for a 

day. This resulted in the isolation of 398 mg of the starting material i.e. 

[Mg(H20)6](4-aba)2.2H20. In order to rule out the possibility of external moisture, 
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the crucible was dried over silica gel in a dessicator for about 2 h. No weight loss 

was observed. The infrared spectrum of the final product is identical to that of the 

starting material. 

Anal.  Found (calcd) for C14H28MgN2012: Mg 8.03 (8.20); MgO 8.93 (9.15) % 

[Mg(H20)6](4-aba)2.2H20 	A 	[Mg(4-aba)2] 

H2O 

3.2.8 Preparation of IMOH20)61(2-nba)2.2H20 

Method I 

Ortho-nitrobenzoic acid (2-nbaH) was prepared by oxidation of ortho-

nitrobenzaldehyde with hydrogen peroxide, and recrystallized from alcohol. 2- 

nbaH (3.34 g, 20 mmol) was taken in water (— 20 mL) and heated on a steam bath. 

MgCO3 (0.84 g, 10 mmol) was slowly added to the hot solution of the acid with 

continuous stirring till the effervescence of carbon dioxide ceases. The insoluble 

MgCO3 slowly dissolved on heating, with evolution of carbon dioxide. A small 

amount of MgCO3 was added in excess to the reaction mixture to ensure complete 

reaction. The hot reaction mixture was filtered and the clear filtrate was left 

undisturbed for crystallization. The pH of the reaction mixture was almost neutral. 

After 6-7 days the pale yellow coloured crystalline compound thus obtained was 

filtered of washed thoroughly with a very little cold water (1 mL) and then with 

ether and dried in vacuo. The complex thus obtained is slightly soluble in water 

and in other organic solvents such as methanol, ethanol, DMF etc. Yield: 3.65 g 

(73.0 %) 

Anal.  Found (calcd) for C14H24MgN2016 : Mg 4.79 (4.86); 2-nbaH 65.27 

(66.78); MgO 8.13 (8.05) % 

MgCO3 + 2 (2-nbaH ) A 	[Mg(H20)6](2-nba)2.2H20 + CO21' 

H2O 
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Method II 

Ortho-nitrobenzoic acid (2-nbaH, 20 mmol) was generated in situ by using ortho-

nitrobenzaldehyde (3.02 g) and H202 (10 mL). MgCO3 (0.84 g, 10 mmol) was 

added to the above solution. The insoluble MgCO3 slowly dissolved on heating 

with the evolution of carbon dioxide resulting in the formation of a clear solution, 

whose pH is almost neutral. The reaction mixture was filtered and left undisturbed 

for crystallization for 5-6 days. A pale yellow coloured crystalline compound thus 

obtained was filtered off, washed with little cold water (-- 1 mL) and then with 

ether and dried in vacuo. The complex thus obtained was soluble in water and in 

other organic solvents like methanol, ethanol and DMF. Yield: 3.60 g (72 %) 

Anal.  Found (calcd) for Ci4H24MgN2016: Mg 4.77 (4.86); 2-nbaH 65.15 (66.78); 

MgO 8.21 (8.05) % 

MgCO3 + 2 (2-nbaH) 	A 	[Mg(H20)6](2-nba)2.2H20 + CO21' 

H2O 

Method III 

An aqueous solution of sodium bicarbonate (1.68 g, 10 mmol) in water (20 mL) 

was added to ortho-nitrobenzoic acid (2-nbaH) (3.34 g, 20 mmol) to obtain the 

sodium salt of the carboxylic acid. Into this an aqueous solution of MgC12.6H20 

(2.03 g, 10 mmol) in water (10 mL) was slowly added under stirring. The reaction 

mixture was heated on a steam bath for about few minutes, resulting in the 

formation of clear solution, whose pH is almost neutral. The reaction mixture was 

filtered and kept undisturbed for crystallization. After 5-6 days a pale yellow 

coloured crystalline compound was obtained. The compound was filtered, washed 

with little cold water and then with ether and dried in vacuo. The complex thus 

obtained was soluble in water and in other organic solvents such as methanol, 

ethanol and DMF. Yield: 4.25 g (82 %)' 

Anal.  Found (calcd) for C14H24MgN2016 : Mg 4.80 (4.86); 2-nbaH 66.13 (66.78); 

MgO 8.11 (8.05) % 
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MgC12.6H20 + 2 (2-nbaH) + 2 NaHCO3 A 	[Mg(H20)6](2-nba)2.2H20 

H20 	+ 2 NaC1 + 2 CO2T 

3.2.9 Preparation of [Mg(H20)6](3-nba)2.2H20 

Method I 

Meta-nitrobenzoic acid (3-nbaH) (3.34 g, 20 mmol) was taken in 50 mL water. To 

this slurry, MgCO3 (0.84 g 10 mmol) was added. The reaction mixture was then 

kept for heating on steam bath till all the effervescence of carbon dioxide ceases. 

When all acid reacted, no effervescence of carbon dioxide was observed, 

indicating the completion of reaction. The clear solution (pH — 6.9) thus obtained 

was further treated with a little excess of MgCO3 to check for effervescence and 

the completion of the reaction. When no more effervescence was seen in the 

reaction mixture, the un-reacted MgCO3 was filtered and the clear filtrate was left 

undisturbed for crystallization. After about 1-2 days, a white spongy crystalline 

compound thus obtained was filtered oil washed thoroughly with a little cold 

water (5 mL) and then with ether and dried in vacuo. The complex thus obtained 

is slightly soluble in water and in other organic solvent such as methanol, ethanol, 

DMF etc. Yield: 3.85 g (77 %) 

Anal.  Found (calcd) for C141124MgN2016: Mg 4.78 (4.86); 3-nbaH 66.10 

(66.78); MgO 8.16 (8.05)% 

MgCO3 + 2 (3-nbaH) 	A ♦ [Mg(H20)6](3-nba)2.2H20 + CO2T 

H2O 

Method II 

Meta-nitrobenzoic acid (3-nbaH) (3.34 g, 20 mmol) was added into an aqueous 

solution of sodium bicarbonate (1.68 g, 20 mmol) in water (20 mL), to obtain 

sodium salt of carboxylic acid. A solution of MgC12.6H20 (2.03 g, 10 mmol) in 

water (10 mL) was slowly added into the carboxylate solution under stirring. The 
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reaction mixture was heated on a water bath for about few minutes, resulting in 

the formation of clear solution, whose pH is almost neutral. The reaction mixture 

was filtered and left undisturbed for crystallization. After 2-3 days a white spongy 

crystalline powder thus obtained was filtered off, washed with cold water and then 

with ether and dried in vacuo. The complex thus obtained was slightly soluble in 

water and in other organic solvents such as methanol, ethanol, DMF etc. Yield: 

4.35 g (87 %) 

Anal.  Found (calcd) for C14H24MgN2016: Mg 4.76 (4.86);3-nbaH 66.13 (66.78); 

MgO 8.11 (8.05) % 

MgC12.6H20 + 2 (3-nbaH) + 2 NaHCO3 A 	[Mg(H20)6](3-nba)2.2H20 

H2O 	+ 2 NaC1 + 2 CO2T 

3.2.10 Preparation of [Mg(H 20)6](4-nba)2.2H20 

Method I 

Para-nitrobenzoic acid (4-nbaH) (3.34 g, 20 mmol) was taken in 50 mL of water. 

The acid being insoluble in water, slurry was obtained. To this slurry, MgCO3 

(0.84 g, 10 mmol), was added. The reaction mixture was then kept for heating on 

a steam bath. As the reaction proceeded effervescence of CO2 was observed. 

Heating was continued till evolution of CO2 ceases. The insoluble organic acid 

slowly dissolved on heating with evolution of carbon dioxide resulting in the 

formation of clear solution, whose pH is almost neutral. A small amount of 

MgCO3 was added in excess to complete reaction. When no more effervescence 

of CO2 was seen, the reaction mixture was filtered and left undisturbed for 

crystallization. After 2-3 days, the colourless, transparent X-ray quality crystals 

thus obtained were filtered off, washed with a little cold water and thoroughly 

with ether and dried in vacuo. The complex thus obtained was insoluble soluble in 

water but soluble in organic solvents such as methanol, ethanol, DMF etc. Yield: 

3.90 g (78 %) 
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Anal.  Found (calcd) for C14H24MgN2016: Mg 4.73 (4.86); 4-nbaH 66.20 (66.78); 

MgO 8.32 (8.05) % 

MgCO3 + 2 (4-nbaH ) 	A 	[Mg(H20)6](4-nba)2.2H20 + CO2T 

H2O 

Method II 

A solution of sodium bicarbonate (1.68 g, 20 mmol) in water (20 mL) was added 

into a para-nitrobenzoic acid (4-nbaH) (3.34 g, 20 mmol) to obtain the sodium salt 

of the carboxylic acid. Then a solution of MgC12.6H20 (2.033 g, 10 mmol) in 

water (10 mL) was slowly added into the above carboxylate solution under 

stirring. The reaction mixture was heated on a steam bath for about few minutes, 

resulting in the formation of clear solution, whose pH was about 7. The reaction 

mixture was filtered and left undisturbed for crystallization. After 2-3 days the 

colourless, transparent crystalline product thus obtained was filtered off, washed 

thoroughly with a little cold water and then with ether and dried in vacuo. The 

complex thus obtained is insoluble in water and in other organic solvents such as 

methanol, ethanol, DMF etc. Yield: 4.40 g (88 %) 

Anal.  Found (calcd) for C14H24MgN2016: Mg 4.77 (4.86); 4-nbaH 66.57 (66.78); 

MgO 8.33 (8.05) % 

MgC12.6 H2O + 2 (4-nbaH) + 2 NaHCO3 A 	[Mg(H20)6](4-nba)2.2 H2O 

+ 2 NaC1 + 2CO2t 

3.2.11 Preparation of [Mg(4-nba)21 

A powdered sample of [Mg(H20)44-nba)2.2H20 (1000 mg) was taken in a 

previously weighed silica crucible and heated in the furnace at 200 °C for about an 

hour, resulting in the formation of a bright yellow coloured compound. The 

crucible was then cooled over silica gel in a dessicator and weighed. The weight 

of the resultant sample was 712 mg. The infrared spectrum of the calcined 

compound was recorded, which clearly indicates the anhydrous nature of the 

compound. 
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Anal. Found (calcd) for C14H8MgN208 : Mg 6.61 (6.82); 4-nbaH 92.81(93.74); 

MgO 11.12 (11.31) % 

[Mg(H20)6](4-nba)2.2H20 A /200 °C 	[Mg(4-nba)2] 

3.2.12 Reversible hydration of [Mg(H20)6](4-nba)2.2H20 

A powdered sample of [Mg(H20)6](4-nba)2.2H20 (500 mg) was taken in a silica 

crucible and heated in a furnace at 200 °C for an h, resulting in the formation of a 

bright yellow coloured compound The crucible was cooled over silica gel in a 

dessicator. The weight of resultant sample was 356 mg. The infrared spectrum of 

calcined compound was recorded, which clearly indicates the anhydrous nature 

of the compound. The crucible with bright yellow coloured compound was 

equilibrated over water in a dissicator for a day. This resulted in the isolation of 

499 mg of the starting material. The infrared spectrum of the final product is 

identical to that of the starting material. 

Anal. Found (calcd) for Ci4H24MgN2016: Mg 4.69 (4.86); 4-nbaH 66.31 (66.78); 

MgO 7.93 (8.05) % 

[Mg(H20)6](4-nba)2.2H20 	A /200°C 	[Mg(4-nba)2] 

8H20 

3.2.13 Preparation of [Mg(H20)2(im)2(4-nba)21 

Method I 

Para-nitrobenzoic acid (4-nbaH) (3.34 g, 20 mmol) was weighed and about 50m1 

water was added to it. The acid being insoluble in water a clear solution was not 

obtained. The mixture was then kept for heating on a steam bath. To the hot acid 

slurry, MgCO3 (0.84 g 10 mmol) was slowly added. The insoluble organic acid 

slowly dissolved on heating, with evolution of carbon dioxide resulting in the 

formation of clear solution, whose pH is almost neutral. The reaction mixture was 

kept for heating on water bath till all the effervescence of carbon dioxide ceases. 
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A small amount of MgCO3 was added in excess to the reaction mixture to check 

for the completion of the reaction. The reaction mixture was filtered into a beaker 

containing imidazole (2.72 g in 5m1 warm water) and the solution was left 

undisturbed for crystallization for 2 days. The colourless, transparent crystalline 

product thus obtained was filtered, washed thoroughly with a little cold water, 

followed by ether and dried in air. The complex obtained is slightly soluble in 

water and in other organic solvent such as methanol, ethanol, DMF etc. Yield: 

3.89 g (74 %) 

Anal.  Found (calcd) for C201118MgN60113 : Mg 4.65 (4.62); 4-nbaH 61.08 (63.46); 

MgO 7.83 (7.66) % 

MgCO3 + 2 (4-nbaH) + 4 (im) 	0 	[Mg(H20)2(im)2(4-nba)2] + CO2T 

H2O 

Method II 

A powdered sample of the complex [Mg(H20)6](4-nba)2.2H20 was taken in a 

previously weighed silica crucible and heated in a furnace at 200 °C for 20 min. 

The crucible was then cooled over silica gel in a dessicator. The bright yellow 

coloured anhydrous compound thus obtained was reacted with imidazole in 

methanol (1 Mg : 4 im). [Mg(4-nba)2] is insoluble in methanol, but on addition of 

imidazole solution it forms a clear solution. The clear solution thus obtained was 

kept for crystallization. The compound obtained was slightly soluble in methanol, 

water and DMSO. The same reaction was carried out in 1:2 and 1:6 (Mg:im) 

stoichiometry. The product obtained in all the cases was same. 

Anal.  Found (calcd) for C2oH18MgN6030: Mg 4.59 (4.62) 4-nbaH 61.55 (63.46); 

MgO 7.70 (7.66) % 

[Mg(H20)6](4-nba)2.2H20 	0 	[Mg(H20)2(im)2(4-nba)2] 

4 (im) 
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3.3 SYNTHESIS OF CALCIUM-CARBOXYLATES: 

3.3.1 Preparation of [C42-aba)2(H20)31 

Method I  

Ortho-aminobenzoic acid (2-abaH) (2.74 g, 20 mmol) was taken in water (30 

mL) and heated on a steam bath. CaCO3 (1g, 10 mmol) was slowly added to the 

hot solution of the acid with continuous stirring till the effervescence of carbon 

dioxide ceases. The resultant clear solution was filtered and the clear filtrate left 

aside for crystallization. After 7-8 days, slightly brown crystals were obtained. 

The product was filtered, washed with little ice cold water followed by ether and 

dried in vacuo. The complex thus obtained is soluble in water, slightly soluble in 

organic solvents such as methanol, DMF, DMSO etc. Yield: 2.63 g (72 %) 

Anal.  Found (calcd) for C14H18CaN207: Ca 10.91(10.94); CaO 14.98 (15.31) % 

CaCO3 	+ 2 (2-abaH) 	A ♦ [Ca(2-aba)2(H20)3] + CO2T 

Method II K71 

Ortho-aminobenzoic acid (2—abaH) (2.74 g 20 mmol) was dissolved in a mixture 

of CH3OH (20 mL) and 25 % aq. NH3 (15 ml). CaC12 .2H2O (1.47 g, 10 mmol) 

in water (10 mL) was added to the above solution. This resulted in the formation 

of clear pale yellow solution, whose pH was —10. The reaction mixture was 

stirred for 1 h at 25 °C and subsequently evaporated to dryness. The brownish 

solid obtained was dissolved in H20/CH3OH (20 mL) and concentrated to half of 

its volume and the filtrate was left undisturbed for crystallization. After 6-7 days, 

slightly brown crystalline product was obtained. The crystals thus obtained were 

filtered off, washed with little cold water (-2 mL) and ether and dried in vacuo. 

The complex thus obtained is soluble in water, slightly soluble in organic 

solvents such as methanol, DMF, DMSO etc. Yield: 2.66 g (73 %) 

Anal.  Found (calcd) for C14Hi8CaN207: Ca 10.88 (10.94); CaO 14.73 (15.31) % 

CaCl2  .2H2O + 2 (2-nbaH) NH3 	[Ca(2-aba)2(H20)3] + 2 NH4C1 

H20/CH3OH 
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3.3.2 Preparation of [Ca(4-aba)2(H20)21 

Method I 

Para-aminobenzoic acid (4-abaH) (2.74 g, 20 mmol) was taken in water (30-40 

mL) and heated on a steam bath. CaCO3 (1 g, 10 mmol) was slowly added to the 

hot solution of the acid with continuous stirring till the effervescence of carbon 

dioxide ceases. The resultant clear solution was filtered and the clear filtrate left 

aside for crystallization. After 2-3 days, colourless, transparent crystals were 

obtained. The product was filtered, washed with little ice cold water followed by 

ether and dried in vacuo. The complex thus obtained is soluble in water, slightly 

soluble in organic solvents such as methanol, ethanol and soluble in DMF, DMSO 

etc. Yield: 2.54 g (73 %) 

Anal.  Found (calcd) for Ci4H16CaN206: Ca 10.93 (11.51); CaO 15.93 (16.10) % 

CaCO3 + 2 (4-abaH) 	A ♦ [Ca(4-aba)2(H20)2] + CO21' 

H2O 

Method II 

Para-aminobenzoic acid (4—abaH) (2.74 g, 20 mmol) was dissolved in a mixture 

of CH3OH (20 mL) and 25 % aq. NH3 (15 mL). CaC12.2H20 (1.47 g, 10 mmol) in 

water (10 mL) was added to the above solution. This resulted in the formation of 

clear pale yellow solution, whose pH was —10. The reaction mixture was stirred 

for 1 h at 25°C and subsequently evaporated to dryness. The brownish solid 

obtained was dissolved in H20/CH3OH (20 mL) and concentrated to half of its 

volume and the filtrate was left undisturbed for crystallization. After 6-7 days, 

slightly brown crystalline product was obtained. The crystals thus obtained were 

filtered off, washed with little cold water (-2 mL) and ether and dried in vacuo. 

The complex thus obtained is soluble in water, slightly soluble in organic solvents 

such as methanol, ethanol and soluble in DMF, DMSO etc. Yield: 2.19 g (63 %) 

Anal.  Found (calcd) for C14H16CaN206: Ca 10.63 (11.51); CaO 15.32 (16.10) % 

CaC12 .2H20 + 2 (4-nbaH) NH3 	[Ca(4-aba)2(H2O)2] + 2 NH4C1 

H20/CH3OH 
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3.3.3 Preparation of ra(4-nba)2(H20)41 

CaCO3 (1 g, 10 mmol) was slowly added into a mixture of para-nitrobenzoic acid 

(4-nbaH) (3.34 g, 20 mmol) in 50 mL of water. The reaction mixture was heated 

on a water bath. As the reaction proceeded effervescence of CO2 was seen. 

Heating was continued till effervescence of CO2 ceases. The insoluble reactants 

slowly dissolved on heating, with evolution of carbon dioxide resulting in the 

formation of a clear solution, whose pH is almost neutral. Small amounts of 

CaCO3 were added in excess to check for the completion of reaction. The reaction 

mixture was filtered and left undisturbed for crystallization. After 2-3 days the 

transparent crystalline compound thus obtained was filtered of washed 

thoroughly with a little cold water and then with ether and dried in vacuo. The 

complex thus obtained is soluble in water, organic solvents such as methanol, 

ethanol, DMF etc. Yield: 3.06 g (69 %) 

Anal.  Found (calcd) for C14H16CaN2012: Ca 8.93 (9.02); 4-nbaH 74.87 (75.22); 

CaO 11.81 (12.62) % 

CaCO3 + 2 (4-nbaH) 	0 	[Ca(4-nba)2(1-120)41 + CO211/4  

H2O 

3.3.4 Reversible hydration of [Ca(4-nba) 2(H20)4] 

A powdered sample of [Ca(4-nba)2(H20)4] (500 mg) was taken in a previously 

weighed silica crucible and heated in a furnace at 150 °C for 30 min. The crucible 

was then cooled over silica gel in dessicator and weighed. The weight of calcined 

compound was found to be 419 mg. The infrared spectrum of calcined cmpound 

was recorded, which clearly indicates the anhydrous nature of compound. The 

crucible with compound was equilibrated over water in a desiccator for about 24 

hours. This resulted in the isolation of 489 mg of the starting material i.e. [Ca(4- 

nba)2(H20)4]. The infrared spectrum of the final product is identical to that of the 

starting material. 

Anal.  Found (calcd) for C14H16CaN2012: Ca 8.91 (9.02); 4-nbaH 75.17 (75.22); 

CaO 12.03 (12.62) % 

[Ca(4-aba)2(H20)4] 	[Ca(4-aba)2] 

4H20 
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3.4 SYNTHESIS OF STRONTIUM-CARBOXYLATES : 

3.4.1 Preparation of Pr(2-aba) 2(1120)31 

Method I  

Ortho-aminobenzoic acid (2-abaH) (2.74 g, 20 mmol) was taken in water (30-40 

mL) and heated on a steam bath. SrCO3 (1.47 g, 10 mmol) was slowly added to 

the hot acid solution with continuous stirring till the effervescence of carbon 

dioxide ceases. The insoluble SrCO3 slowly dissolved on heating, with evolution 

of carbon dioxide. A small pinch of SrCO3 was added to the reaction mixture to 

check for the completion of the reaction. The reaction mixture was filtered and left 

undisturbed for crystallization. After 4-5 days, colourless transparent crystalline 

compound was obtained. The product was filtered, washed with little ice-cold 

water and dried in vacuo. The complex thus obtained is soluble in water, slightly 

soluble in organic solvents such as methanol, ethanol but soluble in DMF and 

DMSO. Yield: 3.91 g (77.9 %) 

Anal. Found (calcd) for C14H18SrN207 : Sr 20.93 (21.17); SrO 24.79 (25.03) % 

SrCO3 + 2 (2-abaH ) A 	[Sr(2-aba)2(H20)3] + CO21' 

H2O 

Method II [471 

Ortho-aminobenzoic acid (2—abaH) (2.74 g, 20 mmol) was dissolved in a mixture 

of CH3OH (20 mL) and 25% aq. NH3 (15 mL). SrC12.6H20 (2.67 g, 10 mmol) in 

water (10 mL) was added to the above solution, resulting in the formation of clear 

pale yellow solution, whose pH is about 10. The reaction mixture was stirred for 1 

h at 25°C and subsequently evaporated to dryness. The brownish solid obtained 

was dissolved in H20/CH3OH (20 mL) and concentrated to half of its volume and 

the filtrate was left undisturbed for crystallization. After 4-5 days crystalline 

product was obtained. The crystals were filtered, washed with cold water, 
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followed by ether and dried in vacuo. The complex thus obtained is soluble in 

water, slightly soluble in organic solvents such as methanol, ethanol but soluble in 

DMF and DMSO. 

Yield: 3.98 g (79.3 %) 

Anal.  Found (calcd) for C14H18SrN207 : Sr 20.88 (21.17); SrO 24.81 (25.03) % 

SrC12.6H20 + 2 (2-abaH) 	NH3 	[Sr(2-aba)2(H20)3] + 2 NH4C1 

H20/CH3OH 

3.4.2 Preparation of pr(4-aba)2(N20)21 

Method I 

Para-aminobenzoic acid (4-abaH) (2.74 g, 20 mmol) was taken in water (30-40 

mL) and heated on a steam bath. SrCO3 (1.47 g, 10 mmol) was slowly added to 

the hot acid solution with continuous stirring till the effervescence of carbon 

dioxide ceases. The insoluble SrCO3 slowly dissolved on heating, with evolution 

of carbon dioxide. A Small pinch amount of SrCO3 was added to the reaction 

mixture to check for the completion of the reaction. The reaction mixture was 

filtered and left undisturbed for crystallization. After 2-3 days, colourless 

transparent crystalline compound was obtained. The product was filtered, washed 

with little ice cold water and dried in vacuo. The complex thus obtained is soluble 

in water, slightly soluble in organic solvents such as methanol, ethanol but soluble 

in DMF and DMSO etc. Yield: 3.09 g (78 %) 

Anal.  Found (calcd) for C14H16SrN206: Sr 21.44 (22.13); SrO 24.83 (26.17) % 

SrCO3 + 2 (4-abaH) 	A 	[Sr(4-aba)2(H20)2] + CO2 1'  
H2O 
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Method II 

Para-aminobenzoic acid (4—abaH) (2.74 g, 20 mmol) was dissolved in a mixture 

of CH3OH (20 mL) and 25% aq. NH3 (15 mL). SrC12.6H20 (2.67 g, 10 mmol) in 

water (10 mL) was added to the above solution, resulting in the formation of clear 

pale yellow solution, whose pH is about 10. The reaction mixture was filtered into 

a beaker and the solution was left undisturbed for crystallization. After 2-3 days 

crystalline product was obtained. The crystals were filtered, washed with cold 

water followed by ether and dried in vacuo. The complex thus obtained is soluble 

in water, slightly soluble in organic solvents such as methanol, ethanol, and 

soluble in DMF and DMSO. Yield: 2.53 g (64 %) 

Anal.  Found (calcd) for C14H16SrN206: Sr 21.88 (22.13); SrO 25.80 (26.17) % 

SrC12.6H20 + 2 (4-abaH) NH3 	[Sr(4-aba)2(H20)2] + 2 NH4C1 

H20/CH3OH 

3.4.3 Preparation of [Sr(4-nba)2(H20)41 

Para-nitrobenzoic acid (4-nbaH) (3.34 g, 20 mmol) was weighed and about 50 mL 

water was added to it. The acid being insoluble in water, slurry was obtained. To 

this slurry, SrCO3 (1.47 g, 10 mmol) was slowly added. The reaction mixture was 

heated on a steam bath. As the reaction proceeded, effervescence of CO2 was 

seen. Heating was continued till effervescence of CO2 ceases. A small amount of 

SrCO3 was added to the reaction mixture to check the completion of reaction. 

Both insoluble reactants slowly dissolved on heating, with evolution of carbon 

dioxide resulting in the formation of clear solution, whose pH is almost neutral. 

The reaction mixture was filtered and left undisturbed for crystallization for 2-3 

days. The transparent crystalline product thus obtained was filtered off, washed 

thoroughly with a little cold water and then with ether and 'dried in vacuo. The 

complex thus obtained is slightly soluble in water, soluble in organic solvents 

such as methanol, ethanol, DMF etc. Yield = 3.10 g (63 %) 
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Anal.  Found (calcd) for C14H16SrN2012 : Sr 16.93 (17.81); 4-nbaH 66.55 (67.55); 

SrO 20.31 (21.07) % 

SrCO3 + 2 (4-nbaH) 	A 	[Sr(4-nba)2 (H20)4] + CO2 1' 

H2O 

3.5 SYNTHESIS OF BARIUM-CARBOXYLATES : 

3.5.1 Preparation of 113a(2-aba)2(H20)31 

Ortho-aminobenzoic acid (2-abaH) (2.74 g, 20 mmol) was taken in water (30-40 

ml) and heated on a steam bath. To the hot solution of the acid, BaCO3 (1.973 g, 

10 mmol) was slowly added with continuous stirring till the effervescence of 

carbon dioxide ceases. Small amount of BaCO3 was added in excess to check the 

completion of reaction. The reaction mixture was filtered. The clear solution thus 

obtained was left aside for crystallization. The pH of solution was about 6.9. After 

4-5 days, colourless transparent crystalline compound was obtained. The product 

was filtered and washed with little ice cold water followed by ether and dried in 

vacuo. The complex thus obtained is soluble in water but sparingly soluble in 

organic solvents such as methanol, ethanol etc. Yield: 3.41 g (63 %) 

Anal. Found (calcd) for C14ll18BaN207 : Ba 29.03 (29.62); BaO 34.03 (33.07) % 

BaCO3 + 2 (2-abaH) 	A ♦ [Ba(2-aba)2(H20)3] + CO21' 

H2O 

Method II  [421 

Ortho-aminobenzoic acid (2—abaH) (2.74 g 20 mmol) was dissolved in a mixture 

of CH3OH (20 mL) and 25% aq. NH3 (15 mL). BaC12.2H20 (2.44 g, 10 mmol) in 

water (10 mL) was added to the above solution, resulting in the .  formation of clear, 

pale yellow solution, whose pH is about 10. The reaction mixture was stirred for 1 

h at 25°C and subsequently evaporated to dryness. The brownish solid obtained 

was dissolved in H20/CH3OH (20 mL) and concentrated to half of its volume and 
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the filtrate was left undisturbed for crystallization. After 4-5 days crystalline 

product was obtained. The crystals were filtered, washed with cold water, 

followed by ether and dried in vacuo. The complex thus obtained is soluble in 

water, slightly soluble in organic solvents such as methanol, ethanol and DMF. 

Yield: 3.49 g (64 %) 

Anal.  Found (calcd) for C1all18BaN207 : Ba 25.40 (29.62); BaO 33.7 (33.07) % 

BaC12 + 2 (2-abaH) NH3 	[Ba(2-aba)2(H20)3] + 2NH 4C1 

H20/CH3OH 

3.5.2 Preparation of [Ba(4-aba)2(H20)21 

Para-aminobenzoic acid (4-abaH) (2.74 g, 20 mmol) was taken in water (30-40 

mL) and heated on a steam bath. To the hot solution of the acid, BaCO3 (1.973 g, 

10 mmol) was slowly added with continuous stirring till the effervescence of 

carbon dioxide ceases. Small amount of BaCO3 was added in excess to check the 

completion of reaction. The reaction mixture was filtered. The clear solution thus 

obtained was left aside for crystallization. The pH of solution was about 6.9. After 

4-5 days, colourless transparent crystalline compound was obtained. The product 

was filtered and washed with little ice-cold water followed by ether and dried in 

vacuo. The complex thus obtained is soluble in water but sparingly soluble in 

organic solvents such as methanol, ethanol, DMF etc. Yield: 2.81 g (63 %) 

Anal.  Found (calcd) for C14H16BaN206: Ba 29.31 (30.82); BaO 33.82 (34.41) % 

BaCO3 + 2 (4-abaH) 	A 	[Ba(4-aba)2(H20)2] + CO21' 

H2O 

3.5.3 Preparation of [13a(4-aba)2] 

A powdered sample of [Ba(4-aba)2(H20)2] (500 mg) was taken in a silica crucible 

and heated on steam bath for 20 min. The crucible was cooled over silica gel in a 

dessicator and weighed. This resulted in the formation of anhydrous compound 
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(448 mg). The infrared spectrum of the compound was quite different from that of 

the starting material, indicating the formation of a new compound a well as the 

removal of all water molecules. The complex thus obtained analyzed 

satisfactorily. 

Anal.  Found (calcd) for C14l-112BaN204: Ba 33.02 (33.55); BaO 36.12 (37.46) % 

[Ba(4-aba)2(H20)2] 	A 	[Ba(4-aba)2] 

-2 H2O 

3.5.4 Reversible hydration of [Ba(4-aba)2(420)21 

A powdered sample of the [Ba(4-aba)2(H20)21 complex (500 mg) was taken in a 

previously weighed silica crucible. The crucible was heated on a steam bath for 

about 20 min. The crucible was cooled and the resultant sample (447 mg) was 

equilibrated over water in a dessicator for a day. This resulted in the isolation of 

501 mg of the starting material i.e. [Ba(H20)2(4-aba)2]. In order to rule out the 

possibility of external moisture, the crucible was dried over silica gel in a 

dessicator for about 2 h. No weight loss was observed. The infrared spectrum of 

the final product is identical to that of the starting material. 

Anal.  Found (calcd) for C14H16BaN206: Ba 29.31 (30.82); BaO 33.82 (34.41) % 

[Ba(H20)2(4-aba)2] 
	

A 	[Ba(4-aba)2] 

2H20 

3.5.5 Preparation of [Ba(4-aba)CI] [50] 

Para-aminobenzoic acid (4-abaH) (2.74 g, 20 mmol) was dissolved in a mixture 

of CH3OH (20 mL) and 25% aq. NH3 (15 mL). To the clear pale yellow acid 

solution, BaC12.2H20 (2.44 g, 10 mmol) in water (10 mL) was added. This 

resulted in the formation of clear solution, whose pH was basic (-10). The 

reaction mixture was stirred for 1 h at 25 °C and subsequently evaporated to 
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dryness. The brownish solid obtained was dissolved in H20/CH3OH (20 mL) and 

concentrated to half of its volume and the filtrate was left undisturbed for 

crystallization. After 4-5 days a light brownish crystalline product was obtained. 

