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INTERATOMIC POTENTIALS REPOSITORY

https://www.ctcms.nist.gov/potentials/
260+ potentials
* Known provenance
« Any format
 Full citation and abstracts
* Property calculations
Incorporated into many projects
* OpenKIM
 JARVIS-FF
* pyiron
 MedeA
DOls for hosted files in progress

2006--Williams-P-L-Mishin-Y-Hamilton-J-C--Ag

Citation: P.L. Williams, ¥. Mishin, and J.C. Hamilton {200&). "An embedded-atom potential for the Cu-Ag
gystem”, Modeling and Simulation in Materials Science and Engineering, 14(5), 817-833. DOI: 10.1033/0965-
039314557002

Abstract: &4 new embedded-atorn method (EAM) potential has been constructed for Ag by fitting to
expenmental and first-principles data. The potential accurately reproduces the lattice parameter, cohesive
energy. elastic constants. phonon frequencies, thermal expansion, laftice-defect energies, as well as energies
of alternate structures of Ag. Combining this potential with an existing EAM potential for Cu, a binary potential
zet for the Cu—Ag system has been constructed by fitling the cross-interaction function to first-principles
energies of imaginary Cu-Ag compounds. Although properties used in the fit refer to the 0 K temperature
{except for thermal expansion factors of pure Cu and Ag) and do not include liquid configurations, the
potentials demonstrate good fransferability to high-temperature properties. In parlicular, the entire Cu-Ag
phase diagram calculated with the new potentials in conjunction with Monte Carlo simulations is in satisfactory
agreement with experiment. This agreement suggesis that EAM polentialz accurately fit fo 0 K properies can
be capable of correcily predicting simple phase diagrams. Possible applications of the new potentfial set are
outlined.

EAM tabulated functions

Notes: These files were provided by Yuri Mishin
File(s):

Ag Fip): F_ag.plt

Ag pir): fag.plt

Ag oiry. pag.plt

LAMMPS pair_style eam/alloy (200&6--Williams-P-L--Ag--LAMMPS—-ipri)

See Computed Properties

Motes: This conversion was produced by Chandler Becker on 4 February 2009 from the pli files listed above
This version is compatible with LAMMPS. Validation and usage information can be found in
AgD6_releaseMotes _1.pdi If you use this seifl file, please credit the website in addition to the original
reference.

File(s):

Ag.eam alloy

AgD6_releaseMotes _1.pdf
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INTERATOMIC POTENTIALS REPOSITORY

Show computed properties for comparing potentials

Select a composition: [Ni v
)ownload data

Full method descriptions + notes, disclaimers, Version info e o e meme e

Interactive plots and downloadable raw data

Cohesive Energy vs. Interatomic Spacing

Plots of the cohesive energy vs interatomic spacing, r, are shown below for a number of crystal structures. The values were computed using the iprPy E_vs_r_scan calculation
methed. The structures are generated based on the ideal atomic positions and bla and c/a lattice parameter ratios for a given crystal prototype. The size of the system is then
uniformly scaled, and the energy calculated without relaxing the system. To obtain these plots, values of r are evaluated every 0.02 A up to 6 A. Clicking on the image of a plot will

open an interactive version of it in a new tab. The underlying data for the plots can be downloaded by clicking on the links above each plot.
Notes and Disclaimers:

« These values are meant to be guidelines for comparnng potentials, not the absolute values for any potential's properties. Values listed here may change if the calculation
metheds are updated due to improvements/corrections. Variations in the values may occur for vanations in calculation methods, simulation software and implementations of
the interatomic potentials.

« The minima identified by this calculation do not guarantee that the associated crystal structures will be stable since no relaxation is performed.

« NIST disclaimer

Version Information:

2019-02-04. Values regenerated with even r spacings of 0.02 A, and now include values less than 2 A when possible. Updated calculation method and parameters enhance
compatibility with mere potential styles.

2019-04-26. Results for hep, double hep, a-As and L1; prototypes regenerated from different unit cell representations. Only a-As results show noticable (>1e-5 &V)
difference due to using a different coordinate for Wykoff site ¢ position.

