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Abstract 

An intermolecular potential describing the interaction between pyridine molecules was constructed using the test-particle 
model (T-model). The computed T-model potential was used in the investigation of the equilibrium structures and binding 
energies of pyridine dimers. It was found that a herringbone structure is the most stable dimer in the gas phase. The results 
of the statistical mechanical simulations revealed that this dimer structure may not be present in an appreciable amount in the 
liquid phase. The molecular dynamics (MD) simulations confirmed that the molecular motions of pyridine in the liquid 
phase are rather anisotropic, as can be seen from the computed rotational diffusion constants. This finding is in good 
agreement with the experimental investigation on reorientational motions of pyridine reported by Kintzinger and Lehn. 

1. Introduction 

Intermolecular potentials are required as the pri- 
mary input for many kinds of statistical mechanical 
simulations. The advancement of computer technol- 
ogy nowadays allows computational chemists to 
compute intermolecular potentials for larger 
molecules with more acceptable accuracies. How- 
ever, the computational models employed for such 
molecules are still limited to ab initio calculations at 
the Hartree-Fock level of theory, at which the ef- 
fects of electron correlation are neglected. The appli- 
cations of ab initio calculations that include the 
effects of electron correlation, in a supermolecular 
fashion, are still restricted to small molecules due to 
the limit of computer resources. For molecules with 
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electronic resonance forms, such as aromatic and 
heterocyclic compounds, the effects of electron cor- 
relation cannot be neglected. Therefore, ab initio 
calculations at the Hartree-Fock level of theory are 
inadequate. 

In the previous publications [1-4], an attempt has 
been made to derive intermolecular potentials using 
first-order perturbation theories. It was named test- 
particle model (T-model) [1] since the major energy 
contributions to the intermolecular potential are de- 
duced separately by probing molecules of interest 
with suitable test particles. This reduces the degrees 
of freedom used to describe the relative positions 
and orientations of each pair of molecules from six, 
as in the case of supermolecular approach, to only 
three. The potential parameters derived in this way 
are considered to be site parameters and, therefore, 
transferable. The major advantage of the T-model 
over the Hartree-Fock SCF calculations is that the 
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