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Interatomic Potentials Repository 2.0

• New appearance and backend!

• More consistent content representation

• Reaching 200 interatomic models

• Property evaluations updated 

• Documentation for Python tools

• Working out final issues before release

See preview at https://www.ctcms.nist.gov/potentials/testing/

https://www.ctcms.nist.gov/potentials/testing/


Publication-derived unique identifiers

Abstracts for all associated citations

DOI links to papers

Consistent representations of:
• Citations
• Implementation formats
• Notes and descriptions



Content Now Stored on a CDCS Database 

Curator at potentials.nist.gov

XSL
HTML 

fragments XSLPython

• “Potential” record for each entry
• Templates for other data types

• Compile by species
• Build list of links

• Build formatted content

Repository at ctcms.nist.gov/potentials



Property Predictions

• Click on Potential ID to see computed 
properties

• Full methodology description

• Interactive plots

• Show by composition



JARVIS-FF
❖ Scope: 

to facilitate the user in choosing the right potential for their 
needs by providing comparison of material properties 
computed with as many force fields as possible

❖ more than 3000 materials through more than 25000 
classical force-field 

❖ Force-fields obtained from NIST’s IPR and LAMMPS-
potential folder. DFT relaxed structures obtained from 
Materials-Project

❖ High-throughput LAMMPS calculations

❖ Relaxed structures, Elastic properties, Surface energies, 
Vacancy formation energies

❖ Properties available for download, code
available on github:

https://github.com/usnistgov/jarvis



Jarvis-FF: Directly Compare Potentials to DFT
F. Tavazza, K. Choudhary 



atomman: Atomistic Manipulation Toolkit

• Represent atomic systems in Python

• Designed generically and for classical 
atomistics

• Dislocation generation and analysis 
functions

• Converters to/from ase, pymatgen, spglib

• Tools for setting up, running and analyzing 
LAMMPS calculations

• Supports the creation of Python calculation 
scripts around LAMMPS simulations

Slip vector magnitude



Generalized Stacking Faults of FCC Metals

C.A. Becker, F. Tavazza, L.E. Levine, Philosophical Magazine 91(27) (2011) 3578-3597.
Z.T. Trautt, F. Tavazza, C.A. Becker, Model Simul Mater Sc 23(7) (2015).



iprPy Computational Framework

Iterate over

• Potentials

• Calculation methods

• Crystal structures

• Temperatures

• Configurations

• System dimensions

• Simulation parameters

• Other parameters

Which interatomic potential should I use?

How do I address quantitative and qualitative uncertainty?

Are my results sensitive to parameter choice?

Are my results sensitive to methodology choice?

Can others use, learn and verify my work?



“Insanity is doing the same thing over and over again, but expecting 
different results.”

High-throughput is doing almost the same thing over and over again, and 
expecting different results.

High-throughput ≈ insanity?

“Insanity is repeating the same mistakes and expecting different results”

iprPy Computational Framework



Simple Execution

• Independent unit of work
• Not dependent on other calcs
• No knowledge of framework

• Key-value input parameter files

• Can run calculation scripts from 
command line:
python calc_*.py calc_*.in

• Outputs JSON results

• Python package knows results 
schema (automatic interpret)
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• Key-value input parameter files

• Can run calculation scripts from 
command line:
python calc_*.py calc_*.in

• Outputs JSON results

• Python package knows results 
schema (automatic interpret)



Jupyter Notebook versions

• Documentation, code and results in one sharable file



Basic execution

Prepare generates copies of 
a calculation each with a 
unique input file

Runner iteratively executes 
calculations

Database stores calculation 
records and archived 
calculation folders

L.M. Hale, Z.T. Trautt, C.A. Becker, MSMSE 26 (2018)



Making Prepare Easy and Powerful

• Call inline command with input file
./iprPy prepare <database> <directory> <calculation> param.in

• Same keys as calculation!
• But keys can have multiple values

• Keys grouped in parameter sets

• Modularly defined generation functions
• Example 1: prepare for all potentials with Al

• Example 2: prepare using results



Using Runners to execute

• Each runner works in one 
directory
• Separate by # cores needed

• Run on any resource

• Multiple active runners in 
same/different folders

• Submit runner script to cluster 
queue



IPR Calculation Workflow

Crystal prototypes

Interatomic potentials

E_vs_r_scan

Emin structures

OQMD structures

Materials Project structures

relax_box

relax_static

relax_dynamic

crystal_space_group

Relaxed structures

Crystal prototypes

OQMD structures

Materials Project structures

Relaxed structures

Ideal unit cells
Identify unique, 
“stable” structures

elastic_constants_static

point_defect_static

stacking_fault_map_2D

dislocation_monopole

Elastic constants





Potential & Bulk Property Method Analysis

L.M. Hale, Z.T. Trautt, C.A. Becker, MSMSE 26 (2018)



Addressing Qualitative Uncertainty
Dissociation along dislocation lineRadial interaction energy map

L.M. Hale, C.A. Becker, Computational Materials Science 135 (2017) 1-8.



Method Comparison

L. Hale JOM 70(7) (2018) 1100-1105

Atomistic versus analytic dislocation models



Repository of Calculations?

• “Verified” calculation methods
• Alternates allowed

• Repeatability across groups

• Accessible documentation
• How to use, what parameters mean

• Underlying theory

• Minimize implementation effort
• Reuse parameters, modular code

• What (time) cost would you spend on 
making code accessible to others?



Currently Available Calculations

• E_vs_r_scan: cohesive energy versus interatomic spacing
• relax_box: relax box dimensions only
• relax_static: relax using energy/force minimization
• relax_dynamic: relax using MD iterations
• crystal_space_group: space group analysis of system
• elastic_constants_static: small strain static Cij calculation
• point_defect_static: compute point defect formation energy
• surface_energy_static: free surface formation energies
• stacking_fault_static: compute stacking fault energy for one shift
• stacking_fault_2D_map: generalized 2D stacking fault energy map



Calculations Partially Implemented

• dislocation_monopole
• dislocation_monopole_vacancy
• dislocation_monopole_crss
• dislocation_SDVPN
• dislocation_SDVPN_stress
• bain_transformation_map
• grain_boundary_bcc_static
• grain_boundary_static
• phonon_static
• point_defect_mobility_NEB

Generalizing method to triclinic systems

Methods prototyped, need testing and support



Collaborate: How Can We Help Each Other?

• Cross-listing potentials from other locations
• openKIM
• LAMMPS potentials folder
• …

• Integrating iprPy calculations into other infrastructures

• Uncertainty quantification of MD calculations

• Evaluating “reactive” potentials

• Incorporating your work to be open source and accessible?
• Analysis methods in atomman
• Property calculations in iprPy



Links

• Repository
• https://www.ctcms.nist.gov/potentials/ (current)
• https://www.ctcms.nist.gov/potentials/testing (preview of new)

• atomman
• https://github.com/usnistgov/atomman (code)
• https://www.ctcms.nist.gov/potentials/testing/atomman (preview of docs)

• iprPy
• https://github.com/usnistgov/iprPy (code)
• https://www.ctcms.nist.gov/potentials/testing/iprPy (preview of docs)

https://www.ctcms.nist.gov/potentials/
https://www.ctcms.nist.gov/potentials/testing
https://github.com/usnistgov/atomman
https://www.ctcms.nist.gov/potentials/testing/atomman
https://github.com/usnistgov/iprPy
https://www.ctcms.nist.gov/potentials/testing/iprPy