2018-06-13. Values for MEAM potentials corrected. Dynamic versions of the plots moved to separate pages to improve page loading. Cosmetic changes to how data is
shown and updates to the documentation.

2017-01-11. Replaced png pictures with interactive Bokeh plots. Data regenerated with 200 values of rinstead of 300.

2016-09-28. Plots for binary structures added. Data and plots for elemental structures regenerated. Data values match the values of the previous version. Data table
formatting slightly changed to increase precision and ensure spaces between large values. Composition added to plot title and structure names made longer.

2016-04-07. Plots for elemental structures added.

Cohesive Energy vs. Interatomic Spacing for Ni Using 2012--Mendelev-M-I-Ni-LAMMP S—ipr1
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NEW CALCULATIONS

Elastic Constants Predictions

Static elasfic constants are displayed for the unigue structures idenfified in Crystal Structure Predictions above.

The values displayed here are cbtained by measuring the change in virial siresses due to applying small
sirains to the relaxed crystals. The initial structure and the strained states are all relaxed using force
minimization.

MNotes and Disclaimers:

» These values are meant to be guidelines for comparing potentials, not the absolute values for any
potential's properdies. Values listed here may change if the calculation metheds are updated due to
improvemenis/corrections. Variations in the values may occur for variations in calculation methods,
simulafion software and implementations of the interatomic potentials.

» The presence of any structures in this list does not guarantee that those structures are stable.

» The elastic constants have been computed for a variety of strains, and in some cases for slightly
different lattice constant values. The static nature of this calculation can give poor predictions if the
evaluated states straddle a functional disconfinuity in the potential's third derivative. Be sure to compare
the elastic constants for the different strains (positive and negative)

= MIST disclaimer

Verzion Information:
« 2019-08-07. Data added.

Composition: |Ag ¥

Prototype: | A1--Cu-fcc A

&g [4.090000144390601 v

sirain: | -1e-08 ¥

Download raw data

Cij in GPa:

124,239 93.874) 93.874 -00[ -0.0 0.0

93.874/124 239 93874 -00| -00 0.0

93.874| 93.874124239) -00| -0.0 0.0
0.0 0.0 0.0(456.419 0ol -0.0
0.0 0.0 0.0 -D0[45.419 0.0
0.0 0.0 00 -Dof -00f45.419

Diatom Energy vs. Interatomic Spacing

Plots of the potential energy vs inferalomic spacing, r, are shown below for all diatom seis asscciated with the interatemic potential. This calculation provides insights info the
funciional form of the potential's two-body interactions. The values were computed using the iprPy diatom_scan calculafion method. A system consisting of only two afoms is
created, and the potenfial energy is evaluated for the atoms separated by 0.02 A <= r <= 6.0= A in intervals of 0.02 &. Two plots are shown: one for the "standard" interaction
distance range, and one for small values of r. The small r plot is useful for determining if the potential is suitable for radiation studies.

Clicking on the image of a plof will cpen an interactive version of it in a new tab. The underlying data for the plots can be downloaded by clicking on the links above each plot
Notes and Disclaimers

» These values are meant to be guidelines for comparing potentials, not the absolute values for any potential’s properties. Values listed here may change if the calculation
methods are updated due to improvements/comectiens. Variations in the values may occur fer variations in calculation methods, simulation software and implemeniations of
the interatomic pefentials.

« As this calculation only involves two atoms, it neglects any multi-bedy interactions that may be impertant in melecules, liquids and crysials.

= MIST disclaimer

Version Information:
= 20192-08-07. Plots added.
Download data
Click on plot to load interactive version Click on plot to load interactive version

Dixtoen Coergy vs Interatomilc Spacing for 2006-Willkams-P.L-Aq-LAMME 5. pr1 Diatam Cnengy vs. Intcratomic Spacing for 2005—-Willkams-P-L-Ag--L AMME S—ipr1
1
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NEW CALCULATIONS

Free Surface Formation Energy Predictions

Static free surface formation energies are displayed for select crystals. The values displayed here are obtained
by taking a perfect perodic bulk crystal, slicing along a crystallographic plane, and using force minimization to
statically relax the surfaces. The free surface formation energy is computed by comparing the energy of the
defect system to the bulk system and dividing by the total surface area created by the cut

Notes and Disclaimers:

= These values are meant to be guidelines for comparing potentialg, not the absolute values for any
potential's properties. Values listed here may change if the calculation methods are updated due to
improvements/comections. Variations in the values may occur for variations in calculation methods,
simulation software and implementations of the interatomic potentials.

