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Nanotechnology is a new, just incipient field ofesce and engineering, in which substances aredltmt at an
atomic or molecular level. Because new substandbsayprescribed atomic and molecular structurecegated in
nanotechnologies by means of controlled manipulatith atoms and molecules, the use of multiscedenistic
simulation methods is of fundamental necessityratahically constructed nanostructured materialsyhich the
structure of a lower level of scale is built inteetstructure of a higher level of scale, attractipalar interest. The
development of nanostructured materials for optitemical gas sensors is an example of this apiolicarhe
functionality of such a material is provided by hopmactive molecule (indicator molecule, IM) sudtatt it
strongly changes its optical response (mostly, h@®tence) upon interaction with a target molecddteted or
analyte molecule, AM). IM represents the lowestlexf the hierarchy and is built into a local sture forming a
receptor center (RC), which in its turn is builtara nanoparticle (NP). An NP may bear many RCsalbj,
nanoparticles are assembled into a layer or a laydtied structure (hanoparticle assembly, NPA)ctvhinay
have regular ordering, forming a photonic lattice.
The goal of simulation in this case is to prediet bptical properties of the entire structure (sgnsnaterial) and
its response to various AMs. Direct calculationgeal time and space scales are impossible wittctineently
available computational resources. Instead, a swalle approach is used, in which simulations atallzdions at
each level of scale are performed using methodsagpdoximations appropriate for the correspondicgles
while the results of modeling the structure andppriies of a material at a lower level are tramsfitias input data
to the next, higher level of scale.
Modeling materials for the sensing layer of opticabkmosensors is considered as an example of theraje
strategy of multiscale atomistic modeling of hietacally constructed nanostructured materials fogaaic
nanophotonics. The main steps of such modeling@nsidered: modeling at the molecular level, modgeét the
supramolecular level, and modeling at the levehafioparticles. Problems arising at each step ofetimag are
analyzed, and current approaches to their solatierdiscussed.
In our case of hierarchically constructed materials optical chemosensors, the use of atomisticukition
methods is restricted to the first three levels; RC, and NP. The description of the assemblink-éssembling)
of NPs into the final NPA and the prediction of @gtical properties and response require the usemtinual or
phenomenological approaches and is beyond the sobphkis paper. Hence, the following levels and the
corresponding problems will be considered:
- molecular level: methods and possibilities, molac structure, absorption spectra, emission spelitie shapes,
radiative and nonradiative transition probabiliti8sokes shifts, and special cases of large Stetiéts in organic
molecules arising in so-called twisted internalrglearansfer (TICT) states;
- supramolecular level: molecular complexes andperformation effects on absorption and emissipectra,

the problem of correctly describing intermoleculateractions and the structure of supramoleculatesys,



corresponding methods and possibilities, interactiptentials and their construction, reactive piidgs)
molecular mechanics, quantum and classical moledytaamics, Monte Carlo methods;

- nanoparticle level: formation and structure ofmoarticles, coarse-grained potentials and coaead
molecular dynamics, kinetic Monte Carlo techniques.

The possibilities of modern atomistic simulationthwoels are considered using specific examples:

- quantum-chemical or quantum-mechanical simulatmethods as applied to relatively small atomic and
molecular systems; without these methods, optiedctronic, mechanical, vibrational, chemical aritieo
functional properties of a material cannot be predi;

- simulation methods based on the use of clas$icak fields approximately describing the main fees of
guantum interactions among atoms in molecules andng molecules themselves (molecular mechanics and
modern computational methods of statistical physiash as molecular dynamics and Monte Carlo majhaual
the framework of classical force fields, one caacatibe the structure, thermodynamics, and dynaofisystems
containing about 1000 and much more atoms.

- Methods taking into account solvation (polariaaji effects using both continual and molecular ngydehich
can be used to describe the structure of an AM d@wrbed on a NP.

Special attention is given to the problem of adéglyadescribing intermolecular interactions, thelgem of
describing functional properties of main molecwacluster components of a supramolecular systeenptoblem
of conjugating different scales, and the problemafsistently describing the system, in particulag, problem of
constructing classical potentials based on thelteesfi quantum calculations, and the problem ofcdbig the
formation and growth of supramolecular systems.
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