The product was filtered and washed with little cold water and with ether. The 

complex thus obtained is soluble in water, slightly soluble in organic solvents 

such as methanol, ethanol and DMF. Yield: 2.10 g (68.0 %) 

Anal.  Found (calcd) for C7H6BaN204C1: Ba 37.11 (37.23); BaO 41.02 (41.56) % 

BaC12.2H20 + 2 (4-abaH) NH3 	[Ba(4-aba)C1] 

H20/CH3OH 

3.5.6 Preparation of [Ba(H20)4(4-nba)21 

Method I  

Para-nitrobenzoic acid (4-nbaH) (3.34 g, 20 mmol) was taken in 50 mL water. To 

this slurry BaCO3 (1.93 g, 10 mmol) was added. The reaction mixture was heated 

on a steam bath. As the reaction proceeded, effervescence of CO2 was seen. The 

reaction mixture was heated till all the effervescence of carbon dioxide ceases. 

The insoluble reactants slowly dissolved on heating, with evolution of carbon 

dioxide resulting in the formation of a clear solution, whose pH is almost neutral. 

A small amount of BaCO3 was added in excess to check for the completion of 

reaction. The reaction mixture was filtered and left undisturbed for crystallization. 

After about 2-3 days, the big blocks, pale yellow transparent crystalline product 

thus obtained were filtered ofC washed thoroughly with a very little cold water 

(-1 ml) and then with ether and dried in vacuo. The complex thus obtained was 

slightly soluble in water and in other organic solvents such as methanol, ethanol, 

DMF etc. Yield: 4.22 g (78 %) 

Anal.  Found (calcd) for C141-116BaN2012: Ba 23.87 (25.37); 4-nbaH 60.38 (61.70); 

BaO 27.11 (28.32) % 

BaCO3 + 2 (4-nbaH) A 	[Ba(H20)4(4-nba)2] + CO2T 
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Method II 

Para-nitrobenzoic acid (4-nbaH) (3.34 g, 20 mmol) was weighed and added to an 

aqueous solution of sodium bicarbonate (1.68 g, 20 mmol) in water (20 mL) to 

obtain the sodium salt of the carboxylic acid. An aqueous solution of BaC12.2H20 

(2.44 g, 10 mmol) in water (10 mL) was slowly added into the carboxylate 

solution under stirring. The reaction mixture was kept for heating on a steam bath 

for about few minutes, resulting in the formation of clear solution, whose pH is 

almost neutral (pH = 7.0). The reaction mixture was filtered and left undisturbed 

for crystallization. After 2-3 days, pale yellow transparent blocks of crystalline 

product thus obtained were filtered off, washed thoroughly with a little cold water 

and then with ether and dried in vacuo. The complex thus obtained is slightly 

soluble in water, soluble in organic solvent such as methanol, ethanol, DMF etc. 

Yield: 3.84 g (71.0 %) 

Anal.  Found (calcd) for C141-116BaN2012:  Ba 24.11 (25.37); 4-nbaH 61.08 (61.70); 

BaO 28.08 (28.32) % 

BaC12 + 2 (4-nbaH) + 2 NaHCO3 	A 	[Ba(H20)4(4-nba)2] + 2 NaC1 

+2 CO2T 

3.6 SYNTHESIS OF COBALT-CARBOXYLATES : 

3.6.1 Preparation of [C0(120)4(4-aba)21 

Method I 

Commercial cobalt carbonate (1.20 g, 10 mmol) and para-aminobenzoic acid (4- 

abaH) (2.74 g, 20 mmol) were taken in water (80 mL). This reaction mixture was 

refluxed for about 2.5 h. The insoluble CoCO3 slowly started reacting with para-

aminobenzoic acid resulting in the formation of a red coloured solution with 

evolution of carbon dioxide. When most of the CoCO3 had dissolved, the reaction 

mixture was filtered and the clear filtrate was left aside for crystallization. After 3- 
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4 days the red coloured transparent, needle-like crystals thus obtained were 

filtered, washed with cold water (5 mL), followed by ether and dried in vacuo. 

The crystals obtained in this method were suitable for X-ray studies. The complex 

thus obtained is slightly soluble in water, methanol, ethanol, but soluble in DMF, 

DMSO etc. 

Yield: 2.66 g (66 %). 

Anal.  Found (calcd) for C14H2oCoN208: Co 13.89 (14.62) % 

CoCO3 + 2 (4-abaH) A [Co(H20)4(4-aba)2] + CO2 t 

H2O 

Method II 

A solution of sodium bicarbonate (1.68 g, 20 mmol) in water (20 mL) was added 

into 4-aminobenzoic acid (2.74 g, 20 mmol) to obtain the sodium salt of the 

carboxylic acid. To this solution, CoC12.6H20 (2.37 g, 10 mmol) in water (10 mL) 

was slowly added. This resulted in the formation of clear dark red coloured 

solution. The reaction mixture was filtered and the clear filtrate was left 

undisturbed for crystallization. After 2-3 days the red needle-like crystals were 

obtained. These were filtered, washed with cold water (5 mL) followed by ether 

and dried in vacuo. The crystals obtained in this method were suitable for X-ray 

studies. The complex thus obtained is slightly soluble in water, methanol, and 

ethanol but soluble in DMF, DMSO etc. The product exhibits an identical IR 

spectrum to that of the product obtained from method I. Yield: 3.43 g (85 %). 

Anal.  Found (calcd) for C141120CoN208: Co 14.02 (14.62) % 

CoC12.6H20 + 2 NaHCO3 + 2 (4-abaH ) A 	[Co(H20)4(4-aba)2] 

+2 NaCl + 2 co2T 
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Method III 

Cobaltous carbonate was freshly prepared by mixing solution of sodium carbonate 

(1.06 g, 10 mmol) in water (10 mL) with CoC12.6H20 (2.37 g, 10 mmol) in water 

(10 mL). To the freshly prepared cobaltous carbonate (in situ), 4-aminobenzoic 

acid (2.74 g, 20 mmol) in water (50 mL) was added and the reaction mixture was 

refluxed. The insoluble cobaltous carbonate slowly started reacting with with 

para-aminobenzoic acid resulting in the formation of a red coloured solution. In 

this case, the reaction was just complete within 30 min as compared to 

commercial cobalt carbonate. The red coloured solution containing a very small 

amount of insoluble material was filtered and the filtrate was left undisturbed for 

crystallization. After 3-4 days, red needle-like crystals were obtained. These 

crystals were filtered, washed with cold water (5 mL) followed by ether and dried 

in vacuo. The crystals obtained in this method were suitable for X-ray studies. The 

complex thus obtained was slightly soluble in water, methanol, and ethanol but 

soluble in DMF, DMSO etc. The product analyzed satisfactorily. The product 

exhibited an identical IR spectrum to that of the product obtained from method I 

and II. Yield: 3.15 g (78 %) 

Anal.  Found (calcd) for C141120CoN208 Co 14.02 (14.62) % 

CoC12.6H20 + Na2CO3 + 2 (4-abaH) 	A 	[Co(H20)4(4-aba)2] + 2 NaCI 

H2O 	 + 2 CO21' 

3.6.2 Preparation of [Co(4-aba)2] 

A powdered sample of the pink [Co(H20)4(4-aba)21 complex (500 mg) was taken 

in a previously weighed silica crucible. The silica crucible was heated in a vacuum 

oven at 150°C for 15 min. This resulted in the formation of a dark blue coloured 

compound (410 mg). The infrared spectrum of the blue compound was quite 

different from that of the starting material indicating the formation of a new 

compound. The complex thus obtained analyzed satisfactorily. 
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Anal.  Found (calcd) for C141-112CoN204: Co 17.08 (17.79) % 

[Co(H20)4(4-aba)2] 	A 	[Co(4-aba)2] + 4 H2O 
—Er+ 150 C 

3.6.2 Reversible hydration of [Co(H20)4(4-aba)21 

A powdered sample of the pink [Co(H20)4(4-aba)2] complex (500 mg) was taken 

in a silica crucible and heated in a vacuum oven at 150°C for – 15 min. This 

resulted in the formation of a dark blue coloured compound (408 mg). The 

infrared spectrum of the dark blue compound indicates the formation of anhydrous 

compound. Further, the decrease in weight corresponded to the loss of four moles 

of water. The crucible with anhydrous complex [Co(4-aba)2] was equilibrated 

over water in a dessicator. After a day, the colour of the compound changed from 

dark blue to the original pink. This resulted in the isolation of the starting material 

[Co(H20)4(4-aba)2] (495 mg) in near quantitative yield. The infrared spectrum of 

the final product is identical to that of the starting material. 

Anal. Found (calcd) for Ci4H20CoN208: Co 14.08 (14.62) % 

[Co(H20)4(4-aba)2] 
	

A / 150°C 	[Co(4-aba)2] 

4H20 

3.6.3 Preparation of [Co(1120) 4(4-nba)21.2H20 

Method I 

A mixture of commercial cobaltous carbonate (1.20 g, –10 mmol) and para-

nitrobenzoic acid (3.34 g, 20 mmol) was taken in water (60 mL). The reaction 

mixture was refluxed for about 4 h. Both the insoluble reactants slowly dis'solved 

on heating with the evolution of carbon dioxide resulting in the formation of a red 

coloured solution. The red coloured solution containing small traces of insoluble 

material was filtered and was left undisturbed for crystallization. After 3-4 days 

59 



the dark pink crystalline blocks were filtered, washed with cold water (5 mL), 

followed by ether and dried in vacuo. The crystals obtained in this method were 

suitable for X-ray studies. The complex thus obtained was insoluble in water, 

slightly soluble in methanol and ethanol but soluble in DMF, DMSO etc. Yield: 

2.99 g (60 %). 

Anal. Found (calcd) for C14H2oCoN2014:Co 11.21 (11.80); 4-nbaH 66.21 (66.95) % 

CoCO3 + 2 (4-nbaH ) A 	[Co(H20)4(4-nba)212H20 + CO21' 

H2O 

Method II 

A solution of sodium bicarbonate (1.68 g, 20 mmol) in water (20 mL) was added 

to para-nitrobenzoic acid (3.34 g, 20 mmol) to obtain the soluble sodium salt of 

the carboxylic acid. CoC12.6H20 (2.37 g, 10 mmol) in water (10 mL) was slowly 

added to the carboxylate solution under stirring. This resulted in the instantaneous 

precipitation of copious amounts of the title complex. The fine pink coloured 

compound thus obtained was filtered oil washed thoroughly with cold water 

followed by ether and dried in vacuo. The product analysed satisfactorily. The 

product exhibits an identical infrared spectrum to that of the product obtained 

from method I. The complex thus obtained was insoluble in water, slightly soluble 

methanol, and ethanol but soluble in DMF, DMSO etc. Yield: 3.74 g (75 %). 

Anal. Found (calcd) for C141120CoN2014: Co 11.03 (11.80); 4-nbaH 66.18 (66.95) % 

CoC12.6H20 + 2 NaHCO3 + 2 (4-nbaH ) A 	[Co(H20)4(4-nba)212H20 

+ 2 NaC1 + 2 CO2T 

Method III 

Cobalt carbonate was prepared in situ by the addition of a solution of sodium 

carbonate (1.06 g, 10 nun  ol) in water (10 ml) to a solution of CoC12.6H20 (2.37 g, 

10 mmol) in water (10 mL). To this freshly prepared cobalt carbonate (in situ), a 

slurry of para-nitrobenzoic acid (3.34 g, 20 mmol) in water (50 mL) was added. 

Both insoluble reactants slowly dissolved on heating, with the evolution of carbon 

60 



dioxide, resulting in the formation of a red coloured solution. The reaction was 

just complete within 30 min as compared to commercial cobalt carbonate. The red 

coloured solution containing a trace of insoluble material was filtered and was left 

undisturbed for crystallization. After 3-4 days, dark pink coloured crystalline 

blocks thus obtained were filtered, washed with cold water (5 mL) followed by 

ether and dried in vacuo. The crystals obtained in this method were suitable for 

X-ray studies. The product analysed satisfactorily. The product exhibited an 

identical IR spectrum to that of the product obtained from the earlier methods. The 

complex thus obtained was insoluble in water, slightly soluble methanol, and 

ethanol but soluble in DMF, DMSO etc. Yield: 3.89 g (78 %) 

Anal.  Found (calcd) for C141-12oCoN208:  Co 11.09 (11.80); 4-nbaH 66.38 (66.95) % 

CoC12.6H20 + Na2CO3 + 2 (4-nbaH) 	A 	[Co(H20)4(4-nba)212H20 

	

H2O 	 + 2 NaC1 + 2 CO21' 

Method IV 

Co(OAc)2.4H20 (2.491 g, 10 mmol) was dissolved in methanol (20 mL) in a 

round bottom flask. To this, a solution of 4-nbaH (3.34 g, 20 mmol) in methanol 

(20 mL) was added. The entire reaction mixture was then refluxed for about 4 h. 

Almost clear pink coloured solution was obtained. The hot reaction mixture was 

filtered and the filtrate was kept aside for crystallization. After 1-2 days, light pink 

coloured crystalline product was obtained. The crystalline product was filtered 

and washed with little ice-cold water followed by alcohol and ether. This 

compound exhibits an identical IR spectrum as that of the compound obtained 

from Method I. The complex thus obtained was insoluble in water, slightly soluble 

methanol, and ethanol but soluble in DMF, DMSO etc. Yield: 3.58 g (72 %) 

Co(OAc)2.4H20 + 2 (4-nbaH)A[Co(H20)4(4-nba)212H20 + 2 CH 3COOH 

CH3OH 
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3.6.4 Preparation of [Co(4-nba) 2] 

A powdered sample of the pink [Co(H20)4(4-nba)2].2H20 complex (500 mg) was 

taken in a silica crucible. The crucible was heated in an oven at 150 °C for about 

20 min, resulting in the formation of a dark blue coloured compound (390 mg). 

The infrared spectrum of the final product (dark blue compound) was quite 

different from that of the starting material indicating the formation of a new 

compound. The complex thus obtained analyzed satisfactorily. 

Anal.  Found (calcd) for C141-112CoN204 : Co 14.88 (15.06); 4-nbaH 84.91 (85.45) % 

[Co(H20)4(4-nba)212H20 	A ♦ [Co(4-nba)2] + 6 H2O 

150°C 

3.6.5 Reversible hydration of [Co(H20)4(4-nba)21.2H20 

A powdered sample of the pink [Co(H20)4(4-nba)2].2H20 complex (500 mg) was 

taken in a previously weighed silica crucible. The silica crucible was heated in an 

oven at 150°C for about 20 min. The crucible was cooled over silica gel in a 

dessicator, resulting in the formation of a dark blue coloured compound (390 mg). 

The infrared spectrum of the dark blue compound was quite different from that of 

the starting material, indicating the anhydrous nature of the blue compound. 

Further, the decrease in weight corresponded to the loss of six water moles of 

water. The resultant anhydrous complex [Co(4-nba)2] (390 mg) was equilibrated 

over water in a dessicator for a day. The original pink coloured compound of the 

starting material [Co(H20)4(4-nba)212H20 (496 mg) was obtained in near 

quantitative yield. The infrared spectrum of the final product is identical to that of 

the starting material. 

Anal. Found (calcd) for C14142oCoN2014:  Co 11.61 (11.80); 4-nbaH 65.81 (66.95) % 

[Co(H20)4(4-nba)2].2H20 A / 150°C [Co(4-nba)2] 

6H20 
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3.6.7 Preparation of [Co(H20)2(im)2( 4-nba)21 

Method 1  

A mixture of commercial cobalt carbonate (1.20 g, —10 mmol) and para-

nitrobenzoic acid (3.34 g, 20 mmol) was taken in water (50 mL). The reaction 

mixture was refluxed for about 4 hours. Both the insoluble reactants slowly 

dissolved on heating with the evolution of carbon dioxide, resulting in the 

formation of a colored solution. The red coloured solution containing a small 

amount of insoluble material was filtered into a beaker containing imidazole in 

water (5 mL) (2.72 g, 40 mmol) This resulted in the instantaneous precipitation of 

copious amounts of the crystalline pink complex. The fine pink coloured micro-

crystals, thus obtained were filtered off, washed thoroughly with cold water 

followed by ether and dried in vacuo. The crystals obtained in this method were 

suitable for X-ray studies. The complex thus obtained was slightly soluble in 

water, methanol, and ethanol soluble in DMF, DMSO etc. The same reaction was 

carried out in 1:2 and 1:6 (Co:im) stoichiometry. The product obtained in all the 

cases was same. Yield: 3.65 g (65 %). 

Anal. Found (calcd) for C20/118CoN6010:  Co 10.03 (10.50); 4-nbaH 59.18 (59.54) % 

CoCO3 + 2 (4-nbaH ) + 2 (im) A 	[Co(H20)2(im)2(4-nba)2] + CO2T 

CoCO3 + 2 (4-nbaH ) + 4 (im) A 	[Co(H20)2(im)2(4-nba)2] + CO2T 

Method II 

Cobalt carbonate was prepared in situ by the addition of a solution of sodium 

carbonate (1.06 g, 10 mmol) in water (10 mL) into a solution of CoC12.6H20 (2.37 

g, 10 mmol) in water (10 mL). To this freshly prepared cobalt carbonate (in situ), 

a slurry of para-nitrobenzoic acid (3.34 g, 20 mmol) in water (50 mL) was added. 

Both insoluble reactants slowly dissolved on heating with the evolution of carbon 
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dioxide, resulting in the formation of a coloured solution. The reaction was just 

complete within 30 min as compared to commercial cobalt carbonate. The final 

red coloured solution with trace amount of insoluble material was filtered into a 

beaker containing imidazole in water (5 mL) (2.72 g, 40 mmol). This resulted in 

the instantaneous precipitation of copious amounts of the crystalline pink 

complex. The fine pink coloured micro-crystals thus obtained were filtered off, 

washed thoroughly with cold water followed by ether and dried in dried in vacuo. 

The product analyzed satisfactorily. The product exhibited an identical infrared 

spectrum to that of the product obtained from method I. The complex thus 

obtained was slightly soluble in water, methanol, ethanol but soluble in DMF, 

DMSO etc. The same reaction was carried out in 1:2 and 1:6 (Co:im) 

stoichiometry. The product obtained in all the cases was same. 

Yield: 4.60 g (85 %). 

Anal.  Found (calcd) C20H1sCoN6010: Co 10.28 (10.50); 4-nbaH 58.67 (59.54) % 

CoC12 + Na2CO3 + 2 (4-nbaH) + 2 (im) A 	[Co(H20)2(im)2(4-nba)2] 

H20 	+ 2 NaC1 + CO2T 

CoC12 + Na2CO3 + 2 (4-nbaH) + 4 (im) A 	[Co(H20)2(im)2(4-nba)2] 

H2O 	+ 2 NaC1+ CO2T 

3.6.8 Preparation of [Co(im)2(4-nba)2] 

A powdered sample of [Co(H20)2(im)2(4-nba)2] (0.500 g) was taken in a silica 

crucible and crucible was heated on a boiling water bath for 20 min. This resulted 

in the formation of a dark blue coloured compound (0.466 g). The infrared 

spectrum of the blue compound was quite different from that of the starting 

material, indicating the formation of a new compound a well as the removal of all 

water molecules. The complex thus obtained analyzed satisfactorily. 

Anal. Found (calcd) for C20H14CoN608 : Co 11.20 (11.22); 4-nbaH 62.81 (63.62) % 

[Co(H20)2(im)2(4-nba)2] 	A 	[Co (im)2(4-nba)2] 

- 2H20 
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3.6.9 Reversible hydration of [Co(H20)2(im)2(4-nba)21 

A powdered sample of the pink [Co(H20)2(im)2(4-nba)2] complex (0.500 g) was 

taken in a previously weighed silica crucible. The crucible was heated on a water 

bath for about 30-min., resulting in the formation of dark violet coloured 

compound (0.468 g). The infrared spectrum of the blue compound was quite 

different from that of the starting material, indicating the formation of anhydours 

compound. Further the decrease in weight corresponds to the loss of six moles of 

water. The crucible with anhydrous complex [Co(4-nba)2] was equilibrated over 

water in a dessicator for a day. This was resulted in the isolation of the starting 

pink coloured compound [Co(H20)2(im)2(4-nba)2] (0.495 g). The infrared 

spectrum of the final product is identical to that of the starting material. 

Anal.  Found (calcd) C20H18CoN6010: Co 10.31 (10.50); 4-nbaH 58.83 (59.54) % 

[Co(H20)2(im)2 (4-nba)2] 	A 	[Co(4-nba)2(im)2] 

2H20 

3.6.10 Preparation of [Co(H 20)4(3-nba)2]. 2H20 

A mixture of commercial cobalt carbonate (1.20 g, -10 mmol) and 3-nitrobenzoic 

acid (3-nbaH) (3.34 g, 20 mmol) was taken in water (80 mL) The reaction 

mixture was refluxed for about 4 h. The insoluble reactants slowly dissolved on 

heating, with the evolution of carbon dioxide, resulting in the formation of a pink 

coloured solution. When most of the cobalt carbonate dissolved, the reaction 

mixture with a small amount of insoluble material was filtered and kept aside for 

crystallization. The pH of the resulting solution was about 6.9. After 2-3 days a 

light pink crystalline product was obtained which was filtered, washed with cold 

water (5 mL) followed by ether and dried in vacuo. The product was insoluble in 

water, soluble in methanol, DMSO etc. Yield: 3.82 g 

Anal.  Found (calcd) for C14H2oCoN208: Co 13.89 (14.62) % 

CoCO3 + 2 (3-nbaH ) A 	[Co(H20)4(3-nba)2] .2H20 + CO21' 
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3.6.11 Reaction of CoCO3 with 3,5 -dinitrobenzoic acid 

A mixture of commercial cobalt carbonate (1.20 g, 10 mmol) and 3,5 dinitro-

benzoic acid (3,5-dnbH) (4.24 g, 20 mmol) was taken in water (80 mL). The 

reaction mixture was refluxed for about 3.5 h. Both the insoluble reactants 

slowly dissolved on heating with the evolution of carbon dioxide, resulting in the 

formation of a colored solution. The dark red coloured reaction mixture 

containing small amount of insoluble material was filtered and the filtrate was 

left undisturbed for crystallization. After 4-5 days, the orange red coloured 

crystalline product thus obtained was filtered, washed with cold water (5 mL) 

followed by ether and dried in vacuo. The compound was slightly soluble in 

water, methanol but soluble in DMSO and DMF etc. Yield: 3.94 g. 

3.6.12 Preparation of [Co(H20)4(4-nba)2(DMSO)2] 

A powdered sample of [Co(H20)4(4-nba)2].2H20 (500 mg) was taken in a 

crucible, and the crucible was heated to 120 °C for about 15 min. The pink 

coloured compound turns blue. The blue compound was then quantitatively 

transferred into a dry beaker and 5 mL of DMSO solvent (spectroscopic grade) 

was added, to obtain a clear dark blue solution. The reaction mixture was kept 

aside for crystallization. After 6-7 days a dark rose pink coloured crystalline 

compound was obtained. The crystals were filtered, washed with little CH2C12, 

ether and dried and weighed. The infrared spectrum was quite different from the 

starting material indicating the formation of new compound. The compound is 

insoluble in water, slightly soluble in methanol, soluble in DMSO and DMF etc. 

Yield: 0.592 g 

Anal.  Found (calcd) for C181-124CoN2014S2: Co 9.33 (9.58) %; 4 -nbaH 55.01 (54.28) 

[Co(H20)4(4-nba)2].2H20 	0 A /150° 	[Co(H20)4(4-nba)2 (DMSO)2] 

ii) DMSO 
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3.6.13 Reaction of [Co(H 20)4(4-nba)21.2H20 with 3,5 dimethyl pyrazole 

A powdered sample of [Co(H20)4(4-aba)212H20 (500 mg) was taken in 

methanol (10 mL), resulting in the formation of pink turbid solution.To this 

solution 3,5-dimethyl pyrazole in methanol was added. A clear dark blue coloured 

solution was obtained. The reaction mixture was filtered and kept aside for 

crystallization. After 2 days-dark blue coloured crystals were obtained. The 

crystals were filtered, washed with little ether and dried and weighed. The infrared 

spectrum of the dark blue coloured crystalline product was quite different from 

that of the starting material, indicating the formation of a new compound, which 

also confirms the replacement of all water molecules by 3,5-dimethyl pyrazzole. 

Yield: 725 mg 
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CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter describes the synthetic aspects, reactivity characteristics, spectral, thermal 

and structural studies of the metal carboxylate complexes prepared in this work. The 

physical properties of the synthesized complexes are summarized in Table 4.1 The 

synthesized complexes have been studied by a variety of methods (Scheme 4.1) and the 

results of these investigations are described. 
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Scheme 4.1 
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Table 4.1 Physical properties of some metal-carboxylates 

Complex Colour Stability 

Magnesium-carboxylates 

1) [Mg(H20)6](2-aba)2.2H20 Pale yellow Slowly decomposes in air 

2) [Mg(2-aba)2] White Stable in air 

3) [Mg(1120)6](4-aba)2.2H20 Light brown Stable in air 

4) [Mg(4-aba)2] Pale yellow Stable in dry air 

5) [Mg(H20)6](2-nba)2.2H20 Pale yellow • Stable in air 

6) [Mg(H20)6](3-nba)2.2H20 White Stable in air 

7) [Mg(H20)6](4-nba)2.2H20 Colourless Stable in air 

8) [Mg(4-nba)2] Bright yellow Stable in dry air 

9) [Mg(H20)2(im)2(4-nba)2] Colourless Stable in air 

Calcium-carboxylates 

10) [Ca(2-aba)2(1120)3] Brown Stable in air 

11) [Ca(4-aba)2(H20)2] Colourless Stable in air 

12) [Ca(4-nba)2(H20)4] Colourless Stable in air 

Strontium-carboxylates 
13) [Sr(2-aba)2(H20)3] Colourless Stable in air 

14) [Sr(4-aba)2(H20)21 Colourless Stable in air 

15) [Sr(4-nba)2(H20)41 Colourless Stable in air 

Barium-carboxylates 

16) [Ba(2-aba)2(H20)2] Colourless Stable in air 

17) [Ba(4-aba)2(H20)2] Colourless Stable in air 

18) [Ba(4-aba)2] Pale yellow Stable in dry air 

19) [Ba(4-aba)Cl] Light brownish Stable in air 

20) [Ba(H20)4(4-nba)21 Pale yellow Stable in air 

Cobalt-carboxylates 

21) [Co(H20)4(4-aba)2] Red Stable in air 

22) [Co(4-aba)2] Dark blue Stable in dry air 

23) [Co(H20)4(4-nba)212H20 Dark pink Stable in air 

24) [Co(4-nba)2] Dark blue Stable in dry air 

25) [Co(H20)2(im)2(4-nba)211 Pink Stable in air 

26) [Co(im)2(4-nba)2] Dark blue Stable in dry air 

27) [Co(H20)4(3-nba)21.2H20 Light pink Stable in air 

28) [Co(I-120)4(4-nba)2 (DMS0) 2] Rose pink Stable in air 
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4.1 Synthetic Aspects and Reactivity Characteristics 

The experimental details for the synthesis of the 2-aminobenzoate (2-aba) complexes 

of the alkali earth metals viz. Mg. Ca, Sr, and Ba are described in sections 3.2 to 3.5 of 

chapter 3. All the complexes have been prepared by reacting the corresponding metal 

carbonate with 2-abaH in a 1:2 mole ratio in water. A general reaction for the formation 

of these complexes can be written as shown below. 

H2O 
MCO3 + 2 (2-abaH) 	[M(2-aba)2(H2O) n] + CO2 

 

(4.1.1) 

 

where M is a bivalent metal such as Mg, Ca, Sr, and Ba 

In the above reaction, when MCO3 is added to a hot aqueous solution of 2-abaH, 

the insoluble MCO3 goes into solution with the evolution of CO2. Filtration of the final 

reaction mixture whose pH is nearly neutral and allowing to crystallize results in the 

formation of the hydrated 2-aba complexes. The choice of metal carbonate is due to its 

ready availability and also due to the fact that the use of the metal carbonate precludes the 

use of a base, as the metal carbonate is basic enough to deprotonate the carboxylic acid. 

All the above reactions were performed at 100 °C on a water bath. It was observed that the 

use of commercial 2-abaH in the above reaction instead of the recrystallised acid resulted 

in the formation of a similar crystalline product in a lower yield. In all the reactions, 

hydrated metal-anthranilate complexes were obtained. However the reaction condition for 

the above reaction is quite important in the case of magnesium-complex. The anhydrous 

product was obtained by concentrating the reaction mixture. It was observed that 

extended periods of heating of the Mg(II)-anthranilate solution resulted in the formation 

of the anhydrous complex. It is to be noted that the use of metal carbonate is quite 

advantageous for metal-carboxylate synthesis as a slight excess of the insoluble carbonate 

can be used to ensure complete consumption of the carboxylic acid and the excess of 

unreacted metal carbonate can be filtered off. The same complexes have also been 

reported in the literature [47] by the reaction of metal salts like MC12 with 2-abaH in the 

presence of ammonia which functions as a base. This reaction can be written as shown 

below: 

MgCh .6H20 + 2 (2-abaH) 	NH3 	[Mg(2-aba)2] + 2 N114C1--- (4.1.2 ) 

H2O /CH3OH 
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The above reaction was carried in a aqueous methanol using NI-140H as a base. 

From these reaction mixtures which are quite alkaline (pH =10) the hydrated metal amino 

benzoates can be isolated. In the case of magnesium anthranilate complexes, the spectral 

and thermal characteristics of the product obtained from the above reaction is identical to 

that of the product obtained by reacting MgCO3 with 2-aminobenzoic acid. In contrast, 

the reaction of MgC12 with 2-abtH in the presence of ammonia at 80 °C has been reported 

[47] to yield the anhydrous product namely [Mg(2-aba)2.] as a voluminous powder. 

When the reaction is performed at room temperature i.e. without any heating then the 

octahydrate complex [Mg(2-aba)2.8H20] can be crystallized. Although both MgCO3 and 

MgC12 give rise to similar carboxylate products, it is interesting to note that two different 

products were obtained depending upon the metal source of starting material and the 

reaction conditions. 

In addition to the above metal sources, metal acetate such as magnesium acetate 

was also employed for the synthesis of Mg-carboxylate complexes. This reaction was 

carried out in 1:1 mixture of water and methanol at room temperature. When metal 

acetate is used as the metal source, the carboxylate synthesis is achieved by the 

carboxylate exchange reaction. The compound formed in this method exhibits an identical 

IR spectrum as that of the compound obtained from other metal sources. The reaction can 

be written as shown below: 

H20/CH3OH 
Mg(0Ac)2.4H20 +2 (2-abaH) 	 [Mg(2-aba)2(H20)8] + 2 CH3COOH (4.1.3) 

It is also to be noted that the metal-carboxylate complexes are not stable in 

strongly acidic media. Such a reaction can be employed for the decomposition of the 

metal-complex as well as the analysis of the metal content (vide supra) 

The reaction of metal carbonate with meta-aminobenzoic acid was attempted 

under similar reaction conditions for other substituted aminobenzoic acids but repeated 

attempts to isolate solid material were not fruitful. The formation of the metal-carboxylate 

product depends on several factors. The basicity of the metal salts and the acidity of the 

carboxylic acids are two important considerations, which dictate the course of the 
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reaction. The solvent used, the reaction time and other added ligands etc. could all influence 

the nature of the final product. 

The experimental details for synthesis of the 4-abaH complexes of Mg, Ca, Sr, Ba and Co are 

described under sections 3.2 to 3.6 of chapter 3. All the complexes have been prepared by 

reacting the corresponding metal carbonate with 4-abaH in a 1:2 mole ratio in water. A 

general reaction for the formation of these complexes can be written as shown below. 

H2O 
MCO3 + 2 (4-abaH) 	[M(4-aba)2(H20)n] + CO2 t 

 

(4.1.4) 

 

where M is a bivalent metal such as Mg, Ca, Sr, Ba, and Co. 

