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Photovoltaic devices, electrochemical cells, catalysis processes, light emitting diodes,
scanning tunneling microscopes, molecular electronics, and related devices have one
thing in common: open quantum systems where energy and matter are not conserved.
Understanding the electronic dynamics of these systems is fundamentally important for
their applications. Time-dependent density-functional theory (TDDFT) has been
successfully applied to predict excited-state properties of isolated and periodic systems.
However, it cannot address a system coupled to an environment or whose number of
electrons is not conserved. To tackle these problems, TDDFT needs to be extended to
accommodate open systems. In this talk, I will introduce a first-principles method to
simulate the dynamics of open electronic systems. For its applications, the method is
applied to study how quantum interference develops in a molecular transistor in time
domain. In organic photovoltaics, the method is employed to simulate in real time and
space the generation, migration, and dissociation of electron-hole pairs, transport of
electrons and holes.
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Electronic excitations in materials play key roles in many important fields of materials
science including electronics, photo-electronics, photo-catalysis, photovoltaics,
luminescence and so on. First principles treatment of electronic excitations of materials
remains a great challenge. In this lecture I will cover three aspects of electronic structure
theory of excited states of materials: 1) electronic band structure of materials by Green’s
function based many-body perturbation theory in the GW approximation [1,2], 2)
optical absorption properties of materials by GW plus Bethe-Salpeter equation
(GW+BSE) method and time-dependent hybrid functional approach [3], and 3) first-
principles approaches to luminescent properties of materials with self-trapped exciton
(STE) characters [4]. It is hoped that this lecture will give an overview of the current
status of first-principles approaches to excited states, and motivate further
methodological developments in this important frontier of theoretical condensed matter
physics.

[1] H. Jiang, P. Blaha, Phys. Rev. B 93, 115203 (2016).

[2] H. Jiang, Phys. Rev. B 97, 245132(2018).

[3] H.-Y.Sun, S.-X. Li, H. Jiang, Phys. Chem. Chem. Phys. 23, 16296-16306 (2021).
[4] H.-Y. Sun, L. Xiong and H. Jiang, Chem. Phys. Rev. 4, 031302 (2023).
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