ABSTRACT

BOTTOM-UP AND DIRECTED SELF-ASSEMBLY USING THE LATTICE BOLTZMANN
METHOD

Lattice Boltzmann method (LBM) is emerging as a powerful technique in computational fluid
dynamics (CFD) with applications in automotive, aerospace, energy and geoscience sectors.
Based on the kinetic theory, LBM allows for better inclusion of mesoscopic physics than
conventional CFD approaches. As a result, LBM has the potential to handle challenges in the
field of nano and micro scale self-assembly. In this thesis, LBM is employed in two regimes:
bottom-up and directed self-assembly. The scope and viability of LBM are evaluated for
these applications.

Firstly, the self-assembly of 3D amphiphilic Janus particles (JP) in both the bulk and confined
arrangements is set up with the inclusion of thermal fluctuations. A novel particle periodic
boundary condition is proposed along with the incorporation of an anisotropic particle pair
potential from molecular dynamics (MD). Preliminary JP self-assembly results of cluster size
distribution, shapes, number density and orientation profiles agree with the corresponding
MD studies in the literature. The same serves to extend LBM for soft matter and highlights
its significance and limitations. Next, an improved inkjet printing scheme is studied via LBM,
which involves the evaporation of nanoparticle (NP) laden drops from chemically
heterogeneous substrates. A 3D LBM model for diffusion-limited evaporation along with an
Eulerian treatment of NPs produces accurate results in the experimental regime of particle
concentration < 1 wt%. Movement and pinning of the contact line at various points on the
hydrophilic pattern are observed to produce the final shape of the deposition. Similarly,
process parameters like pattern shape, length, surface energy and patch shape also alter the
final NP microstructure. Furthermore, drop evaporation from angular hydrophilic wedge
patterns is studied separately using the same LBM methodology. The wedge angle is found
to affect the drop unpinning behaviour, evaporative flux distribution and evaporation rate.
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