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The quality of density functional theory 
calculations must be first determined 

independent
 

from the comparison 
between calculated results and 

experimental observations.

Take home point



Dirac (1929)
“

 

The general theory of quantum mechanics is now 
almost complete …

 

. The underlying physical laws 
necessary for the mathematical theory of a large part of 
physics and the whole of chemistry are thus completely 
known, and the difficulty is only that the exact 
application of these laws leads to equations much too 
complicated to be soluble.

 

”

P.A.M. Dirac, Proc. R. Soc. London Ser. A 123, 714 (1929).

DFT: Background
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Remember: 
Dirac made his statement in 1929.

DFT: Background



Kohn-Sham equations:
DFT: Background
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From preprint by J.P. Perdew et. al. to appear in JCP

Choice of XC-functional



The choice of XC-functional is the
limiting factor

for the accuracy of DFT

Choice of XC-functional



Choice of XC-functional

Silicon ad-dimer diffusion on Si(001)
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Surface Energy

Bulk Energy
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GaP  β2(2x4) Slab supercell

System size –

 

Relaxation –

 

Boundary conditions
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From 6 layers: 
O.01 eV difference
0.3 eV Error in surface energy

From 10 layers
0.0005 eV difference
0.023 eV Error in surface energy

System size –

 

Relaxation –

 

Boundary conditions
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System size –

 

Relaxation –

 

Boundary conditions



Carbon impurities in bcc iron

The importance of relaxation

System size –

 

Relaxation –

 

Boundary conditions



K-point sampling



K-point sampling



K-point sampling: erbium hydride 96 atom cell



K-point sampling



K-point sampling



K-point sampling



Pseudopotentials: A Black Art
•

 
Core electrons do not actively participate 

in chemistry.

• They can be replaced with a pseudo core.

• Fewer electrons to deal with.

• Smoother wave functions.

• Larger systems can be studied faster.

But it is an approximation

Pseudopotentials



Rd is the ‘core radius parameter’, 
one of the main parameters to decide 
when constructing a pseudopotential. 

Pseudopotentials

The temptation is to tune these results to match w/ experiment.



Remember: A pseudopotential is an 
approximation for the full core potential.

The quality of a pseudopotential should be 
determined by how well it reproduces the 
results from all electron calculations.

Pseudopotentials



Basis Set / Energy cut off: Formation energy of [VSi

 

]+0

 

216-atom supercell

NCP PBE
PAW PBE



Basis Set / Energy cut off

JS Nelson, EB Stechel, AF Wright, SJ Plimpton, PA Schultz, and MP Sears, 
Basis-set convergence of highly defected sites in amorphous carbon
PRB 52 9354 (1995)



Summary of factors to consider:

1.

 

Choice of functional 
2.

 

System Size
3.

 

Relaxation
4.

 

Boundary conditions
5.

 

Sampling: k-points
6.

 

Pseudopotentials
7.

 

Basis Set / Energy cut off
8.

 

Trajectory length / time step
9.

 

Equilibration (initial configurations)
10.Fictitious electron mass (CPMD)
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C.S. Snow et. al, J. Nuclear Materials (2007)  (4.25 yrs old Film) 

Erbium dihydride

ErD2 : Brewer et al.



Erbium dihydride



VTet HOct

0.98 eV

1.90 eV

0.62 eV

1.21 eV

Hydrogen in erbium dihydride



Oxygen in erbium dihydride

Binding Energy for clusters:

2 atoms = 0.28 eV
3 atoms = 0.34 eV
4 atoms = 0.45 eV
5 atoms = 0.48 eV

Ea = 1.2 eV     Do = 1x10-3

Immobile @ 20 ºC for 1 hr
250 nm @ 300 ºC for 1 hr
6.5 μm @ 500 ºC for 1 hr



Helium in erbium dihydride/tritide



Conclusions:

1.

 

Gas/Metal ratio determines mobility of hydrogen

2.

 

Oxygen resides in tetrahedral sites, increases octahedral 
hydrogen occupancy.

3.

 

In ideal erbium hydride, helium sits in octahedral site.

4.

 

If H/Er < 2.0, helium ground state inside tetrahedral 
vacancies where it is pretty well trapped.

5.

 

Networks of vacancies possible/probable? Multiple helium 
atoms trapped together?



Molecular dynamics movie?



K-point sampling
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