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Interatomic Potentials (Force Fields)

Search and explore existing potentials B .

» Predominately for hard materials 3 5

» Parameter files with known provenance

» Additional files (documentation, patches, e rrrrzameEzEseEys
codes, validation data, ...) SRR

1 1 Alloy, C d,C -Grained and Fictional Potential
 Links to externally hosted potentials e e et e st T e

compaonent pots s may not be applicable to the full composition range as they are often designed for specific compounds and/or composition ranges. Coarse-grained potentials

reduce the simi n complexity by representing alloy compositions or molecules with a single particle type. Fictional potentials were purposefully fit to unrealistic target properties and
O e n K I M therefore should not be used to accurately represent real materials
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» Citation information
ALNI-O ALNI-TI Al-Pb
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Au-Rh Au-Si B-C-N
Y N Otes O n u S a e Br-Cl-Cs-F1-K-Li-Na-Rb C-Cu CFe
C-Fe-Ti C-H-O C-Nb
C-Si C-Ti CH
Ca-Mg-: Cd-Hg-S- Cd-Se-Te
- Ce-0 Co-Cr Co-Cr-Cu-Fe-Ni
Co-Fe Co-Li-O Co-Mn
« List of related models =
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* Property calculations
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Search and explore existing potentials

Predominately for hard materials
Parameter files with known provenance

Additional files (documentation, patches,

codes, validation data, ...

Links to externally hosted potentials
(OpenKIM)

Citation information

Notes on usage

List of related models
Descriptions of different versions
Property calculations

|PR Interatomic Potentials Repository  #Home abomman ipPy  Confent-  Sitelnfo-  EiContact

AgTaO3 ()

u-Cu-Ni-Pd-P1 ) Ag-fu-Cu

u-Ni-Pd-Pt @ Ag-Cuilg Ag-Cu-Zr i) Ag-H-Pd @) Ag-Nify Ag-Zrigy

Ag

2015--Ellioti-R-5-Akerson-A--Ag
Citation: R.S. Elliolt. and A. Akerson (2015), "Efficient "universal" shifted Lennard-Jones model for all KIM API supported species’

Notes: This is the Ag interaction from the “Universal” parameterization for the openkIM Lennard.Joness 12 model driver The parameterization uses a shified cutoff so that all
interactions have a continuous energy funciion at the culoff radius. This model was automatically fit using Lorentz-Berthelotmixing rules. It reproduces the dimer equilibrium
separation (covalent radii) and the bond dissociation energies. It has not been fitted to other physical properiies and its ability fo model structures other than dimers is unknown
See the README and params files on the KIM model page for more details

OpenKIM (I0_3
See Computed Properties

Notes: Listing found at hitps:fiopenkim.org.

Link(s):

KIM page LJ_EliotiAkerson_2015_Universal__MO_25924:
DOl 10.25850/96204967

9249785837)

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

Citation: PL. Williams, . Mishin, and J.C. Hamilton (2006), "An embedded-atom potential for the Cu-Ag system”. Mo
14(5), §17-633. DOI: 10.1088/0965-0393/1 2

Abstract: A new embedded-atom method (EAM) potential has been constructed for Ag by fitting 1o experimental and first-principles data. The pofential accurately reproduces the
lattice parameter. cohesive energy, elastic constants, phonon frequencies, thermal expansion, lattice-defect energies, as well as energies of alternate structures of Ag. Combining
this potential with an existing EAM potential for Cu. a binary potential set for the Cu—Ag system has been constructed by fitfing the cross-interaction function fo first-principles
energies of imaginary Cu-Ag compounds. Although properfies 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 transferability to high-temperature properties. In particular, the entire Cu-Ag phase diagram calculated with the new
potentials in conjunction with Mente Carlo simulations is in satisfactory agreement with experiment. This agreement suggests that EAM potentials accurately fit to 0 K properties
can be capable of comectly predicting simple phase diagrams. Possible applications of the new potential st are outined

on in Materials Science and Engineening,

EAM tabulated functions (2006-illiams-P-L-Ag-table-pr1)
Notes: These files were provided by Yuri Mishin.

LAMMPS pair_style eam/alloy (200
See Computed Properties

Notes: This conversion was produced by Chandler Becker on 4 February 2009 from the pit files listed above. This version is compatible with LAMMPS. Validation and usage
information can be found in AgD6_releaseMotes_1.pdf. If you use this setfl file. please credit the websile in addition fo the original reference.

