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ABSTRACT 

Understanding nucleation of a crystal from its reacting molecular units in solution is 

crucial for engineering materials with desirable properties and function. However, 

rational design of solids is still far fetched. Although nucleation is considered as a self-

assembly process, no hypothesis or postulates are being proposed in terms of chemical 

events that precede the organization of a structure. Factors like low solubility of 

heterogeneous reactants in a solvent medium, inability to control pH during the reaction 

due to hydrolysis of metal and organic amines, redox coupling and complexation between 

metal and organic moieties complicate the chemistry of formation. Recently, Davey et. 

al. have highlighted the necessity to understand the link between molecular assemblies 

(crystal growth units) found in the liquid phase and their solid state counterparts, the 

supramolecular synthons to understand the nucleation of solids. In this context, the 

mechanistic approach by Ramanan and Whittingham is significant as it provides 

chemical insights into self-assembly of solids in terms of supramolecular interactions. 

Phosphomolybdates (PMOs) provide excellent opportunity to explore these issues as one 

can tune the architectures from simple cluster based solids to nanostructured materials by 

suitable choice of organic amine(s). A careful analysis of the PMOs synthesized from 

solution routes suggested the following structural features: (i) Extended PMOs having - 

O-P-O-Mo-O- connectivity are invariably obtained under hydrothermal condition in 

acidic medium. (ii) Occurrence of solids based on well-known PMO cluster anions like 

fully oxidized Strandberg-type cluster {P2Mo'5O23 } 6-, fully reduced {P4Mov6031 } 12-, 

Keggin cluster {PMo"12040}3-  and Wells-Dawson cluster {P2Mo'18O68}18-  is more facile 

as compared to extended PMOs under ambient or hydrothermal condition. However, pH 
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of the reaction medium appears to be crucial in dictating the formation of a particular 

cluster anion. While the cluster anion {P2MoW5O23 } 6-  (henceforth referred as {P2Mo5}) is 

quite stable over a wide pH range (1-7), higher pH (4-7) favors {P4Mov6031 } under 

reducing condition, Keggin or Wells-Dawson are stable over narrow pH range but also 

depend on selected organic cations. 

Earlier our group has reported synthesis and structure of several PMOs in the presence of 

different organic amines. Significantly, structural features of pheneylenediamine 

incorporated PMO solids could be analyzed in terms of supramolecular synthons 

between organic and water along with {P2Mo5}. The non-bonding interactions dictated 

the self-assembly of molecules and in selected cases facilitated the aggregation of water 

clusters resulting in crystal hydrates. However, self-assembly of metal complex based 

PMOs in terms of supramolecular interactions between their molecular units has rarely 

been investigated. Incorporation of transition metal complexes formed in-situ can 

invariably result in structurally diverse metal complex linked PMO solids of varying 

dimentionality. Therefore, our objective was two fold: (i) To understand the nucleation of 

PMO based solids in terms of interactions between metal amine complexes and 

molybdenum as well as phosphate precursors in aqueous solution. (ii) To understand the 

effect of reaction parameters on the growth of solids in order to establish structure-

synthesis correlation. 

To achieve our goal of structure-synthesis correlation, initially the reactivity of cupric 

ions, pyrazole and molybdate species in aqueous solution was investigated under ambient 

condition. During the course of investigation it was observed that pH of the reaction 

medium and the concentrations of reactants were the major structural determinants 
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influencing the self assembly. The crystallization of PMOs was further investigated using 

its isomer imidazole under ambient as well as hydrothermal condition. It was realized that 

unlike pyrazole, imidazole could cause the reduction of both copper and molybdate 

centers. The influence of other 3d transition metal ions viz. Nit , Co2+  and Zn2+  was 

further examined. Since unambiguous ab initio structural characterization of hybrid 

PMOs in powder form was found to be difficult, we tuned the reaction condition to obtain 

suitable single crystals for X-ray diffraction analysis. In all the cases, single phasic nature 

of the solids was established by powder and single crystal XRD. A posteriori analysis of 

the crystal structures has been interpreted in terms of the mechanistic approach recently 

proposed by Ramanan and Whittingham. Our recent analysis on the growth of copper 

chloride based organic frameworks suggested that supramolecular aggregation between 

molecular units is influenced by non-bonding interactions during the initial stages of the 

reaction. Therefore, growth and nucleation of the synthesized metal azole based PMOs 

has been discussed herein by inducing supramolecular interactions prior to 

crystallization. During our investigation it was observed that the weakly basic 5-

membered azoles can get protonated and hence involve in the supramolecular assembly 

during aggregation. This prompted us to examine the formation of PMO solids in the 

presence of isomeric six-membered diazine ligands (pyridazine, pyrimidine and 

pyrazine). Interestingly, copper halide based solids rather than hybrid PMO solids were 

precipitated under ambient as well as hydrothermal condition. 

In recent times, nanoscience and nanotechnology have become an important area of 

research. In this context, an attempt was made to explore nanostructures of PMOs. A 
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simple bottom-up approach using dodecylpyridinium chloride as templating agent 

resulted in nanostructures of PMOs. 
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