In the above reaction, when MCO3 is added to a hot aqueous solution of 4-abaH, the 

insoluble MCO3 goes into solution slowly with the evolution of CO2. All the above reactions 

were performed at 100 °C as in the case of 2-abaH. It was observed that the use of 

commercial 4-abaH in the above reaction instead of the recrystallised acid resulted in the 

formation of a similar crystalline product in a lower yield. In the above reaction, hydrated 

metal-4-aminobenzoate complexes were obtained. However, the reaction condition for the 

above reaction is important in the case of barium complex. The halide-containing product 

was obtained by using BaC12. Here again, use of metal carbonate is quite advantageous for 

metal-carboxylate synthesis as a slight excess of the insoluble carbonate can be used to 

ensure complete consumption of the carboxylic acid and the excess, unreacted metal 

carbonate filtered off. 

In addition to the above metal sources, metal chloride was employed for the synthesis 

of metal-carboxylate complexes. The reaction of metal salts like MC12 with 4-abaH in the 

presence of ammonia results in the formation of the hydrated 4-aminobenzoate complexes in 

the case of Mg, Ca and Sr. In the case of Mg, Ca, Sr, the complexes formed in this method 

exhibit an identical IR spectrum as that of the complexes obtained by the metal carbonate 

route. The reaction can be written as shown below: 

H2O/NH3 
MC12 + 2 (4-abaH) 
	

[M(4-aba)2(H20)n] + NH4C1 	(4.1.5) 

M= Mg, Ca, Sr 
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The complexes can also be prepared by the reaction of MC12 with sodium 

paraaminobenzoate in a 1:2 mole ratio. In this case the metal halide was reacted with 

sodium-paraaminobenzoate, which was generated in situ by the reaction of 4-abaH with 

NaHCO3. The reaction can be written as shown below. 

H2O 
MC12 + 2 (4-abaH) + 2 NaHCO3 	[M(4-aba)2(H20) n] + 2 NaC1 + CO2 

---- (4.1.6) 

Instead of NaHCO3 other bases like NH 4OH, Na2CO3, NaOH etc. can also be 

used. It is interesting to note that use of MCO3 or MC12 gave similar products in the case 

of Mg, Ca, Sr and Co but different products have been observed in the case of barium. 

The role of the metal source in dictating the product formation is demonstrated by the 

reactions of BaC12 as well as BaCO3 with 4-aminobenzoic acid (4-abaH). It has been 

found that the reaction of BaC12 with 4-abaH in the presence of ammonia leads to the 

formation of a carboxylate complex which contains Ba:4-aba:Cl in a 1:1:1 stoichiometry 

(Equation 4.1.7). The (4-aba)" and (Cl)" together compensate the dipositive charge on Ba. 

However when the same reaction is done using BaCO3 a bis complex which contains  

Ba:4-aba in a 1:2 stoichiometry, is obtained in excellent yields (Equation 4.1.8). This 

clearly indicates that pure carboxylates can be obtained by the carbonate method. In 

contrast, in the case of 2-abaH both the reactions (starting materials as BaC12 or BaCO3) 

give similar products, which were confirmed by spectroscopic as well as thermal 

methods. Although the reason for this is not very clear, it appears that the disposition of 

the —NH2 group with respect to the carboxylate in the six-membered ring seems to be an 

important factor in the formation of the final product. 

H20/1\1113 
BaC12 + 2 (4-abaH) 
	

[Ba(4-aba)C1] 	(4.1.7) 

H2O 
BaCO3 + 2 (4-abaH) 
	

[Ba(4-aba)2(H20)2] 	(4.1.8) 

The reaction of MCO3 with substituted nitrobenzoic acids in a 1:2 mole ratio 

results in the formation of the hydrated metal-nitrobenzoate complexes in very good 

yields. The insoluble reactants go into solution on refluxing with the aromatic acids in 

water and the products can be isolated from the nearly neutral reaction mixture. In the 

above reaction, when MCO3 is added to hot slurry of the nitro substituted nbaH, the 
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insoluble MCO3 goes into solution with the evolution of CO2. In the case of nitro-

substituted benzoic acid, the reaction was carried out under reflux while in the case amino 

substituted benzoic acids, reaction was carried out at 100 °C. In the case of cobalt, it was 

observed that the use of freshly prepared CoCO3 reduces the reaction time and increases 

yield of the final product. The use of commercial nbaH in the above reaction instead of 

the recrystallised acid resulted in the formation of a similar crystalline product in a lower 

yield. In the above reaction, hydrated metal-nitrobenzoate complexes were obtained 

A general reaction for the complex formation can be represented as shown below: 

Heat 
MCO3 + 2 (x-nbaH) 	[M(x-nba)2 (H2O)]n    (4.1.9) 

H2O 
where nbaH = nitrobenzoic acid M = Mg, Ca, Sr, Ba and Co. 

x = may be para, meta or ortho 

In order to understand the substituent effect as well as positioning effect, the 

reaction of ortho, meta and para nitrobenzoic acids were investigated first with Mg(II). 

The three nitrobenzoic acids used in this study differ in terms of the disposition of the 

nitro group with respect to the carboxylic acid in the six-membered ring. The positioning 

of the nitro group is responsible for the differing acidity of the three acids with the ortho 

isomer being the most acidic (plc =2.17) while the meta isomer is the least acidic (pKa 

=3.49). The para isomer with a pKa  value of 3.42 is slightly more acidic than the meta 

isomer. In spite of the differing acidity, all the three acids give rise to the M(II) 

complexes as has been observed for Mg(II). In the case of Mg-para-nitrobenzoate 

complex the isolated product was sparingly soluble in water although it is obtained from 

an aqueous solution, while the ortho isomer is freely water-soluble. 

The complexes can also be prepared by the reaction of MC12 with sodium 

nitrobenzoate in a 1:2 mole ratio. In this case the metal halide was reacted with sodium-

nitrobenzoate, which was generated in situ by the reaction of nbaH with NaHCO3. The 

reaction can be written as shown below. 

H2O 
MC12 + 2 (x-nbaH) + 2 NaHCO3 	[M(x-nba)2(H20)n] + 2 NaC1+ CO2 T 

	(4.1.10) 
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Instead of NaHCO3 other bases like NH4OH, Na2CO3, NaOH etc. can also be 

used. It is interesting to note that use of MCO3 or MC12 gave similar products. Thus the 

reactions of nitrobenzoic acids with bivalent metals differ from the reaction of 

aminobenzoic acids with alkali metals where the nature of the product has been shown to 

be influenced by the type of metal source especially in the case of barium. 

Reactivity studies 

The reactivity studies of the synthesized complexes were investigated with ligands 

like imidazole (im), 3,5 dimethyl pyrazole (3,5dmp), D20, DMSO. In the case of Mg 

complex, the reaction of hydrated magnesium paranitrobenzoate generated in situ with 

imidazole was studied in aqueous medium in 1:4 mole ratio. This resulted in the 

formation of the imidazole containing complex in good yields. The incorporation of 

imidazole has been conclusively proved by analysis and spectral studies (vide infra). The 

reaction can be written as: 

MgCO3 + 2 (4-nbaH) + 4 (im) 	A 	[Mg(H20)2(im)2(4-nba)2] + CO2T 

H2O 	(4.1.11) 

The use of excess imidazole resulted always in the formation of the bis 

(imidazole) complex and not the tetra or hexa imidazole complexs. The same complex 

was also synthesized by a slightly modified method. In this reaction, anhydrous complex 

obtained from [Mg(H20)6](4-nba)2.2H20 was reacted with imidazole in methanol (1 Mg: 

4 im). The anhydrous [Mg(4-nba)2] is insoluble in methanol. But on addition of imidazole 

a clear solution is obtained. When the reaction mixture was left for crystallization the bis 

(imidazole) complex was obtained. These reactions was carried out in 1:2 and 1:6 

(Mg:im) stoichiometry. The product obtained in all the cases was same. The use of excess 

imidazole resulted always in the formation of the bis (imidazole) complex and not tetra or 

hexa imidazole complexes.The reaction can be written as : 

[Mg(H20)6](4-nba)2.2H20 	A [Mg (4-nba)2] 2 im [Mg(H20)2(im)2 (4-nba)2] 

CH30I-t 	(4.1.12) 
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The above exchange of ligand is not observed in the case of magnesium 

anthranilate complexes where the reaction resulted in the isolation of starting material 

only. The facile formation of bis complex indicates some unusual stability for this 

compound as the same compound has also been obtained in a different method. A similar 

complex was obtained from the reaction of [Co(4-nba)2(H20)6] with imidazole. This 

complex is isostructural with its Mg analogue. 

Another important reaction is the study With aqueous acids such as dilute HC1. 

The reactions of carboxylate complexes with acids result in the protonation of the 

carboxylate and decomposition of metal complex as shown below. 

214+  

[M(carboxylate)2 .xH20] 	M2+  + 2 carboxylic acid   (4.1.13) 

Excess 

The acidification reaction, which results in the formation of the carboxylic acid, is 

a very useful reaction as this offers a convenient method for the analysis of the metal 

complexes when the carboxylic acid formed is insoluble as in the case of 4-nbaH. 

[M(4-nba)2.xH2O] + 21-1+--►  M2+  + 2 (4-nbaH) 	(4.1.14) 

The paranitrobenzoate complexes prepared in this work have been studied by the 

acidification reaction to isolate the insoluble para-nitrobenzoic acid. The insoluble acid 

was quantatively analyzed gravimetrically as well as High performance liquid 

chromatography (HPLC). The weight of the product thus obtained is useful in arriving at 

the final formula of the original carboxylate complex. This has been made possible in 

view of the high insolubility of pure 4-nbaH in water. In a typical experiment, a metal-

paranitronbenzoate complex is acidified slowly with dilute HC1 and the 4-nbaH thus 

precipitated is filtered, washed with a little cold water and air dried at room temperature. 

This method is advantageous in that the entire analysis can be done in a very short time. 

The weight of 4-nbaH was then recorded. It is to be noted that the isolated 4-nbaH should 

not be dried in oven, as 4-nbaH is volatile at higher temperatures. Control experiments 

have shown that 4-nbaH loses its weight when kept in oven at 100 °C. In addition to this, 

the filtrate, which contains the bivalent metal as the aqua ion can be used after making up 

to a known volume, to estimate the metal content by EDTA or gravimetry method. The 

metal analysis of the Mg, Ca, Sr, Ba and Co(II) complexes was determined by EDTA 

76 



titration, while those of the Ba(II) complexes was quantified as chromate complex and 

analyzed gravimetrically [107]. In case of nitro and amino substituted benzoate 

complexes of Mg, Ca, Sr, Ba and Co, metal was also analyzed by the decomposition of 

the complex by heating it to high temperature, resulting in the volatilization of the organic 

matter. The metal oxide residue thus formed was then dissolved in dilute HC1 and the 

metal was estimated by EDTA titration or gravimetric method. This method is especially 

advantageous for the analysisofaminobenzoates. The insoluble paranitrobenzoic acid has 

been determined both by gravimetric analysis as well the High Performance Liquid 

Chromatography (HPLC). The details of the HPLC method are described below. 

4.2 High Performance Liquid Chromatography (HPLC) method for 
the determination of paranitrobenzoate content. 

High Performance Liquid Chromatography (HPLC) is one of the most widely 

used analytical separation techniques in laboratories worldwide [108]. It is an dynamic in 

its scope of application from capillary scale to preparative scale and it is versatile in the 

range of detection techniques that can be associated with it, providing analytical 

capabilities over a broad spectrum of compounds. The remarkable progress and 

popularity of the method can be attributed to several factors like its sensitivity and its 

ready adaptability to accurate quantitative determination, its suitability to accurate 

quantitative determination, its suitability for separation of non-volatile species or 

thermally fragile ones, its widespread applicability to substances that are of prime interest 

to industry, to many field of science e.g. amino acids, proteins, nucleic acid, 

hydrocarbons, carbohydrates, pesticides, and a variety of inorganic substances [109]. 

HPLC is the outcome of the various theories and instrumentation that were originally 

advocated for liquid chromatography [110]. In many favorable instances the smallest 

possible quantities ranging from nanogram to picogram can be detected with utmost ease 

and convenience. HPLC has evolved as a direct confluence of need, technological 

supremacy, the emergence of newer theoretical concepts and ideas towards development 

along rational lines. It is a fast growing analytical technique for the analysis of different 

chemical components; its simplicity, high specificity and wide range of sensitivity makes 

it ideal for the analysis of many drugs. The growth of HPLC has been facilitated by the 

development of reliable, moderately priced instrumentation and efficient columns [111]. 

HPLC or liquid chromatography (LC) is a separation technique based on the difference in 
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the distribution of components between two non-miscible phases in which liquid mobile 

phase elutes through a stationary phase in a column. In the present work, a simple, rapid 

High Performance Liquid Chromatography (HPLC) method has been developed and 

validated for the analysis of paranitrobenzoic acid content in metal-paranitrobenzoate 

complexes. 

4.2.1 Instrumentation: 

The HPLC instrumentation essentially comprises of the following main components 

namely: Solvent reservoir and degassing system, pressure flow and temperature 

controller, pump and simple injection system, column, detector, recorder and data 

handling device and microprocessor control. This is illustrated in the form of a flow 

diagram of HPLC, wherein all the vital components have been duly represented in Fig. 

4.2.1 

4.2.2 Methodology: 

Equipments and Chemicals. 

The following HPLC equipment and accessories namely LaChrom L-7100 / P100 

Spectra series pump, LaChrom L-7250 / P100 Autosampler, LaChrom L-7400 /UV 100 

Spectra series UV detector, LaChrom HSM / CSW SST Software, Analytical balance 

(Mettler Toledo AG 285) were used for the development and validation of the method. 

The following chemicals were used for method validation studies. Ammonium 

dihydrogen phosphate (AR grade), Methanol (HPLC grade), Orthophosphoric Acid (AR 

grade), Water (Milli Q grade) 

4.2.3 Chromatographic conditions 

The optimized chromatographic conditions for the analysis of paranitrobenzoic acid 

content in metal-paranitrobenzoate complex are listed below: 

Column: 	Intersil ODS-3V (150 x 4.6 mm, 5 mm packing material) 

Wavelength: 	UV at 270 nm 

Flow rate: 	1 mL per minute 

Injection volume: 20 p.1 

Run time: 	10 min. 
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Mobile phase: 

The mobile phase was prepared by mixing 170 volume of acetonitrile and 830 

volume of buffer (1.15 g of Ammonium dihydrogen phosphate in 1000 ml of water, 

adjusted to pH= 5.0 using 1% v/v solution of orthophosphoric acid). The mobile phase 

was filtered through 0.4511 membrane filter, followed by degassing. Flow rate was 

maintained at 1.0 mL/min with an average operating pressure of 780 psi and the eluent 

monitored at 270 nm. The wavelength was selected by scanning standard solution of 

paranitrobenzoic acid over a wavelength range from 200 to 500 nm. Para-nitrobenzoic 

acid shows reasonably good response at 270 nm (Fig 4.2.2) 

Procedure: 

Standard preparation: 

25 mg of para-nitrobenzoic acid was weighed and transferred into a 50 mL 

standard flask, dissolved and diluted to the mark with methanol and this was used as the 

stock solution. A 5 mL aliquot of the stock solution was further diluted to the mark in a 

50 ml standard flask. This solution was passed through a 0.2 p membrane filter and then 

used as the standard solution for the analysis. 

Sample preparation: 

An amount of a powdered sample of metal-paranitrobenzoate complex (containing 

about 25 mg of para-nitrobenzoic acid) to be analysed was weighed and transferred into a 

50 mL standard flask. To this 2 mL of dil HC1 was added, and the contents of the flask 

were sonicated for about 10 min and then dissolved and diluted to the mark with 

methanol. A 5 mL aliquot of the above solution was further diluted to the mark in a 50 ml 

standard flask. This solution was passed through a 0.2 p membrane filter and then used as 

the sample for analysis. The reaction can be represented as 

HC1 

[M(H20).](4-nba)2.xH20 -• MC12 + 2 (4-nbaH) + H2O 	4.2.1 

CH301,  
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Estimation: 

Equal volumes (20 pl) of the sample and standard preparation were injected 

separately by using auto sampler. The chromatograms (Peak response) were recorded for 

the standards and sample. The amount of para-nitrobenzoic acid in the test sample was 

calculated using the following formula and the results thus obtained for a few metal 

paranitrobenzoate complexes arc tabulated in Table 4.2.1 

Calculation 

The % 4-nbaH was evaluated using the following relation: 

% 4-nbaH = 	x Wst  x 5 x 50 x 50 x 100 	4.2.2 
Ast 	50 	50 	Wsp 	5 

where 

Asp: Mean peak response of the sample preparation, Ast: Mean peak response of the 

standard preparation, WA: Weight of the working standard in gm, W sp: Weight of sample 

in gm 

Table 4.2.1 

HPLC data for the following compounds 

Sr.No. Compound 
% of Paranitrobenzoic acid 

Found (Experimental) Calculated (Theoretical) 

1. [Mg(H20)6]0-nba)2.2H20 66.41 66.78 

2. [Mg(H20)2(im)2(4-nba)2] 63.32 63.46 

3. [Ca(H20)4(4-nba)2] 75.83 75.22 

4. [Ba(H20)4(4-nba)2] 61.19 61.70 

5. [Sr(H20)4(4-nba)2] 66.85 67.55 

6. [Co(H20)4(4-nba) 2].2H20 66.42 66.95 

7. [Co(H20)2(im)2(4-nba)2] 58.23 59.54 

8. [Co(H20)4(4-nba)2(DMSO)2] 54.25 53.96 
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4.2.4 METHOD VALIDATION DATA: 

Definition:  Validation of analytical method is the process by which it is established by 

laboratory studies, that the performance characteristics of the method meet the 

requirements for the intended analytical applications [112]. 

The HPLC method thus developed above for the determination of 

paranitrobenzoic acid in metal-paranitrobenzoate complex was validated using two 

parameters i.e. linearity and precision. An excellent linearity was observed with the linear 

regression correlation coefficient for paranitrobenzoic acid being 1.00. The precision of 

the method was established by replicate analysis of the analyte (six times) using the above 

method. A low value of relative standard deviation shows that the method is precise (Fig. 

4.2.3) 

Linearity of response 

Definition:  The linearity of an analytical procedure is its ability (in a given range) to 

obtain response, which is directly proportional to the concentration (amount) of the 

analyate in the sample. 

The linearity of response for paranitrobenzoic acid was determined in the range of 

30 to 70 lag/mL and was found to be linear. (Acceptance criteria: Correlation Coefficient 

?_ 0.99). The data is shown in the table and represented graphically in Fig.4.2.3 

The Linearity was checked by preparing standard solution at seven different 

concentration levels ranging from 30 to 70 lig/mL. After setting all the chromatographic 

parameters, 20 pi of each of the solution prepared was injected into the chromatographic 

system. The data in the range was further considered for the spastically validation and 

regression analysis. The graph of concentration of paranitrobenzoic acid in lag/m1 on 

abscissa v/s peak area values on the ordinate was plotted. The graph was found to be 

linear with a correlation coefficient is 1.00. The linear regression least square fit data 

obtained from the measurement are given in table. The respective slope, standard 

deviation and correlation coefficient are quoted in Table 4.2.2 and represented graphically 

in Fig.4.2.3 
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Linearity of paranitrobenzoic acid analysis 
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Linearity response of Paranitrobenzoic acid 

Conc (mcg/m1) Peak response 
30 2388.79 
40 3181.98 
50 3957.62 
60 4761.63 
70 5534.97 

Intercept 28.993 
Slope 78.720 

Corr.Coefficien1 	0.99999 

System Precision of Paranitrobenzoic 

Injection Peak Response 
1 4053.26 
2 4055.81 
3 4055.25 
4 4080.70 
5 4055.86 

Mean 4060.18 
Std. Deviation 11.52 

% RSD 0.284 

Method Precision of Paranitrobenzoic acid 

Injection Peak Response 
1 4390.95 
2 4384.94 
3 4402.84 
4 4406.27 
5 4392.24 

Mean 4395.45 
Std. Deviation 8.84 

% RSD 0.201 

Fig 4.2.3 HPLC method validation data. 
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Precision 

Definition:  The precision of an analytical procedure expresses the closeness of 

agreements between a series of measurements from multiple sampling of the same 

homogeneous sample under defined experimental conditions. 

Six replicate injections of a standard preparation were analysed by the HPLC 

system as per the method. The results along with the % RSD of area counts shown in 

Table 4.2.3, indicate an acceptable level of precision for the analytical system. 

(Acceptance criteria: % RSD 2) 

Table 4.2.2 

Linearity of response for paranitrobenzoic acid 

Sr. No. Concentration (p.g/mL) Area counts of paranitrobenzoic acid 

1. 30 2388.79 

2. 40 3181.98 

3. 50 3957.62 

4. 60 4761.63 

5. 70 5534.97 

Correlation Coefficient 1.000 

TABLE 4.2.3 

System precision for paranitobenzoic acid 

Injections Area Counts Paranitrobenzoic acid 

1. 4053.26 

2. 4053.26 

3. 4055.81 

4. 4055.25 

5. 4080.70 

• 6. •4055.86 

Mean 4060.18 

Standard deviation 11.52 

% RSD 0.284 
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The developed HPLC method and its supportive validation data reveal that the 

method is precise and accurate to quantify the content of paranitrobenzoic acid in metal 

carboxylate complexes. The proposed method parameters such as chromatographic 

conditions and mobile phase gave good system suitability and sensitivity for 

paranitrobenzoic acid. The analyte peak was well defined, resolved and free from tailing. 

The elution order for paranitrobenzoic acid was about 3 min. at a flow rate of 1 mL/min. 

The optimum wavelength for detection was at 270 nm, determined by maxima obtained 

from uv-visble scan, between ranges of 190 to 400 nm. The replicate analysis studied 

over different sample preparations gave sufficient evidence for the ruggedness as well as 

the reproducibility of the method. The low value of standard deviation and correlation 

coefficient indicates high-level precision and the linearity of the method. 

4.3 Infrared spectral investigations 

The complexes prepared in this work have been studied by infrared spectroscopy. 

The experimental conditions for the IR measurements have been detailed in section 3.1. 

The carboxylate ligand exhibits different modes of binding as already shown in Fig. 1.1. 

Thus an important requirement of infrared spectroscopy is as a means of differentiating 

between these structural patterns. A major difficulty when one considers infrared 

spectroscopy and carboxylate chemistry arises from the already low symmetry of the free 

carboxylate ligand (C20. The consequence of this• is that on coordination to a metal ion 

the usual lowering of symmetry together with the splitting of the degenerate modes does 

not occur. In spite of such difficulties, the unidentate coordination mode can be readily 

identified. The monodentate carboxylate groupings show an increase in the asymmetric 

stretching C00-  frequency together with a decrease in the symmetric stretching COO -

frequency. The reason for this is the breakdown in the equality of the carbonyl groups on 

unidentate coordination. The ionic carboxylates (carboxylate just functions like an anion) 

are possibly best detected by other methods like X-ray but many such salts have an 

intense asymmetric stretching COO -  frequency within the range 1560-1600 cm -I . 

Although some conclusions regarding the nature of carboxylate bonding can be arrived at, 

based on the energy difference between asymmetric stretching vibration and the 

symmetric stretching vibration of the carboxylate, caution is to be exercised in 

interpreting the infrared spectra. The presence of additional groups like —NH2, -NO2, etc. 

in the complexes prepared in this work, add more complications to the spectral 
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interpretation in view of possible H-bonding interactions between —NH2 and COO" groups 

etc. However the presence of water molecules in the synthesized complexes can be 

readily identified based on infrared spectral examination. The infrared spectra recorded in 

this work show certain striking features, which are discussed below. The infrared spectra 

of the synthesized complexes exhibit several sharp signals, which confirm the presence of 

organic moiety namely the substituted carboxylic acid in the complexes. Further the 

presence of water can be readily identified by the broad O-H absorption signal at around 

3500  cm" 1 . In addition to this the bands due to the symmetric and asymmetric stretching 

vibrations of the carboxylate ligand as well as the amino and nitro group can also be 

readily identified. 

The IR spectral data of Mg, Ca, Sr, Ba, and Co complexes of amino and nitro 

substituted benzoic acids are summarized in Table 4.3.1. Representative infrared spectra 

of some synthesized metal complexes are depicted in Figs 4.3.1 to 4.3.14. 

In the case of amino substituted metal carboxylate, the complexes exhibit several 

sharp signals in their IR spectra. Many of these signals are also present in the 

uncoordinated carboxylic acids clearly indicating the presence of the organic moiety in 

the synthesized complexes. A representative spectrum of metal-anthranilate complex is 

presented in Fig 4.3.1. In this figure, the infrared spectra of free anthranilic acid (a), 

hydrated complex [Mg(H20)4(2-aba)2.2H20 obtained by reacting MgCO3 with 2-abaH 

(b) and calcined product of [Mg(H20)6](2-aba)2.2H20 (c) are reproduced. The IR 

spectrum of anthranilic acid (Fig 4.3.1 a) shows several bands, with two sharp bands at 

3391 and 3297 cm" 1  which can be assigned to O-H and N-H stretching vibration 

respectively. The free anthranilic acid does not exhibit any signals above 3391 cm"' 

unlike the hydrated Mg(II) anthranilate complex (Fig 4.3.1 b), clearly indicating that the 

—OH group of the anthranilic acid is strongly H-bonded, due to the intramolecular 

hydrogen bonding between the amino and carboxylate group of same aminobenzoic acid 

molecule. Apart from this, several peaks are observed in the finger print region, which are 

characteristic of the carboxylic acid. It is also observed that IR spectra of Mg(II)-

anthranilate complexes shows several bands in the finger print region as in the case of 

free anthranilic acid which confirms the presence of organic moiety in the complexes. 

The IR spectrum (Fig 4.3.1 b) of the complex [Mg(H20)6](2-aba)2.2H20 obtained from 

MgCO3 with 2-abaH is quite different from that of the spectrum of the reported product 
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Table 4.3.1. INFRARED SPECTRAL DATA 

COMPOUND ill BANDS IN cm-1  

3478 (s), 3373 (s), 3331 (s), 1674 (s), 1617 (s), 1591 (s), 

2-abaH 
1560 (s), 1523 (s), 1486 (s), 1455 (s), 1418 (s), 1376 (w), 

,1324 (w), 1303 (s),_1250 (s), 1161 (s), 1119 (w), 920 (s), 
752 (s), 705 (s), 663•(s), 564 (w), 532 (s), 506 (w). 

3468 (s), 3362 (s), 3237 (w), 2681 (w), 2555 (w), 1668 (s), 
1638 (w), 1625 (w), 1603 (s), 1574 (s), 1522 (s), 1445 (s), 

4-abaH 1422 (s), 1345 (s'), 1313 (w), 1297 (s), 1129 (s), 1074 (w), 
964 (w), 926 (w), 893 (w), 845 (s), 816 (w), 774 (s), 700 (s), 
622 (s), 555 (s), 500 (s). 

3100 - 2889 (b), 2678, 2549, 1684*, 1608, 1538#, 1491*, 
2-nabH 1415, 1368#, 1292, 1152, 1067, 918, 862, 809, 780, 733, 

692, 645, 587, 522, 860, 801, 720, 562, 515, 451. 

3087- 2800 (b), 2666, 2549, 1848, 1701*, 1619, 1585, 
3-nbaH 1538#, 1485*, 1458, 1415, 1362#, 1328, 1292, 1152, 1099, 

1000, 924, 901, 830, 813, 778, 725, 702, 661, 567, 532, 444 

3122 - 2853 (b), 2666, 2549, 1950, 1824, 1696*, 1608, 
4-nbaH 1544#, 1497, 1433*, 1351#, 1316, 1292, 1280, 1181, 1128, 

1111, 1017, 977, 930, 877, 860, 801, 720, 562, 515, 451. 

3122 (s), 3027 (s'), 2922 (s), 2839 (s), 1577 (w), 1561 (s'), 

Imidazo1 (im) e  
1542 (s), 1500 (s), 1448 (s), 1329 (s), 1264 (s), 1245 (w), 
1148 (s), 1099 (s), 1058 (s), 939 (s), 897 (s), 845 (s), 829 
(s'), 758 (s), 739 (s), 661 (s), 622 (s). 

88 



MAGNESIUM-CARBOXYLATES: 

COMPOUND IR BANDS IN CM-1  

3500 (b), 3391 (s), 3297 (w), 1690 (s), 1626 (s), 1585 (s), 
,., 

[Mg(1120)6](2-aba)2.2H2t, 
1515 (s), 1444 (s), 1386 (w), 1328 (s), 1240 	(s), 1170 (s), 
1035 (s), 877 (s), 801 (s), 760 (s), 708 (s), 667 (w), 567 (w), 
526..(s), 491 (s), 415 (s). 

3321 (s), 3146 (s), 2924 (w), 1602 (s), 1567 (s), 1491 (s), 

[Mg(2-aba)2] 1462 (s), 1421 (s), 1327 (w), 1298 (s), 1246 	(s), 1158 (s), 
1087 (s), 1029 (s), 953 (s), 872 (s), 813 (s), 754 (s), 720 (s), 
673 (s), 632 (s), 585 (s), 562 (s), 521 (s), 421 (s) 

3500 (b), 3380 (s), 1608 (s), 1596 (s), 1538 (s), 1509 (s), 1386 

[Mg(H20)6](4-aba)2.2H20 
(s), 1304 (w), 1269 (s), 1176 (s), 1146 (s), 1094 (s), 1018 (s), 
854 (s), 836 (s), 819 (s), 790 (s), 755 (s), 702 (s), 638 (s), 550 
(s), 497 (w), 421 (s) 

3438 (s), 3359 (s), 3219 (w), 1662 (s), 1540 (s), 1511 (s), 
[Mg(4-aba)2] .1393 (s), 1292 (s'), 1178 (s'), 1148 (w), 1099 (w), 1022 (w), 

854 (s), 798 (s), 705 (s), 644 (s), 552 (s), 495 (w), 423 (s) 

3578 (b), 3426 (b), 3169 (s), 1684 (s), 1643 (s), 1596* (s), 
1573 (s), 1520# (w), 1485 (s), 1444 (s), 1386* (s), 1368# (s), 

[Mg(H20)6](2-nba)2 .2H20 1310 (s), 1163 (s), 1140 (s), 1076 (s), 1041 (s), 994 (s), 965 
(s), 894 (s), 865 (s), 848 (w), 818 (s) 784 (s), 748 (s), 649 (s), 
590 (w), 556 (s), 409 (s). 

j ,.., 

[Mg(1120)6](3-nba)2.2H2sa 

3614 (b), 3426 (b), 3249 (s), 3099 (s), 2935 (s), 1625* (s), 
1593 (s), 1575 (w), 1538# (s), 1480 (s), 1440* (s), 1423 (s), 
1388 (s), 1353# (s), 1277 (s), 1160 (s), 1084 (s), 1008 (s), 914 
(s), 832 (s), 791 (s), 721 (w), 657 (s) 599 (s), 529 (s), 476 (s). 

[MgH20)6](4-nba)2.2H20 
3600-3000 (b), 2924 (b), 1620 (s), 1573 *  (s), 1509# (s), 1376* 
(s), 1347# (s), 1324 (w), 1166 (s), 1137 (s), 1008 (s), 885 (s), 
803 (s), 727 (s), 553 (s), 441 (s). 

_ 3100 (s), 2875 (s), 2475 (s), 1650 (s), 1620 (s), 1600 (s), 
[Mg(4-nba)2] 1560* (s), 1525# (w), 1425* (s), 1350# (s), 1325 (s), 1150 (s), 

1100 (s), 1020 (s), 975 (s), 880 (s), 850 (s), 840 (s), 800 (s), 
775 (s), 600 (s), 550 (s), 525 (s), 440 (s). 

3383 (s), 1617 (w), 1570 (s), 1539 (s'), 1518 (s'), 1423 (s'), 
[Mg(H20)2(im)2(4-nba)21 1387 (s), 1350 (w), 1324 (s'), 1255 (w), 1103 (s), 1072 (s), 

1014 (s), 946 (s), 894 (s), 847 (s), 805 (s), 758 (s), 726 (s), 
705 (s), 663 (s), 616 (s), 522 (s). 
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CALCIUM-CARBOXYLATES: 

COMPOUND - IR BANDS IN CM-1  

[Ca(2-aba)2(}120)31 
3530 (b), 3415 (s), 3300 (s), 1644 (s), 1612 (s), 1585 (s), 1528 
(s), 1486 (s), 1455 (s), 1402 (s), 1318 (s), 1260 (s), 1161 (s), 
1150 (s), 1030 (s), 967 (s), 878 (s), 826 (s), 810 (s), 763 (s), 
710 (s), 669 (s), 574 (s), 527 (s), 422 (s). 

