
Imperial College London, 10th June 2022 

Symmetry constrained 
relaxation in FHI-aims
Prakriti Kayastha 
PhD student at Northumbria University

1



Personal background
Past

• Physics (Hons) degree with a undergraduate thesis on diagonalization of 
sparse matrices from  to 


• Research assistant for 3 years at TIFR India working with small molecules, 
quasi-1D materials and 3D materials 


• Became fluent in Python but stammered with Fortran90


• Machine learning project based on regression problems and generating 
databases with high-throughput computation techniques

𝒪(N3) 𝒪(N)
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Personal background
Present

• PhD student with Dr Lucy Whalley at Northumbria University 


• CDT for Renewable Energy for Northeast Universities (ReNU) 


• Overall PhD is focused on chalcogenide materials for energy generation and storage


• First project is modelling the BaZrS3 chalcogenide-based perovskite material


• Thermodynamics of the perovskite and competing phases


• Verifying synthesis techniques with computed IR and Raman spectra


• Disorder in Mg-based spinel battery materials MgM2(S,Se)4
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Talk overview

• Symmetry constrained relaxation: what it is, how it’s done and why it’s 
needed


• FHI-aims routines with AFLOW


• How to save CPU time with geometries in correct symmetries: examples from 
systems of interest


• Where symmetry constrained relaxation is invalid 
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Introduction to FHI-aims

• FHI-aims is a numeric atom-centered orbital code in contrast with VASP 
which is a pseudopotential based code


• It is open-source and adopts more recent software sustainability practices


• It has fantastic documentation 


• A very responsive community through their Slack channel and other forums
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Geometry relaxation

• As a default, in a geometry.in (POSCAR) file, 3N+9 coordinates are relaxation 
parameters for the optimizer. This is unnecessary, unless the system prefers a 
monoclinic  space group


• When one knows the space group of the system, the input can be designed 
to only include lattice constants and internal parameters of the particular 
space group


• Internal parameters are defined through Wyckoff positions of the space group 
and can be predetermined through the International Tables of Crystallography

P1
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Lenz et al., (2019) Npj Comput. Mater 5 123

http://geometry.in


AFLOW + FHI-aims

• This method is not very widely used yet, the goal of this presentation is to 
convince you to try this in your next project


• An interface with AFLOW defines the specific symmetries of the system 
through parametric equations in the geometry.in file
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Lenz et al., (2019) Npj Comput. Mater 5 123

http://geometry.in


AFLOW + FHI-aims
How to make an input geometry.in for SiO2

http://aflowlib.org/search/ 8
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AFLOW + FHI-aims (a gotcha!)

• In FHI-aims the Wyckoff positions outside the unit cell are not treated as equivalent sites 
which can cause geometry relaxations to fail


• For a system with translational symmetry with unit cell ‘size’ 1, [-x,0,0] and [1-x,0,0] are 
equivalent sites, but they are not to the FHI-aims solver


• FHI-aims needs the positions listed in the file and constraints to point to the same atom
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Atoms and constraints don’t match Atoms and constraints match



Anecdote from a few months ago..
From the FHI-aims Slack channel
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AFLOW + FHI-aims (a gotcha!)

• The wrapper script (now available in the utilities directory of FHI-aims) calls the 
AFLOW within it’s routine and ensures the atoms are inside the unit cell


• Note: The wrapper script is based on a symmetry module in ASE, so it should 
be extensible for every DFT code


• Side note: It is possible that the crystal prototype you are looking for is not 
present in the AFLOW database such as Y2Ti2O5S2. This is how the community 
moves forward — by asking for what you need
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Brlec et al., 2022 10.26434/chemrxiv-2022-zk09d



How a single atom affects symmetry of the system
Manually adding noise to show it’s affect on symmetry
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Tetrahedral  symmetryI42d Monoclinic  symmetryP1



Reducing relaxation steps (and time)
A SiO2 example

• Convergence criteria of 5E-3 eV/A

Constrained relax (14 steps)

Full relax (40 steps)
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Relaxed geometries
Constrained relax vs full relax for SiO2

• Recall: default symmetry constraint in spglib is 1E-5 A


• Not every coordinate needs to be treated as a free parameter


• Often one has to loosen this constraint to obtain the correct space group (not 
recommended)
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Constrained relax Full relax



Loss of symmetry affecting the phonon BS
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ΓΓ X S Y Z U R T Z Y T ΓΓ X S Y Z U R T Z Y T

• Example from my research: 2x2x2 supercell calculation on BaZrS3 perovskite 


• Full relax creates unnecessary soft phonon modes which do not appear with constrained relaxation

Full relax Constrained relax



Symmetry and no. of lattice displacements

• A system with N atoms has to be evaluated at 6N displacement during 
phonon calculations
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Symmetry and no. of lattice displacements

• A system with N atoms has to be evaluated at 6N displacement during 
phonon calculations


• Matrix elements of the Hessian are equivalent due to symmetry and only 1 
displacement is needed 


• If incorrect symmetries are provided, unnecessary displacements are created 
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https://fhi-aims-club.gitlab.io/tutorials/phonons-with-fhi-vibes/ FHI-aims lecture delivered by Christian Carbogno

https://fhi-aims-club.gitlab.io/tutorials/phonons-with-fhi-vibes/


No. of displacements for finite difference calculations
This is determined by:

• Number of atoms in the unit cell  


• Space group symmetry


• Number of inequivalent species of atoms
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Comparing no. of displacements for materials

• Same atom types, but different number of atoms in the unit cell 
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AgBiS2 in  has 4 atoms


AgBiS2 in  has 12 atoms 

R3m

P3m1



Comparing no. of displacements for materials

• Same atom types, same number of atoms and Bravais lattices, but different 
space groups
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CZTS in 


CZTS in  

I4

I42m



Comparing number of displacements for materials
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BaZrS3

Ba (4c)

Zr  (4a)

S   (4c)

S   (8d)

S   (8d)

Sb2Se3

Sb (4c)

Sb (4c)

Se (4c)

Se (4c)

Se (4c)

Atom (Wyckoff position)

• Same space group and same number of atoms in unit cell, but inequivalent 
atom sites



Comparing number of displacements for materials
More examples from popular materials 
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How it affects displacements with Phono3py

• Example from my research from the BaZrS3 perovskite: 14k vs 115k 
displacements! Massive save on CPU time 
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Where symmetry constrained relaxation is incompatible

• For some systems, the symmetry should be lowered during relaxation


• Defect systems with charge localisation


• Magnetic systems with spin-lattice coupling 

27

Mosquera-Lois et al., (2021) Matter 4 2602; Akamatsu et al., (2013) Adv. Funct. Mater. 23 1864



Where symmetry constrained relaxation is incompatible

• Surfaces - reconstruction mechanisms and catalysis (this should be easy to 
implement externally)


• Clusters - only particular modes are important in understanding the 
underlying chemistry


• Molecules - In Gaussian, the code identifies the point group of the system 
(within a threshold) and one can choose only to relax relevant coordinates
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Take home messages

• Proper symmetry assignment during geometry relaxation can ensure the material 
remains in the correct space group


• The right symmetry ensures no undesirable imaginary appear in the phonon BS


• Save CPU time:


• Reduce the number of displacement steps compared to 6N steps in harmonic 
Phonopy calculations


• The difference in number of steps is even more pronounced for steps created for 
Phono3py calculations


• Symmetry constrained relaxation does not apply for all material science problems!
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Email: prakriti.kayastha@northumbria.ac.uk

GitHub: prakayastha


Twitter: @prakayastha314

Thank you for listening!
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