» The calculation only performs straight cuts along crystallographic planes and static relaxations. Lower
energy configurations may exist that require atomic restructuring of the surfaces.

= Multiple values may be listed for a given plane followed by a number indicating different unigque afomic
planar cuts for the same theoretical plane. NOTE: currently, all #2 variations need to be redone as the
plane positions were accidentally left the zame as the #1 vanations.

= MIST disclaimer

Version Information:
« 2019-08-07. Data added.

Compaosition: (&g ¥

Prototype: | A1--Cu—fce hd
&y0 | 4.090000144390601 ¥

Download raw data

Surface  [yrs (mJim®)
{331} 10027
(311} 1015.17]
(110} 1016.82]
321 1033.17
(310)] 104667
(320)] 105624
210)] 106175
any| ss221

(100) 94043
332) 9427y
322) 95037
221) 97681

21| 990.ag

Stacking Fault Energy Predictions

Stacking fault energy plots and maps are displayed for select crystals. The values are computed by

1. Starting with a bulk crystal system

2. Creating a free surface along one of the system's pericdic boundaries and using force minimization to relax it

3. The system is sliced in half along a crystallographic plane parallel to the free surface. One half of the system is shifted relative to the other

4. The atoms in the shifled system are allowed to relax only in the direction normal to the shifting plane

5. The stacking fault energy for a given shift is computed by comparing the energy of the system before and after applying the shift, and dividing by the area of the fault plane

Notes and Disclaimers:

» These values are meant to be guidelines for comparing pofentials, not the absolute values for any potential's properies. Values listed here may change if the calculation
methods are updated due to improvements/comections. Variations in the values may occur for variafions in calculation methods, simulation software and implementations of
the interatomic potentials.

» \alues between the measured points are interpolated and therefore may not perfectly capture minima and maxima.

» Multiple values may be listed for a given plane followed by a number indicating different unique atomic planar cuts for the same theoretical plane. NOTE: currently, all #2
varations need to be redone as the plane positions were secidentally left the same as the #1 variafions.

« MIST disclaimer

Version Information:
»  2019-05-07. Plots added.

Composition: |Ag ¥
Prototype: | A1-Cu-fcc ¥
dpc| 4.080000144590601 v
plot:

Download raw data
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NEW CALCULATIONS

Free Surface Formation Energy Predictions

Static free surface formation energies are displayed for select crystals. The values displayed here are obtained
by taking a perfect perodic bulk crystal, slicing along a crystallographic plane, and using force minimization to
statically relax the surfaces. The free surface formation energy is computed by comparing the energy of the
defect system to the bulk system and dividing by the tolal surface area creafed by the cut

Notes and Disclaimers:

These values are meant to be guidelines for comparing potentialg, not the absolute values for any
potential's properties. Values listed here may change if the calculation methods are updated due to
improvements/comections. Variations in the values may occur for variations in calculation methods,
simulation software and implementations of the interatomic potentials.

The calculation only performs straight cuts along crystallographic planes and static relaxations. Lower
energy configurations may exist that require atomic restructuring of the surfaces.

Multiple values may be listed for a given plane followed by a number indicating different unigque aflomic
planar cuts for the same theoretical plane. NOTE: currently, all #2 variations need to be redone as the
plane positions were accidentally left the zame as the #1 vanations.

MIST disclaimer

Version Information:

2019-03-07. Data added.