3568 (s), 3278 (s), 3192 (s), 1620 (s), 1589 (s), 1530 (s), 1502 
[Ca(4-aba)2(1120)2] (s'), 1439 (s), 1389 (s), 1273 (s), 1180 (s), 1139 (s), 1109 (s), 

1014 (s), 996 (s), 892 (s), 850 (s), 776 (s), 703 (s), 633 (s), 
623 (s), 564 (s), 517 (s), 473 (s), 418 (s). 

[Ca(4-nba)2(H20)4] 3583 (s), 3478 (s), 3331(w), 1633 (s), 1617 (s) 1570* (s), 
1521# (s), 1408 (s), 1350* (s), 1324# (w), 1171 (s), 1135 (s), 
1109(s), 1014(s), 883 (s), 841 (s), 799 (s), 726 (s), 673 (w), 
632 (w), 511 (s) 

STRONTIUM-CARBOXYLATES: 

COMPOUND IR BANDS IN CM 1  

[Sr(2-aba)2(H20)3] 3436 (b), 3320 (s), 1617 (s), 1580 (s), 1528 (b), 1492 (s'), 1460 (s), 
1413 (b), 1318 (s), 1255 (s), 1156 (s), 1082 (s), 1035 (s), 957 (s), 
868 (s), 815 (s), 752 (s), 710 (s), 674 (s), 574 (s), 527 (s), 411 (s). 

3571 (s), 3273 (s), 3183 (s), 1617 (s), 1582 (s), 1526 (s), 1496 (s'), 
[Sr(4-aba)2(H20)2] 1430 (s), 1379 (s), 1267 (s), 1177 (s), 1123 (s), 1100 (s), 1011 (s), 

992 (s), 889 (s), 846 (s), 772 (s), 713 (s), 614(s), 603 (s), 554 (s), 
509 (s), 468 (s), 413 (s). 

3635(s), 3530 (s), 3436 (w), 2446 (w), 1947 (w), 1622 (s), 1581* 
[Sr(4-nba)2(H20)4] (s), 1512# (s), 1418 (s), 1355* (s), 1318# (w), 1171 (s), 1140 (s), 

1109(s), 1014(s), 983 (w), 836 (s), 799 (s), 726 (s), 590 (s), 516 (s) 



BARIUM-CARBOXYLATES: 

COMPOUND IR BANDS IN CM 1  

[Ba(2-aba)2(H20)2] 
3436 (s), 3383 (s), 3310 (w), 1617 (s), 1581 (s), 1522 (s), 
1455 (s), 1397 (s), 1318 (s), 1255 (s), 1197 (w), 1150 (s), 
1077 (w), 1030 (w), 952 (w), 862 (s), 815 (s), 747 (s), 700 
(s), 668 (s), 569 (s), 527 (s). 

3615 (s), 3404 (w), 3341 (w), 1629 (w), 1603 (B), 1590 (w), 
[Ba(4-aba)2(H20)2] 1558 (w), 1529 (b), 1397 (b), 1274 (s), 1174 (s), 1142 (s), 

1125 (w), 1087 (w), 1009 (s), 858 (s), 790 (s), 703 (s), 622 
(s), 529 (w), 500 (w). 

3395 (w), 3375 (w), 1606 (s), 1596 (s'), 1512 (s), 1397 (s), 
[Ba(4-aba)2] 1260 (s), 1177 (s), 1140 (w), 1124 (w), 1087 (s), 1015 (s), 

972 (s), 952 (s), 857 (s'), 815 (s'), 784 (s), 695 (s), 621 (s), 
532 (s), 496 (s). 

3373 (s), 3300 (s), 3059 (s), 1612 (s), 1591 (s), 1507 (s), 
[Ba(4-aba)C1] 1397 (s), 1271 (s), 1177 (s), 1140 (w), 1087 (s), 1019 (s), 

984 (s), 942 (s), 871 (s), 852 (w), 826 (s), 800 (s), 764 (s), 
703 (s), 622 (s), 545 (s), 497 (s), 468 (s) 

3666(s), 3635 (w), 3562 (w), 3300 (b) 2440 (w), 2283(w), 
[Ba(H20)4(4-nba)2] 1952 (w), 1622(s), 1575* (s), 1507#(s), 1418 (s), 1392 (s), 

1345* (w), 1324# (s), 1109 (s), 1009(s), 833 (w), 847 (s), 
799 (s), 726 (s), 653 (s), 516 (s) 

COBALT-CARBOXYLATES: 

COMPOUND IR BANDS IN CM-1  

3489(s), 3373 (s), 3279 (w), 3195 (s), 1612 (s'), 1596 (s), 

[Co(H20)4(4-aba)2] 
1528 
1140 

(s), 1502 
(s), 1104 

(s'), 1434 (s), 1381 (s), 1271 (s), 1177 (s), 
(s), 1014 (s'), 999 (s), 894 (b), 842 (b), 779 (s), 

• 705 (s), 642 (s'), 627 (s), 558 (s), 511 (s), 474 (s), 422 (s). 

[Co(4-aba)2] 
3353 
1177 

(w), 3226 (w), 1606 (s), 1544(s), 1397 (s), 1298 (s'), 
(s), 1020 (s), 852 (s), 789 (s), 705 (s), 632 (s), 506 (s). 

[Co(H20)4(4- 3604 (s), 3530 (s), 3352 (s), 3237 (s), 1570* (s), 1518# (s), 
nba)212H20 1408 (s), 1381 (s), 1350* (s), 1324# (s), 1135 (s), 1104 (s), 

1014 (s'), 952 (s), 878 (s), 821 (s), 800 (s), 726 (s), 527 (s'). 
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COMPOUND - IR BANDS IN CM 1 

[Co(4-nba)2] 
1706 (s), 1586 (s), 1544*(s), 1520# (s), 1418 (s), 1350* (s), 
1318# (s), 1172 (s), 1109 (s'), 1014 (s), 878 (s), 831 (s), 799 
(s), 726 (s), 528 (s'), 532 (s). 

3352 (s), 3153 (s), 2954 (w), 2849 (s), 1616 (s'), 1564 (s), 
1539 (s'), 1519 (w), ,1493 (w), 1474 (w), 1426 (s), 1381 (s), 

[Co(H20)2(in1)2(4-nba)21 1348 (s'), 1322 (s), 1258 (s), 1164 (s), 1106 (s), 1093 (w), 
1074 (s'), 1013 (s), 977 (s), 952 (s), 887 (s), 848 (s), 803 (s), 
761 (s), 726 (s), 706 (s'), 661 (s), 616 (s), 519 (s). 

3205 (w), 3153 (w), 2964 (w), 2859 (w), 1626 (s), 1587 (s), 
1545 (w), 1519 (s), 1410 (w), 1384 (w), 1345 (s), 1322 (s), 

[Co(im)2(4-nba)2] 
1264 (s), 1180 (w), 1139 (w), 1106 (w), 1074 (s), 1016 (s), 
955 (s'), 939 (s), 884 (s), 848 (s'), 826 (s), 797 (s), 755 (s), 
726 (s), 713 (s'), 658 (s), 616 (s), 581 (s), 522 (s). 

3614 (b), 3530 (b), 3352 (s), 3240 (s), 1593 (s), 1562* (s), 

[Co(H20)4(3-nba)2]. 2H20 
1532# (s) 1481 (s) 	(s)   
1293 (s'),

, 
 1184 (s),

, 
 1091
1410 

 (s),
, 
 10
1300

00 (# s),
s 
 920 (w), ( 910 (w), 840 

(s'), 784 (s), 720 (s), 680 (s), 593 (s), 540 (w), 510 (w), 460 
(s), 410 (s). 

3415 (s), 3017 (w), 2933 (w), 1619 (s), 1574 (s), 1516 (s), 
[Co(H20)4(4-nba)2 
(DMS0)21 1493 (w), 1422 (s), 1381 (s), 1348 (s), 1322 (w), 1158 (w), 

1139 (w), 1106 (s), 1042 (s), 1032 (w), 1006 (s), 955 (s), 877 
(s), 842 (s), 797 (s),.722 (s), 571 (b), 516 (s), 439 (s). 

2933 (w), 2859 (w), 1622 (s), 1594 (s), 1564 (s), 1525 (s), 
[Co(H20)4(4-nba)2].2H20 
with 3,5 dimethyl pyrazole 

1489 (w), 1410 (s), 1384 (s), 1345 (s), 1322 (w), 1297 (s), 
1190 (s), 1161 (s), 1106 (s), 1052 (s), 1016 (s), 881 (w), 864 
(w), 829 (s), 794 (w), 752 (s), 722 (s), 590 (s), 532 (s), 429 
(s). 

* Asymmetric and symmetric vibrations of the (COO) group 
Asymmetric and symmetric vibrations of the (NO2) group 
w = weak, s = strong, s'= shoulder. 
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[Mg(2-aba)2] isolated by reacting MgC12 with 2-abaH in the presence of NH3 [47]. The IR 

spectrum of [Mg(H20)6](2-aba)2.2H20 exhibits a strong and broad absorption band in the 

3400-3500 cm-1  region unlike [Mg(2-aba)2] which shows no signals above 3321 cm -1 

 clearly indicating the presence of water in [Mg(H20)6](2-aba)2.2H20. Two sharp signals 

at 3391 and 3297 cm-1  are superimposed on the broad 0-H absorption signal and these 

can be assigned to N-H stretching vibrations. The infrared spectrum of [Mg(H20)6](2- 

aba)2.2H20 (Fig 4.3.1 c) recorded after heating it to 200 °C is exactly identical to the 

spectrum of the reported complex [Mg(2-aba)2] [47]. Based on the above, the presence of 

water molecules in [Mg(H20)6](2-aba)2.21120  can be readily confirmed. The strong 

absorption signal observed at 3321 cm 1  in [Mg(2-aba)2] as well as the heat-treated 

hydrated Mg-anthranilate complex can be assigned to N-H stretching vibration as there is 

no question of 0-H stretching vibration in this product. It is interesting to observe that the 

N-H stretching vibration is shifted to lower energies (3321 cm 1) in the heat-treated 

complex as compared to the free carboxylic acid (3478 cm -1) (Fig 4.3.1). The IR spectral 

data of [Ca(2-aba)2(H20)3], [Sr(2-aba)2(H20)3]and [Ba(2-aba)2(H20)2] are presented in 

Table 4.3.1. All these complexes are hydrated anthranilates as evidenced by the strong 

and broad absorption around 3500 cm -1 . These spectra can be similarly interpreted as for 

the Mg complex. The infrared spectra of the alkaline earth anthranilate complexes 

prepared by reacting MCh (M = Ca, Sr and Ba) with 2-abaH and NH3 are reported in the 

literature [47]. The same complexes can be also be prepared by reacting the 

corresponding carbonate with 2-abaH and their infrared spectra are identical. The infrared 

spectrum of the complex calcined at 800 °C exhibits no signals above 600 cm -1 , indicating 

the formation of oxide material as well as the total decomposition of organic moiety (vide 

infra). 

The IR spectral data of the metal-paraaminobenzoate complexes are presented in 

Table 4.3.1. These can be discussed by taking a representative para-aminobenzoate 

complex like [Mg(H20)6](4-aba)2.2H20. The IR spectrum of free para-aminobenzoic acid 

(4.3.2 a) shows several bands with two sharp bands at 3468 cm -1  and 3362 cm-1  that can 

be assigned to 0-H and N-H stretching vibration respectively. The free para-

aminobenzoic acid does not exhibit any signals above 3468 crn 4  unlike the Mg(II) para-

aminobenzoate complexes, thus clearly indicating that the —OH group of the para-

aminobenzoic acid is strongly H-bonded, due to intermolecular-hydrogen bonding 

between the amino and carboxylate group of two aminobenzoic acids. Apart from this, 
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Fig. 4.3.1 Infrared spectrum of the complex [Mg(H 20)6](2-aba)2.2H20 
obtained from MgCl2 and MgCO3 as a metal source. 
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several peaks are observed in the finger print region, which are characteristic of organic 

acid. It is also observed that the IR spectra in Figs. 4.3.2 b and c show several bands in 

the finger print region as in the case of free para-aminobenzoic acid (4.3.2 a) which 

confirms the presence of organic moiety in the complex. The infrared spectrum of 

hydrated complex [Mg(H20)6](4-aba)2.2H20 obtained by reacting MgCO3 and MgC12 

with 4-aball (b and c) are presented in Fig 4.3.2. Based on the identical IR spectra, it can 

be inferred that the product obtained by both the methods is one and the same. The IR 

spectrum of [Mg(H20)6](4-aba)2.2H20 exhibits a strong and broad absorption band in the 

3400-3500 cm 1  region unlike free para-aminobenzoic acid (a), which shows no signals 

above 3468 cm-1  clearly indicating the presence of water molecules in [Mg(H20)6](4- 

aba)2.2H20. A sharp signal at around 3468 cm -1  is superimposed on the broad 0-H 

absorption signal that can be assigned to N-H stretching vibration. The infrared spectrum 

of [Mg(H20)6](4-aba)2.2H20 recorded after heating it to 200 °C is devoid of any strong 

and broad bands Thus the presence of water molecules in [Mg(H20)6](4-aba)2.2H20 can 

be readily confirmed in this complex. The strong absorption signals observed at 3438 cm - 

and 3359 cm-1  in [Mg(4-aba)2] ie. heat-treated complex can be assigned to N-H 

stretching. It is also observed that sharp signals are observed, which are shifted to lower 

value as compared to free para-aminobenzoic acid. It is interesting to note that, in the case 

of barium complex of 4-aminobenzoic acid, the infrared spectrum of the Ba(II) complex 

[Ba(4-aba)2(H20)2] obtained by reacting BaCO3 with 4-abaH is quite different from that 

of the spectrum of the product [Ba(4-aba)C1] isolated by reacting BaC12 with 4-abaH in 

the presence of NH3. These spectra are reproduced in Fig 4.3.3 The IR spectrum of [Ba(4- 

aba)2(H20)2] exhibits a strong and broad absorption band in the 3400-3500 cm -1  region 

unlike [Ba(4-aba)C1] which shows no signals above 3373 cm-1  clearly indicating the 

absence of water molecules in [Ba(4-aba)C1]. The two sharp signals observed at 3373 and 

3300 cm 1  can be assigned to N-H stretching vibrations. The finger print region of both 

the complexes is quite different, which clearly indicates that both the products are 

different. The infrared sp ectrum of [Ba(4-aba)2(H20)21 recorded after heating it to 100 °C 

is devoid of any broad absorption band. Based on these results, the presence of water 

molecules in [Ba(4-aba)2(H20)2] can be readily confirmed. The sharp absorption signal 

observed at 3373 cm-1  in [Ba(4-aba)Cl] as well as the heat-treated [Ba(4-aba)2(H20)21 

complex can be assigned to N-H stretching vibration.. Here again it is observed that the 

N-H stretching vibration is shifted to lower energies (3373 cm -1) in the heat-treated 

complex as compared to the free carboxylic acid (3450 cm -1). In contrast, the infrared 
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spectrum of the product obtained by reacting BaCO3 with 2-abaH is exactly identical to 

that of the spectrum of the product obtained by reacting BaC12 with 2-abaH in the 

presence of NH3. The infrared spectra of other alkali earth metals such as Ca and Sr, with 

para-aminobenzoic acid prepared from reacting with their respective chloride salts are 

reported in literature [50]. The same complexes have been prepared in the present work 

by reacting the corresponding carbonate with 4-aminobenzoic acid and the infrared 

spectra are identical. These spectra can be explained in a similar fashion. 

The infrared spectral data of the para-nitrobenzoate complexes of Mg(II), Ca(II), 

Sr (II), Ba(II) and Co(II) complexes are listed in the Table 4.3.1.The IR spectra of the free 

nitrobenzoic acids were also recorded and the results are included in Table 4.3.1. Since IR 

has been used as a fingeTrint device to confirm the presence and the mode of binding of 

water, and nitrobenzoate, the spectral assignments for only the water band, carboxylate 

group and the nitro group are indicated in Table 4.3.1. The IR spectrum exhibits several 

sharp bands clearly indicating the presence of the organic moiety. The free acid does not 

exhibit any signals above 3122 cm -1  unlike the complexes. This indicates that the —OH 

group of the caboxylic acid is strongly H-bonded to the nitro substituent in the solid state. 

The IR spectra of [Mg(H20)6](4-nba)2.2H20 (4.3.4 a), [Ca(4-nba)2(H20)4] (4.3.4 b), 

[Sr(4-nba)2(H2O)4] (4.3.4 c) and [Ba(4-nba)2(H20)4] (4.3.4 d) are presented in the Fig 

4.3.4. All the complexes exhibit very strong and broad absorption bands in the region 

3500-3000cm-1 . These bands correspond to the antisymmetric and symmetric stretching 

vibrations of water. These signals clearly confirm the presence of water in all the 

synthesized complexes. The IR spectrum [Mg(H20)6] (4-nba)2.2H20 (Fig 4.3.4 a) 

complex is quite different from that of the other three especially in the finger print region 

indicating that the mode of carboxylate binding is quite different in the Mg-4nba 

complex as compared to the 4-nba complex of the other congeners. The X-ray structure 

of this complex (vide supra) indicates that in the Mg complex the carboxylate functions as 

an anion and is outside the coordination sphere. All the other three nitrobenzoates namely 

Ca, Sr, and Ba are tetrahydrates and the IR spectra of the Ca and Sr analogs are nearly 

identical and also different from that of the Mg complex indicating that the mode of 

carboxylate binding can be different. It is likely that in these complexes the 4-nba 

functions like a monodentate ligand. However this remains to be confirmed by single 

crystal X-ray studies. The IR spectrums of Ba complex closely resemble the Ca and Sr 

analogues but the band at 1418 cm -1  is split. In addition a weak signal is observed at 
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around 653 cm-1  indicating that the complex is not isotypic with that of the corresponding 

Ca analog. In the case of Mg, all the three isomeric nitrobenzoic acids (2-nbaH, 3-nbaH 

and 4-nbaH) give rise to octahydrates [Mg(H20)6](x-nba)2.2H20 where x can be ortho, 

meta or para. In all these complexes the central metal is coordinated to six molecules of 

water and the nitrobenzoate functions as an anion as in the para isomer. The spectra of all 

these complexes exhibit characteristics signals due to the presence of nitro and 

carboxylate functionalities and,,their spectrum can be explained similarly as that of the 

para isomer. The spectral data of these complexes are tabulated in Table 4.3.1. The IR 

spectra of the Mg(II) complexes [Mg(H20)6](4-nba)2.2H20, [Mg(H20)6](3-nba)2.2H20, 

[Mg(H20)6](2-nba)2.2H20 exhibit several sharp bands clearly indicating the presence of 

the organic moiety. The free acids do not exhibit any signals above 3100 cin4  unlike the 

Mg(II) complexes. This indicates that the —OH group of the caboxylic acid is strongly H-

bonded to the nitro substituent in the solid state. All the three Mg(II) complexes exhibit 

very strong and broad absorption bands in the region 3500-3000cm -1 . These bands 

correspond to the antisymmetric and symmetric stretching vibrations of water. These 

signals clearly confirm the presence of water in the synthesized complexes. The 

absorptions of the symmetric and antisymmetric vibrations of the nitro group in the 

aromatic ring are observed at around 1550-1500 cm -1  and 1360-1290 cm-1 , as expected 

[113]. The carbonyl absorption, which is observed at around 1700 cni l  in the free acids, 

is shifted to lower energies in the Mg(II) complexes and this is a typical feature observed 

in carboxylates [114]. Further, the difference between the symmetric and antiymmetric 

stretching vibrations of the carboxylate is of the order 200 cm -1  which is indicative of the 

fact that the carboxylate is not coordinated and only functions as an anion in all the 

complexes [114]. 

The IR spectrum of the product [Mg(H20)2(im)2(4-nba)2] obtained by reacting 

MgCO3 with 4-nbaH and imidazole is displayed in Fig 4.3.5. It is interesting to observe 

that, the broad water band in [Mg(H20)6](4-nba)2.2H20 (Fig. 4.3.5 a) is replaced by a 

sharp N-H signal from imidazole, which is superimposed on 0-H band, and also the 

fmger print region is quite different from the parent compound, indicating the formation 

of a new compound. The use of excess imidazole in the reaction medium MgCO3, 4-nbaH 

and imidazole leads to only the bis (imidazole) complex but not the tetra or hexa 

imidazole complexes. The IR spectra of the products obtained when the Mg: im ratio in 

1:2, 1:4 and 1:6 are reproduced in Fig 4.3.5 a - c. All the spectra are identical indicating 
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Fig. 4.3.5 Infrared spectrum of the complex [Mg(H 20)2(im)2(4-nba)2] 
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that the product isolated is one and the same namely the bis imidazole complex 

[Mg(H20)2(im)2(4-nba)2]. A similar observation is also made in the case of hydrated Co-

4nba complex where only bis imidazole complex can be obtained. It is interesting to 

observe that the both metals Co and Mg form only bis complexes with imidazole. Based 

on the above, it can be concluded that both the complexes are isostructural. The infrared 

spectra are presented in Fig.4.3.6. The isostructural nature of these complexes has been 

conclusively proved by single crystal structural investigations (vide supra). 

The reaction of anhydrous complex [Mg(4-nba)2] prepared from [Mg(H20)6](4- 

nba)2.2H20 with deuterium oxide results in the formation of D20 coordinated complex 

whose IR spectra is quite different from that of hydrated [Mg(H20)6](4-nba)2.2H20. 

The broad and strong absorption band due the 0-H stretching vibration of the water is 

shifted to lower energies, which is the characteristic of the 0-D signal of D20 [114]. 

These spectra are reproduced in Fig.4.3.7. This clearly indicates that water can be 

exchanged by D20. 

In the case of cobalt complexes, the reaction of [Co(H20)4(4-nba)21.2H20 with 

DMSO results in the formation of a DMSO coordinated complex whose IR spectrum is 

different from that of [Co(H20)4(4-nba)212H20, which indicates that the compound 

obtained under these conditions was quite different from the starting material indicating 

the formation of a new compound.. The spectrum is reproduced in Fig 4.3.8. The figure 

clearly indicates that an extra band appears at 1042 and 1032 cm -1 . The finger print region 

is quite different from that of the original compound [Co(H20)4(4-nba)212H20. A similar 

observation was made in the reaction of [Co(H20)4(4-nba)212H20 with 3,5-dimethyl 

pyrazole. It is interesting to note that there are substantial differences in the IR spectra. 

The strong and broad band due to water disappears and no bands were observed above 

2933 cm-1 . In addition, sharp signal were observed at 1410, 1345, 1322, 1052, 752, 722 

cm', clearly indicating that 3,5-dimethyl pyrazole is incorporated in this complex. 

However this remains to be further confirmed by single crystal X-ray studies. It is well 

known that the carboxylate complexes can be used as precursors for the formation of 

metal oxide [90]. The IR spectra of the complexes prepared in this work calcined at 

800°C exhibit no signal above 600 cni l  This clearly indicates the formation of oxide 

material and the total decomposition of organic moiety. 
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Fig. 4.3.6 Infrared spectrum of the complex [Mg(H20)2(im)2(4-nba)2] 
and [Co(H20)2(im)2(4-nba)2] showing iso-structural nature. 
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Reversible hydration: 

An important application of carboxylate complexes is their use in materials, like 

for example selective absorption behavior [12]. In this context some of the complexes 

prepared in this study show the interesting phenomenon of reversible hydration. Different 

metal carboxylates exhibit different thermal behavior based on the position of the 

substituent in the organic moiety. This aspect has been studied by IR spectra and the 

results are presented below. In the case of amino substituted magnesium-carboxylate this 

aspect can be explained by taking the example of para-aminobenzoate complex of 

magnesium [Mg(H20)6](4-aba)2.2H20. This complex can be reversibly hydrated. The IR 

spectra of this complex in pure form, after dehydration and rehydration are presented in 

Fig. 4.3.9. The IR spectrum of the complex [Mg(H20)6](4-aba)2.2H20 heated to 150 °C 

shows several IR bands while the very strong and broad absorption bands in the region 

3500-3000 cm -1  due to water disappear resulting in the formation of the anhydrous 

product [Mg(4-aba)2] (Fig. 4.3.9b) A sharp band observed at 3362 cm -1  can be assigned to 

N-H stretching vibration. When the anhydrous complex was equilibrated over water, this 

resulted in the isolation of the hydrated product (original complex) and reappearance of —

OH bands. This indicates that [Mg(H20)6](4-aba)2.2H20 can be reversibly hydrated. In 

contrast, the hydrated 2-aminobenzoate complex of magnesium namely [Mg(H20)6](2- 

aba)2.2H20 cannot be reversibly hydrated. When the 2-amino benzoate complex of Mg 

[Mg(H20)6](2-aba)2.2H20 is heated on a water bath this resulted in the formation of the 

anhydrous complex [Mg(2-aba)2]. The IR spectrum of this complex is identical to that of 

the spectrum of the reported water free complex [47]. But when the resultant anhydrous 

complex [Mg(2-aba)2] was equilibrated over water in a dessicator for a day no changes 

were observed in the IR spectrum. Based on the above it can be inferred that the differing 

nature of hydration of the ortho and the para complexes can be attributed to the 

positioning of the amino substituent in the six-membered ring. This explanation gains 

more credence as it has been observed that the para substituted complexes can be 

reversibly hydrated while the ortho complexes cannot be reversibly hydrated. A similar 

observation was made in the case of ortho nitrobenzoic acid. A representative example of 

a 4-nba complex viz.[Mg(H2O)6](4-nba)2.2H2O which undergoes reversible hydration is 

discussed. The IR spectrum of [Mg(H20)6](4-nba)2.2H20 (4.3.10 a), exhibits a broad 

3500-3000cm-1 . These bands correspond to the antisymmetric and symmetric stretching 

106 



0 

Mg (4— atm) (anhydrous) 

b 

a) 
V 

[Mg (H20)6  ( — aba)2' 2H20 

Mg (H2 0)6} 4—iba . )2 .2H 20 

( Rehydrated ) 

C 

1  
4000 	 2000 	 1000 	400 

Wavenumber (cm—I ) 

Fig. 4.3.9 Infrared spectrum of [Mg(H20)6}(4-aba)2.2H20 showing 
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vibrations of water, clearly indicating the presence of water. The IR spectrum of a sample 

of [Mg(H20)6](4-nba)2.2H20 heated at 200 °C shows several IR bands while the broad 

signal due to water disappears. The absence of the broad —OH bands in the heat-treated 

sample can be attributed to the formation of the corresponding anhydrous complex 

[Mg(4-nba)2] (4.3.10 b). Further, the IR vibrations of the carboxylate group are quite 

closer in the calcined complex and the bands are split indicating that the carboxylate is 

bidentate in this complex. This feature indicates that on removal of the coordinated water, 

the nitrobenzoate is coordinated to the central' metal pod. The resultant anhydrous 

complex [Mg(4-nba)2] was equilibrated over water in a dessicator for a day. This resulted 

in the isolation of starting material namely [Mg(H20)6](4-nba)2.2H20. The IR spectrum 

of the final product is identical to that of the starting material Fig. 4.3.10 c. This indicates 

that this complex can be reversibly hydrated. In contrast, the IR spectra of Mg complexes 

of meta and ortho nitrobenzoate calcined at 200 °C still exhibit the —OH absorption 

signals indicating the presence of water. In addition, the signals characteristic of the 

aromatic acid are also observed (Table 4.3.1). Both the complexes [Mg(H20)6](3- 

nba)2.2H20 and [Mg(H20)42-nba)2.2H20 decompose above 200 °C, and cannot be 

reversibly hydrated. The differing nature of these complexes from the para isomer is 

further evident as all efforts to fully dehydrate them results in the decomposition of these 

complexes. The reversible hydration phenomenon of a heavier metal like the hydrated 

barium para-aminobenzoate complex [Ba(4-aba)2(H20)2] was studied by IR spectra 

and the results are presented in Fig. 4.3.11. The IR spectrum of the complex [Ba(4-

aba)2(H20)2] (Fig 4.3.11 a), exhibits a broad signal at 3666 cm -lwhich can be assigned 

to the 0-H stretching vibration of water. The free acid does not exhibit any signals above 

3468 cm-1  unlike the hydrated complex [Ba(4-aba)2(H20)2] (Fig 4.3.11 a), indicating the 

presence of water molecule in the complex. The hydrated complex exhibits very strong 

absorption bands in the region 3615cm-1 . This band corresponds to the antisymmetric and 

symmetric stretching vibrations of water. In contrast the IR spectrum of [Ba(4-

aba)2(H20)2] heated at 150 °C shows several IR bands while the broad signal due to water 

disappears. The anhydrous [Ba(4-aba)2] (4.3.11 b) complex does not show any signals 

in this region indicating the absence of water The absence of the broad —OH bands in the 

heat-treated sample can be attributed to the formation of the corresponding anhydrous 

complex. In addition, two sharp absorption signal observed at 3395 and 3375 cm -1  can be 

assigned to N-H stretching vibration. Bands are observed at lower energies, which can be 
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attributed to N-H vibrations. The IR vibrations of the carboxylate group are quite closer 

in the calcined complex and the bands are split indicating that the carboxylate is bidentate 

in this complex. The resultant anhydrous complex [Ba(4-aba)2] was equilibrated over 

water in a dessicator for a day. This resulted in the isolation of original hydrated complex. 

The IR spectrum of the final product is identical to that of the starting material as shown 

in Fig. 4.3.9c.This indicates that complex can be reversibly hydrated. 

The reversible hydration study of Co(II) complexes prepared in this work, has 

been investigated by infrared spectra. The reversible hydration study of cobalt para-

aminobenzoate complex [Co(H20)4(4-aba)2] is presented in the Fig. 4.3.12. The IR 

spectrum of the complex [Co(H20)4(4-aba)21 (Fig 4.3.12 a), exhibits several sharp bands 

in the mid infrared region, clearly indicating the presence of the organic moiety. The free 

acid does not exhibit any signals above 3362 cm4  unlike the complex [Co(H20)4(4-aba)21 

(Fig 4.3.12 a), indicating the presence of water molecule The hydrated coniplex exhibits 

very strong and broad absorption bands in the region 3500-3000 cm -1 . This band 

corresponds to the antisymmetric and symmetric stretching vibrations of water. The two 

sharp signals  at 3468 and 3362 cm-t are superimposed on the broad O-H absorption signal 

and these can be assigned to N-H stretching vibrations. The IR spectrum of [Co(H20)2(4- 

aba)212H20 heated at 130 °C shows several IR bands while the broad signal due to water 

disappears. The anhydrous complex [Co(4-aba)2] (4.3.12 b) complex does not show any 

signals in this region indicating the absence of water The absence of the broad —OH bands 

in the heat-treated sample can be attributed to the formation of the corresponding 

anhydrous complex. In addition, the strong absorption signal observed at 3226 cm -1  can 

be assigned to N-H stretching vibration. The IR vibrations of the carboxylate group are 

quite closer in the calcined complex and the bands are split indicating that the carboxylate 

is bidentate in this complex. The blue colour of the complex characteristic of tetrahedral 

Co(II) also supports this assignment (Fig 4.4.8). The resultant anhydrous complex [Co(4- 

aba)2] was equilibrated over water in a dessicator for a day. This resulted in the isolation 

of starting material. The IR spectrum of the final product is identical to that of the starting 

materials Fig. 4.3.12 c. This indicates that this complex can also be reversibly hydrated. 

The hydrated Co(II)-paranitrobenzoate complex prepared in this work, has been studied 

for reversible hydration by infrared spectra. The IR spectra of pure cobalt para-

nitrobenzoate complex [Co(H20)4(4-nba)212H20 is presented in the Fig. 4.3.13. The IR 
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spectrum of the complex [Co(H20)4(4-nba)212H20 (4.3.13a), exhibits several sharp 

bands in the mid infrared region, clearly indicating the presence of the organic moiety. 

