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Recently, there has been an increase in interest in molecular modeling studies on the 

formation and stability of inclusion complexes of a variety of molecules and other aspects 

of supramolecular chemistry. Various theoretical approaches have been applied in these 

studies such as molecular mechanics, molecular dynamics, semiempirical methods, as 

well as hybrid techniques such as quantum-mechanics–molecular mechanics (QM–MM) 

techniques [1-8]. Hartree–Fock (HF) and density functional theory (DFT) calculations 

especially using the popular B3LYP functional combined with different standard basis set 

have been used reliably to describe host guest interactions of CDs with several molecules 

[9–12]. Despite this rapid development and use of ab initio and DFT semiempirical 

methods still attract great deal of attention owing to their less computational demands. 

The recently introduced semiempirical PM7 and  PM6 methods has been found to give 

accurate estimates of molecular properties comparable to those  obtained by HF and DFT 

methods at even lower computational cost, making them attractive methods for the 

description of inclusion complexes [13]. Our interest in molecular modeling studies is 

associated with the investigation of non-covalent interactions especially those affecting 

chiral separations by supramolcular assemblies. In these studies we aimed at rationalizing 

and predicting the experimental results obtained using different experimental techniques 

such as capillary electrophoresis, gas chromatography and liquid chromatography, 

nuclear magnetic resonance (NMR) spectroscopy, fluorescence and absorption 

spectroscopy, etc. 

The present study represents a tutorial review on our experience with molecular modeling 

techniques [4, 5, 8, 14-18]. Furthermore, here we presents examples of investigation on 

spuramolecular systems involving  various host molecules such as cyclodextrins, 
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cucurbit[n]urils, and crown ethers. Theoretical calculations were used to model the 

mechanism of host-guest interactions and to predict their stabilities through calculation of 

thermodynamic properties of the respective inclusion complexes.  Using molecular 

dynamic calculations enantiodifferentiation of different chiral mixtures has been 

investigated. The obtained theoretical results corroborated the experimental findings and 

in many instances predicted the separation parameters efficiently. We also employed 

molecular dynamic simulation in aqueous media to further investigate the hydrogen 

bonding patterns and other intermolecular interactions involved in these complexes in 

order to understand the mechanisms of separation.  
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