
FHI-aims capabilities 
for molecules, clusters, and solids





FHI-aims

Main focus:

• Accurate all-electron electronic-structure calculations 
(DFT and beyond) for both periodic and cluster/ 
molecular systems

• Massively parallel

Robust interface: atomic simulation environment (ASE) 



Approximations to the electronic problem: Basis set

Idea: represent all unknown functions (          ,          )
as a linear combination of known functions with well-defined 
properties: 

 r  ri


p

pipi C )()( rr 

Widely used basis sets: 

gaussians (localized, analytic integrals)

plane waves                      (delocalized, analytic integrals)

Slater-type                         (localized, nuclear cusp)

grid-based  (localized, analytic integrals)
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Core electrons are often treated separately (pseudopotentials, plane-
wave + localized basis)



The basis set: Numeric atomic orbitals



The basis set: Numeric atomic orbitals



The basis set



The basis set



The basis set



The basis set



The basis set: additional parameters to converge



Electronic structure methods



Problem I: Hydrogen atom

Part I: atom and molecule



FHI-aims input files



Default basis sets

.../species_defaults



Default basis sets

.../species_defaults



Default basis sets

.../species_defaults

Additionally converge “tiers”



FHI-aims output



FHI-aims output



FHI-aims output
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FHI-aims output



FHI-aims output



Problem II-III: H2



From now on, run FHI-aims via the batch 
system:

1) copy the file job.sh from the tutorial folder 
to your working directory

2) submit a job:
sbatch --ntasks=XX job.sh

3) To see the progress, type
tail   -f   output

Problem II-III: H2



Part II: periodic system

bulk

fcc

surface

fcc(111)

geometry.in



Important practical points

sbatch --ntasks=XX job.sh



Visualization

jmol



Lab 2: Calculate phase diagram of 𝜸-Al2O3 (110) 
surface in NO atmosphere



Lab 2: Calculate phase diagram of 𝜸-Al2O3 (110) 
surface in NO atmosphere

1) Relax NO molecule (team)
2) Construct surface slab model from bulk (team)
3) Place NO at the surface in three different configurations and different

coverages for each student (overall 27 structures) (team)
4) Distribute the structures among students evenly (3 each) (team)
5) Test convergence of NO adsorption energy as a function of the number of 

relaxed bottom layers for one structure (individual)
6) Choose the optimal number of relaxed layers (team)
7) Relax the structures, report the energy, discuss the difference between 

starting and final geometries, calculate, report, and discuss work function 
(individual)

8) Build a surface phase diagram in NO atmosphere combining all obtained 
energies (team)

Both team and individual work