File{=):

lizms-P-L--Ag-LAMMPS—-ipri})
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CRYSTAL AND DEFECT CALCULATIONS

T . Potential Energy vs. Interatomic Spacing for Ag Using 1989 Adams-J.8.Aq-LAMMPS. iprt Cij in GPa:
p . ] \ 129069 91.074 91.074 04 0.0 04
View computed properties | P2 BT BT B T T
'\ 91.074 91.074 129.069 0.0 0.0 0.0
| 0 04 0.0 56743 0.0 0.0
‘ 0.0 0.0| 0.0 0.0 56.743 0.0
Download raw data |
\
; ‘.
D Ipt f the method | | T
eScriptions o e metnoas ‘ o v
(332) 686.81
. :
Links to the code used . - —
(100} 703.27
' (221) 716.04
n n
N eW p ro p e rtl e S I n p ro g re S S Point Defect Ef (V) Py (8V) paz (8V) Paz (8V) p1z (8V) Pz (eV) Pzz (6V) (211) T31.27
" = =
vacancy 0.958 1.967 1.967 1957 0.0 0.0 0.0 (331) 741.44
Eeon Egot . . . 1nn divacancy 1.805 -3.971 -3717 -3.717 0.0 -0.0 0.039 (31 758.9
prototype method ) ap (A) by (A) co(A) o (degrees) | P (degrees) |y (degrees)
{eViatom) | (eViatom) :
2nn divacancy 1.935 -4.125 -4.125 -4.067 -0.0 0.0 -0.0 (110) 765.25
A1-Cu—fez dynamic 285 285 409 4.09 409 300 90.0 90.0 .
100 dumbbell 3.251 2274 274 21046 0.0 0.0 0.0 (321) 770.77
AZ-alpha-La— :
dmm?gﬂ::p @ dynamic 28408 28408 28923 28023 94424 90.0 90.0 120.0 crowdion intersitial 15 21672 21.672 26.088 11277 0.0 0.0 (310) 70222
mp-989737 dynamic -2.8498 -2.8498 28923 28923 212434 90,0 90.0 1200 110 dumbbell 38 26.078 21.852 21852 0.0 -0.0 1.275 (320 80023
- } ) ) 210) g07.08
A3-Mg--hep dynamic 28407 28407 28905 28025 47108 90.0 20.0 1200 tetrahedral interstitial 3.808 23.448 23.448 23.448 0.0 0.0 0.0 (210}
AZ-W—bee box 2.8133 23133 3.2517 32517 32517 90.0 90.0 90.0
ogmd-1214858 dynamic 2703 2793 7.0552 7.0562 7.0562 90.0 90.0 90.0 -
oamd-1214858 box -2.7926 27925 7.0545 7.0545 7.0545 900 90.0 90.0 00 soo
ogmd-1214760 dynamic 27785 27785 10.0517 10.0517 10,0517 90.0 90.0 90.0 =
400 " - 400
0gmd-1214769 box 27784 27784 10.0518 10.0518 10,0518 900 900 90.0 & s
£ &
['a]
A15-beta-W static 27543 27543 5.1989 5.1989 5.1989 300 90.0 90.0 T a 4 £
< o £
0gmd-1214680 box 26325 26325 40051 97678 39984 900 900 90.0 E s 3
200 — -
A5-beta-Sn static -2.5425 25425 52833 52833 2773 300 90.0 90.0 = w0
o
Ah—-alpha-Po—sc ctatic 2.4280 24280 27453 27463 27463 200 9%0.0 80.0 100 s .
ogmd-1215927 static 21819 21819 46482 46482 52122 900 90.0 120.0
Ad4-Cde ctatic 2.0204 2.0204 5.2375 §.2375 6.2375 200 9%0.0 80.0 ° I ; 5 7 5 ! : 5 " A

xalong[-1. 0.5 0.5](4) xalong [-1. 0.5 0.5](4)
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CDCS DATABASE: HTTPS://POTENTIALS.NIST.GOV

< NIST

Materials Data Curation System A Home Data Curation Data Exploration v Composerv Helpw #) Logn/ Sign Up

Records used to generate Repository pp—
Publicly accessible web-based search B
REST API (email potentials@nist.qgov) Materials ~Data  Curation

System

Quick search guide: e urataic el
Click Data Exploration->Search by keyword S S T e '
Check Potential in Filter by Template
Enter any keywords in the box
Click Search Available Options Recently used templates
Click + to expand, or click name to open @ comeyoureiosits

ok owwbdE

Template Name

Working on making it prettier e APR———
Calculation results coming soon msmneiermsn [

Search by keyword
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CDCS DATABASE: HTTPS://POTENTIALS.NIST.GOV

Records used to generate Repository
Publicly accessible web-based search
REST API (email potentials@nist.qov)

Quick search guide:

Click Data Exploration->Search by keyword
Check Potential in Filter by Template

Enter any keywords in the box

Click Search

Click + to expand, or click name to open

1.
2.
3.
4.
S.