The hydrated complex exhibits very strong and broad absorption bands in the region 

3500-3000cm-1 . This band corresponds to the antisymmetric and symmetric stretching 

vibrations of water. The absorptions of the symmetric and antisymmetric vibrations of the 

nitro group in the aromatic ring are observed at around 1550-1500 cm -1  and 1360-1290 
- cm 1 , as expected [113]. In contrast the IR spectrum of [Co(H20)4(4-nba)21.2H20 heated 

at 150°C shows several IR bands while the brod signal due to water disappears. The 

anhydrous [Co(4-nba)2] (4.3.13 b) complex does not show any signals in this region 

indicating the absence of water The absence of the broad —OH bands in the heat-treated 

sample can be attributed to the formation of the corresponding anhydrous complex. In 

addition, the IR vibrations of the carboxylate group are quite closer in the calcined 

complex and the bands are split indicating that the carboxylate is bidentate in this 

complex. The blue colour of the complex characteristic of tetrahedral Co(II) also supports 

this assignment.(Fig 4.4.9). The resultant anhydrous complex [Co(4-nba)2] was 

equilibrated over water in a dessicator for a day. This resulted in the isolation of the 

starting material as evidenced by the identical IR spectrum of the final product to that of 

the starting material (Fig. 4.3.13 c). The Fig 4.3.13 a and 4.3.13 c are identical. In other 

words complex [Co(H20)4(4-nba)212H20 can be reversibly hydrated. 

The results of the reversible hydration study of cobalt imidazole complex 

[Co(H20)2(im)2(4-nba)21 is presented in the Fig. 4.3.14. The IR spectrum of the complex 

[Co(H20)2(im)2(4-nba)2] (Fig 4.3.14 a), the hydrated complex exhibits very strong 

absorption bands in the region 3352cm-1  and this band corresponds to the antisymmetric 

and symmetric stretching vibrations of water. In contrast the IR spectrum of 

[Co(H20)2(im)2(4-nba)2] heated at 130 °C shows several IR bands while the strong bands 

at 3352 cm-1  shifted to the lower frenquency at 3205 cm -1 . Further the strong absorption 

signal observed at 3205 cm-1  can be assigned to N-H stretching vibration, The absence of 

the strong —OH bands in the heat-treated sample can be attributed to the formation of the 

corresponding anhydrous complex [Co(im)2(4-nba)2]. In addition, bands in the finger 

print region are splited which may be due to the possible change in the binding mode of 

carboxylate ligand. The bands are split indicating that the carboxylate is bidentate in this 

complex. The blue colour of the complex characteristic of tetrahedral Co(II) also supports 
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this assignment.(Fig 4.4.10). The resultant anhydrous complex [Co(im) 2(4-nba)2] was 

equilibrated over water in a dessicator for a day. This resulted in the isolation of starting 

material. The IR spectrum of the final product is identical to that of the starting materials 

Fig. 4.3.14 c. This indicates that complex can be reversibly hydrated. In summary it can 

be stated that only para-substituted benzoate complexes can be reversibly hydrated. This 

indicates that the positioning of the amino or nitro substituent in the aromatic ring with 

respect to the —000" group influences the structure stability and the reversible hydration 

phenomenon. The H-bonding interactions present in these complexes are probably 

responsible for the higher temperature ranges needed for the dehydration processes. 

Hence the type of secondary H-bonding interactions is an important factor to be taken 

into consideration while discussing the chemistry of these systems (vide supra). 

The infrared spectral characteristics of the all complexes prepared in this work are 

collected in Table 4.3.1. Based on similar arguments the infrared signals of all the 

complexes can be explained. 

4-* Thermal studies 

The complexes prepared in this work have been investigated and characterized by 

using TG, DTA, DSC as well as isothermal weight loss studies. These studies are useful 

to establish the water content as well as the nature of the decomposition processes. The 

experimental conditions for the TG/DSC/DTA measurements have been detailed in 

section 3.1. The thermal data of Mg, Ca, Sr, Ba and Co complexes of amino and nitro 

substituted benzoic acids are presented in Table 4.4.1. Representative thermograms of 

some of these synthesized metal complexes are depicted in Fig. 4.4.1 to 4.4.10. The 

complexes prepared in this work exhibit different thermal behavior. The different thermal 

stability can be due to the different binding modes of the carboxylate and different 

position of substituent on the organic moiety. A representative thermogram (TG curve) of 

amino substituted benzoate complex viz. magnesium-anthranilate complex 

[Mg(H20)6](2-aba)2.2H20 is presented in Fig. 4.4.1. The TG curve of this complex 

indicates that the complex is stable, till about 75 °C, when the slow decomposition to MgO 

begins. The TG curve shows a sharp drop in the range 75 -155 °C, and the weight loss can 

be assigned to the removal of 8 moles of water. This results in the formation anhydrous 

complex [Mg(2-aba)2].This assignment gains further support based on infrared spectral 
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TABLE 4.4.1 THERMAL DECOMPOSITION DATA 

COMPLEX 

DSC/DTA RESULTS TG RESULTS 

Tpeak (°C) Trange  (°C) 
Mass Loss (%) 

Found 
(Calculated) 

Loss Residue 

MAGNESIUM COMPLEXES 
, . 

[Mg(H20)6](2-aba)2.2H20 90 endo 	' 20 - 90 8.16 (8.18) 2 H2O MgO 
100 endo 90-100 21.30 (20.44) 5 H2O 
200 exo 100-200 3.94 (4.09) 1 H2O 
414 exo 200-600 Decomposition 
435 exo 
502 exo 

[Mg(H20)6](4-aba)2.2H 20 90 endo 20 - 90 16.5 (16.35) 4 H2O MgO 
130 endo 90 - 200 16.3 (16.35) 4 H2O 
200 exo 200-600 Decomposition 
421 exo 
452 exo 
513 exo 

[Mg(H20)6](4-nba)2.2H20 88 endo 60-200 29.51 (28.77) 8 H2O MgO 
101 endo 200-375 
213 exo 375-495 25.79 (17.58) 2 CO2 
396 exo 495-750 Decomposition 
429 exo 
560 exo 

[Mg(H20)6](3-nba)2.2H 20 120 endo 80-129 12.30 (10.79) 3 H2O MgO 
162 endo 129-193 7.50 (7.19) 2 H2O 
248 exo 193-314 
320 endo 314-381 13.90 (10.79) 3 H2O 
365 exo 381-640 Decomposition 
417 exo 
606 exo 

[Mg(H20)6](2-nba)2.2H20 140 endo 31-174 15.30 (14.38) 4 H2O MgO 
337 exo 174-298 4.20 	(3.60) 1 H2O 
381 exo 298-347 17.70 (10.79) 3 H2O 
577 exo 347-640 Decomposition 

[Mg(H20)2(im)2(4-nba) 2] 130 endo 31-100 No weight loss MgO 
227 exo 100-150 7.63 	(6.81) 2 H2O 
577 exo 347-640 Decomposition 
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COMPLEX 

DSC/DTA RESULTS TG RESULTS 

Tpeak (°C) Trange  (°C) 
Mass Loss (%) 

Found 
(Calculated) 

Loss Residue 

CALCIUM COMPLEX 

[Ca(4-nba)2  (1120)4] 113 endo 31-113 13.30 (12.16) 3 H2O CaO 
266 exo 113-150 5.10 (4.05) 1 H2O 

" 	427 exo 298-347 Decomposition 

STRONTIUM COMPLEX 

[Sr (4-nba)2(1120)41 74.7 endo 31-100 15.88 (14.64) 4 H2O SrO 
98.8 exo 75 - 100 15.83 (14.64) 
415 exo 298-347 Decomposition 

BARIUM COMPLEXES 

[Ba (2-aba)2 (1120)21 196 endo 31-100 8.91(8.04) 2 H2O BaO 
297 exo 400-600 Decomposition 
420 exo 
481 exo 

[Ba (4-aba)2 (H20)2] 98.2 endo 31-100 9.32 (8.04) 2 H2O BaO 
340 exo 400-600 Decomposition 
428 exo 
475 exo 

[Ba (4-nba)2 (H20)41 98.2 endo 31-100 14.03 (13.30) 4 H2O BaO 
407 exo 400-600 Decomposition 

COBALT COMPLEXES 

[Co(H20)4(4-aba)2] 123 endo 31-100 12.35 (13.39) 3 H2O Co203 
226 exo 100-130 5.40 (4.46) 1 H2O 
331 exo 300-600 Decomposition 

[Co(H20)4(4-nba)2].2H20 80 endo 31-100 17.70 (18.04) 5 H2O Co203 
130 endo 100-150 3.13 (3.61) 1 H2O 
380 exo 400-600 Decomposition 
500 exo 

[Co(H20)2(im)2(4-nba)21 103 endo 31-174 5.29 (6.42) 2H20 Co203 
162 endo 174-298 
234 exo 347-640 Decomposition 

- 321 exo 
400 exo 
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COMPLEX 

DSC/DTA RESULTS TG RESULTS 

Tpeak (°C) Trange  (°C) 
Mass Loss (%) 

Found 
(Calculated) 

Loss Residue 

COBALT COMPLEXES 

[Co(H20)4(3-nba)2J.2H20 100 endo 31-100 16.89 (14.42) 5 H2O Co203 
150 endo 100-150 4.22 (3.61) 1 H2O 
380 exo 400-600 Decomposition 
500 exo 

[Co(H20)4(4-nba)2(DMSO)2] 100 endo 31-100 12.03 (11.63) 4H20 Co203 
162 endo 300-600 Decomposition 
234 exo 
321 exo 
400 exo 
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studies in section 4.3. The infrared spectrum of the complex [Mg(H20)6](2-aba)2.2H20 

heated at 150 °C is devoid of the broad signal around 3500 cm -1 , which is due to —OH 

band. However the signals due to the organic moiety are in tact in the spectrum. The TG 

curve exhibits no change upto 414 °C as it is parallel to the x-axis in the temperature 

region 155 — 414 °C. The rapid drop of the TG curve at 414 °C indicates the 

decomposition of the organic carboxylate resulting in the formation of MgO. The thermal 

decomposition of the same compound has been earlier studied in N2 atmosphere and the 

residue has been formulated as MgCO3 [47]. In the present work the final residue in MgO 

as the experiment was performed in static air. The most probable thermal decomposition 

scheme can be as shown below. 
75-155 °C 

[Mg(1120)6](2-aba)2. 2 H2O —> [Mg(2-aba)2] 

>414 °C 

[Mg(2-aba)2] -3 MgO 

In the case of barium-anthranilates, the complex [Ba(2-aba)2(H20)2] was obtained 

by reacting BaCO3 with 2-abaH or BaC12 with 2-abaH in the presence of ammonia. The 

identical nature of the product obtained from both these reactions, is clearly evident from 

the thermal studies as well as the infrared data as mentioned earlier (vide infra). The TG 

and DSC curves of the complex [Ba(2-aba)2(H20)2] obtained from two different metal 

sources are reproduced in Fig. 4.4.2. The DSC curves of these complexes show similar 

transition points indicating that the complexes are similar. The curve shows four weight 

losses in the temperature at 30-191, 191-298, 298- 420, 420-481 °C. The TG curve shows 

the first mass loss at 190 °C corresponding to the loss of 2 moles of water resulting in the 

formation of the anhydrous complex. This assignment gains further support, based on 

infrared spectral studies. The infrared spectrum of a sample of [Ba(2-aba)2(H20)2] 

recorded after heating it at 190 °C is devoid of the broad signal at around 3500 cm-1 . In 

addition, the IR spectrum of [Ba(2-aba)2(H20)2] recorded after heating it to 550 °C is 

featureless and does not show any bands indicating the decomposition of the organic 

moiety. This resulted in formation of BaO. The most probable thermal decomposition 

scheme can be showli as below: 
190 °C 

[Ba(2-aba)2(H20)2] 	[Ba(2-aba)2] 

>550°C 

[Ba(2-aba)2] 	- 	BaO 

122 



The DSC curve for complex [Ba(2-aba)2(H20)2] displays two exothermic peaks at 

around 298 and 420 °C. The inflexion point at 190 °C can be attributed to the loss of two 

moles of water resulting in the formation of anhydrous product. The DSC curve shows an 

exothermic signal at 420 °C followed by a broad peak at 481 °C, indicating that 

decarbonylation results in the decomposition of [Ba(2-aba)2(H20)2]. The exothermic 

signal at 481 °C can be attributed to the decomposition reaction of the intermediate 

formed in the previous step, involving the loss of the anthranilate with simultaneous 

formation of BaO. 

In contrast, it is interesting to observe that two different Ba-4-aminobenzoates 

namely [Ba(4-aba)2(H20)2] and [Ba(4-aba)2C1] are obtained. The hydrated complex is 

obtained by reacting BaCO3 with 4-abaH while the anhydrous complex which contains 

both Cl and 4-aba ligands is obtained by reacting BaC12 with 4-abaH in the presence of 

ammonia (ref). The TG-DSC curves of these complexes are depicted in the Fig.4.4.3. The 

complex [Ba(4-aba)2C1] does not show any weight loss upto 460 °C, indicating the 

absence of any coordinated or lattice water molecule in the complex, as the TG curve is 

parallel to the x-axis in the temperature region 30 — 460 °C. This assignment gains further 

support from its analytical data. The infrared spectrum of a sample of [Ba(4-aba)2C1] 

recorded was devoid of the broad signal at around 3500 cm -1  due to —OH stretching 

vibration. In the complex [Ba(4-aba)2C1], the first mass loss occurs from 460 to 493 °C. In 

addition, the IR spectrum of [Ba(4-aba)2C1] recorded after heating it to 600 °C is 

featureless and does not show any bands indicating the decomposition of the organic 

moiety. This results in formation of BaO. In the case of [Ba(4-aba)2(H20)2] complex (Fig 

4.4.3), the TG curve of this complex indicates that the complex is thermally stable 70 °C. 

The first mass loss was observed in the range 70 - 98 °C, corresponding to the loss of 2 

mole of water resulting in the formation of the anhydrous product. This assignments gains 

further support based on infrared spectral studies discussed in section 4.3. The infrared 

spectrum of a complex [Ba(4-aba)2(H20)2] heated on steam bath is devoid of the broad 

signal around at 3500 cm -1  , which is due to —OH vibration. The TG curve is parallel to 

the x-axis in the temperature region 100-340 °C. The rapid drop of the TG curve at 474 °C 

in this region indicates the decomposition of the organic carboxylate resulting in the 

formation of BaO. The DSC curve for the complex [Ba(4-aba)2(H20)21 exhibits an 

endothermic peak at 98 °C is attributed to the loss of 2 moles of water. Weak exothermic 

signals were observed at 348, 428 and 474 °C. The exothermic signal at 474 °C can be 
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attributed to the decomposition of organic moiety with simultaneous formation of BaO. 

The most probable thermal decomposition scheme can be shown as below: 

98 °C 
[Ba(4-aba)2(H20)2] 	[Ba(4-aba)2] 

>600°C 
[Ba(4-aba)2] 
	

BaO 

The thermal characteristics of [Mg(H20)6](4-aba)2.2H20 are presented in Table 

4.4.1. The thermal behavior of this complex can be similarly interpreted as for the 

magnesium-anthranilate complex [Mg(H20)6](2-aba)2.2H20. The thermogram shows that 

the first mass loss at 90 °C, corresponding to the loss of 4 moles of water. There is a sharp 

drop in TG curve at 130 °C which corresponds to the loss of another 4 moles of water 

resulting in the formation of anhydrous complex [Mg(H20)6](4-aba)2.2H20. These 

assignments gain further support based on infrared spectral studies discussed in section 

4.3. The infrared spectrum of the complex [Mg(H20)6](4-aba)2.2H20 recorded after 

heating it is devoid of the broad signal around, which is due to —OH band. There is no 

change in TG pattern upto 421 °C as TG curve is parallel to the x-axis in the temperature 

region 130 — 421 °C. The rapid drop of the TG curve at 421 °C in this region indicates the 

decomposition of the organic carboxylate resulting in the formation of MgO. The most 

probable thermal decomposition scheme can be as shown below: 

90°C 
[Mg(H20)6](4-aba)2.2 H2O —> [Mg(H20)4(4-aba)2] 

90-130°C 

iMg(H20)6(4-aba)21 
	--> [Mg(4-aba)2] 

>414°C 
[Mg(4-aba)2] 
	

-+ MgO 

The TG, and DSC/DTA results of the Mg(II) complexes of [Mg(H20)6](4- 

nba)2.2H20, [Mg(H20)6](3-nba)2.2H20 and [Mg(H20)6](2-nba)2.2H20 are summarized in 

Table 4.4.1. All the complexes start decomposing below 100 °C. Thermal decomposition 

of all the compounds is a multi stage process. Although, all the complexes differ in their 

thermal behavior, in all the cases, the final solid product of thermal decomposition was 

always identified as MgO [115]. 
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The TG and DSC curves of the complex [Mg(H20)6](4-nba)2.2H20 are 

reproduced in Fig.4.4.4 The TG curve of this complex indicates that the complex is 

thermally stable up to 60°C, when the slow decomposition to MgO begins. The TG curve 

shows the first mass loss between 60-200°C corresponding to the loss of eight moles of 

water resulting in the formation of the anhydrous complex. This assignment gains further 

support, based on infrared spectral studies. The infrared spectrum of a sample of 

[Mg(H20)6](4-nba)2.2H20 recorded after heating it at 200 °C is devoid of the broad signal 

at around 3500 cm-1. The IR spectrum of the ' heat-treated (at 200 °C) sample, after 

exposure to moisture is identical to that of the starting material. In addition, the IR 

spectrum of [Mg(H20)6](4-nba)2.2H20 recorded after heating it to 420 °C is featureless 

and does not show any bands indicating the decomposition of the organic moiety. This is 

indicative of the fact that the carboxylates are not lost in two steps. The most probable 

thermal decomposition scheme can be shown as below: 

60-200°C 
[Mg(H20)6](4-nba)2.2 H2O -3 [Mg(4-nba)2] 

>375°C 
[Mg(4-nba)2] 3 MgO 

The DSC curve for complex [Mg(H20)6](4-nba)2.2H20 displays two closely 

spaced endothermic peaks at 88 and 101 °C. The inflexion point at 88 °C can be attributed 

to the loss of two moles of water while the signal at 101 °C can be assigned to the removal 

of six moles of water. The rapid drop of the TG curve in this region indicates, that 

initially two moles of water (probably crystal water) are lost, which immediately results 

in the loss of the remaining six moles of coordinated water. A weak exothermic signal is 

observed at 213 °C. As the TG curve is parallel to the X-axis in the temperature region 

200-375°C, the signal at 213 °C can be assigned to a phase change. The observation of the 

first and second derivative signals at 211 °C and 213°C respectively adds credence to this 

assignment. The derivative thermograms in the region 150-250°C (DDSC and D2DSC) 

are shown as an inset in Fig. 4.4.4 Heating a sample of complex [Mg(H 20)6](4- 

nba)2.2H20 isothermally at 250°C results in the formation of a bright yellow complex. It 

is probable that this phase may correspond to a different binding mode of the carboxylate 

ligand. However, the exact nature of the phase formed is not clear. The DSC curve shows 

an exothermic signal at 403 °C followed by a weak peak at 429 °C. These signals can be 

attributed to the removal of two moles of CO2. However, the observed mass loss 
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(25.80%) is much more than that expected (17.58%) for the loss of two moles of CO2, 

indicating that decarbonylation results in the decomposition of [Mg(H20)6](4- 

nba)2.2H20. The exothermic signal at 560 °C can be attributed to the decomposition 

reaction of the intermediate formed in the previous step, involving the loss of the 

nitrobenzoate with simultaneous formation of MgO. 

The TG, and DTA curves of the complex [Mg(H20)6](3-nba)2.2H20 are presented 

in Fig 4.4.4 Unlike the para isomer, this complex exhibits several steps. The TG curve of 

this complex indicates that the complex is thermally stable up to 80 °C, when the slow 

decomposition to MgO begins. The mass losses observed between 80-129 °C and 129-

193°C can be attributed to the removal of three and two moles of water respectively. In 

the region 193-314°C, the TG curve is parallel to the temperature axis and the observed 

mass loss (0.3%) is negligible. The observed mass loss between 314-381 °C is more than 

that expected for the last three moles of water. This can be explained due to the fact that 

these waters are very strongly bound and removal of these, result in the breakdown of the 

structure resulting in decomposition. It is this factor which is probably responsible for the 

higher observed mass loss. Further decomposition occurs resulting in the formation of 

pure MgO at 640°C. The most probable thermal decomposition scheme is 

80-129°C 
[Mg(H20)6](3-nba)2.2 H2O 	[Mg(H20)5(3-nba)2] 

129-193°C 
[Mg(H20)5(3-nba)2] --> [Mg(H20)3(3-nba)21 

>314°C 
[Mg(1120)3(3-nba)2] --> MgO 

The DTA of [Mg(H20)6](3-nba)2.2 H2O exhibits several events. The endothermic 

peaks at 120°C and 162°C can be assigned to the loss of three and two moles of water 

respectively. The exothermic peak at 248 °C is probably due to a phase change as the TG 

curve is parallel to the X-axis in this region. The nature of the phase formed is not very 

clear. The endothermic peak at 320 °C can be assigned to the loss of the remaining three 

moles of water. The observed mass loss is much more than that expected for the loss of 

three moles of water indicating that these waters are more strongly bound and removal of 

these result in the decomposition of the complex. The exothermic peak at 365 °C can be 

attributed to the decomposition of the organic anion probably involving a decarbonylation 
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reaction. The exothermic peaks seen at 417 and 606 °C can be assigned to the formation of 

intermediate products due to decomposition of the nitrobenzoate as well as oxidation. The 

broad DTA signal centered at around 606 °C is indicative of a very complex process. 

The TG and DTA curves of the complex [Mg(H2O)6](2-nba)2.2H2O are shown in 

Fig 4.4.4 The first mass loss of 15.3% observed between 31-174 °C can be attributed to 

the loss of four moles of water,,It may be noted that a higher temperature range is needed 

for the first dehydration step than in the complex [Mg(H2O)6](3-nba)2.2H20 indicating 

that the water is more strongly bound. The thermal behavior of this complex is entirely 

different compared to that of [Mg(H20)6](3-nba)2.2H20 which can be attributed to the 

positioning of the —NO2 group in the six-membered ring. The observed mass loss of 4.2% 

between 174-298°C can be assigned to the loss of one mole of water. The third mass loss 

of 17.7% between 298-347°C is more than the expected mass loss for the last three moles 

of water. This can be attributed to the decomposition of [Mg(H20)6](3-nba)2.2H20 when 

it is fully dehydrated. The decomposition of the organic carboxylate continues, ultimately 

resulting in the formation of MgO above 600°C. The most probable thermal 

decomposition scheme can be as shown below 

31-174°C 
[Mg(H2O)6](2-nba)2.2 H 2O ---> [Mg(H20)4(2-nba)2]. 

174 -298°C 
[Mg(H20)4(2-nba)2] --> [Mg(H20)3(2-nba)21 

Decomposition 
[Mg(H20)3(2-nba)2] --> 	MgO 

The DTA shows an endothermic peak at 140°C, which can be assigned to the loss 

of four moles of water. The exothermic event at 337 °C can be attributed to the loss of the 

last three moles of waters, which are very strongly bound. Removal of these results in the 

breakdown of the structure. The exothermic peaks observed at 381 and 577 °C can be 

assigned to the formation of intermediate products due to decomposition of the organic 

moiety as well as oxidation resulting in the formation of MgO. The observation of a broad 

DTA signal centered at around 577°C is indicative of a very complex process. The exact 

nature of this process is not clear. 
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The thermal characteristics of nitrobenzoate complexes of Mg, Ca, Sr, and Ba are 

presented in the Table 4.4.1. The comparative TG and DSC profiles of these complexes 

are reproduced in the Fig 4.4.5. The TG and DSC curves of the complex [Mg(H20)6]01- 

nba)2.2H20 are reproduced in Fig 4.4.5 a for the sake of comparison. The TG curve of the 

complex [Ca(H20)4(4-nba)21 (Fig 4.4.5 b) indicates that the complex is thermally stable 

upto 70 °C, when its decomposition to Ca0 begains. The TG curve shows weight loss 

between 80-113 °C corresponding to the loss of 4 moles of water resulting in the 

formation of anhydrous compound. The rapid' drop of the TG curve in this region 

indicates, the loss of water molecules. There is no change in TG pattern upto 427 °C as 

TG is parallel to the x-axis in the temperature 113-427 °C. The weak exothermic signal 

observed at 266 °C, can probably be assigned to a phase change corresponding to a 

different binding mode of the carboxylate ligand. The DSC curve for the complex 

[Ca(H20)4(4-nba)2] shows endothermic peak at 113 °C, which can be attributed to loss of 

four moles of water. The strong exothermic signal at 427 °C in the DSC, can be attributed 

to the decomposition reaction of the intermediate formed in the previous step, involving 

the loss of nitrobenzoate resulting in the formation of CaO. The TG curve of the complex 

[Sr(H20)4(4-nba)21 (Fig. 4.4.5 c) indicate that complex is thermally stable upto 60 °C, 

when its slow decomposition to SrO begins. The TG curve shows the first mass loss 

between 75-150 °C corresponding to the loss of 4 moles of water resulting in the 

formation of anhydrous complex. The most probable thermal decomposition scheme can 

be as shown as below 

75-150°C 
[Sr(1-120)4(4-nba)2] 	---> [Sr(4-nba)2] • 

Decomposition 

[Sr(4-nba)2] 	----> 	SrO 

The DSC curve of this complex displays two closely spaced endothermic peaks at 75 

and 99 °C, which can be attributed to the loss of three moles of water, while the signal at 

147 °C can be assigned to the removal of the last mole of water as the TG curve in this 

region 147-400 °C is parallel to the x-axis. The DSC curve shows an exothermic signal at 

415 °C followed by broad peak at 500 °C corresponding to decomposition of 

nitrobenzoate leading to the formation of SrO. This signal can be attributed to the 

removal of 2 moles of CO2, indicating that decarbonylation results in the decomposition 

of [Sr(H20)4(4-nba)2]. The exothermic signal at 500 °C can be attributed to the 

decomposition reaction of the intermediate formed in the previous step, involving the loos 
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of nitrobenzoate with simultaneous formation of SrO. In the case of [Ba(H20)4(4-nba)21 

similar observation was seen as in the case of Ca-4-nitrobenzoate complex. The TG and 

DSC curves of complex [Ba(H20)4(4-nba)21 are presented in Fig 4.4.5 d. The TG curve of 

this complex indicates that the complex is thermally stable upto to 70 °C, when the slow 

decomposition to BaO begins. BaO is the final product formed at 550 °C. This 

assignment gains further support, based on IR spectrum of [Ba(H20)4(4-nba)21 recorded 

after heating it to 600 °C as the spectrum is featureless and does not show any bands 

indicating the decomposition of organic moiety. The most probable thermal 

decomposition scheme can be shown below. 

60-150°C 
[Ba(H20)4(4-nba)2] 	[Ba(4-nba)2] . 

Decomposition 
[Ba(4-nba)2] 	-+ 	BaO 

The DSC curve of [Ba(H20)4(4-nba)21 exhibits an endothermic peak at 98 °C 

corresponding to loss of 4 moles of water. As TG curve parallel to the x-axis in the 

temperature range 00-400. The exothermic signal at 407 °C can be attributed to the 

decomposition of paranitrobenzoate with simultaneous formation of BaO. It is to be noted 

that the 4-nba complexes of Ca, Sr and Ba contain four moles of water but the thermal 

decomposition processes are quite different as shown above. 

The TG and DTA curve of the complex [Co(H20)4(4-nba)2].2H20 are shown in Fig 

4.4.6 The TG-DTA trace of complex [Co(H20)4(4-nba)212H20 in flowing N2 indicates 

that the complex is thermally stable up to —60°C, when its slow decomposition begins. 

The TG curve shows the first mass loss between 60 and 100°C, corresponding to the loss 

of five moles of water. In the DTA an endothermic event is observed for this process. The 

sixth water molecule is strongly bound and is lost around 150 °C, resulting in the 

formation of the anhydrous complex. These assignments gain further credence, based on 

infrared spectral studies, isothermal weight loss and elemental analysis. When a sample of 

the complex [Co(H20)4(4-nba)2].2H20 is heated on a water bath the observed weight loss 

of 17.7% (expected loss is 18.04%) corresponds to the loss of five moles of H2O. In 

contrast, the anhydrous complex [Co(4-nba)2] does not show any weight loss when heated 

on a water bath indicating its thermal stability compared to [Co(H20)4(4-nba)21.2H20.The 

IR spectrum of [Co(H20)4(4-nba)212H20 heated on water bath shows a broad band at 
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3447 cm-1 . However, the IR spectrum of [Co(H20)4(4-nba)2].2H20 recorded, after heating 

it to 150°C is devoid of the broad water band. The observed mass loss of 20.83% can be 

attributed to the removal of six moles of H2O. It can be can be fully rehydrated. In other 

words, the original structure can be regenerated. This property is especially useful in the 

design of solid materials with selective inclusion behaviour. A similar behavior has also 

been observed for the 4-nba complex of Mg(II). In addition, the IR spectrum of 

[Co(H20)4(4-nba)2].2H20 recorded after heating it to 400 °C is featureless, thus indicating 

the decomposition of the organic moiety. Heating the complexes [Co(H20)4(4-

nba)2].2H20 isothermally at 400 °C results in the loss of the organic moiety and a 

voluminous product which can be formulated as Co203 based on metal analysis. The 

DTA curve shows a strong exothermic signal at 385 °C and a broad peak at 415 °C. These 

signals can be attributed to the decomposition of carboxylate ligand. The TG residue 

(22%) corresponds to the formation of Co(II)-carbonate. Formation of metal-carbonates 

has been reported earlier for the thermal decomposition of alkali-earth metal 

aminobenzoates under inert atmosphere. The TG-DSC data of complex [Co(H20)4(4-

nba)2].2H20 in static air can be similarly interpreted. The residue formed here 

corresponds to Co203 based on weight loss. 

4.4.1 Comparative chemistry of nitro - and aminobenzoates 

The hydrated Mg-nitrobenzoate complexes 	[Mg(H20)6](4-nba)2.2H20, 

[Mg(H20)6](3-nba)2.2 H2O, [Mg(H20)6](2-nba)2.2H20 prepared in this work exhibit 

certain similarities and yet they are different. The complexes can be prepared by the 

reaction of MgCO3 with the isomeric nitrobenzoic acids. Their molecular weights and 

stoichiometries are the same. All the complexes can be formulated as octahydrates and 

consist of the same octahedral [Mg(H20)6] 2+  cation. The complexes decompose on 

heating in air to give MgO as the final product. The complexes [Mg(1120)6](4- 

nba)2.2H20, [Mg(H20)6](3-nba)2.2 H2O, [Mg(H20)6](2-nba)2.2 H2O also show some 

resemblance with the previously reported hydrated Mg(II)-aminobenzoates. The 

aminobenzoates of Mg(II) prepared from 4-abaH and 2-abaH are octahydrates and have 

been formulated as consisting of the octahedral [Mg(H20)6] 2+  cation [47,48]. In these 

complexes, the aminobenzoates are outside the coordination sphere of the bivalent metal 

and function as anions. The reported crystal structure of the complex [Mg(H20)6](4- 
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aba)2.2H20 has been explained in terms of secondary H-bonding interactions between the 

coordinated water molecules of [Mg(H20)6] 2+  and the 4-aminobenzoate both at the —NH2 

and —COO sites [47]. The amino (—NH2) functionality forms N-H---O bonds (H-donor 

bonds) with the 0 atom of a coordinated water molecule. Similar weak N-H---O bonds 

have also been observed in Ca, Sr and Ba-aminobenzoates [47]. Although no X-ray 

structural studies have been done by us for the complexes [Mg(H20)6](3-nba)2.2H20 and 

[Mg(H20)6](2-nba)2.2H20, the..structural data of the complex [Mg(H20)6](4-nba)2.2H20 

and [Co(H20)4(4-nba)212H20 can be used to draw a comparison. In the hydrated para-

nitrobenzoate complexes of Mg as well as Co, short H-bonding contacts are observed 

between the 0 atom of the —NO2 group and a H atom of the coordinated water [71,72]. 

