
Equilibrium crystal structures
Elastic constants
Charge densities

Vibrational properties
Qualitative prediction of band topology

WHY DFT?  Besides E(k) and DoS?

How to Do DFT with Quantum Espresso?





What will almost always get wrong?





We say the solutions are “Plane Waves” 
→ requires periodic boundary conditions



AB INTIO SOFTWARE

Plane Wave Software (for periodic system)

Quantum Espresso
VASP

Requires PERIODIC boundary conditions to work (not great for molecules)

→Solution for molecules make the unit cell so large (typically 1.5 nm is 
enough) that  the atoms in the cell can’t possibly interact (how to do this 
https://www.youtube.com/watch?v=Z8TEpaW7RNc )

Atomic based (site-based)

Gaussian 
QChem

https://www.youtube.com/watch?v=Z8TEpaW7RNc


The 1st  calculation iteration is complected when all states are 

filled below a cutoff energy





Kohn and Sham said the (Helmholtz) Energy of the system is:

1) Kinetic energy of the system of non-interacting electrons 

at the same density.

2) Coulomb is the electrostatic term (Hartree)

3) Exchange-correlation is everything else
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How would you compute the total charge density of a 
crystal of N electrons?



EXPERIMENT

THEORY (DFT)

SrTiO3 BiFeO3

ELECTRON DENSITY MAPS, ρ(r)

Real-space charge-density imaging with sub-ångström resolution by four-
dimensional electron microscopy. Nature 575, 480–484 (2019). 
https://doi.org/10.1038/s41586-019-1649-6





Take the functional derivative wrt , 
and evaluating at LCAO orbitals gives 
the Kohn-Sham equations



where the Kohn-Sham potential is given as:

Take the functional derivative wrt , 
and evaluating at LCAO orbitals gives 
the Kohn-Sham equations

WHY?
In the Kohn-Sham 
equation the atoms are 
not interacting (i.e 
Schrodinger Equation),
Instead  keeps track of 
all interactions!



VXC: LDA  Local Density Approximation
Approximate as that of a homogeneous electron 
gas where each nuclei replaced by a uniform 
positively charge background electron density ρgs

the electron gas exchange term

LDA  potential:





VXC: GGA Generalized Gradient Approximation
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Before running 
Bands, you
can control
the output 
walk here

Before running 
DoS, you
can control
the calculation
length and 
output here



Click 1 Get options

Click 2 Choose SCF
Click 3

Click 4 “Run”
       save as

Then…wait 
until the 
calculation is
complete
(you can do other 
stuff while energies are calc)

Click 5
inspect results

After, iterate process to calculate 
Band structure and DoS

#1 
SCF

result
#2

Band 
Result

#3
Band 

Result




	Slide 1:   Equilibrium crystal structures Elastic constants Charge densities Vibrational properties Qualitative prediction of band topology 
	Slide 2: What will almost always get wrong?
	Slide 3
	Slide 4: We say the solutions are “Plane Waves”   requires periodic boundary conditions
	Slide 5: AB INTIO SOFTWARE
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14