Working on making it prettier
Calculation results coming soon

< NIST

Materials Data Curation System f#Home DataCuration  DataExplorationw  Composerv Helpw  =Login/Sign Up

No CAI-PMH

O @ potential.2017--Purja-Pun-G-P-Mishin-Y--Si Potential (Version 2) July092021 2:13P0
2017--Purja-Pun-G-P-Mishin-Y--Si

Citation: G.P. Purja Pun, and Y. Mishin (2017), "Optimized interatomic potential for silicon

10.1103/physrevb.95.224103.

2
properties. The proposed potential iz compared with three other pote
iterature, The potentials demonstrate reasonable agreement with first-principles binding

energies of small Si clusters as well as single-layer and bilayer silicenes. The four

potentials are used to evaluate the thermal stability of free-standing silicenes in the form
of nanoribbons, nanoflakes, and nanotubes. While single-layer silicene is found to be
O @ potential.2019--Fischer-F-Schmitz-G-Eich-S$-M--Cu-Ni Potential (Version 2

O @ potential.2016--Samolyuk-G-D-Beland-L-K-Stocks-G-M-Stoller-R-E--Ni-Pd
[J @ potential.2011--Apostol-F-Mishin-Y--Al-Cu Fotential (Version 2) Morch 02 2021 8:21°M

[ @ potential.2010--Apostol-F-Mishin-Y--Al-H Potential (Version 2) March 022021 8:218M
[ @ potential.2004--Mishin-Y--Ni-Al Potential (Version 2) Dec 152020 5:23F

J @ potential.2018--Howells-C-A-Mishin-Y--Cr-Ni Potent
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ATOMMAN : ATOMISTIC MANIPULATION TOOLKIT
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https://qithub.com/usnistgov/atomman
https://www.ctcms.nist.gov/potentials/atomman

o
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« Search and download any LAMMPS potentials from the repository
» Load, build and manipulate atomic systems

» Create crystal defect configurations using built in tools

* Run LAMMPS from within Python and parse results =8 & 8 &
* Analyze relaxed crystal defects

0021
oovt
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SEARCH FOR POTENTIALS IN PYTHON

Explore available potentials

T

Initialize Link to database
otdb = am.library.Database()

# Get Locally-hosted Potentials Listings
potentials, potentials_df = potdb.get_potentials(remote=False, return_df=True, verbose=True)

Found 64% matching Potential records in local library

potdb.widget_search_potentials(potentials, potentials_df)

Search potential listings

Elementl: | Al ~
Element2: W
Element3: | Cu v
Year ~
Author:

Potential: | 1996-Cai-J-Ye-Y-Y-Al-Cu v

1996—Cai-J-Ye-Y-Y--Al-Cu

1996--Cai 1996--Jacobsen-K-W-Stoltze-P-Norskov-J-K—Al-Ag-Au-Cu-Ni-Pd-Pt
1999--Liy-X-Y-Liu-C-L-Borucki-L-J—-Al-Cu

Citation: J. C3| 2011-Apostol-F-Mishin-Y—Al-Cu

metals and the 2012—-Jelinek-B-Groh-5-Horstemeyer-M-F-et-al

j 2016—Zhou-X-W-Ward-D-K-Foster-M-E—-Al-Cu .
Abstract: A il 5018 —7hou-X-W-Ward-D-K-Fostar-M-E--A~LCu-H I. The model includes a long-range farce. In

this model, the electron-density TUNCHON 15 Taken a5 a decreasing exponental tunction, the two-body potential is defined as a
function like a form given by Rose et al. [Phys. Rev. B 33, 7883 (1986)], and the embedding energy is assumed to be an
universal form recently suggested by Banerjea and Smith. The embedding energy has a positive curvature. The model is
applied to seven foc metals (Al, Ag, Au, Cu, Ni, Pd, and Pt) and their binary alloys. All the considered properties, whether for
pure metal systems or for alloy systems, are pradicted to be satisfactory at least qualitatively. The model resolves the
prablems of Johnson's model for predicting the properties of the alloys involving metal Pd. However, more importantly, (i) by
investigating the structure stability of seven fcc metals using the present model, we found that the stability energy is
dominated by both the embedding energy and the pair potential for fcc-bec stability while the pair potential deminates and
is underestimated for fcc-hep stability; and (i) we find that the predicted total energy as a function of lattice parameter is in
good agreement with the equation of state of Rose et al. for all seven fcc metals, and that this agreement is closely related to
the electron density, i.e., the lower the contribution from atoms of the second-nearest neighbor to host density, the better the
agreement becomes, We conclude the following: (i) for an EAM, where angle force is not considered, the long-range force is
necessary for a prediction of the structure stability; or (i) the dependence of the electron density on angle should be
considered so as to improve the structure-stability energy. The conclusions are valid for all EAM models where an angle force
is not considered.

odel including a long-range force for fec

~ARSEMg-CU-Fe by 53300,

OpenKIM (10 94

10400

Fetch LAMMPS potential

# Get Locally-hosted LAMMPS Potentials Listings
lammps_potentials, lammps_potentials_df = potdb.get_lammps_potentials(remote=False, return_df=True,
pot_dir_style='local®, verbose=True)

Found 488 matching potential LAMMPS records in local library
Found 45@ matching potential LAMMPS_KIM records in local library
Built 382 lammps potentials for KIM models

Select a LAMMPS potential

Use the dropdown boxes to parse and select a potential. If you wish
to copy/download the parameter files to the current working directory
then click "Copy Files™ after selection.

