Modeling, simulation and experiments in the formation of nanoparticles and complex nanostructures

(PhD fellowship given by IIT Bombay, TA category)

Nanomaterials show new and interesting properties different from bulk materials due to their extremely small size (diameter) and large specific surface area. It is thus critical to understand the variables that control its formation leading to a desired property. Control of nanoparticle size and size distribution is the first step in all these applications. To gain
further insight in the mechanism of formation of nanoparticles, we will look at the way they form by processes like mass transfer, reaction, nucleation, Brownian collision, surface growth and coagulation.

With the above mechanism, we will build on our existing mathematical models and computer simulation programmes, and also carry out experiments, involving complex nanostructures, like core-shell nanoparticles, nanorods etc. Zinc oxide and iron oxide will be considered as typical model systems, since we are already developing them for optical devices (solar cells, LEDs) and cellular uptake and imaging studies, respectively.

.
Experiments and simulation of silver nanoparticle-activated carbon composites for water disinfection

(PhD fellowship given by IIT Bombay, TA category)

We synthesize silver nanoparticles and impregnate it in activated, porous carbon blocks for developing the technology of water purification and disinfection. The goal is to provide low cost, potable water, free of microbes. Silver nanoparticles interact and kill the microbes (like E. coli) present in drinking water, whereas activated carbon provides a large specific surface area, which is desirable for adsorption of other impurities in water. In this work, we will continue our ongoing research by performing continuum scale modeling and atomic scale molecular dynamics simulations, to investigate nanoparticle structure, location and related adsorption and diffusion issues in carbon nanopores. This will elucidate the mechanism of three-way interaction between carbon-silver-E. coli and
make it a viable industrial process.

