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Scientific and technological advancements in numerous areas of physical sciences and engineering rely on
the ability to understand and manipulate the properties of matter at the atomic and molecular scale. Den-
sity Functional Theory (DFT) excels in approximating the fundamental equations, the Schrödinger equation
describing the quantum behaviour of atoms and molecules. Although DFT is considered as the core of contin-
ually growing scientific literature, it is prohibitively expensive for simulating large-sized systems requiring
long-time scales and is generally limited tomoderate sized (a few hundred atoms) systems. While it is essential
to follow the principles from the theory, it is important to recognize that the development and modification of
simulation algorithms is an art. In this context, to overcome the challenges posed by DFT, this study employs
machine learning approaches to accelerate the exploration of the potential energy surface of group 14 ele-
ments, both statically and dynamically. This study uses an integrated machine learning-driven metadynamics
approach to expedite the investigation of dynamic evolution of phase transitions, grains, and dislocation de-
fects in large Silicon systems under pressure. [1] By using machine learning to accelerate sensible random
structure searches, a novel 8H Germanium allotrope with a direct band gap is predicted, positioning it as a
promising material for photovoltaic and optoelectronic applications. [2]
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