
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: 
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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



Standard DFT and the self-interaction error
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LDA, GGA, meta-GGA: ][][][ loc
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Standard DFT: (Semi)local XC operator  low computational cost

(includes self-
interaction)

exchange-
correlation 
(XC) energy

Removing self-interaction + preserving fundamental properties 
(e.g., invariance with respect to subspace rotations) is non-trivial 
 residual self-interaction (error) in standard DFT

Consequences of self-interaction (no cancellation of errors): 
localization/delocalization errors, incorrect level alignment (charge 
transfer, reactivity, etc.)



The Hartree-Fock (HF) approximation
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one-particle states

HF (exact) exchange energy

• No self-interaction
• Coulomb mean-field  no dynamic correlation, single 
determinant  no static correlation



Hybrid DFT
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Range-separated functionals: HSE family

Perdew, Ernzerhof, Burke (J. Chem. Phys. 105, 9982 (1996)): α = 1/N

MP4  N = 4, but “An ideal hybrid would be sophisticated enough 
to optimize N for each system and property.”
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Hartree-Fock exchange – the problem
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electron repulsion integrals

Lots of integrals, naïve implementation  N4 scaling (storage 
impractical for N > 500 basis functions) 

• need fast evaluation
• need efficient use of sparsity (screening)



“Resolution of identity” (RI) (density fitting)
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independent auxiliary basis

Basis-pair space is overcomplete, since                approaches 
completeness  size of                   ~4-5 times size of  
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Localized RI-V (RI-LVL, Jürgen Wieferink)
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Hybrid functionals in FHI-aims



Hybrid functionals in FHI-aims



Practicalities

Copy the folder tutorial_2 from $HandsOn to your working 
directory: 

cd your_name

For every exercise, the sample input files and solutions can be 
found in $HandsOn/tutorial_2/skel/exercise_XX/templates and 
$HandsOn/tutorial_2/solutions, respectively.

mkdir your_name
Important to make different 

directories! Otherwise you will 
overwrite other’s files



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



FHI-aims output



FHI-aims output



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