The presence of such weak interactions in the form of 0---H-0 bonds (H acceptor bonds) 

between the 0 atom of the nitro group and the H of a coordinated water is an important 

difference between the amino and nitrobenzoates. The differing capabilities of the —NH2 

and —NO2 groups to form H-bonds with the coordinated water can then be used to explain 

the difference in thermal behaviour of these complexes. The Mg(II) complex 

[Mg(H20)6]0-nba)2.2H20 prepared in this work can be fully dehydrated at 200 °C while 

the analogous aminobenzoate complex can be fully dehydrated at a slightly higher 

temperature of 215 °C. Both the complexes can be reversibly hydrated. The hydrated 

Mg(II) complex of 2-aba can be fully dehydrated at 200 °C to yield the anhydrous 

complex [48]. However, the anhydrous complex cannot be rehydrated [48]. In contrast, 

the analogous nitrosubstituted complex [Mg(H20)6](2-nba)2.2H20  cannot be fully 

dehydrated without decomposition indicating that H-bonding interactions are quite strong 

in this case. This further indicates that the positioning of the amino or nitro substituent in 

the aromatic ring with respect to the —000 -  group can also influence the structure and 

hence the properties. The H-bonding interactions present in these complexes are probably 

responsible for the higher temperature ranges needed for the dehydration processes. 

Hence this subtle difference in the type of secondary H-bonding interactions is an 

important factor to be taken into consideration while discussing the chemistry of these 

systems. 
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Isothermal Weight loss studies 

The metal-carboxylates prepared in this work have been studied by isothermal weight 

loss studies. These investigations can give an idea about the nature of decomposition 

processes taking place and also the type of products formed, when the complexes are 

heated at higher temperatures. This aspect is explained by taking representative examples. 

For the isothermal weight lost' studies of the complexes [Mg(H20)6](2-aba)2.2H20 and 

[Mg(H20)6](4-aba)2.2H20, the decomposition temperatures for the weight loss studies of 

[Mg(H20)6](2-aba)2.2H20 were chosen based on the reported TG-DTA [48] data of the 

hydrated Mg-aminobenzoate complex. For the complex [Mg(H20)6](2-aba)2.2H20, the 

first weight loss (8.16%) corresponding to the loss of two water molecules was observed 

at 90°C. This value matches with the theoretical weight loss of 8.18%. The second weight 

loss (21.3%) occurs between 90-100 °C and is slightly more than the expected value of 

20.5% for the loss of five molecules. A weight loss of 32.9% was observed at 200 °C, 

which is in good agreement with the theoretical weight loss (32.72%) for 8 molecules of 

water. The final weight loss of 91% was observed at above 800 °C and this corresponds to 

the formation of MgO. The IR spectrum of this product is featureless indicating the loss 

of the organic ligand and oxide formation. The infrared spectrum of the calcined sample 

of [Mg(H20)6](2-aba)2.2H20 (at 200 °C) shows clearly the absence of water. The 

similarity of the infrared spectrum to that of the complex [Mg(2-aba)2] further indicates 

that the organic carboxylate ligand is in tact in the thermally decomposed product thus 

confirming that the observed weight loss is only due to the removal of water molecules. 

Further, based on the well known fact that [Mg(H20)6] 2+  is a favored constituent of many 

Mg(II) complexes it is proposed that 6 of the 8 water molecules present in the complex 

are coordinated to Mg(II) while the remaining two are present outside the coordination 

sphere of Mg(II) i.e. in the lattice. This formulation gains credence from the fact that the 

first weight loss corresponds to two water molecules at a low temperature. It is to be 

noted that the thermal behavior of the hydrated Mg-anthranilate complex [Mg(H20)6](2- 

aba)2.2H20 prepared in this work as crystalline blocks is entirely different from that of 

the voluminous powder formulated as [Mg(2-aba)2] [48] which does not show any weight 

loss up to 412°C. 
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Fig 4.4.7 Photographic presentation of I) [Mg(H 20)6](2-aba)2.2H20 

II) [Mg(2-aba)2] 



The product [Mg(H20)6](4-aba)2.2H20 obtained by reacting MgCO3 with 4-abaH 

exhibits an identical thermal behavior, as that of the reported product from the reaction of 

MgC12 and 4-abaH in the presence of ammonia; clearly indicating that the product formed 

in both the cases is one and the same. Complex [Mg(H20)6](4-aba)2.2H20 showed a 

weight loss of 16.5% at 90°C corresponding to the loss of four water molecules and 

further weight losses at 130°C and 200°C as reported [48]. The final weight loss of 92.6% 

corresponding to the formation_of stable MgO was observed above 6Q0 °C. 

The Mg-aminobenzoate complexes [Mg(H20)6](2-aba)2.2H20 and [Mg(H20)6](4- 

aba)2.2H20 exhibit certain similarities and yet they are different. The complexes can be 

prepared by the reaction of MgCO3 with the isomeric aminobenzoic acids. Their 

molecular weights and stoichiometries are the same. The two complexes decompose at 

high temperature to give MgO. Further both the complexes can be formulated as 

containing the same [Mg(H20)6] 2+cation. However, in terms of stability, both are quite 

different with [Mg(H20)6](4-aba)2.2H20 being extremely stable while [Mg(H20)6](2- 

aba)2.2H20 slowly decomposes. In the synthesis of [Mg(H20)6](4-aba)2.2H20, the 

solvent can be stripped off from the reaction mixture (100 °C) and the dry solid can again 

be recrystallised from methanol/water mixture. A sample of [Mg(H 20)6](4-aba)2.2H20 

can be heated at 200 °C resulting in the formation of the anhydrous compound and this 

product can be hydrated again to [Mg(H20)6](4-aba)2.2H20. The , above facts clearly 

indicate that complex [Mg(H20)6](4-aba)2.2H20 can be reversibly hydrated. On the 

contrary, the removal of water from the crystalline magnesium anthranilate complex 

resulting in the formation of water free powdery [Mg(2-aba)2] complex which cannot be 

rehydrated. The photographic presentation of depicted in Fig 4.4.7. The clue to the 

understanding of this phenomenon lies probably in the structure of the complexes 

[Mg(H20)6](2-aba)2.2H20 and [Mg(H20)6](4-aba)2.2H20. An important difference 

between the complexes [Mg(H20)6](2-aba)2.2H20 and [Mg(H 20)6](4-aba)2.2H20 is in 

terms of the disposition of the amino group in the aromatic ring with respect to the 

carboxylate group. In the 2-aminobenzoate complex, the —NH2 group makes an angle of 

60°  with respect to the -COO-  group while in the corresponding 4-aminobenzoate 

complex, it is trans to the carboxylate. It is reasonable to assume that this geometrical 

difference in the positioning of the amino group in the six-membered ring is a key factor 

that probably affects the stability. Recently we have shown that the Mg(II)- 4-aba 

complex can be reversibly hydrated while the corresponding 2-aba complex cannot be 
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reversibly hydrated [48]. This property was then used by us to explain the inherent 

instability of the hydrated Mg-anthranilate complex. 

The isothermal weight loss studies of the cobalt complexes have been investigated. 

This can be explained for the complexes [Co(H20)4(4-aba)2], [Co(H20)4(4-nba)2].2H20 

and [Co(H20)2(im)2(4-nba)2]. The decomposition temperature for the weight loss studies 

of cobalt complexes were cllosen based on the TGA data. In the cobalt complex 

[Co(H20)4(4-aba)2] (Fig 4.4.8 a), the first mass loss 12.35 % corresponding to the loss of 

three moles of water, when heated on water bath. This value matches with the theoretical 

weight loss (13.39). The second mass loss (5.04 %) occurs between 100 to 130 °C, which 

is corresponding to loss of one moles of water. The total mass loss (17.39 %) at this 

temperature is in good agreement with the theoretical mass loss (17.85) corresponds to 

the loss of 4 moles of water, resulted in the formation of dark blue coloured crystals (Fig 

4.4.8 b). The IR spectrum of this dark blue compound is devoid of any broad signal at 

3500 cm-1 . indicating the anhydrous nature of the sample. The product obtained was 

equilibrated over water in a dessicator for a day. This resulted in formation of original 

pink coloured complex. (Fig 4.4.8 c). The IR spectrum of this final  product is identical to 

that of starting material, indicating the complexes can be reversibly hydrated. In the case 

of [Co(H20)4(4-nba)21.2H20, the first mass loss 17.5 % corresponding to the loss of five 

moles of water, when heated on water bath. This value matches with the theoretical 

weight loss (18.04 %). The second weight loss (3.44 %) occurs at 150 °C, which is 

corresponding to loss of one moles of water. The total mass loss (20.94 %) at this 

temperature is in good agreement with the theoretical weight loss (21.65 %) for 6 moles 

of water. resulted in the formation of dark blue coloured crystals (Fig 4.4.9 b). In 

addition, the IR spectrum of this dark blue calcined (at 150 °C) compound recorded is 

devoid of any broad signal at 3500 cni l . indicating the anhydrous nature of the sample. 

The product obtained was equilibrated over water in a dessicator for a day. This resulted 

in isolation of starting pink coloured materials. (Fig 4.4.9 c). This feature indicates that 

the anhydrous complex can be fully rehydrated. In other words, the original structure can 

be regenerated. This property is especially useful in the design of solid materials with 

selective inclusion behavior. The IR spectrum of this final product is identical to that of 

starting material, indicating the complexes can be reversibly hydrated. In addition, the IR 

spectrum of the complex [Co(H20)4(4-nba)2].2H20 recorded after heating it to 400 °C is 

featureless, thus indicating the decomposition of the organic moiety followed by the 
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formation of voluminous product, which can be formulated as Co203 based on metal 

analysis. In the case of [Co(H20)2(im)2 (4-nba)2], the first mass loss 5.65 % 

corresponding to the loss of two moles of water, when heated on water bath. The weight 

loss at this temperature is in good agreement with the theoretical weight loss (6.42 %) for 

2 moles of water, resulting in the formation of dark blue coloured crystalline product 

[Fig4.4.10]. In addition, the IR spectrum of this dark blue calcined (at 150 °C) compound 

recorded is devoid of any broad signal at 3500 cm-1 . Which conformed the anhydrous 

nature of the sample. The similarity of the infrared spectrum to that of the complex 

[Co(im)2(4-nba)2] further indicates that the organic carboxylate ligand is in tact in the 

thermally decomposed product thus confirming that the observed weight loss is only due 

to the removal of water molecules The product obtained was equilibrated over water in a 

dessicator for a day. This resulted in isolation of starting dark pink coloured materials. 

(Fig 4.4.10) with quantitative yield. This feature indicates that the anhydrous complex can 

be reversibly rehydrated. In other words, the original structure can be regenerated. The IR 

spectrum of this fi al  product is identical to that of starting material, indicating the 

complexes can be reversibly hydrated. In addition, the IR spectrum of the complex 

[Co(H20)2(im)2(4-nba)21 recorded after heating it to 400 °C is featureless, thus indicating 

the decomposition of the organic moiety followed by the formation of voluminous 

product, which can be formulated as Co203 based on metal analysis. Based on similar 

arguments the isothermal weight loss studies of all the other synthesized complexes can 

be similarly explained. Thus the weight loss studies are useful to get information about 

the nature and type as well as stability of the complexes. 

4.6 Karl Fischer titration for the determination of water 

Karl Fischer titration is one of the most widely used analytical techniques for the 

determination of water content of organic solids; inorganic substances and organic 

solvents. This method proposed by Karl Fischer (1935) is a very useful as well as an 

important method for water determination. [116,117]. Karl Fischer (KF) is an aqua metric 

titration with greater convenience and accuracy than the classical technique, which is 

based on two electrochemical methods, namely coulometer and controlled current 

potentiometer with two-indicator electrode [110]. 
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Theory: 

The determination of moisture by Karl Fischer titration is based on the rapid, 

stoichiometric reaction of water with the Karl Fischer reagent, which is composed of 

iodine, sulphurdioxide and imidazole or pyridine dissolved in methyl glycol. In this 

titration, the determination of water is based upon the quantitative reaction of water with 

an anhydrous solution of sulphur dioxide and iodine in the presence of a buffer that reacts 

with hydrogen ions. The water present in the analyte reacts with Karl Fischer reagent in a 

two-stage process. This can be summarized with the following equation: 

H2O + 12 + SO2 + CH3OH + 3 C5H5N 	♦ 2 C5H5N. HI + C5H5N.HCH3S 

It is obvious that the oxidation of SO2 takes place by iodine to yield SO3 and 

hydrogen iodide thereby consuming one mole of water. In other words 1 mole of water 

present in the sample is equivalent to 1 mole of iodine. When the water has been 

consumed by the KF reaction, free iodine remains  in the solution. The resulting redox 

system of iodine/iodide will depolarize the double platinum electrode, which is polarized 

to maintain a constant current. This depolarization tends to cause an increase in current 

flow, and the voltage across the electrode is therefore reduced in order to maintain the 

constant current. The voltage drop is monitored and subsequently used for the automatic 

control of the titration as well as for the volumetric end point determination. 

4.5.1 Instrumentation: 

The commercially available Karl Fischer instrument essentially comprises of the 

following main components namely: Digital burette with specially designed titration 

vessels that are exclusively meant to check and prevent the contact of atmospheric 

moisture, fitted with a pair of identical Pt electrodes and a mechanical stirrer with 

adjustable speed. It will be observed that absolutely little or no current may flow. 

However, the current. shall flow only when the two electrodes get depolarized. The end 

point is achieved by employing an electrical circuit comprising of a micro ammeter (A). 

Pt electrodes, together with a 1.5 V to 2.0 V batteries are connected across a variable 

resistance of about 2.5 La First of all the resistance is adjusted in such a manner that an 

initial current passes through the platinum electrodes in series with a micro ammeter (A). 
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After each addition of reagent, the pointer of the micro ammeter gets deflected but 

quickly returns to its original position. At the end of the reaction a deflection is 

obtained which persists for 10-15 seconds [110]. This is illustrated in Fig 4.5.1 in the 

form of a flow diagram of Karl Fischer titration apparatus with representative graph. 

4.5.2 Methodology: 

EQUIPMENTS AND CHEMICALS 

The following Karl Fischer equipment and accessories namely Micro device-

Metrohms Ltd. 716 DMS-Titrino, 794-Basics Titrino, Tinet 2.4 software and analytical 

balance (Mettler Toledo AG 285) were used for the determination of water. The 

following chemicals were used during the experiments: Methanol (HPLC grade), 

Disodium. tartrate dihydrate(AR) and Karl Fischer reagent (Merck) 

Procedure: 

Standardization of the Karl Fischer reagent: 

35 ml of dehydrated methanol was placed in the titration vessel, which covers the 

electrodes and sufficient reagent was added to give the characteristics end point. The end 

point may be observed visually as a change in colour from canary yellow to amber but the 

end point is determined electrometrically with an apparatus employing a simple electrical 

circuit, which is represented in the Fig 4.5.1. Around 150 mg of sodium tartarate 

(C41-141•4206.2H20) was added in the titration vessel and titrated to the end point. The 

water equivalence factor F, in mg of water per ml of reagent, is given by the formula 

F = 2 (18.02)  (W/V) 
(230.08) 

in which 18.02 and 230.08 are the molecular weight of water and disodiumtartrate 

dihydrate respectively. W is the weight in mg of disodium tartrate dihydrate and V is the 

volume in ml of the Karl Fischer reagent consumed in the titration. 
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Sample estimation: 

35 ml of dehydrated methanol was placed in the titration vessel, and was 

neutralized in a manner similar to standardization as explained above. Around 500 mg of 

powdered sample was added into the titration vessel and stirred till sample dissolved in 

the neutralized methanol and titrated with the reagent .to electrometric end point. The 

water content in the sample can be calculated by using formula. 

S x F, Where S is the volume in ml of the reagent consumed and F is the water 

equivalence factor of the reagent. The observed water content by this method for several 

carboxylates are listed in Table 4.5.1 and the theoretically calculated values have also 

been given for comparison. The data clearly indicate the presence of water molecules. 

Further the theoretical values are in excellent agreement with the observed values 

indicating the usefulness of the Karl Fischer titration for the determination of the water 

content of hydrated metal carboxylates. 

Table 4.5.1 

Water content data for the following compounds 

Sr.No. Compound Content of Water 
Found (Experimental) Calculated (Theoretical) 

1. [Mg(H20)6](4-nba)2.2H20 28.93 28.77 

2. [Mg(H20)6](3-nba)2.2H20 28.68 28.77 

3. [Mg(H20)6](2-nba)2.2H20 29.02 28.77 

4. [Mg(H20)2(im)2(4-nba)2] 06.87 06.84 

5. [Ca(H20)4(4-nba)2] 16.05 16.20 

6. [Ba(H20)4(4-nba)2] 12.97 13.30 

7. [Sr(H20)4(4-nba)2] 15.03 14.64 

8. [Co(H20)4(4-nba)2].2H20 19.93 20.04 

9. [Co(H20)2(im)2(4-nba)2] 06.52 06.41 
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4.6 Ultraviolet spectroscopy 

The complexes prepared in this work have been studied by electronic spectra. The 

experimental conditions for the uv-vis measurements have been detailed in section 3.1. 

The electronic spectra of the carboxylate complexes described in this work show 

characteristics absorption bands whose positions are comparable to those in the free 

carboxylic acids. The electronic spectrum of the 2-amino benzoic acid complex of Mg, 

namely [Mg(H20)6](2-aba)2.2H20 exhibits strong absorptions in the UV region and these 

absorptions are similar to that of the free ligand 2-abaH clearly indicating that these 

transitions can be assigned to intra-ligand charge transfer transitions. This assignment is 

in accordance with the reported results for the anthranilate complexes of alkali earth 

metals [xx] wherein it has been proposed that in dilute solutions the complexes dissociate 

to the hexaaquo metal ions and anthranilate anions. Similar observation was made in the 

case of [Mg(H20)6](4-aba)2.2H20. The electronic spectrum of the nitro substituted 

benzoic acid complexes of Mg such as [Mg(H20)6](4-nba)2.2H20 [Mg(H20)6](3- 

nba)2.2H20, and [Mg(H20)6](2-nba)2.2H20 have been recorded. The isomeric Mg(II)- 

nitrobenzoate complexes prepared in this work absorb strongly around 260 nm in the UV-

region, with the pale yellow o-nitrobenzoate showing a band tailing into the visible. The 

UV-visible spectra of the complexes in methanol are quite similar to the spectra of the 

free acids recorded in methanol. This feature is indicative of the fact that the carboxylates 

are outside the coordination sphere and the UV-absorption can be attributed to 

intramolecular charge transfer transition of the aromatic acids. The molar absorptivities 

(E.) of the three Mg(II) complexes are almost twice that of the free carboxylic acid 

which can be explained in terms of the presence of two molecules of the carboxylate per 

mole of the complex (Table 4.6.1). In case of cobalt paranitrobenzoate complex 

[Co(H20)4(4-nba)212H20, which absorbs strongly around 270 nm in the UV-region, the 

UV-absorption can be attributed to intramolecular charge transfer transition of the 

aromatic acid. In addition to this signal, the same complex exhibits a very broad band 

around 567 mi. This weak signal can be attributed to a d-d transition [71]. A 

representative UV-Vii spectrum of [Co(H20)4(4-nba)21.2H20 is depicted in Fig. 4.6.1. 
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4.7 NMR spectral studies 

In the present work, a few complexes have been investigated by the NMR spectral 

method. The purpose behind this study is two fold namely: i) To confirm the presence of 

the carboxylate moiety and ii) to use the NMR technique as a probe for getting some 

information about solution structure of the anthranilate (2-aba) complexes of the alkali 

earths already reported [47,48]. The NMR spectra of the para substituted amino or nitro 

benzoic acids are expected to show fewer signals as compared to the corresponding ortho 

isomers. Thus the PMR spectra of the para amino or nitro benzoic acids exhibit the 

characteristic A2B2 pattern as there are only two sets of equivalent protons. In contrast, 

the 2-aba ligand has 4 magnetically different protons in the aromatic ring in addition to 

the two protons on the amino functionality. The signals due to the H atoms on the N are 

not normally observed in view of the fast exchange. Usually the proton resonance signals 

of the amino protons appear as broad signals and in many cases are not observed. 

However the aromatic ring protons do give their characteristic signals. The carbon NMR 

spectrum on the other hand of the para isomers will give rise to five signals unlike 2-abaH 

which has seven different carbons. All the seven carbons in the ligand 2-abaH are 

chemically different and seven signals are expected in the carbon resonance. The atom-

labeling scheme for the assignment of IHand 13C NMR signals is presented in Fig 4.7.1. 

The chemical shift values for some of the carboxylates complexes prepared in this work 

are collected in Table 4.7.1 and 4.7.2. In an earlier paper the NMR spectral data (both 

PMR and CMR) of the anthranilate complexes of Ca, Sr and Ba have been reported 

(Table 4.7.1) [47]. Subsequently the NMR caharacteristics of the hydrated Mg(II)-2-aba 

complex was reported by us [48]. The Mg(II) complex differs from the Ca, Sr and Ba 

complexes in that the 2-aba anion is outside the coordination sphere while in the heavier 

congeners the carboxylate is bound to the metals and the solid state structure of each 

complex is different. An examination of the reported CMR data [47] indicates that the 

chemical shifts are nearly identical for these three compounds. These spectra were 

recorded in CD3OD although the proton chemical shifts are as expected and the reported 

shifts are slightly shifted from that of the free ligand 2-abaH. Interestingly in the reported 

work the most downfield shift at around 175 ppm has been assigned to the carbon 

containing —NH2 group and the signal around 150 ppm has been assigned to the carboxyl 

carbon. As it is well known that the carbon bound to electronegative atoms will , be 
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Table 4.7.1 Reassignment of NMR chemical shifts of some complexes 

COMPOUND REPORTED 13C DATA in 

8  PPm 

REVISED ASSIGNMENT 

in 5 ppm 

2-abaH* 169.1 (C7) 152.9 (C I) 169.1 (C7) 152.9 (C1) 
135.3 (C3) 132.8 (C5) 135.3 (C3) 132.8 (C5) 
118.0 (C4) 116.4 (C2) 118.0 (C4) 116.4 (C2) 
111.5 (C6) 111.5 (C6) 

[Mg(H20)6](2aba)2. 174.3 (C7) 150.6 (Cl) 174.3 (C7) 150.6 (Ci) 
132.2 (C3) 131.5 (C5) 132.2 (C3) 131.5 (C5) 

2H20# 116.6 (C4) 114.0 (C6) 116.6 (C4) 114.0 (C6) 
115.8 (C2) 115.8 (C2) 

[Ca(2-aba)2(H20)3]. 1  178.2 (CI) 151.0 (C7) 151.0 (CI) 117.8 (C2) 
133.1 (C6) 132.8 (C2) 133.1 (C3) 119.8 (C4) 
119.8 (C5) 117.8 (C3) 132.8 (C5) 117.2 (C6) 
117.2 (C4) 178.2 (C7) 

[{Sr(2-aba)2(H2O)2). 177.8 (Cl) 152.1 (C7) 177.8 (C7) 152.1 (CI) 
133.8 (C6) 132.6 (C2) 133.8 (C3) 132.6 (C5) 

1 H20]. 119.4 (C5) 117.8 (C3) 119.4 (C4) 117.8 (C2) 
117.2 (C4) 117.2 (C6) 

[Ba(2-aba)2(1120)3]: 177.4 (C1) 150.7 (C7) 150.7 (Cl) 132.6 (C3) 
132.6 (C6) 132.4 (C2) 132.4 (C5) 121.0 (C4) 
121.0 (C5) 117.9 (C3) 117.9 (C2) 117.4 (CO 
117.4 (C4) 117.4 (C7) 

[N41120)6]2-aba 177.4 (C7) 147.6 (C1) 
132.4 (C5) 132.0 (C3) 
120.7 (C4) 117.84 (C2) 
117.4 (C6) 

• data from Aldrich Library of FT-NMR spectra 
• # data from Ref. 48 
• reported data in ref.47 
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TABLE 4.7.2 - 1H NMR SPECTRAL ASSIGNMENTS *  

COMPOUND 1H NMR 

8 (H1) ppm 
(J in Hz) 

8 (H2) ppm 
(J in Hz) 

8 (H3) ppm 
(J in Hz) 

8 (H4) ppm 
(J in Hz) 

6.72 7.21 6.49 7.68 

2-abaH 
(JmH2= 8.3) 412H1 = 8.4 

JH2H3 = 6.9 
JH3H2 = 7.6 
JH3114 = 7.4 

J114H3= 8.0 
JI-14H2= 1.6 

JH2H4 = 1.6 J113H1 = 0.9 

6.57 7.06 6.40 7.77 
[Mg(2-aba)2r 

(hum= 1.70) (JH3H1 = 1.0) (hum = 6.9) 

6.58 7.04 6.41 7.81 
[Mg(H20)6](2-aba)2.2H20 (JHIH2=8.1) J112H1 = 7.53 (JH3H2 = 7.58) (JH4H3 = 7.8) 

JH2H3 = 7.45 (hi3H4= 7.27) 
6.69 7.12 6.57 7.90 

[Ca(2-aba)2(H20)31:21±  (JmH2= 8.1) (hm u 	= 8.5) (JH3H2=  8.1) (JH4113= 7 . 9) 
(b1H3 = 1.2) (hum = 6.8) (JH3H4= 6.9) (hum = 1.7) 

(hum= 1.4) (hi3m = 1.0) 

*Spectra recorded in DMSO-d6 **Spectra recorded in DMF-d4  # Data from Ref. 47 ± CD 3OD as solvent 



downfield shifted, it is evident that the reported shifts have been interchanged (Table 

4.7.1). 

Fig 4.7.1 Atom labeling scheme for the NMR spectral assignments 
a) 11-1NMR (1 and b) 13C NMR (II and IV) 

Further the carbon chemical shifts of all the three complexes Ca, Sr and Ba are 

nearly identical even though all the complexes exhibit different solid-state structures. This 

phenomenon clearly indicates that the solution NMR spectral characteristics can be 

explained by assuming that all the complexes have the same structure in solution. In other 

words, in solution the coordinated carboxylate dissociates and the metal is solvated. This 

assumption is valid as it is well documented that the alkali earth metals can be readily 

solvated by water. The validity of this assumption gains further credence from the 13C 

NMR data of the Mg(II) anthranilate and the Na-anthranilate. The 13 C NMR spectrum of 

the hydrated Na-2ba -complex recorded in D20 is presented in Fig. 4.7.2 As expected, 

seven signals are observed and these signals have been assigned based on the spectral 

data of the free anthranilic acid. The 1H NMR spectrum of the Na-2aba complex is 

displayed in Fig. 4.7.3 and it exhibits three signals. The doublet at —7.5 ppm can be 
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readily assigned to the Rt proton while the triplet around 7.1 ppm can be assigned to H2. 

The signal at around 6.7 ppm is assigned to both H1 and H3 as the integration of this 

signal is twice that for the signal at 7.5 ppm. The reason for the mixing up of this signal is 

not clear even though the spectrum has been recorded at 300 MHz. This can be attributed 

to the solvent effect. Based on this data and also the spectral characteristics of the related 

Mg(II) complex the already reported signals of the Ca, Sr and Ba can be reassigned. The 

reassignments of the carbon chemical shifts are listed in Table 4.7.1. We have assigned 

the signal that is most downfield shifted at around 175 ppm to the carboxyl carbon and 

the signal observed at 150 ppm to the carbon carrying the amino group. To further 

substantiate that the solution structure of all the anthranilate complexes is the same it is 

desirable to do the following. i) to collect the 15N NMR spectral data of these complexes 

and to record the solid state magic angle spinning (MAS) proton and carbon spectra. 

The anthranilate complexes synthesized in this study have been investigated by 1 11 

and 13C NMR spectroscopy in DMSO-d6 as solvent and these results are summarised in 

Table.4.7.1 For comparison purpose, the NMR spectrum of the free acid 2-abaH was also 

recorded. The complex [Mg(H20)6](2-aba)2.2H20 exhibits four sets of resonances in its 

1H NMR spectrum (Fig. 4.7.4) as expected for the four different aromatic protons H 1  to 

H4. The chemical shifts of the aryl protons and their coupling constants are in the range of 

the reported values for anthranilate complexes [47]. The chemical shifts of all the aryl 

protons of [Mg(H20)6](2-aba)2.2H20 excepting Fla are slightly upfield shifted compared 

to that of the free acid. The signals due to H 1  and H4 are observed as doublets at 8 6.579 

ppm (J=8.1 Hz) and 8 7.809 ppm (J=7.78 Hz) and not as doublet of doublet as reported 

for the related Ca-complex. The resonances due to the protons 112 and H3 are observed at 

8 7.042 ppm (J=7.53 and 7.45 Hz) and 8 6.406 ppm with J values 7.58 and 7.27 Hz 

respectively. Interestingly, the chemical shifts of the hydrated anthranilate complex 

[Mg(H20)6](2-aba)2.2H20 and the anhydrous anthranilate complex [Mg(2-aba)2] are 

nearly identical. The anthranilates of the alkali earth metals namely Ca, Sr and Ba have 

already been investigated by 13C NMR [47]. The [Mg(2-aba)2] complex could not be 

studied earlier by this method due to its poor solubility. The facile solubility of the 

hydrated Mg-anthranilate complex [Mg(H20)6](2-aba)2.2H20 prepared in this work has 

permitted this investigation. The observed 13C chemical shifts of the Mg complex 

[Mg(H20)6](2-aba)2.2H20 are quite similar to that of its heavier congeners (Table 4.7.1). 
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It is to be noted that the solvent used here is DMSO-d6 whereas in the reported work 

CD3OD had been used9. In the "C NMR spectrum of [Mg(H20)6](2-aba)2.2H20 (Fig 

4.7.5) seven distinct resonances between 114 and 175 ppm are observed for seven 

different carbons of the anthranilate. These signals have been assigned to the different 

carbons based on the 13C NMR spectral data of free 2-abaH (Table 4.7.1). The 

anthranilate ion in [Mg(H20)6](2-aba)2.2H20 is not coordinated to Mg(II) unlike the Ca, 

Sr and Ba complexes, where it is ligated to the bivalent metal and hence their 13C NMR 

data cannot be used for comparison. The signal at 174.382 ppm has been assigned to the 

carboxyl carbon (C7) while the resonance at 150.62 ppm can be assigned to the carbon 

atom (CI) attached to the amino group. These assignments are in good agreement with the 

13C NMR data of 2-abaH. In the free acid, the carboxyl carbon (C7) resonates at 169.10 

ppm while the carbon attached to the amino group (CI) shows up at 152.90 ppm. Based 

on the same argument, the other signals at 115.772, 132.240, 116.597, 131.520 and 

114.018 ppm can be assigned to the carbons C2, C3, C4, C5 and C6 respectively. 

The NMR spectrum of [Mg(H20)6](4-nba)2.2H20 was recorded in DMSO-d6 while 

the spectra of the complexes [Mg(H20)6](3-nba)2.2H20 and [Mg(H20)6](2-aba)2.2H20 

were recorded in D20. All the complexes exhibit characteristic 1H NMR spectra, which 

readily confirms the presence of the organic moiety in these complexes. The complex 

[Mg(H20)6](4-nba)2.2H20 exhibits a typical AB quartet for the two sets of aromatic 

protons in the 4-nitrobenzoate at 5 8.2118 ppm and 5 8.1041 ppm. The meta-

nitrobenzoate complex of Mg(II) shows four different signals for the four aromatic 

protons at 5 8.4454 (s), 5 8.1571 (tt), 5 8.0384 (dd) and 6 7.4844 (t) ppm respectively 

while the ortho complex [Mg(H20)6](2-nba)2.2H20 absorbs at 5 7.9273 (d), 5 7.5948 (t), 

5 7.4093 (t) and and 5 7.3417 (d) ppm respectively for the four different aromatic protons. 

The NMR signals of the Mg(II) complexes are slightly upfield shifted compared to that of 

the free acids and are indicative of the presence of free carboxylates. A similar trend has 

been observed in the PMR spectra of aminobenzoate complexes [47,48]. 

The 1H NMR spectrum of [Co(H20)4(4-nba)212H20 and [Co(4-nba)2] in DMSO-d6 

exhibit a single broad signal at 6 13.75 and 13.80 ppm respectively which can be assigned 

to the resonance of the aromatic protons. It may be noted that the diamagnetic complex 

[Mg(H20)6](4-nba)2.2H20 exhibits a typical AB quartet for the two sets of aromatic 
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protons in the 4-nitrobenzoate at 8 8.21 ppm and 8.10 ppm respectively. Based on this, 

the down field shifting of the signal in [Co(H20)4(4-n'ba)2].2H20 and [Co(4-nba)2] can be 

attributed to the paramagnetic nature of these complexes. The observed magnetic 

moments of 1 and 2 are 5.13 and 4.81 BM, respectively. 

The NMR spectra (both 1H and 13C) of the [Mg(4-nba)2(im)2] complex are displayed 

in Figs 4.7.6 and 4.7.7. The assignments of the signals are also indicated in the spectra. 