Compaosition: (&g ¥

Prototype: | A1--Cu—fce hd
&y0 | 4.090000144390601 ¥

Download raw data

Surface |y (MJimY)

(331) 10027

(311) 1013.17]

(110) 1016.52

321 103317

(310) 104667

(320) 105624

210 1081.75

(111) G682 21

(100) 94043

332) 9427y

322) 95037

221) 97681

21| 990.ag

Stacking Fault Energy Predictions

Stacking fault energy plots and maps are displayed for select crystals. The values are computed by

1. Starting with a bulk crystal system

2. Creating a free surface along one of the system's pericdic boundaries and using force minimization to relax it

3. The system is sliced in half aleng a crystallographic plane parallel to the free surface. One half of the system is shifted relative to the other

4. The atoms in the shifled system are allowed to relax only in the direction normal to the shifting plane

5. The stacking fault energy for a given shift is computed by comparing the energy of the system before and after applying the shift, and dividing by the area of the fault plane

Notes and Disclaimers:

» These values are meant to be guidelines for comparing pofentials, not the absolute values for any potential's properies. Values listed here may change if the calculation
methods are updated due to improvements/comections. Variafions in the values may occur for variafions in calculation methods, simulation software and implementations of
the interatomic potentials.

» \alues between the measured points are interpolated and therefore may not perfectly capture minima and maxima

« Muttiple values may be listed for a given plane follewed by a number indicating different unique atomic planar cuts for the same theoretical plane. NOTE: currently, all #2
varnations need to be redone as the plane positions were accidentally left the same as the #1 variations.

« MIST disclaimer

Version Information:
»  2019-05-07. Plots added.

Composition: |Ag ¥
Prototype:| A1--Cu--fcc ¥
p7| 4.090000144590601 ¥

plof: [(111) [-1. . 0.5, 05] ¥

Download raw data
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NEW POTENTIALS DATABASE!

https://github.com/usnistgov/potentials

Add, edit, search, copy, share, don’t share...
Links to

Early prototype, want feedback

Search for potentials

The

Database search_potentials() method currently allows for searches based on

« author (sfr, optional) Author string to search for. Note that the citation info must exactly contain this field, so multiple a

= year (sir, optional) Publication year to search for.

« elements (list, optional) Element models to search for. If multiple elements are listed, the results will be inclusive, ie. a

elements will be included.

potentials = potdb.search_potentials(

#year = '2887°,
author = 'Mendelev’,
elements = "Fe’,

)

# Show ids for all matching potentials
for potential in potentials:
print(potential.id)

2883--Mendelev-M-I-Han-5-Srolovitz-D-J-2t-al--Fe-2

2883 --Mendelev-M-I-Han-5-5rolovitz-D-J-et-al--Fe-5
2884--Ackland-G-1-Mendelev-M-I-Srolovitz-D-J-et-al--Fe-P
2885--Mendelev-M-I-Srolovitz-D-J-Ackland-G-J-Han-5--Al-Fe
2887 --Mendelev-M-I-Han-5-%on-W-gt-al--\V-Fe

Show all implementations for a given potential

ct a potential

ial = potentials[@]

# Display full HTML content for that potential
display(HTML(potdb.full_html{potentials[@])))

2003--Mendelev-M-l-Han-$-Srolovitz-D-J-et-al--Fe-2

Citation: M.I. Mendelev, 5. Han, D.J. Srolovitz, G.J. Ackland, D.Y. Sun and M. Asta (2003), "Development of new interatomic potentia
Abstract: Two procedures were developed to fit interatomic potentials of the embedded-atom method (EAM) form and applied to dete
maodel liquid and the second procedure uses exparimental liquid structure factor data. These additional types of information were inco
relation. The new potentials (provided herein) are, on average, in better agreement with the experimental or first-principles lattice pars
potentials.

Notes: This listing is for the reference's Fe #2 interaction parameters.

LAMMPS pair_style eam/fs (2003--Mendelev-M-I--Fe-2--LAMMPS—ipr1)

superseded

Notes: This file was provided by Mikhail Mendelev on Jun 10, 2007. Except for comments, this filz is identical to "Fe_mm.eam fs" in ti
Files:

Fe_2eamfs

LAMMPS pair_style eam (2003-Mendelev-M-I-Fe-2--LAMMPS--ipr2)

retracted

Notes: Update 09 Mar 2009: The file for Fe #2 (Feb 22, 2009) was sent as a replacement for the Jun 10, 2007 file above. It better tre;
eW/atom for bee with a=2.855324 A. For archival purposes, the file can be found here. Thanks to Jianyang YWu for bringing this to our
Files:

Fe_2eam

LAMMPS pair_style eam/fs (2003—-Mendelev-M-I--Fe-2--LAMMPS—ipr3)

Notes: This file supports radial distances smaller than 0.5 A and gives the proper valuas of -4.1224351 eV/atom for a = 2.855324 A (|
Files:

Fe_2eamfs

OpenKIM (MCQ_769582363439)

Notes: Taken from https:/fopenkim.org. This KIM potential is based on the files from 2003--Mendelev-M-I--Fe-2--LAMMPS--ipr3.
Links:

EAM_Dynamo_MendelevHanSrolovitz_2003Potential2_Fe_ MO _769582363439_005

OpenKIM (MO_856295952425)

Notes: Taken from https:/fopenkim.org.

Links:

EAM_MagneticCubic_MendelevHanSrolovitz_2003_Fe  MO_856295952425_002

OpenKIM (MO_546673549085)

Notes: Taken from hitps:/fopenkim.org. This KIM potential is based on the files from 2003--Mendelev-M-1-Fa-2—-LAMMPS—ipr3.
Links:

EAM_Dynamo_WMendelev_2003_Fe MO _546673549085_000

OpenKIM (MO_807997826443)

superseded

Notes: Taken from https:/fopenkim.org. This KIM petential is based on the files from 2003-Mendelev-M-I-Fe-2—-LAMMPS—ipri.
Links:

EAM_Dynamo_MendelevHanSrolovitz_2003 Fe MO 807997326445 000
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ATOMMAN : ATOMISTIC MANIPULATION TOOLKIT
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https://www.ctcms.nist.gov/potentials/atomman
pip install atomman

Generic atomic representation designed to
support large-scale MD

* Focus on defect generation + analysis
« Potential and simulator agnostic L
« Converters to/from ase, pymatgen, spglib, ... ..
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IPRPY CALCULATION FRAMEWORK

High-throughput calculation methods
- source: https://github.com/usnistqov/iprPy
- docs: https://www.ctcms.nist.gov/potentials/iprPy

Make calculation methods as accessible as possible
- Openly available

- Low barrier for usage

- Transparent, documented methodologies

- Adaptable to new materials

- Transferable to other frameworks

MATERIAL MEASUREMENT LABORATORY



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

IPRPY CALCULATION FRAMEWORK

# Input script for calc_E w3 _r scan.py

# Command lines for LAMMPS and MPI

Python script: pass parameter file Lemups_comans 1sp_serial
to stand-alone script -

# Potential definition and directory containing asscciated files

Laoe Aume B tape et
Python class: call calculation ¢ Inizisl system configuration to load
. cad file Cu--foc.-Jann
methods directly osasee
] Eiif;iiameters *
\]upyter NOtebOOk: Slngle # System manipulations
document with documentation, code gl
and example asemshiss
sizemalss 555

# Units for input/output values
length_unit

High-throughput: prepare and

ENnergy_unit

execute with lists of parameter
Values :ii?;uiaiameters -

maximum r &
nurber of steps r

MATERIAL MEASUREMENT LABORATORY



IPRPY CALCULATION FRAMEWORK

Python script: pass parameter file
to stand-alone script

Python class: call calculation
methods directly

Jupyter Notebook: single
document with documentation, code
and example

High-throughput: prepare and
execute with lists of parameter
values

NIST

import atomman as am
import iprPy

cohesive scan = iprPy.load calculation('E_vs_r scan')
lammps command = "lop mpi’
ucell = am.load('system model’, "Al--Cu--fgc.jgqn', symbola = "Rg')

aystem = ucell.supersize(>, 2, 3}

potential = am.lammps.Potential ("1985%--RAdams-J-B--RAg-—-LaMMES--iprl.Jgon')
rmin = 0.5
rmax = &

rateps = 276

cohesive scan.calc(lammps command, system, potential, ucell, rmin, rmax, rsteps)

MATERIAL MEASUREMENT LABORATORY



IPRPY CALCULATION FRAMEWORK

“ Jupyter E_vs_r_scan Last Checkpoint: 0925/2013 (autesaved) & Lo

Python script: pass parameter file =« o 0 o o e naws] [P
to stand-alone script

E_vs_r_scan Calculation

Lucas M. Hale, lucas.hale@nist.gov, Materials Science and Engineering Division, NIST.

