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ABSTRACT 
The global ever-increasing demand for high-performance materials with complex functionality 

cannot be met without atomistic-level characterization and understanding the structure-

functionality relationship. Such studies, however, are hindered by the large number of degrees of 

freedom as well as the complex and often quantum-mechanical nature of reactions in condensed 

phase. Novel computational platforms should be created which benefit from the efficiency of 

classical molecular dynamics but at the same time retain the accuracy of quantum-mechanical 

calculations. During this presentation, I will discuss our recent computational developments, as 

implemented in our open-source software package DL_POLY Quantum v1.0.[1], in the context of 

two families of nanoporous materials: two-dimensional (2D) 𝜋-stacked layered metal-organic 

frameworks (MOFs) and 3D zeolitic-imidazolate frameworks (ZIFs) [2-5]. I will show how theory 

can shed light on the responsive nature of 2D MOF architectures to external stimuli such as 

temperature, humidity, and photoexcitation. For the ZIF family, I will discuss two cases of (i) 

atomistic molecular dynamics simulations applied to large realistic nanoparticles in aqueous 

solution and (ii) the effects of incorporating nuclear quantum effects (NQEs) into the simulations 

using Feynman’s path integral formalism [6]. Finally, I will elaborate on our future research path 

and how we are utilizing path integral formalism to incorporate NQEs into the non-adiabatic 

dynamics of charge transfer reactions in condensed phase. 
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