These spectra clearly indicate the presence of the imidazole in the complex. The PMR 

spectrum of the Im complex exhibits three signals at —8.15, 7.7 and 7.05 ppm 

respectively. The quartet at —8.15 ppm is characteristic of a A2B2 system and is readily 

assignable to the four aromatic protons on the nitrobenzoate. The signal around 7.7 ppm 

is assigned to the imidazole proton on the carbon which is flanked by the two nitrogen as 

this is expected to be more downfield shifted compared to the other protons. The singlet 

at 7.05 ppm is assignable to the olefinic protons of imidazole and these assignments are in 

accordance with the expected chemical shifts of imidazole. The carbon resonance 

spectrum of the Mg-4-nba-Im complex exhibits seven different siganLs which are 

assignable to the seven different carbons on both 4-nba anion and im. The 4-nba anion 

has five different carbons while im contains two different carbons. The resonance at 

169.19 ppm is assignable to the carboxylate carbon as it will be the most downfield 

shifted carbon. The signal at 148.58 is assigned to the aromatic carbon containing the 

nitro group and these assignments are in close agreement with that of the free acid. Based 

on similar arguments the aromatic ring carbons and the imidazole carbons can be 

assigned. These assignments are indicated in the spectrum. A comparison of the nitrogen 

resonances of this complex and the free 4-nbaH and im will conclusively prove the 

binding of im to the metal. 

4.8 X-ray diffraction studies 

The complexes prepared in this work are crystalline solids. Although the crystalline 

nature is evident based on the lustrous and shining appearance of products the X-ray 

powder characteristics can unambiguously settle the issue. The crystalline nature is also 

evident from the photographs of the crystals of a few of synthesized complexes made 

using Nikon-880, 3.2 mega pixel digital camera. The photographs of the crystals of 

paranitrobenzoate complex of Ca, Ba, and Sr are shown in Appendix-1 at the end of the 
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Table 4.8.1 INTERPLANAR SPACINGS OF THE MOST PROMINENT PEAKS* 
COMPOUND d - VALUES IN A 

[Mg(H20)6](2-aba)2.2H20 

5.1216 (3.4), 3.6807 (6.3), 3.6384 (10.2), 3.6093 (5.7), 3.5037 

(3.4), 3.1170 (3.5), 2.8225 (4.2), 2.8069 (8.4), 2.0494 (100.0), 

2.0430 (41.7), 2.0276 (11.2), 2.0216 (5.7), 1.4844 (3.0) 

4.505 (80.7), 4.4579 (100.0), 4.3999 (25.0), 4.2915 (16.1), 

4.0948 (9.8), 3.8786 (8.0), 3.4889 (17.6), 3.4595 (13.4), 3.3846 

(67.4), 3.3177 (20.1), 3.2895 (8.7), 2.8005 (6.9), 2.6813 (11.7), 
[Mg(2-aba)2] 

2.6152 (7.4), 2.5737 (7.7) 2.5048 (15.3), 2.3534 (14.6), 2.1431 

(7.5), 2.1191 (15.7), 2.0697 (6.7), 1.9954 (8.0), 1.9577 (6.5), 

1.8625 (10.0), 1.4739 (97.7). 

8.2230 (11.7), 5.9806 (36.4), 5.9308 (16.9), 5.6703 (16.1), 

5.1084 (16.9), 4.9472 (57.9), 4.5266 (22.9), 4.4458 (32.6), 

4.2438 (42.1), 3.9754 (20.4), 3.7833 (20.6), 3.7293 (85.9), 

[Mg(H20)6](4-aba)2.2H20 3.5978 (20.6), 3.4392 (40.8), 3.1520 (16.7), 3.0025 (10.6), 

2.9459 (12.1), 2.8334 (10.2), 2.7827 (11.8), 2.7585 (20.4), 

2.6589 (12.1), 2.3917 (17.6), 2.1234 (13.3), 2.0237(100), 

2.0179 (49.8), 1.9946 (15.6), 1.9657 (15.2). 

7.3630 (24.3), 7.1726 (100.0), 5.9847 (23.1), 5.8857 (12.8), 

5.8052 (49.2), 5.1290 (18.0), 5.0635 (73.5), 4.4993 (10.2), 

[Mg(H20)44-nba)2.2H20 4.0451 (14.5), 3.6702 (11.7), 3.6296 (76.9), 3.3714 (34.4), 

3.3558 (75.5), 3.1751 (38.4), 3.1652 (33.3) 3.1212 (30.9), 

2.8334 (16.7), 2.5440 (10.4), 2.5280 (10.0) 

15.8248 (91.20), 7.2874 (12.2), 6.7144 (73.8), 6.1058 (23.5), 

5.5710 (54.5), 5.5056 (62.2), 4.9390 (21.3), 4.1535 (42.3), 

[Mg(H20)43-nba)2.2H20 
3.7064 (38.8), 3.6260 (30.8), 3.5187 (32.1), 3.3846 (37.4), 

3.3147 (60.4), 3.2494 (100.0), 3.1812 (18.8) 3.0958 (26.3), 

2.9757 (17.1), 2.9294 (10.9), 2.7810 (19.3), 2.4927 (11.8), 

2.4558 (13.8), 2.3893 (10.0), 2.2792 (18.8),2.0959 (13.4) 

163 



Table 4.8.1 INTERPLANAR SPACINGS OF THE MOST PROMINENT PEAKS* 
COMPOUND d - VALUES IN A 

[Mg(1120)6](2-nba)2.21120 

7.2695 (11.5), 6.4186 (18.1), 5.8838 (17.4), 5.7231 (6.0), 

4.7299 (6.10), 3.8521 (27.7), 3.8259 (100.0), 3.6852 (5.0), 

3.3726 (23.4), 3.2658 (15.6), 3.2218 (7.1), 2.8742 (93.6), 

2.8035 (5.3), 2.7680 (6.6), 2.5910 (12.4), 

2.4222 (7.4), 2.1769 (6.1), 1.4388 (6.2) 

Residue from 2.4298 (7.6), 2.1061 (100.0), 1.4910 (43.3), 1.2704 (4.8), 

[Mg(H20)6](4-nba)2.2H20 1.2154 (10.2) 

Residue from IMg(H20)6](3- 2.4301 (9.6), 2.1087 (100.0), 1.4910 (43.1), 1.2719 (4.5), 

nba)2.2H20 1.2171 (10.6) 

MgO (periclase)#  2.11 (100.0), 1.49 (50.0), 1.22 (10.0) 

13.7028 (25.3), 9.4458 (61.6), 7.5638 (45.1), 6.9481 (19.9), 

5.7807 (33.6), 5.4285 (100.0), 5.2838 (65.7), 4.7856 (65.7), 

4.2854 (26.8), 4.2398 (61.6), 4.1174 (19.0), 3.8129 (25.3), 
[Ba(4-nba)2  (H2O] 

3.3440 (62.4), 3.2025 (41.8), 3.1341 (37.2), 3.1005 (33.0), 

3.0538 (26.3), 2.8342 (19.9), 2.7436 (40.4), 2.3505 (21.8), 

2.2641 (24.7), 2.1837 (19.9), 1.8347 (27.4) 

8.7464 (25.1), 8.2690 (100.0), 6.4747 (11.9), 4.9802 (26.7), 

[Co(H20)4(4-aba)2] 4.3298 (84.6), 4.1564 (65.1), 3.9877 (9.0), 3.4701 (12.5), 

3.2800 (19.8), 3.0305 (19.2), 2.9469 (12.0), 

6.3749 (13.7), 5.5920 (100.0), 5.4137 (10.8), 4.1874 (8.1), 

[Co(H20)4(4-nba)2].2H20 3.6717 (16.6), 3.5338 (14.3), 3.1963 (22.4), 3.1116 (32.3), 

3.0095 (6.7), 2.1038 (6.7), 2.0358 (5.8). 

13.1426 (16.4), 7.9502 (34.9), 7.4370 (21.4), 6.8516 (100), 

6.5753 (37.6), 5.7471 (41.5), 5.3908 (28), 5.2312 (30.4), 

ro(H20)2(im)2(4-nba)21 4.9253 (36.0), 4.6476 (21.8), 4.4184 (81.4), 4.2448 (71.3), 

4.1583 (29.9), 3.6657 (55.1), 3.2605 (69.1), 3.2025 (24.3), 

3.1701 (36.0), 3.0599 (17.1), 2.8720 (16.7), 2.6421 (19.4). 

*Values in parentheses are the relative intensities  
//Data from JCPDS file 4-829 
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thesis. The interplanar spacings of the most prominent peaks observed in the X-ray 

powder pattern, using Cu-K a  radiation for the complexes prepared in this work are listed 

in Table 4.8.1 and representative powder diffractograms are given in Fig.4.8.1 to 4.8.4. 

The complexes exhibit sharp signals in their X-ray powder diffractograms, which 

conclusively prove the crystalline nature. 

A representative powder diffractogram is discussed. The importance of metal source to 

direct the product formation has already been mentioned in the case of the complexes 

[Ba(4-aba)C1] and [Ba(4-aba)2(H20)2] Fig.4.8.1. Both the pattern exhibit several sharp 

signals in the region (20 =10-80°) indicating the crystalline nature of .the synthesized 

complexes. Further it also evident from the pattern that both the complexes are entirely 

different and the purity of the phases is also evident. This result is in accordance with 

elemental analysis as well as infrared spectroscopy as already discussed. Fig 4.8.2 shows 

the powder diffractogram of the hydrated Mg(II)-nitrobenzoate derived from the isomeric 

nitrobenzoic acids. In this case also a similar conclusion as far as the —Ba(II)-4- 

aminobenzoate complexes can be arrived. The X-ray powder diffractograms of the 

complexes [Mg(H20)6](4-nba)2.2H20, [Mg(1420)6](3-nba)2.2H20, [Mg(H20)42- 

nba)2.2H20 (Fig.4.8.2) exhibit several sharp signals, many of which are weak. This is 

indicative of the fact that the complexes are all crystalline phases. The interplanar 

spacings of the most prominent peaks are collected in Table 4.8.1. The X-ray powder 

pattern of the residues obtained on heating [Mg(H20)44-nba)2.2H20, [Mg(H20)6](3- 

nba)2.2H20, [Mg(H20)6](2-nba)2.2H20 at 800 °C match with that of the reported data of 

MgO (periclase) and can be indexed on a cubic cell. The XRD data thus unambiguously 

confirms the formation of MgO as the final product of thermal decomposition. The 

usefulness of the powder diffractomer method to distinguish between the different types 

of complexes and also the formation of anhydrous carboxylate can be demonstrated with 

the aid of Fig. 4.8.3. When a sample of [Mg(H20)42-aba)2.2H20 hydrated is heated at 

100°C, this results in the formation of corresponding anhydrous complex(Fig. 4.8.3 a and 

b). The complexes [Mg(H20)6](2-aba)2.2H20 and [Mg(2-aba)2] exhibit sharp signals in 

their X-ray powder diffractograms indicating the crystalline nature of the samples. The 

interplanar spacings of the most prominent peaks in the X-ray diffractograms are listed in 

Table 4.8.1. The hydrated Mg-anthranilate complex exhibits 85 peaks in the range (20 

=10-80°) in its diffractogram many of which are weak. The most intense peak occurs at 
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20 =44.155°  corresponding to a value of d = 2.0494 A. The anhydrous complex [Mg(2- 

aba)2] on the other hand exhibits 47 peaks in the range (20 = 10-80 °) in its diffractogram. 

In this case, the most intense peak occurs at 20 = 19.900 °  corresponding to a value of d = 

4.4579 A. The powder data clearly indicate that the complexes [Mg(H20)6](2-aba)2.2H20 

and [Mg(2-aba)2] are quite different and also there is no contamination of [Mg(2-aba)2] 

phase in [Mg(H20)6](2-aba)2.2H20. It is interesting to note that the insoluble voluminous 

powder which is characterized-as [Mg(2-aba)2] is a highly crystalline solid. The formation 

of new phases is again evident from a comparison of powder pattern as anhydrous 

complex [Mg(2-aba)2] exhibits fewer signals in its pattern. It is well documented that the 

carboxylate complex can be used as a precursor for the formation of metal oxide. The 

formation of MgO by heating a sample of hydrated [Mg(H20) 6](2-aba)2.2H20 at high 

temperature (800 °C) has been =ambiguously confirmed from the powder pattern (Fig. 

4.8.3 c) of the residue obtained on heating Mg(II)-carboxylate. The X-ray powder pattern 

of [Co(H20)4(4-nba)212H20 and [Co(H20)2(im)2(4-nba)2] (Fig 4.8.4) derived from 

hydrated Co-paranitrobenzoate by reacting with imidazole are entirely different indicating 

the formation of new product. 

The X-ray powder data of the other complexes can be similarly explained. In addition, 

a few of the complexes prepared in this work have been studied by single crystal X-ray 

crystallography and the result of these investigations are given below. 

Single crystal X -ray diffractomehy : 

Five of the complexes prepared in this work have been studied by single crystal X-

ray diffraction. The X-ray data for the complexes [Co(H20)4(4-nba)212H20 and 

[Mg(H20)2(im)2(4-nba)2] were collected at the National single crystal X-ray facility, I.I.T. 

Kanpur while the X-ray data for the other three complexes namely [Mg(H 20)6](4- 

nba)2.2H20, [Co(H20)2(im)2(4-nba)21 and [Co(H20)4(4-aba)21 were collected at the 

Institute far Anorganische chemie, University of Kiel, Germany. The data collection was 

done using graphite monochromated Mo-Ka radiation. All the data sets excepting that of 

[Mg(im)2(H20)2(4-nba) 2] were collected at room temperature. Intensity data for the 

crystal were obtained with the use of a 0-20 step scan technique. Lattice parameters were 
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obtained by the least-squares analysis of 25 machine-centered reflections. The intensities 

of three standard reflections were monitored periodically throughout the course of data 

collection and no significant decay was detected. The structure was solved (SHELXS-97) 

[118] and refined over F 2  by using the SHELXL-97 [119] program. Anisotropic 

displacements were used for C, N, 0 Mg and Co while the ring-H atoms were positioned 

in idealized geometry and refined using the riding model with fixed isotropic 

displacement parameters. The hydrogen atoms of metal-coordinated and crystal waters 

were located from difference Fourier maps, and their positions were refined isotropically. 

The technical details pertaining to data acquisition, selected refinement results as well as 

the atomic coordinates and equivalent displacement parameters for all the five structures 

determined in this work are given in Appendix-2 at the end of the thesis. 

Crystal structure description of 1Co(H20) 4(4-nba)212H20 

The thermal ellipsoid plot of [Co(H20)4(4-nba)212H20 showing the immediate 

coordination environment around the central metal is shown in Fig 4.8.5. The compound 

crystallizes in the centrosymmetric triclinic space group Pl. The Co(II) ion is located on 

a centre of inversion and is hexacoordinated. The central metal is bound by four oxygen 

atoms of four water ligands which lie on a (approximate) square plane and the 

monodentate nitrobenzoate ligands, which are trans to each other, complete the octahedral 

coordination. Such monodentate carboxylate coordination has been earlier reported for 

the Co(II) carboxylate complexes of acetic acid [120] and 1,2,4,5-benzenetetracarboxylic 

acid [18]. The observed cobalt-water (2.069 and 2.082 A) and cobalt-oxygen (2.125A) 

distances of [Co(H20)4(4-nba)2]•2H20 (Table 4.8.5) are comparable with those of the Co-

water (2.11 and 2.06 A) and Co-oxygen (2.12 A) reported for cobaltous acetate 

tetrahydrate. The lattice parameters and the geometric parameters of [Co(H20)4(4- 

nba)2].2H20 are in very good agreement with the previously reported values [58]. In the 

earlier report, the H-bonding contacts, given below, have not been described. 

The complex [Co(H20)4(4-nba)2].2(H20) is linked into a chain via 0—H-0 

hydrogen bonds involving 07 water (coordinated water of Co) and 04 (of nitro) as shown 

in Fig 4.8.5 It is to be noted that in the previously reported aminobenzoate complexes the 

electron donating -NH2 group forms H-donor bonds with the 0 atom of the coordinated 
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Crystal structure of [Co(H20)4(4-nba)212H20 showing the atom—labelling scheme 

and displacement ellipsoids drawn at 50% probability level. 

The linking of the complex [Co(H20)4(4-nba)212H20 into a chain via 

intermolecular 0—H 	0 hydrogen bonds 

Fig. 4.8.5 
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water, whereas in the present case, the electron withdrawing -NO2 group makes H-

acceptor bonds thus extending the network. These chains are then laterally linked through 

the crystal water 0(3) (Fig 4.8.5). This shows the linking  region as 

0(7)-1(7B)-0(3)—H(3B)---0(2). This comprises of two hydrogen bondings: 

0(7)—H(7B)•.-0(3) and 0(3)—H(3B)---0(2). In the parallel chains, two complexes are 

linked laterally by two 0(7)—H(7B)•••0(3)—H(3B)•..0(2) linkers in head to tail fashion 

(Fig. 4.8.5). It is important to-mention that, even though the coordination number of 0(3) 

has been shown as 4.8.5 b in Fig. 4.8.5 d, actually this is not the case (vide infra). The 

hydrogen bonding situation is much more complicated. In the crystal structure, each 

cobalt complex is hydrogen bonded to its surrounding through all possible sites. Fig 4.8.5 

outlines the hydrogen bonding situation around a complex, which also includes the 

intramolecular hydrogen bonding (between carboxylate oxygen 0(6) and cobalt-

coordinated water 0(5)). The oxygen atoms, 0(4) and 0(12) of the nitro end of the 

complex are hydrogen bonded to cobalt-coordinated water (0(7)) of another complex unit 

and crystal water (0(3)) respectively. The coordinated water 0(5), besides its 

intramolecular hydrogen bonding, is linked to a crystal water 0(3). The water 0(7), 

covalently linked to Co(Il), is hydrogen bonded to oxygen (0(4)) of nitro group of a 

surrounding complex unit and a lattice water 0(3) through its hydrogens H(7A) and 

H(7B) respectively. The crystal water 0(3) is additionally hydrogen bonded to 

carboxylate oxygen 0(2). There are overall total six types of 041•0 hydrogen bonds 

involving nitro groups, carboxylates, coordinated and crystal waters. The geometrical 

parameters of these six hydrogen bonds are listed in Table 5.8.1 (Appendix 2). 

Interestingly, the crystal water 0(3) is hydrogen bonded to four different complexes 

involving cobalt-coordinated waters (0(7) and 0(5)), carboxylate group (0(2)) and nitro 

group (0(12)). The relevant hydrogen bonding interactions are shown in Fig 4.8.5 e. The 

approximate geometry around 0(3) is tetrahedral. It donates two protons to 0(2) 

(carboxylate) and 0(12) (nitro) respectively and accepts two protons from coordinated 

waters, 0(5) and 0(7) from two different complexes (Fig 4.8.5). This tetrahedral 

arrangement of 0(3) water is fundamentally important in the sense that, the crystal 

structures of most ice modifications consist of three-dimensional hydrogen bonded 

networks of waters where each of oxygen atoms is tetrahedral (double donors and double 

acceptors) [121] a similar situation, as observed around 0(3) water in the present work. 
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Linking of chains of [Co(H20)4(4-nba)21.2H20 via 0(3) crystal water. 

Hydrogen bonding situation around the complex [Co(H20)4(4-nba)2].2H20 

Fig. 4.8.5 
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Hydrogen bonding environment around the crystal water 0(3) of 

[Co(H20)4(4-nba)2].21-120 

(i) 

The supramolecuar hydrogen bonding network of [Co(H20)4(4-nba)2].2H20 when 

viewed down crystallographic a axis (i) and b axis (ii). 
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The resulting hydrogen bonding interactions from six types of 0—H•0 hydrogen bonds 

give rise to an unprecedented three dimensional supramolecular network as shown in Fig. 

4.8.5 . Well-defined channels are observed, when viewed along crystallographic a axis. 

The other view along crystallographic b axes are presented in Fig 4.8.5 . 

Crystal structure description of 1C0(1120)4(4-aba)2l 

The thermal ellipsoid plot of [Co(H20)4(4-aba)2] showing the coordination 

environment around Co is displayed in Fig 4.8.6. The structure of the hydrated 4- 

aminobenzoate complex of Co(II) is closely related to that of the corresponding hydrated 

Co-4-nba complex. In this complex also the coordination sphere of Co(II) is same as that 

[Co(4-nba)2(H20)4].2H20 with the Co(II) at the center of the octahedron. The central 

metal is bound by four aquo ligands whish lie in a square plane and two monocoordinated 

4-aba ligands which are trans to each other complete the octahedron. The structure of this 

complex has been previously described at low resolution and the lattice parameters as 

well as the geometric parameters (Table 4.8.6) observed in the study are in excellent 

agreements with the previously reported value [73]. In the earlier report the H-bonding 

contacts (Table 4.8.6) given below were not reported. It is to be noted that the hydrated 

Co-4aba complex does not contain any crystal water unlike the [Co(4-nba)2(H20)41.2H20 

which contains two crystal waters. The importance of the crystal water to link chains of 

the [Co(4-nba)2(H20)4].2H20 complex resulting in an unprecedented H-bonded 

supramolecular network has already been described. Short H-bonding contact ranging 

from 1.648 to 2.562 A are observed in this complex between the —NH2 group and 

coordinated water. H-bonding contact involving the carboxylate oxygen and coordinated 

water are also observed resulting in the formation of 2D-network. 

Crystal structure description of [Mg(H20) 6J(4-nba)2.2H20 

The thermal ellipsoid plot of this complex showing the immediate coordination 

environments around Mg is shown in Fig.4.8.7. The compound crystallizes in the 

centrosymmetric triclinic space group P 1. The Mg(II) ion is located on a center of 

inversion and is hexacoordinated by six molecules of water. The 4-naba functions as an 

anion and is outside the coordination sphere. The observed Mg-H20 bond lengths range 
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Fig. 4.8.6 Thermal ellipsoid plot of [Co(H20)4(4-aba)2] showing the 
coordination environment around Co 
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Fig. 4.8.7 Thermal ellipsoid plot of [Mg(H20)6](4-nba)2.2H20 showing the 
coordination environment around Mg 
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4.8.7 The supramolecular hydrogen bonding network of [Mg(H20)6](4- 
nba)2.2H20, when viewed drown crystallographic b axis. 
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Table  4.8.7 - Selected  bond lengths [A] and bond angles [ 0 ] of [Mg(1120)6](4-nba)2.21120  

Bond lengths [A] 

Mg(1) - 0(11) 2.088 (2) Mg(1) - 0(11A) 2.088 (2) 

Mg(1) - 0(12) 2.066 (2) Mg(1) - 0(12A) 2.066 (2) 

Mg(1) - 0(13) 2.046 (2) Mg(1) - 0(13A) 2.046 (2) 

Angles [0] 

0(13) 	- Mg(1) - 0(12A) 88.6 (1) 0(13A) - Mg(1) - 0(12A) 91.5 (1) 

0(13) 	- Mg(1) - 0(12) 91.5 (1) 0(13A) - Mg(1) - 0(12) 88.6 (1) 

0(13) 	- Mg(1) - 0(11) 89.9 (1) 0(13A) - Mg(1) - 0(11) 90.1 (1) 

0(12A) - Mg(1) - 0(11) 89.6 (1) 0(12) 	- Mg(1) - 0(11) 90.4 (1) 

0(13) 	- Mg(1) - 0(11A) 90.1 (1) 0(13A) - Mg(1) - 0(11A) 89.9 (1) 

0(12A) - Mg(1) - 0(11A) 90.4 (1) 0(12) 	- Mg(1) - 0(11A) 89.6 (1) 

0(11) 	- Mg(1) - 0(11A) 180.0 (1) 0(13) 	- Mg(1) - 0(13A) 180.0 

0(12A) - Mg(1) - 0(12) 180.0 

Bond lengths [A] 

C(1) - C(2) 1.390 (2) C(1) - C(6) 1.391 (2) 

C(1) - C(7) 1.516 (2) C(2) - C(3) 1.390 (2) 

C(3) - C(4) 1.374 (2) C(4) - C(5) 1.383 (2) 

C(4) - N(1) 1.471 (2) C(5) - C(6) 1.387 (2) 

C(7) - 0(2) 1.239 (2) C(7) - 0(1) 1.268 (2) 

N(1) - 0(4) 1.212 (2) N(1) - 0(3) 1.213 (2) 

Angles [0] 

C(2) - C(1) - C(6) 119.9 (2) C(2) - C(1) - C(7) 120.7 (2) 

C(6) - C(1) - C(7) 119.4 (2) C(3) - C(2) - C(1) 120.3 (2) 

C(4) - C(3) - C(2) 118.2 (2) C(3) - C(4) - C(5) 123.2 (2) 

C(3) - C(4) - N(1) 118.4 (2) C(5) - C(4) - N(1) 118.4 (2) 

C(4) - C(5) - C(6) 118.0 (2) C(5) - C(6) - C(1) 120.4 (2) 

0(2) - C(7) - 0(1) 125.2 (2) 0(2) - C(7) - C(1) 117.7 (2) 

0(1) - C(7) - C(1) 117.0 (2) 0(4) - N(1) - 0(3) 122.5 (2) 

0(4) - N(1) - C(4) 118.3 (2) 0(3) - N(1) - C(4) 119.2 (2) 
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from 2.046 (2) A to 2.088 A and are in the range observed for other complexes containing 

[Mg(H20)6]+2  ion [40]. The cis 0-Mg-0 angles range from 88.6 (1) to 91.5 (1) °  while the 

trans 0-Mg-0 angles exibit the ideal values of 180 °  (Table).The C-C and C-N bond 

length as well as bond angles are in the expected reange for compounds the 4-nba ligand 

[71]. Several short H-bonding contacts ranging from 1.830 A to 2.428 A (Table 4.8.7) are 

observed. Like in the hydrated Co(II)-4nba complex, each Mg(II) complex is H-bonded to 

its surrounding through all possible sites which involve the nitro as well as carboxylate 

oxygens, coordinated as well as crystal water, resulting in an extended H-bonding 

network as shown in Fig.4.8.7. In this context it is to be noted that the 0 atom of the —

NO2 group is H-bonded to a coordinated water via a H-acceptor bond unlike the H- donor 

bonds observed for the corresponding 4-aba complex of Mg(II). The importance of subtle 

difference in the type of H-bonding interaction has already been discussed in the thermal 

investigations. 

Crystal structure description of fCo(H20) 2(im) 2(4-nba) 2J 

The thermal ellipsoid plot of [Co(H20)2(im)2(4-nba)2] showing the immediate 

coordination around Co is displayed in Fig.4.8.8.The compound crystallizes in the 

centrosymmetric triclinic space group P1 and the central metal lies on an inversion center 

and has a N204 coordination sphere. The Co(II) is bound to two trans water ligands and 

two monodentate 4-nba ligands which lie on a square plane. The monodentate 

carboxylate coordination appears to be a repeating feature in several Co(II) complexes. 

Finally two imidazole ligands that are trans to each other complete the octahedron. The 

Co-water bond lengths at 2.123 (2) A is in the range normally expected for Co(II) 

complexes. While the Co-01 (Carboxylate oxygen) bond length is in good agreements 

with the hydrated Co(II)-4-nba complex described previously. The C-C and C-N bond 

lengths and bond angles are in excellent agreements with the metric parameters of the 4- 

nba ligand characterized in other complexes. The cis N-Co-O and 0-Co-0 angles range 

from 87.0 (1) to 92.5 (1) while the trans N-Co-N angles take the ideal value of 180 ° 

 (Table 4.8.8). The formation of only the bis (imidazole) complex even when excess 

imidazole is used indicates the unusual nature of this structure. Interestingly an identical 

coordination sphere namely two monocoordinated 4-nba ligands, two waters and two 

imidazoles has been characterized for other metals like Ni(II), Mn(II), and Mg(II). All 
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Fig. 4.8.8 Thermal ellipsoid plot of [Co(1420)2(im)2(4-nba)21 showing the 
coordination environment around Co 	
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Table 4.8.8 - Selected bond lengths [A] and bond angles  [ 0 ] of [CoaI20Mim)2 (4-nba)2]  

Bond lengths [A] 

Co(1) - N(2A) 
Co(1) - 0(5A) 
Co(1) - 0(1) 

2.097 
2.123 
2.192 

(2) 
(2) 
(2) 

Co(1) - N(2) 
Co(1) - 0(5) 
Co(1) - 0(1A) 

2.097 
2.123 
2.192 

(2) 
(2) 
(2) 

C(1) 	- C(2) 1.374 (3) C(1) 	- C(6) 1.388 (3) 
C(1) 	- C(7) 1.517 (3) C(2) 	- C(3) 1.380 (4) 
C(3) 	- C(4) 1.375 (4) C(4) 	- C(5) 1.365 (4) 
C(4) 	- N(1) 1.480 (3) C(5) 	- C(6) 1.386 (3) 
C(7) 	- 0(2) 1.248 (3) C(7) 	- 0(1) 1.263 (3) 

N(1) 	- 0(3) 1.204 (3) N(1) 	- 0(4) 1.215 (3) 
N(2) 	- C(11) 1313 (3) N(2) 	- C(13) 1.362 (3) 
C(11) - N(3) 1.331 (3) N(3) 	- C(12) 1.346 (3) 
C(12) - C(13) 1.347 (4) 

Angles [0] 

N(2A) - Co(1) - 0(5A) 90.6 (1) N(2) 	- Co(1) - 0(5A) 89.4 (1) 
N(2A) - Co(1) - 0(5) 89.4 (1) N(2) 	- Co(1) - 0(5) 90.6 (1) 
N(2A)- Co(1) - 0(1) 92.5 (1) N(2) 	- Co(1) - 0(1) 87.5 (1) 
0(5A)- Co(1) - 0(1) 87.0 (1) 0(5) 	- Co(1) - 0(1) 93.0 (1) 
N(2A)- Co(1) - 0(1A) 87.5 (1) N(2) 	- Co(1) - 0(1A) 92.5 (1) 
0(5A)- Co(1) - 0(1A) 93.0 (1) 0(5) 	- Co(1) - 0(1A) 87.0 (1) 
N(2A)- Co(1) - N(2) 180.0 (0) 0(5A)- Co(1) - 0(5) 180.0 (0) 
0(1) 	- Co(1) - 0(1A) 180.0 (0) C(11) - N(2) 	- Co(1) 127.5 (2) 
C(13) - N(2) 	- Co(1) 127.8 (2) 

• 
C(7) 	- 0(1) 	- Co(1) 123.0 (2) 

C(2) 	- C(1) 	- C(6) 119.0 (2) C(2) 	- C(1) 	- C(7) 118.4 (2) 
C(6) 	- C(1) 	- C(7) 122.6 (2) C(1) 	- C(2) 	- C(3) 121.8 (2) 
C(4) 	- C(3) 	- C(2) 117.5 (2) C(5) 	- C(4) 	- C(3) 122.8 (2) 
C(5) 	- C(4) 	- N(1) 118.9 (2) C(3) 	- C(4) 	- N(1) 118.2 (2) 
C(4) 	- C(5) 	- C(6) 118.5 (2) C(5) 	- C(6) 	- C(1) 120.3 (2) 
0(2) 	- C(7) 	- 0(1) 125.7 (2) 0(2) 	- C(7) 	- C(1) 116.8 (2) 
0(1) 	- C(7) 	- C(1) 117.4 (2) 

0(3) 	- N(1) 	- 0(4) 123.2 (2) 0(3) 	- N(1) 	- C(4) 118.2 (2) 
0(4) 	- N(1) 	- C(4) 118.5 (2) C(11) - N(2) 	- C(13) 104.7 (2) 
N(2) 	- C(11) - N(3) 111.4 (2) C(11) - N(3) 	- C(12) 107.9 (2) 
N(3) 	- C(12) - C(13) 105.7 (2) C(12) - C(13) - N(2) 110.3 (2) 
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these complexes are isostructural indicating the unusual stabilities of the structure. The 

interesting property of reversible hydration for this complex has already been discussed 

like parent [Co(H20)4(4-nba)2].2H 20, this complex also exhibits H-boning interaction 

involving nitro oxygens, carbonyl oxygen, and crystal water. Short H-bonding contacts 

ranging from 1.854 A to 2.624 A are observed. It is to be noted that the hydrogen attached 

to the imidazole via hydrogen bonds with the carbonyl oxygen of a neighboring complex. 