Chandler A. Becker, chandlerbecker@nist.gov, Office of Data and Informatics, NIST.

Pyt h O n C I aSS : Cal I Cal C u | ati O n Zachary T. Trautt, zachary rautl@nist gov, Malerials Measurement Science Division, NIST.
methods directly

Disclaimers

Introduction

The E_ws_r_scan calculation calculation creates a plot of the cohesive energy vs interatomic spacing, r, for a given atomic system. The system size is
uniformly scaled (b/a and ¢fa ratios held fixed) and the energy is calculated at a number of sizes without relaxing the system. All box sizes corresponding to

Jupyter Notebook: single

This calculation was created as a quick method for scanning the phase space of a crystal structure with a given potential in order to identify starting guesses for

d OC u m e nt Wlth d OC u m e ntatl O n , COd e further structure refinement calculations.

Disclaimer #1: the minima identified by this calculation do not guarantee that the associated crystal structure will be stable as no relaxation is performed by this

an d exam p I e calculation. Upon relaxation, the atomic positions and box dimensions may transform the system to a different structure

Di imer #2: it is possible that the calculation may miss an existing minima for a crystal structure if it is outside the range of r values scanned, or has bla,
cla values far from the ideal

Method and Theory
H I h _t h ro u h u t " re are an d An initial system (and corresponding unit cell system) is supplied. The rfa ratio is identified from the unit cell. The system is then uniformly scaled to all r;
. values in the range to be explored and the energy for each is evaluated using LAMMPS and "run 0" command., i.e. no relaxations are performed.
exe C u te Wlth I I StS Of aram ete r In identifying energy minima aleng the curve, only the explored values are used without interpolation. In this way, the possible energy minima structures are
p identified for r; where E(r;) < E(r;_)) and E(r;) < E(riy)
Val UeS Demonstration
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STACKING FAULT GENERATION AND PLOTTING

Method relatively simple z C

« 2 directions periodic, one not (free surface)
« Shift half of system by in-plane vectors a4, a, ]
X
b

 Measure E(aq, a,)

Tricky for general system r/7

« Fault planes given as Miller crystallographic (hkl) planes and :'az
[uvw] vectors relative to conventional unit cells

+ [hkI]L(hkI) only guaranteed for cubic systems ':' """"""""
« System box vectors rotated from unit cell box vectors _-'
« System box vectors a, b, ¢ not aligned with x, y, z
* a;,a, may or may not be aligned witha,b |7 e ‘/J
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STACKING FAULT GENERATION AND PLOTTING

FCC ( 1 1 1) BCC ( 1 10) H C P (OOO 1) Initialize the StackingFault object and check parameters

0035 5

- o [11]:  sf = am.defect.StackingFault(system, alvect=alwvect, alvect=alvect, ucellbox=-ucell.box, transform=tra
20
0030 e print{'Fault system has', sf.system.natoms, 'total atoms.’)
~3 a
8 - ' - PR P - - ) . ) .
E" DM% - print{'Fault system has', len(sf.system.atoms.atype[sf.abovefault]), 'atoms above the fault')
g g print{'Fault plane is at z ="', sf.faultposcart)
0025 2 5 - v
S £ print({}
- ol
& 2 E’ = print{"Fault system’s pbc is", sf.system.pbc)
E ooz E - E £ print()
= -4 : B = L
% & H i print{'alvect as given:', sf.alvect)
2 . , . \ -
% g e 7 e print{'Cartesian alvect:', sf.alvectcart)
= oots & x (angstrom) * print{)
uw print{'azvect as given:', sf.alvect)
100 print{'Cartesian alvect:', sf.a2vectcart)

«  BCC(112)

0.005

Fault system has 483 total atoms.
Fault system has 24 atoms abowve the fault
Fault plane is at z = 14.8295811541387986

0175 o
) 05 10 15
x (angstrom)

20 25

0.000

Fault system's pbc is [ True True False]

“ HCP (1011) atvect =5 given: [-0.5 0.5 0. ]

10 15 20
x (angstrom)

FCC (100) Cartesian alvect: [ 2.8B378246e+BB -2.75998494e-16 -4.17652603e-16]
0125
s
25 N ™ . . - i .

