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Emergent structures and dynamics in two-dimensional mixtures

Alokmay Datta
Saha Institute of Nuclear Physics, India

he strong density fluctuations present in lower dimensional systems make two-dimensional structures fundamentally unstable

and give rise to distinct long term dynamics at progressively larger length scales. In mixtures this finds expression in emergent
two-dimensional patterns created from bi-continuous co-existence of the partially de-mixed components. These patterns can be
stabilized or can be made to pass from a periodic (or quasi-periodic) phase to an aperiodic or chaotic phase by tuning suitable
‘field’ or ‘molecular’ parameters, thus opening up new areas in the study of self-organization with applications in soft matter
science, nanosciene, biophysics, molecular electronics, and nanotechnology. Here we shall be discussing our results pertaining
to the above for monomolecular layers of amphiphile-nanoparticle mixtures and drug-lipid mixtures on water surface studied
through macroscopic and microscopic techniques on one hand and molecular dynamics simulation on the other. Along with the
emergent structures self-organized through de-mixing, we shall also look at some of their mechanical and optical properties.
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Exciton-like electromagnetic excitation in disordered lattice of coupled microresonators
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he physics of photonic super crystals is in many ways similar to the physics of crystalline solids. Due to imperfections of the

super crystal lattice photonic gaps may contain impurity states, which are of crucial importance in realistic photonic structures.
While the theory of impurity bands and excitons in semiconductor crystals has been developed in 1970-1980s, an analogous
theory for photonic crystals is yet to be constructed. In this work we carry out a theoretical study of exciton-like electromagnetic
excitations in disordered photonic super crystals composed by coupled micro cavities. We study the propagation peculiarities of
these excitations in a two-dimensional non-ideal binary micro-cavity lattice with the use of the virtual crystal approximation. The
effect of point defects (vacancies) on the excitation spectrum is being numerically modeled. The adopted approach permits to obtain
the dispersion law and the energy gap width of the considered quasiparticles and to analyze the dependence of their density of states
on defect concentrations in a micro cavity super crystal. Our study contributes to the modeling of novel functional materials with
controllable propagation of electromagnetic excitations.
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