In addition the H-atoms attached to the coordinated water exhibits H-donor bonds with 

the carbony oxygens. The resulting extended Hydrogen bonding network this obtained is 

presented in Fig 4.8.8. 

Crystal structure description ofpig(H20)2(im)2(4-nba)21 

The thermal ellipsoid plot of the Mg complex, which contains three different ligands 

namely H2O, 4-nba and im is displayed in Fig.4.8.9. This complex crystallizes in the 

centrosymmetric triclinic space group P1 and is isostructural with the corresponding Co 

complex [71] and Ni(ll) [72] complexes. The replacement of Co by Mg has resulted in a 

slight change in the unit-cell volume and the unit-cell parameters of this complex are in 

good agreement with those of the Co(II) complex. In this complex the Mg(II) metal has 

04N2 coordination sphere imlike  the familiar 06 coordination sphere which is observed in 

the form of [Mg(H20)61 2+  ion. A very interesting aspect of the structure is the presence of 

a monodentate 4-nba ligand bound to Mg(II). Lice in the analogous Co(II) complex weak 

H-bonding interactions(Table 4.8.9) are observed which can be similarly explained. The 

resulting H-bonded network is depicted in Fig 4.8.9. 

4.9 Polarized Light Microscopy 

Polarized light microscopy (PLM) is a simple and rapid yet underutilized method for 

determining the crystallinity of a compound. The presence or absence of crystallinity can 

be determined by observing a few particles of the compound between crossed polarizers 

at moderate magnification. Crystals are distinguished from amorphous material by the 

presence of a repetitive lattice structure. This orderly arrangement imparts a certain 

symmetry to the crystal with respect to the rotation about axes, reflection through planes 

and inversion through a point of the constituent molecules. These symmetry "elements" 
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Fig. 4.8.9 
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Table  4.8.9 - Selected bond lengths [A] and bond angles [ 0 ] of [Mg(H20)2(im)2 (4-nba)2]  

Mg(1)-0(3) 2.0822(15) N(2)-C(10) 1.339(2) 

Mg(1)-0(3)#1 2.0822(15) N(2)-C(9) 1.344(2) 

Mg(1)-0(1)#1 2.1210(13) N(3)-C(10) 1.316(2) 

Mg(1)-0(1) 2.1210(13) N(3)-C(8) 1.360(2) 

Mg(1)-N(3) 2.1726(17) C(1)-C(2) 1.5138(19) 

Mg(1)-N(3)#1 2.1726(17) C(2)-C(3) 1.385(2) 

O(1)-C(1) 1.2704(17) C(2)-C(7) 1.389(2) 

0(2)-C(1) 1.2524(18) C(3)-C(4) 1.389(2) 

0(4)-N(1) 1.203(2) C(4)-C(5) 1.375(2) 

0(5)-N(1) 1.217(2) C(5)-C(6) 1.375(2) 

N(1)-C(5) 1.4744(19) C(6)-C(7) 1.394(2) 

C(8)-C(9) 1.358(2) 

0(3)-Mg(1)-0(3)#1 180.000(1) C(10)-N(3)-C(8) 104.35(14) 

0(3)-Mg(1)-0(1)#1 91.79(6) C(10)-N(3)-Mg(1) 127.66(11) 

0(3)#1-Mg(1)-0(1)#1 88.21(6) C(8)-N(3)-Mg(1) 127.99(10) 

0(3)-Mg(1)-0(1) 88.21(6) 0(2)-C(1)-0(1) 125.22(12) 

0(3)#1-Mg(1)-0(1) 91.79(6) 0(2)-C(1)-C(2) 117.13(13) 

0(1)#1-Mg(1)-0(1) 180.0 0(1)-C(1)-C(2) 117.65(12) 

0(3)-Mg(1)-N(3) 90.37(5) C(3)-C(2)-C(7) 119.15(13) 

0(3)#1-Mg(1)-N(3) 89.63(5) C(3)-C(2)-C(1) 118.11(13) 

0(1)#1-Mg(1)-N(3) 87.01(5) C(7)-C(2)-C(1) 122.73(13) 

0(1)-Mg(1)-N(3) 92.99(5) C(2)-C(3)-C(4) 121.65(16) 

0(3)-Mg(1)-N(3)#1 89.63(5) C(5)-C(4)-C(3) 117.45(15) 

0(3)#1-Mg(1)-N(3)#1 90.37(5) C(4)-C(5)-C(6) 122.98(14) 

0(1)#1-Mg(1)-N(3)#1 92.99(5) C(4)-C(5)-N(1) 118.14(14) 

0(1)-Mg(1)-N(3)#1 87.01(5) C(6)-C(5)-N(1) 118.87(14) 

N(3)-Mg(1)-N(3)#1 180.00(6) C(5)-C(6)-C(7) 118.49(14) 

C(1)-0(1)-Mg(1) 126.37(9) C(2)-C(7)-C(6) 120.23(14) 

0(4)-N(1)-0(5) 123.03(14) C(9)-C(8)-N(3) 110.49(15) 

0(4)-N(1)-C(5) 118.48(14) ' N(2)-C(9)-C(8) 105.80(14) 

0(5)-N(1)-C(5) 118.49(14) N(3)-C(10)-N(2) 111.97(15) 

C(10)-N(2)-C(9) 107.39(14) 
Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y+1,-z+1 
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also dictate the directional dependence of many physical and thermodynamic properties 

of the crystal including the way light behaves when passing through the crystal. The 

principle of PLM is based on the fact that each of the six possible crystal systems has at 

least one axis of symmetry, called the optical axis. Each unique optical axis has a 

different refractive index. 

In a polarizing light microscope, light is polarized both before encountering the 

sample by the polarizes and alter passing through the sample by a similar filter called the 

analyzer. When the polarizer and the analyzer are 90 °  out of phase, the field of view is 

black since the only light passing through is polarized in the plane perpendicular to the 

analyzer. When a crystal is oriented with an optical axis parallel to the direction of light 

propagation, the crystal disappears. This is called the extinction position and it represents 

no rotation of the polarized light. When white polarized light is incident on an anisotropic 

crystal at any position other than extinction, the plane of polarization of its component 

colours or wavelengths are each rotated by a differing amount. The amount of rotation 

exhibits a complicated dependence on the wavelength of the light and the refractive 

index, thickness and orientation. The rotation due to the crystal is responsible for the 

transmission of light through the analyzer since some components of the light are no 

longer perpendicular to the slit. This results in an array of colours in and around the 

crystal and thus forms one of the least complicated tests for crystallinity. This 

phenomenon is called birefringence and crystals exhibiting birefringence are called 

anisotropic crystals. Optically anisotropic materials include i) Crystals belonging to the 

tetragonal, hexagonal, orthorhombic, monoclinic and triclinic crystal systems. ii) Crystals 

or amorphous substances that are strained during processing or service (eg. tempered 

glass, many extruded or formed materials). Fibers and films containing oriented 

polymers (e.g. nylon, hair, wood, acrylic, polypropylene) and iv) Liquid crystals and 

optically active gasses, liquids and solutions. 

Amorphous material depolarizes polarized light and has a grayish appearance 

under crossed polarizers. Crystals belonging to the cubic system have many equivalent 

optical axes and are termed "optically isotropic' and disappear at any orientation when 

observed through crossed polarizers. Most crystalline drugs are anisotropic and disappear 

at 90°  intervals when rotated. Several of the complexes prepared in this work have been 

characterized by X-ray powder pattern and found to be crystalline in nature. Although 
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some complexes appear to be noncrystalline by visual observation they show crystallinity 

when analysed by X-ray technique. PLM is also a valuable supportive technique to 

determine the crystallinity of compound. Some of the synthesized complexes were 

characterized by this method and their respective PLM images are depicted in Fig 4.9.1. 
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Fig. 4.9.1 PLM Images of 

-20)6)(4-nba)2-2F120 b) [Sr(H20)4(4-nba)2] 

L-120)4(4-nba)2] 	d) [Ca(H20)4(4-nba)21 

i(im)2(H20)2(4-nba) 2] f) [C0(-120)4(4-ab02] 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Recent reports on alkali earth metal-carboxylates have shown an amazing 

structural diversity [4'7] and the structural characterization of H-bonding networks. The 

study of metal-carboxylates is gaining importance in view of the emerging interest in 

metal-organic supramolecular assemblies based on modular approach. The synthesis, 

characterization and reactivity studies of metal-carboxylate systems will be useful in 

terms of the structural diversity of the complexes and their material properties like 

selective adsorption, reversible hydration and metal oxide formation. With this aim, the 

synthesis, characterization and thermal decomposition studies of alkali-earth metal 

carboxylates and also cobalt (transition metal) carboxylate complexes have been 

investigated in the present study. The reactions have been studied with readily available 

starting materials like metal carbonates, metal chlorides for comparative study and 

commercially available substituted benzoic acids. The choice of substituted benzoic acids 

as the organic part has already been explained. 

In almost all cases, the use of metal carbonate or metal chloride leads to hydrated 

metal carboxylates. Initially the reactions were investigated with the alkali earth metal 

carbonates and later the same methodology was used for the synthesis of transition metal 

carboxylate like cobalt. The aim of such a strategy was to develop a general synthetic 

route for the preparation of alkali earth as well as transition metal carboxylates. It will be 

of interest to investigate in future, and develop a convenient method for the preparation of 

mixed metal carboxylate which can be then be used as precursors for mixed metal oxides, 

by using this methodology developed in this work. The formation of hydrated metal 

carboxylates in all cases indicates the generality of the reaction. 

A general equation for all these reactions can be written as follows: 

MCO3 + carboxylic acid —> M(carboxylate)2x.H20 + CO2 

An alternate method involving the reaction of metal chloride with substituted benzoic 

acid in presence of NaHCO3/NH3 has also been investigated. 
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The usefulness of these carbonate method lies in the fact, that the use of metal 

carbonates precludes the use of an extra base as the metal carbonate is itself sufficiently 

basic to deprotonate the carboxylic acid. Even insoluble carboxylic acids like para-

nitrobenzoic acid 4-nbH can be used in these reactions as the carboxylic acid goes into 

solution. In addition, the unreacted and insoluble metal carbonate can be readily filtered 

to isolate the product. In the case of the Co(II) systems it has been observed that the yield 

of the reaction can be improved by using freshly prepared CoCO3. In this case, the 

reaction time is also reduced. In the present work the metal carbonate generated in situ 

from the soluble chloride salt is directly reacted without filtering. Thus our reaction can 

be considered as a one-pot synthetic method. The products obtained in this method are 

free of halide. The [Co(H20)4(4-nba)21.2H20 obtained by this route exhibits an 

unprecedented supramolecular network [71]. In this complex the oxygen atom of the 

electron withdrawing —NO2 group forms H-acceptor bonds the H of the coordinated water 

on an adjacent cobalt thus extending the network. This behavior is quite different when 

compared with the H-bonding siuction in the reported [50] structures of 4-amino 

benzoate, here the H-atom of the —NH2 group forms H-bonds donar bonds with 

coordinated water. In this context, it will be of interest to investigate the structure of 

carboxylate complexes which contain both the group namely —NO2 as well as —NH2 in the 

six membered ring. All the complexes prepared in this work have been well 

characterized by analytical, spectroscopic, thermal and in a few cases by X-ray structures 

methods. The results of these investigations have been described in the earlier chapter. 

The synthesis and spectroscopic characterization of the elusive [Mg(H20)6](2-aba)2.2H20 

complex in this work indicates the importance of the starting materials (metal source) 

product formation. 

The reaction of BaCO3 and BaC12 with 4-abaH deserves to be mentioned. The 

reaction of BaCO3 with 4-abaH results in the formation of hydrated bis aminobenzoate 

complex of Ba(II) namely [Ba(4-aba)2(H20)2]. In contrast, the reaction of BaC12 with 4- 

abaH in presence of NH3 result in the formation of Ba(II) complex which contains only 

one Ba:4-aba:Cl in a 1:1:1 ratio [Ba(4-aba)C1]. The latter reaction results in the formation 

of a product, which contains no water. This clearly indicates that subtle changes in the 

starting material can give rise to different types of product. 
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As part of this work the NMR spectral characteristics of the aminobenzoates of Mg, 

Ca, Sr and Ba have been reinvestigated. For this study the sodium anthranilate complex 

has been used as a model complex. Since all the complexes exhibit very nearly similar 

carbon chemical shifts it has been concluded that all these complexes possess the same 

solution structure. In solution the bivalent metal ions are solvated and the carboxylate is 

outside the coordination sphere. It may be noted that the reported solid-state structures of 

the Ca, Sr and Ba complexes are different and in all the three complexes the metal is 

ligated to the carboxylate. The earlier NMR chemical shifts have been reassigned and the 

most downfield signal appearing around 175 ppm is assigned to the carboxylate carbon. 

The present results do suggest that it is worthwhile to study the NMR spectra of the alkali 

earth metal anthranilates in the solid state and also the nitrogen resonances. 

The [Mg(H20)44-nba)2.2H20 synthesized in this work can also be reversibly 

hydrated like the Co complex mentioned earlier. The Mg complex has also been studied 

for ligand exchange with biologically relevant ligand like imidazole. These reactions do 

indicate that imidazole can be incorporated into the complex at the expense of the aquo 

ligands and in all cases (even when excess im is used) only two im ligands can be 

incorporated. In these complexes the 4-nba anion functions as a monodentate ligand. The 

geometry of Mg(II) is distorted octahedron with Mg bound to two N donors of the 

imidazole and the two H2O ligand. The hexa coordination is completed by the 4-nba 

ligands which are trans to each other. 

The metal-carboxylates described in the present work of the have been studied by 

thermal method and it is found that Metal oxide (MO)) is the preferred decomposition 

product at high temperature. In the case of Mg-carboxylates the MgO thus formed does 

not absorb atmospheric CO2. 

For the para-nitrobenzoate complexes a simple, rapid and reliable HPLC method has 

been developed for the analysis of 4-nba content. The proposed method for the 

determination of paranitrobenzoic acid in metal carboxylate has been validated for 

analytical performance parameters lice Linearity and Precision. Both the factor were 

found to meet predetermined acceptance criteria for analytical performance parameters 

described. The method gives reliable result within short time (about 1 h), is very simple 

and does not involve use of complex instrumentation, complicated sample preparation 

and hence can be satisfactorily used for routine analysis of metal nitrobenzoate 

complexes. 
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Para-aminobenzoate complexes of Ca, Sr and Ba. 
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Table A-2-I — Technical details of data collection and selected refinement results for 
[CO(H20)4(4-nba)21 .2H20 

Identification code [Co-(4-nba)2] 

Empirical formula C14H2oCoN2014 

Formula weight 499.25 

Temperature 293(2) K 

Wavelength 0.71069 A 

Crystal system Triclinic, 

space group PT 

A 7.222 (5) A 

B 7.341 (5) A 

C 10.604 (5) A 

a 85.884 (5) ° 

13 87.938 (5) ° 

Y 60.178 (5) ° 

Volume 486.8 (5) A3  

Z 1 

Calculated density 1.703 mg/m3  

Absorption coefficient 0.961 mail  

F(000) 257 

Crystal size 0.2 x 0.2 x 0.15 mm3  

Theta range for data collection 1.93 to 22.48 deg. 

Limiting indices 0<=h<=7, -6<=k<=7, -11 <=1 <=11 

Reflections collected / unique 1391 / 1267 [R(int) = 0.0450] 

Refinement method Full-matrix least-squares on F 2  

Data / restraints / parameters 1267 / 0 / 166 

Goodness of fit on F2  1.040 

Final R indices [I>2a (I)] R1 = 0.0388, wR2 = 0.0993 

R indices (all data) R1 = 0.0515, wR2 = 0.1057 

Largest diff. peak and hole 0.424 and — 0.437 e.A 3  
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Table A-2-II — Atomic coordinates (x 10 4) and equivalent isotropic displacement 
parameter? (A2  x 103) for [Co(H20)4(4-nba)2].2H20 

Atom X Y Z Ueq  

0 (5) 2211 (6) 5661 (5) -888(3) 55 (1) 

Co (1) 5000 5000 0 36 (1) 

0 (4) -1281(5) 1866 (6) 6610 (3) 55 (1) 

0 (12) 968 (5) 1792 (7) 7880 (3) 76 (1) 

N (8) 319 (6) 1937 (6) 6815 (3) 43 (1) 

0 (2) 4112 (4) 3670 (4) 1589 (2) 40 (1) 

C (13) 1516 (6) 2238 (6) 5748 (4) 36 (1) 

C (11) 3249 (6) 2430 (6) 5995 (4) 40 (1) 

C (16) 799 (6) 2368 (6) 4544 (4) 38 (1) 

C (14) 4910 (6) 3264 (6) 2697 (4) 37 (1) 

C (15) 4337 (6) 2753 (6) 4996 (4) 38 (1) 

C (9)  1909 (6) 2697 (6) 3551 (4) 38 (1) 

C (10)  3675 (6) 2888 (6) 3755 (4) 35 (1) 

0 (6) 6610 (6) 3160 (6) 2960 (3) 60 (1) 

0 (3) 2214 (6) 1889 (6) 320 (4) 50 (1) 

0 (7) 6442 (7) 2222 (6) -938 (4) 66 (1) 

a  The equivalent isotropic displacement parameter U eq  is defined as one third of 
the trace of the orthogonalized Uti tensor. 
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Table A-2-III— Technical details of data collection and selected refinement results for 
Co 0 4-aba 

Identification code [Co-(4-aba)2] 

Empirical formula C141-12oCoN208 

Formula weight 403.25 

Temperature 293(2) K 

Wavelength 0.71073 A 

Crystal system Monoclinic, 

space group Pi 

A 4.8953 (10) A 
B 17.684 (4) A 

C 9.4899 (19) A 

a 90.0 ° 

R 94.70 (3) ° 

Y 90.0 ° 
Volume 818.7 (3) A3  

Z 2 

Calculated density 1.636 mg/m3  

Absorption coefficient 1.095 mnfl  

F(000) 481 

Crystal size 0.2 x 0.2 x 0.15 mm3  

Theta range for data collection 3.15 to 28.00 deg. 

Limiting indices -6<<1,-23 &G<&Ik:&G<23,-12 
G<&I1&:&G<12 

& 

Reflections collected / unique 5221 / 1985[Rint = 0.0132] 

Refinement method Full-matrix least-squares on F 2  

Data / restraints / parameters 1985/0/115 

Goodness of fit on F 2  1.044 

Final R indices [I>26 (I)] R1 = 0.0224, wR2 = 0.0637 

R indices (all data) R1= 0.0251, wR2 = 0.0650 

Largest dill. Peak and hole 0.373 and — 0.273e.A3  

210 



Table A-2-IV Atomic coordinates (x 10 4) and equivalent isotropic displacement 

parameters a  (A2  x 103) for [Co(H20)4(4-aba)21 

Atom X Y Z Ueq  

Co (1) 10000 5000 10000 20 (1) 

0 (1) 7603 (2) 5462(1) 8249 (1) 27 (1) 

0 (2) 9604 (2) 6582 (1) 8029 (1) 37 (1) 

C (1) 5966 (3) 6258 (1) 6341 (1) 24 (1) 

C (2) 6189 (3) 6935 (1) 5607 (2) 33 (1) 

C (3) 4417 (3) 7104 (1) 4433 (2) 33 (1) 

C (4) 2380 (3) 6597 (1) 3965 (1) 26 (1) 

C (5) 2199 (3) 5909 (1) 4661 (2) 33 (1) 

C (6) 3968 (3) 5747 (1) 5835 (2) 31 (1) 

C (7) 7865 (3) 6094 (1) 7625 (1) 23 (1) 

N (1) 594 (3) 6764 (1) 2765 (1) 32 (1) 

0 (3) 7865 (2) 3957 (1) 9691 (1) 26 (1) 

0 (4) 6978 (2) 5386 (1) 11286 (1) 27 (1) 

a  The equivalent isotropic displacement parameter U eq  is defined as one third of the 
trace of the orthogonalized Uii tensor. 
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Table A-2-V - Anisotropic displacement parameters for [Co(H20)4(4-aba)2] 

Atom 11 U22 U33 U23 U13 U12 

Co (1) 18 (1) 20 (1) 22 (1) 2 (1) 4 (1) -1 

0 (1) 26 (1) 27 (1) 27 (1) 7 (1) -8 (1) -2 

0 (2) 44 (1) 30 (1) 35 (1) 8 (1) -18 (1) -10 

C (1) 25 (1) 24 (1) 21 (1) 1 (1) -4 (1) 3 

C (2) 38 (1) 27 (1) 31 (1) 5 (1) -12 (1) -6 

C (3) 44 (1) 24 (1) 30 (1) 7 (1) -11 (1) -2 

C (4) 29 (1) 26 (1) 21 (1) -2 (1) -5(1) 7 

C (5) 35 (1) 31 (1) 32 (1) 3 (1) -11 (1) -7 

C (6) 37 (1) 26 (1) 28 (1) 6 (1) -8(1) -4 

C (7) 24 (1) 24 (1) 22 (1) 1 (1) -3(1) 2 

N (1) 38 (1) 29 (1) 28 (1) 0 (1) -13 (1) 5 

0 (3) 26 (1) 22 (1) 28 (1) 2 (1) -5 (1) 0 

0 (4) 21 (1) 31 (1) 28 (1) 1 (1) -2 (1) 0 
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Table A-2-VI — Technical detail of data collection and selected refinement results for 
Mg(H20)6] (4-nba)2.2H20 

Identification code [Mg-(4-nba)2] 

Empirical formula Ci4H24016N2Mg 

Formula weight 500.66 

Temperature 293(2) K 

Wavelength 0.71069 A 
Crystal system Triclinic, 

space group Pi 

A 6.018 (2) A 

B 7.410 (2) A 

C 12.352 (2) A 

a 98.58 (2) ° 

R 96.81 (2) ° 

Y 91.74 (2) ° 

Volume 540.2 (2) A3  

Z 1 

Calculated density 1.539 g.cm-3  

Absorption coefficient 0.17 mm4  

F(000) 262 

Crystal size 0.2 mm x 0.1 mm x 0.15 mm 

Theta range for data collection 3.0 to 60 deg. 

Limiting indices 0._h_8,-10 	k10,-17 	.1..17 

Reflections collected / unique 3456 / 3176 [R(int) = 0.0220] 

Refinement method Full-matrix least-squares on F 2  

Data / restraints / parameters 3456 / 0 / 2242  

Goodness of fit on F2  1.029 

Final R indices [I>2a (I)] R1 = 0.0471, wR2 = 0.1301 

R indices (all data) R1 = 0.0781, wR2 = 0.1445 
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Table A-2-VII. Atomic coordinates [- 10 4] and equivalent isotropic displacement 

parameters [A2. 103] for Mg(H20)6] (4-nba)2.2H20 

X Z Ueq 

Mg(1) 0 0 5000 30 (1) 
0(11) 808 (3) -2599 (2) 4296 (1) 68 (1) 
0(12) 3085 (2) 1060 (3) 4758 (1) 62 (1) 
0(13) 1246 (2) -541 (2) 6526 (1) 43 (1) 
C(1) 5836 (2) 7879 (2) 8976 (1) 27 (1) 
C(2) 3678 (3) 7101 (2) 8884 (1) 31 (1) 
C(3) 2777 (3) 6733 (2) 9818 (1) 33 (1) 
C(4) 4085 (3) 7142 (2) 10821 (1) 31 (1) 
C(5) 6249 (3) 7891 (2) 10943 (1) 33 (1) 
C(6) 7118 (3) 8263 (2) 10004 (1) 31 (1) 
C(7) 6798 (3) 8353 (2) 7968 (1) 31 (1) 
0(1) 5528 (2) 8056 (2) 7058 (1) 43 (1) 
0(2) 8735 (2) 9034 (2) 8099 (1) 51 (1) 
N(1) 3127 (3) 6788 (2) 11815 (1) 42 (1) 
0(3) 1221 (3) 6153 (3) 11723 (1) 65 (1) 
0(4) 4276 (3) 7167 (3) 12700 (1) 76 (1) 
0(14) 3034 (4) 5185 (3) 5688 (2) 96 (1) 

Equivalente isotropic U calculated as a third of the trace of the orthogonalised Ujj tensors 

Table A-2-VIII-Atomic coordinates [- 10 4] and isotropic displacement factors [A2. 103] 
for Mg(H20)61 (4-nba)2.2H20 

X Y Z Ueq 

H(10) 1556 -3169 4717 102 
H(20) 1001 -2823 3645 102 
H(30) 3419 1313 4172 92 
H(40) 3550 1936 5226 92 
H(50) 453 -730 6997 65 
H(60) 2501 -913 6667 65 
H(2) 2833 6826 8195 37 
H(3) 1330 6223 9765 40 
H(5) 7096 8138 11633 40 
H(6) 8567 8771 10063 37 
H(70) 3831 5874 6171 143 
11(80) 4069 4829 5348 143 
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Table A-2-IX — Technical detail of data collection and selected refinement results for 
Co(H20)2(im)2(4-nba)2] 

Identification code [Co-(4-nba)2] 

Compound name Bis(imidazole)-bis(p-Nitrobenzoato)-diaqua-
cobalt(II) 

Empirical formula C20H20CoN6O10 

Formula weight 563.35 

Temperature RT 

Wavelength 0.71069 A 
Crystal system Triclinic, 

Space group Pi 

A 5.654 (2) A 

B 8.48 	(2) A 

C 12.760 (2) A 

a 75.65 (2) ° 

13 87.88 (2) ° 

7 86.83 (2) ° 

Volume 561.5 (2) A3  

Z 1 

Calculated density 1.666 mg/m3  

Absorption coefficient i 0.840 mm-  

Crystal size 0.12 x 0.09 x 0.06 mm3  

Theta range for data collection 3.00 to 54 deg. 

Limiting indices 0<=h<=7, -10<=k<=10, -16 <=1 <=16 

Reflections collected / unique 2731 / 2474 [R(int) = 0.0450] 

Refinement method Full-matrix least-squares on F 2  

Data / restraints / parameters  1931 / 0 / 169 

Goodness of fit on F 2  1.014 

Final R indices [I>2a (I)] R1 = 0.0344, wR2 = 0.0805 

R indices (all data) R1 = 0.0652, wR2 = 0.0879 
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Table. A-2-X Atomic coordinates [- 10 4] and equivalent isotropic displacement 

parameters [A2- 103 ] for [Co(H20)2(im)2(4-nba)2] 

Ueq  

Co(1) 5000 5000 0 24 (1) 
C(1) 8055 (4) 3960 (3) 3245 (2) 29 (1) 
C(2) 7224 (5) 4041 (4) 4257 (2) 47 (1) 
C(3) 8411 (5) 3208 (4) 5180 (2) 50 (1) 
C(4) 10480 (4) 2288 (3) 5054 (2) 36 (1) 
C(5) 11353 (4) 2145 (3) 4066 (2) 39 (1) 
C(6) 10117 (4) 2981 (3) 3152 (2) 34 (1) 
C(7) 6663 (4) 4937 (3) 2271 (2) 28 (1) 
0(1) 7377 (3) 4766 (2) 1353 (1) 30 (1) 
0(2) 4895 (3) 5833 (2) 2452 (1) 41 (1) 
N(1) 11831 (4) 1451 (3) 6032 (2) 47 (1) 
0(3) 13644 (5) 648 (4) 5920 (2) 87 (1) 
0(4) 11082 (5) 1633 (4) 6903 (2) 78 (1) 
0(5) 2060 (3) 5861 (2) 842 (1) 31 (1) 
N(2) 4192 (3) 2438 (2) 675 (2) 28 (1) 
C(11) 5501 (4) 1244 (3) 1322 (2) 40 (1) 
N(3) 4461 (4) -253 (3) 1574 (2) 41 (1) 
C(12) 2368 (5) -26 (3) 1077 (2) 42 (1) 
C(13) 2215 (5) 1636 (3) 530 (2) 41 (1) 

Equivalente isotropic U calculated as a third of the trace of the orthogonalised Ujj tensors 

Tab. A-2-X1- Atomic coordinates [- 10 4] and isotropic displacement factors [A2.103] for 
[Co(H20)2(im)2(4-nba)2] 

X Ueq  

H(2) 5824 4674 4322 56 
H(3) 7834 3267 5863 60 
H(5) 12747 1501 4009 46 
H(6) 10671 2885 2473 41 
H(105) 2676 5848 1416 46 
H(205) 814 5370 996 46 
H(11) 6967 1422 1572 48 
H(1N3) 5028 -1196 1981 49 
H(12) 1257 -847 1105 50 
H(13) 941 2162 112 50 
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Table A-2-XII Technical detail of data collection and selected refinement results for 
[Mg(H20)2(im)2(4-nba)2] 

Identification code 31 maram 

Empirical formula C201-12oN6MgO10 

Formula weight 528.73 

Temperature 100 (2) K 

Wavelength 0.71069 A 
Crystal system Triclinic 

Space group P —1 

A 5.533 (5) A 
B 8.122 (5) A 
C 12.775 (5) A 

a 74.803 (5) ° 

0 87.389 (5) ° 

7 87.431 (5) ° 

Volume 553.1(6) A3  

Z 1 

Calculated density 1.587 mg/m3  

Absorption coefficient 0.154 mm-1  

F(000) 274 

Crystal size 0.2 x 0.2 x 0 1 mm 

Theta range for data collection 2.60 to 28.34 deg 

Limiting indices -7<=h<=6, -10<=k<=10, -16<=1<=13 

Reflections collected / unique 3704 / 2636 

R(int) 0.0127 

Completeness to theta = 28.34 95.6 % 

Refinement method Full-matrix least-squares on F 2  

Data / restraints / parameters 2636 / 0 / 209 

Goodness-of-fit on FA2 1.010 	. 

Final R indices [I>2sigma(I)] R1 = 0.0446, wR2 = 0.1177 

R indices (all data) R1 = 0.0480, wR2 = 0.1209 

Largest cliff. Peak and hole 0318 and -0.381 e.A3  
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-A 	

Table A-2-XIII Atomic coordinates ( x 10^4) and equivalent isotropic displacement 

parameters (AA2 x 10^3) for [Mg(H20)2(im)2(4-nba)2]. U(eq) is defined 

as one third of the trace of the orthogonalized Uij tensor. 

Atom x Y z U (eq) 

Mg(1) 5000 5000 5000 13(1) 

0(1) 2774(2) 5236(1) 3657(1) 16(1) 

0(2) 5245(2) 4184(1) 2533(1) 20(1) 

0(3) 2013(2) 5776(1) 5825(1) 16(1) 

0(4) -3613(3) 9453(2) -898(1) 54(1) 

0(5) -1270(3) 8262(2) -1869(1) 49(1) 

N(1) -1898(2) 8539(2) -1004(1) 22(1) 

N(2) 4412(2) -362(2) 6603(1) 20(1) 

N(3) 4142(2) 2343(2) 5698(1) 16(1) 

C(1) 3460(2) 5078(2) 2724(1) 15(1) 

C(2) 2025(2) 6058(2) 1763(1) 17(1) 

C(3) 2820(3) 5955(3) 738(1) 35(1) 

C(4) 1572(3) 6781(3) -183(1) 36(1) 

C(5) -492(3) 7717(2) -41(1) 19(1) 

C(6) -1318(3) 7892(2) 958(1) 24(1) 

C(7) -32(3) 7052(2) 1870(1) 22(1) 

C(8) 2119(4) 1536(2) 5568(2) 35(1) 

C(9) 2271(3) -137(2) 6121(2) 32(1) 

C(10) 5477(3) 1147(2) 6337(2) 33(1) 
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Table A-2-XIV. Hydrogen coordinates ( x 10M) and isotropic displacement parameters 
(AA2 x 10^3) for [Mg(H20)2(im)2(4-nba)2] 

x y z U(eq) 
H(1W1) 710(40) 5300(30) 5974(16) 23(5) 
H(2W2) 2620(40) 5870(30) 6410(20) 37(6) 
H(3N3) 5040(40) -1310(30) 7000(20) 41(6) 

H(3) 4250(50) 5310(30) 670(20) 55(7) 
H(4) 2110(40) 6680(30) -860(20) 44(6) 
H(6) -2730(40) 8520(30) 1010(20) 42(6) 
H(7) -640(40) 7190(30) 2537(18) 33(5) 
H(8) 900(50) 2140(30) 5120(20) 58(8) 
H(9) 7000(50) 1360(30) 6600(20) 61(8) 

H(10) 1210(40) -1010(30) 6170(19) 43(6) 

4 
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