- % a2vect as given: [-B.5% @. B.5]

a E 0100 & - Cartesian advect: [ 1.431891233e+BE 2.430108368+88 -4.17652603e-16]
= a 4
m 2 20 = : ; e : .
2 & Mow. StackingFault iterfaultmap() can generate a 20 map. Mote that the =112= path corresponds to the points where al = a:
20 0 ; E
WIE Ty 2, a

H “z o8 wE [12]:  for al, a2, faultsystem in sf.iterfaultmap(num_al=5, num_al=5)
E1s £ 2 g - - -
g &%E s 3 d = am.displacement{system, faultsystem)[-1]
s % > w
> e poso 0 print{’'al = %.1F, a2 = %.1f, d = [%7.4F X7.4F %7.4F]" % (al, a2, d[e], d[1], d[2]))

- 0 3l = B.8, 32 = 2.9, d = [ B.02E8 d.0088 9.e980)
@ ooz al = B.2, a2 = .8, d = [ B.5728 @.0000 0.p000]

m 10 al = B.4, 32 = 8.8, d = [ 1.1455 d.2e88 o.ed08]
o X - 3l = B.86, 32 = 8.9, d = [ 1.7183 -d.0ed¥e 9.e980]

10 L5 ) % re ° 3l = B.8, 32 = 8.9, d = [ 2.2918 -d.00688 Q.e980]

20 25
x (angstrom) x (angstrom)

MATERIAL MEASUREMENT LABORATORY




HIGH-THROUGHPUT GAMMA SURFACES

iprPy

Unit cells for all fcc/bcc/hecp Finished 2700+ 30x30 grids
crystals + potentials selected
Calculation script generates
configurations + runs LAMMPS
for each

Results placed in JSON/XML
Generates stacking fault atomic database Collects stacking fault energies

configurations for any crystal and has methods for

and fault plane — interpolations and plots

atomman.defect.StackingFault atomman.defect.GammaSurface

1. Script generates configurations
from unit cell

2. Each shift submitted separately
3. Results collected with another

script into JSON format

Finished 3 20x20 grids

MATERIAL MEASUREMENT LABORATORY



Formation energy (eV/fu)

JARVIS-FF
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Vacancy-formation energy (eV)

Vacancy formation energies were calculated by deleting the symmterically distinct atoms in the
The reference element cohesive energies were calculated with the most stable structure for the ¢
system as input. For defect-structures energetics calculations, constant volume ensemble was us

(=T R — T R

Element Mult. Value
Al 4 0.674 Download cif file

Surface energy (J/m?)

Surface energies were calculated for symmterically distinct ¢
impose the slab thickness to be at least 2 nm and vaccum siz

Nature: Scientific Data 4, 160125 (2017)

J. Phys. Cond. Matt. 30, 395901(2018).

NIST

-

Comparing classical and quantum data

» Selecting appropriate potentials/FFs

* Reliability of FFs
Easy web-based search

Automating atomistic calculations (all scripts on github)

~50000 LAMMPS calculations, ~1500 materials

Machine learning

https://jarvis.nist.gov/

JARVIS T FF

Simple search:

-

Tell me about silicon-germanium / Si-Ge- / click Si, Ge, then hit enter or click Search

Advanced search:

Pb

Uug

La[Ce | Pr|Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho | Er [ Tm| Yb | Lu

Coming soon:

* Grain-boundary energies,
e Stacking faults,

* Machine learning FFs

Phonon

HOME JARVIS-DFT JARVIF-FF DOCUMENTATION O

NIST Disclai

Structural formula: Al

Force-field: Mishin-Ni-Al-2009.eam.alloy
Space group : Fm-3m

JARVIS ID: JLMP-1243

Download input files

Phonons were obtained by making an interface of JARVIS-FF with Phonopy package at 0 K [Source] . For deformed-structures, constant volume e
least 1.5 nm size in all directions. The band-indices for phonon bandstructure was obtained with Pymatgen. The phonon representation were obtain

active modes respectively

0.10

PDOS (arb. unit.)
o o o o
S 2 S 2

o
o
o

Frequency fan ')

