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QUANTUM

CHEMISTRY


Density Functional Theory (DFT) : A method
that investigates the properties of a system
through its electronic density rather than
ex p l i c i t l y  s o l v i n g  t h e  e l ec t ro n i c
wavefunction. It is widely used due to its
balance of accuracy and computational
cost.


The central goal of quantum chemistry is to understand the
structure and dynamics of chemical systems by developing
computational solutions to the Schrödinger equation.


Wavefunction-Based Methods

WFT methods directly approximate the true
wavefunction Ψ of a system. They are
generally more systematically improvable
th a n  D F T  b u t  com e w i th  a  h i g h er
computational cost, which limits their
application to smaller systems.








Born-Oppenheimer 

Approximation


Electron


Nucleus




Real interacting electrons are too
cumbersome to calculate.








We need to match the density of this
fictious system to the density of the

real system.




HOHENBERG-
KOHN THEORMS


DFT replaces the 3n-dimensional variables with the 3-dimensional
electron density. 


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 




 




Introduction




Some
Applications





Density Functional Theory (DFT) 




• … yields total energies, forces, and electronic structure and therefore allows
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




 Comparison between  DFT calculated and experimental results  for the selected microscopic
parameters (red dash line is y=x  and blue solid  line is f itting line). (a) Comparison of ground state
electric dipole momentum; (b) Comparison of average electric polarizability.






C. Zhang et al.: First Principles based Computational Scheme for Designing New SF6 Replacement










THANK YOU



