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UANTUM
HEMISTRY

The central goal of quantum chemistry is to understand the
structure and dynamics of chemical systems by developing
computational solutions to the Schrédinger equation.
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Density Functional Theory (DFT) : A method
that investigates the properties of a system
through its electronic density rather than
explicitly solving the electronic
wavefunction. It is widely used due to its
balance of accuracy and computational

cost.
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Wavefunction-Based Methods

WFT methods directly approximate the true
wavefunction W of a system. They are
generally more systematically improvable
than DFT but come with a higher
computational cost, which limits their
application to smaller systems.
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The Schrodinger equation

e,
[ nucear R

2 o ¢
a Z T Z ime mixed

i TR - Kinetic terms
s 2 e e d o o
| r’j'ﬂ'Fu 2 ﬂfm IR”_ R,u 1'JTFD 2 IT; — T'J
Vi 3
o SR
i 4:I.EU |')“ Ru|

V.,. " Potential terms
b #  Erhart, FKAIG1 11/ 016

T
Il




z"‘“

Electron .

Born-Oppenheimer Approximation
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Complete and Easy Explanation




The Kohn-Sham ansatz

- Replace the original many-body problem with an L P
Y auxiliary system of non-interacting particles UL AT S
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The ground-state electron density
uniquely determines the external
potential V (e.g., from nuclei) and
thus the entire Hamiltonian.

The ground-state electron density
uniquely determines the external

potential
nal variables with the 3-dimensional

ron density.



Introduction

DFT in practice: The self-consistency loop

Initial guess (usually superposition of atomic densities for k=1)
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Evaluate effective potential Ao

Vet(1) = Ve () + v [0 ()] + vge[n ™ ()]
Solve KS equations (for given potential)
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Some
“Applications..

computing e.g., — Structural relaxation and phase stability — Energy differences
(input for thermodynamics, kinetics ..) — Phonon dispersions (mechanical
stability) — Property prediction and screening — Band structures (a bit more
complicated)

- ... provides a reasonable balance between computational efficiency and accuracy
(thousands of electrons, hundreds of atoms)

+ .. has limitations e.g., with respect to — Band gaps and optical properties
(excitonic effects) — Strongly correlated systems
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Quantum mechanics

Malecular dynamics
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