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MAJOR COMPONENTS OF IPR

NIST Interatomic Potentials Repository [1]

• Hosts +290 different interatomic potentials

• Computed properties for comparison

atomman Python package [2]

• Create and manipulate atomic configurations

• Interact with LAMMPS MD software [3]

• Focus on crystalline defects

iprPy Python package [2]

• Complete property calculations

• High-throughput workflow tools

[1] C.A. Becker, F. Tavazza, Z.T. Trautt, and R.A. Buarque de Macedoc (2013) Curr Opin Solid 
State Mater Sci, 17, 277-283.
[2] L.M. Hale, Z.T. Trautt, and C.A. Becker (2018) Model Simul Mat Sci Eng, 26, 055003.
[3] S. Plimpton (1995) J Comp Phys, 117, 1-19



WHY ARCHIVE INTERATOMIC POTENTIAL FILES?

Easier to discover existing models - developing/training is time consuming

Newest is not “best” - different potentials trained for different conditions

Publications alone are often not enough to reproduce models

- Typos, errors and missing parameters

- Parameter rounding, numerical tabulations

Hosted models and their publications gain more exposure

(Submit models by emailing potentials@nist.gov) 

mailto:potentials@nist.gov


INTERATOMIC POTENTIALS REPOSITORY
https://www.ctcms.nist.gov/potentials/

290+ potentials

• Known provenance

• Any format

o EAM, MEAM, 3-Body, ML, reactive

o FORTRAN, pdfs, LAMMPS mods

• Full citation and abstracts

• Can list potentials hosted elsewhere

• Property calculations

Incorporated into many projects

• OpenKIM

• JARVIS-FF

• Pyiron

• atomistictools.org

• MedeA

https://www.ctcms.nist.gov/potentials/
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PROPERTY CALCULATIONS



RELAXED CRYSTALS 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 
relaxed structures

http://oqmd.org
https://materialsproject.org

329

19

12,234

3 x 43,699 + 40537

86,282

5,606

25,494 Bulk crystal properties

Defect structures

Dynamic simulations

http://oqmd.org/
https://materialsproject.org/


PROPERTY CALCULATIONS



NEW! RELATED MODELS

Alloy potentials often use previously 

developed elemental interactions

Identifying families links models and can 

facilitate further development

“Related models” reveals the potentials that 

share effectively identical interactions

• Matches are identified by comparing 

diatom energy scans

• “Effective” ranges compared – small r 

repulsions and cutoffs may differ

• Automatic point-by-point comparisons cuts 

manual comparisons from 4500 to 50



HTTPS://POTENTIALS.NIST.GOV

Contains:

• Potentials listings

• Crystal prototypes

• Relaxed crystals

• Compiled properties

• Defect generation parameters

• Raw calc records (being added)

Explore using keywords or queries

Registered users can contribute

https://potentials.nist.gov/


POTENTIALS PYTHON PACKAGE

https://potentials.nist.gov

Local directory

https://github.com/usnistgov/potentials

https://potentials.nist.gov/
https://github.com/usnistgov/potentials


ATOMMAN : ATOMISTIC MANIPULATION TOOLKIT

https://github.com/usnistgov/atomman

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

Generic atomic representation designed to 

support large-scale classical atomistics

• Focus on defect generation + analysis

• Potential/simulator agnostic

• Built-in tools for interacting with LAMMPS

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


ATOMMAN VS ASE AND PYMATGEN

Atomman was created for classical atomistic calculations rather than DFT

• Atom types, symbols and elements are not the same thing

• Symbol indicates the interaction model

• Some potentials have multiple symbols for the same element

• Some symbols are not for explicit elements

• Atom types can be assigned same or different symbols

• Atomic systems represent more than cells and molecules

• Periodic boundary conditions can be changed

• Cell box has origin position

• Per-atom properties can be freely assigned

• Can be scalar, vector, or tensor values

• Not built-in methods – can be calculated in any way

• Atomic charges may be atom-specific or symbol-specific

But, atomman has built-in converters for atomman.System to/from ase.Atoms, pymatgen.Structure



