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This study systematically investigates the intra- and intermolecular dynamics of aza-
aromatic synthons for MOFs, which have a wide range of potential applications, including the 
production and use of functional materials for spintronics and microelectronics, as well as the 
development of highly effective catalysts. The torsion energy profile in aza-aromatic molecules 
is primarily influenced by two opposing trends: π-conjugation between the aza-phenyl rings, 
which favors a coplanar conformer, and steric repulsion, which stabilizes a nonplanar structure. 
We use a multidisciplinary approach that has previously been shown to be effective in studying 
the molecular dynamics of the 4,4′-bipyridine synthon (Fig. 1) [1-4]. 
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Fig. 1. Equilibrium geometries of the 4,4'-bipyridine (a) and its dimer (b)  
(B3LYP/6-31G(d,p) theory level) 

Experimental studies of 4,4'-bipyridine using inelastic neutron scattering were performed in 
the energy transfer range of 0-160 meV at 5 K (NERA inverse geometry spectrometer at IBR-
2, JINR, Dubna). DFT methods were used to study the molecular dynamics of 4,4'-bipyridine 
and its dimer, which are stabilized by non-valent C-H-N interactions (Fig. 1). The dimer's 4,4'-
bipyridine molecules have varying torsion angles (φ), indicating the relative orientation of the 
pyridine fragments. This is consistent with the results of X-ray structural analysis [5]. The 
vibrational spectrum of 4,4'-bipyridine in the low-wavenumber region is characterized by non-
valent C-H-N interactions. A comparison of experimental and DFT results contributes to our 
understanding of 4,4'-bipyridine dynamics and flexibility, as well as their potential applications 
in MOF design. 
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