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Abstract: 

Nanomaterials not only provide a key to unravel a new generation of devices with exciting 

properties and functionalities, but also to revolutionize our understanding of material properties in 

general, influencing many branches of science and engineering, as well as our everyday life. 

Nanomaterials are assembled into larger physical and biological structures [1,2], and are 

incorporated into devices and systems [3]. To model and control such systems with sufficient 

accuracy, accounting for critical physical effects, we inevitably arrive at the development of 

multiscale physics-based models. A good example of the situation is provided by semiconductor 

devices whose main parts are at the nanoscale. While their operation is governed by the laws of 

quantum mechanics, with challenges ranging from non-equilibrium carrier distributions to 

nonlinear dynamics and near-ballistic regimes, other larger scale effects can also be decisive. Our 

examples in the first part of this talk will be built on modelling of low dimensional semiconductor 

nanostructures. The undoubted attractiveness of ab initio atomistic approaches and first principles 

calculations in such cases is necessarily accompanied by severe computational limitations [4,5]. 

As a result, multiscale methodologies based on quantum-continuum coupling become one of the 

most promising tools in this area [3]. Coupling in this case can be done in several different ways, 

e.g., the information from the atomistic scale can be passed and built in into continuum models; it 

can be achieved via entropy maximization or in an iterative manner aiming at the complete 

quantum-continuum coupling. Size effects, electron-phonon scattering, and coupling of the fields 

of different physical nature (such as electrical, mechanical, thermal, magnetic) lead to additional 

non-trivial difficulties. We provide a brief overview of such multiscale coupling schemes and 

associated challenges. 

 

Coupled mathematical models also become critical in those areas of materials science and 

engineering where we have to examine the interaction of nanoparticles with surfaces, in particular 

in the development of novel materials and devices. In some cases, mesoscopic patterns, observed 

in nanoscale, can be studied with coupled phase field models. Examples will be provided for 

shape memory alloys based nanostructures, exhibiting strong nonlinear thermo-mechanical 

coupling [6], where our major tool will be based on isogeometric analysis. Unlike closed systems, 

open dissipative systems are systems that interact with other systems and/or their environment. 

Such systems are typical for quantum mechanical applications and we discuss challenges 

associated with their modelling and control [7]. This will also include graphene nano-objects with 

armchair and zigzag edges, where our main focus will be on grapheme nanoribbons and 

superlattices. 

 

Finally, we provide examples and explain challenges of predictive modelling biological self-

assembled nanoclusters [2], specifically highlighting the importance of coupling between their 

parts for RNA nanostructures in studying their properties at larger scales. 
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