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ABSTRACT

External stimuli such as temperature and light can activate different physical processes in nanomaterials and
induce interesting phase/chemical transformations. For instance, transformations induced by temperature
are phonon-driven and proceed along a ground-state potential energy surface (PES), while those induced by
light are charge-carrier-driven and proceed along an excited-state PES pathway. Researchers have constantly
sought new ways to utilize these processes efficiently for applications in low-energy electronics,
optoelectronics, catalysis, health-care and so on.

In the first part of my talk, | will focus on temperature-induced transformations by taking the example of
an atomically-thin oxidized form of carbon called graphene oxide (GO). Although GO has been utilized for
multiple applications, our understanding of the structure-property relationships at the atomic-level has still
been lacking owing to the amorphous nature and chemical inhomogeneity of GO. | will show that a novel
phase transformation can occur in GO at low annealing temperatures, which enhances its optical, electrical
and chemical properties significantly. | will then show how this phase transformation can be used to improve
the fabrication of graphene thin-films and for applications in biomedical cell-capture devices.

In the second part of my talk, | will focus on light-induced transformations. In this regard, | will talk about
metallic nanoparticles of Ag, Au, Al etc. that can concentrate optical energy and convert them to other useful
forms via plasmon formation and decay to energetic charge carriers. However, current devices using these
concepts suffer from poor conversion efficiencies. | will highlight key bottlenecks to this shortcoming, and
discuss how recently developed ab initio methods based on density functional theory (DFT) and time-de-
pendent DFT (TDDFT) can be utilized to address them - a daunting task to achieve in experiments. | will
then talk about suitable ways to overcome such bottlenecks, which could lead to more efficient plasmonic
hot-carrier devices.
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