SOME BASIC ATOMMAN FEATURES

Geometric region selectors

Miller-Cartesian conversions

Unit conversions

System rotations, multiplications

Elastic constants handling

Neighbor lists



DEFECT GENERATION AND ANALYSIS

Atomic configuration generators for

• Free surfaces

• Stacking faults

• Point defects

• Dislocations

Gamma surface class – point, 1D, 2D plots 

Dislocation structure analysis methods

• Disregistry

• Differential displacement

• Slip vector

• Nye tensor

• Semi-discrete Variational Peierls-Nabarro 

FCC (111) BCC (110)

BCC (112)

FCC (100)

HCP (0001)

HCP (1011)



POTENTIALS.NIST.GOV DATABASE ACCESSING

NEW! Atomman now uses potentials package – load potentials, prototypes and structures from database  



IPRPY CALCULATION FRAMEWORK

Property calculation methods with high-
throughput tools

- source: https://github.com/usnistgov/iprPy

- docs: https://www.ctcms.nist.gov/potentials/iprPy

Make calculation methods as accessible as 
possible

- Openly available

- Low barrier for usage at all levels

- Transparent, documented methodologies

- Adaptable to new materials

- Transferable to other frameworks

Need data, but also need to trust the data!

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


IMPLEMENTED CALCULATIONS

Python script: “black box” run from 

simple text input script

Python class: directly call 

underlying calculation methods

Jupyter Notebook: instructional 

“clear box” guide with description, 

code and example

Workflows: each is an independent 

unit of work
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MODULAR METHOD DEVELOPMENT

Calculations, Records, Databases all modular subclasses – independent requirements

Modules for common inputs – faster development



PACKAGED CALCULATIONS (IN PROGRESS)

Pip install iprPy (conda coming soon)
GUI inputs (ipywidgets, nanoHUB, more?)
“Black box” and “clear box” versions



JARVIS 

DFT database with
~40,000 3D materials
~1,000 2D materials

Primarily uses vdW-DF-OptB88 
functional, and uses other beyond-
GGA methods when needed

Conventional and unique datasets of 
property measurements

automatic k-point convergence 
protocol

ML models based on DFT results to 
predict properties for “new” 
structures

Used for fast materials-screening and 
energy-landscape mapping

These models, the workflow, dataset 
etc. are disseminated to enhance the 
transparency of the workDatabase and framework for direct 

comparisons of classical potential 
properties to corresponding DFT results

https://www.ctcms.nist.gov/~knc6/JARVIS.html

JARVIS: An Integrated Infrastructure for Data-
driven Materials Design, arXiv:2007.01831 (2020).

https://www.ctcms.nist.gov/~knc6/JARVIS.html
https://arxiv.org/abs/2007.01831


MATERIALS RESOURCE REGISTRY

https://materials.registry.nist.gov/

https://materials.registry.nist.gov/


LINKS

Interatomic Potentials Repository 

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

Potentials database

https://potentials.nist.gov

Python potentials

https://github.com/usnistgov/potentials (stable)

https://github.com/lmhale99/potentials (development)

Python atomman

https://www.ctcms.nist.gov/potentials/atomman (documentation)

https://github.com/usnistgov/atomman (stable)

https://github.com/usnistgov/atomman (development)

Python iprPy

https://www.ctcms.nist.gov/potentials/iprPy (documentation)

https://github.com/usnistgov/iprPy (stable)

https://github.com/usnistgov/iprPy (development)

potentials, atomman and iprPy can be installed from code, pip, or conda-forge

Demonstrations of atomman and iprPy tomorrow at 10 AM

https://www.ctcms.nist.gov/potentials/
https://potentials.nist.gov/
https://github.com/usnistgov/potentials
https://github.com/lmhale99/potentials
https://www.ctcms.nist.gov/potentials/atomman
https://github.com/usnistgov/atomman
https://github.com/usnistgov/atomman
https://www.ctcms.nist.gov/potentials/iprPy
https://github.com/usnistgov/iprPy
https://github.com/usnistgov/iprPy