=50

0
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50 100 150 200 250 300 350 400 50

Frequency (cm ") ! Wave vector

See also

Links to other databases or papers are provided below
JVASP-816
mp-134

Energy above hull from mp (eV): 0.0



https://jarvis.nist.gov/
https://www.nature.com/articles/sdata2016125
http://iopscience.iop.org/article/10.1088/1361-648X/aadaff/meta

MATERIALS RESOURCE REGISTRY

https://materials.reqistry.nist.gov/ LRI ' EAED )

“Ye”OW pagesu for materlals tOO|S " ‘ o See detailed metadata o

Search curre nt entrles A TYPE (cea)  Polymer Property Predictor and Database T :
University of Chicago / Visit resource's home page
np 18 ) i Cag L v
The Polymer Property Predictor and Database includes both a database of polymer interaction parameters (), glass

Ad d yo u r Own p rOJ e CtS an d d ata & Coliection (26) transition temperatures, as well as tools to predict polymer properties and phase diagrams. Phase diagrams for both

& Dataset (33) neutral polymers (Flory- Huggins and Lattice Cluster Theory) and charged polymers (Voorn-Overbeek) can be
o 58t (50) " -
generated give

& Organization (57)

& Senice (4)
ZENO
Jack Douglas - NIST Read full description
ttf githu n/usnist v
Subject keywordy(s): Monte Carlo, Stokes friction coefficient, Electrostatic capacity, Intrinsic viscosity, Intrinsic conductivity,

& Software (127)
& Web Site (22)

° o sy Electrical polanzability
Matenals Resource Reglsu'y 'V ORIGIN OF DATA () Efficient methed for characterizing object shape and for calculating transport properties of nanoparticles and

f S\ t logi e " |
Part of the Materials Genome Initiative synthetic and biological macromolecules.

v MATERIAL TYPE (Clear)
_ _ National Institute for Computational Sciences, Oak Ridge National Laboratory
ADD YOUR RESOURCE kb esse
A STRUCTURAL iy OSSR TR
FEATURE : AR ;

Subject keyword(s): high performance computing, large-scale data analysis, data visualization, XSEDE
The National Institute for Computational Sciences (NICS) at the University of Tennessee, Knoxville is one of the leading
O composites {15) high performance computing centers for excellence in the United States. NICS strives to accomplish [its] mission by

facilitating transformational scientific discovery by providing scientists and researchers from around

O defects (13)

Find Materials Data

O engineered structures (2) Potfit
Peter Brommer, Franz Gahler - Potfit

M intartancial (10
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https://materials.registry.nist.gov/

ATOMISTIC SIMULATIONS FOR INDUSTRIAL NEEDS

2-3 day workshop in Rockville, MD in August, 2020

Talks and discussions fostering interactions between
« Potentials developers

« Tool developers

« Academic and industrial collegues

« Machine learning and data analysis experts

Now calling for co-organizers
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LINKS

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

https://www.ctcms.nist.qgov/potentials/iprPy

https://materials.reqistry.nist.qov/
https://jarvis.nist.gov/

https://qithub.com/usnistgov/potentials
https://qithub.com/usnistgov/atomman
https://github.com/usnistgov/iprPy

potentials@nist.qgov

NIST

NIST Interatomic Potentials Repository
atomman documentation
IprPy documentation

NIST Materials Resource Registry
JARVIS

NIST Interatomic Potentials Database
atomman source code

IprPy source code

Contact us
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https://www.ctcms.nist.gov/potentials
https://www.ctcms.nist.gov/potentials/atomman
https://www.ctcms.nist.gov/potentials/iprPy
https://materials.registry.nist.gov/
https://jarvis.nist.gov/
https://github.com/usnistgov/potentials
https://github.com/usnistgov/atomman
https://github.com/usnistgov/iprPy
mailto:potentials@nist.gov

