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Abstract

Recent advances in first-principles electronic structure theory and high-performance high-throughput computing have
empowered efficient computation-aided discovery and design of novel materials, particularly important for emerging energy
and device technologies. In this talk, I will highlight a few examples of our work on materials discovery and device design
enabled by first-principles theory. First, I will present theoretical discovery and experimental investigations of 2D and 3D
topological materials including Peierls-distorted 1T’ and T, binary and ternary transition metal dichalcogenides (WTe,,
MoTe,, TalrTe,, TaRhTe,, NbltrTe,, NbRhTe,). We will also discuss the electric field, elastic strain, and van der Waals
stacking induced topological phase transition and their potential applications for topotronics such as topological field effect
transistor. Second, I will report our recent discovery of strongly coupled ferroelectric-ferroelastic multiferroics in 2D group
IV monochalcogenides. These 2D multiferroics possess a few distinct characteristics including strongly-coupled giant
ferroelectricity and ferroelasticity, large anisotropic excitonic optical properties with visible-spectrum excitonic gaps and
sizable exciton binding energies, and low domain wall energy and migration barrier, suggesting their great potentials for
tunable multiferroic functional devices by manipulating external electrical, mechanical, and optical field to control the
internal physical responses, such as 2D multiferroic memories, ferroelectric excitonic photovoltaics, and nonvolatile
multiferroic photonic memory. Finally, I will present some first-principles methodology development towards more accurate
and efficient predictions to expedite high-throughput materials discovery and design for novel energy and device
applications..
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