Element1: | Al ~
Element2: | Cu A .
e Or, without GUI
Element3: ~
Pair Style: v . import atomman as am

Potential: | 2016--Zhou-X-W-Al-Cu-—-LAMN v

print{potential.id)
Copy Files

2084 - Thou-X-W--Au--LAMMPS -~ ipr2

potential = am.load_lammps_potential(id="2884- -Zhou-X-k--Au- - LAMMPS--ipr2")

potential = results['lammps_potential®]
print(potential.id)

2016~ -Zhou-X-W--Al-Cu--LAMMPS--ipr2

"

print{potential.pair_info(['Cu*, *Al', 'Cu'l})

print "Potential 2816--Zhou-X-W
print "https: w.ctems.nist.g
-Cu--LAMMPS 2. html”

print "Publication(s) related to the potential:”

Al-Cu--LAMMPS--ipr2 listed in the NIST Interatomic Potentials Repository:”
potentials/entry/2816--Zhou-X-W-Ward-D-K-Foster-M-E--A1-Cu/2816- - Thou-X-k--A1

print "http .org/18.1816/j.jallcom.2816.84.855"
print "Parameter file{s) can be downloaded at:"
print “https:/ w.ctcms . nist.gov/potentials/Download/2016--Zhou-X-W-Ward-D-K-Foster-M-E--AL-Cu/f

=

pair_style bop

pair_coeff * * 20816--Zhou-X-W--A1-Cu--LAMMPS--ipr2YAlCu.bop.table Cu Al Cu
5

B

5

]
ha
b
o
o

comm_modify cutoff 14.7




rcell = ucell.rotate([[1,1,1], [1,-1, @], [1,1,-211)

primt{rcell)
avect = [ 7.867, ©.808, 0.09080] d
bvect = [ 0.0, 5.770, 2.2201  Rotate ensures periodic
LOAD AN D MAN I PULATE SYSTEM ;:Egicqi E ::223: z:gggj g:gg;% dimensions remr;in
natoms = 24
Tit:;p?i - i(LI# S compatible
Fetch a relaxed unit cell from the database b =T trie True Trues

per-gtom properties = ['atype', 'pos']

ucell = am.load("crystal®, potemtial=potential) _g I atjpi I J??ég; I pi?gii I p;%igé
print() 1 | 1| 7.867 | 4.328 | 7.49
print{ucell) 7 | 1| 2.3 | 4.328 | 9.181
Multiple matching record retrieved from remote i I 1 I ?:;E; I i::;; I g:igé
# family symbols alat Ecoh method standing 5 | 1 | 7.067 | 1.443 | 2.499
1 Al--Cu--fcc Au 4.9801 -3.938@ dynamic good g | 1| 7.e67 | 5.77@ | 4.997
2 A3'--@lpha-Lla--doubl Au 2.8888 -3.9296 dynamic good 7 1| e.eee | 2.8385 | 4.997
3 ogmd-1216826 Au 2.8787 -3.9296 dynamic good g | 1] 2.336 | 1.443 | 4.164
4 AZ--Mg--hcp Au 2.8768 -3.9295 dynamic good g | 1| 2.336 | 4.328 | 4.164
5 ogmd-1214862 Au 7.8338 -3.8761 dynamic good 1a | 1| 2.356| 2.885| 6.663
6 ogmd-1214773 Au 10.9234 -3.8759 dynamic good 11 | 1| 4711 | 4a.328| 5.830
7 ogmd-1838224 Au 4.6584 -3.8782 dynamic good 12 | 1] 2.3 | s5.778 | 6.663
8 A15--beta-H Au 5.1768 -3.8613 dynamic good = 1147t | 1443 5.830
Plegse select one: 1 14 | 1] 4m| s.77| 8.328

15 | 1| 4.711| 2.885 | 8.328

156 | 1| 7.e67 | 2.885 | 9.994
avect = [ 4.852, @.8908, @.8083] 17 | 1 | @.000 | 2.000 | 9.994
bvect = [ 3.59'2'_.. "'—.EEB_, 5.39'3'] 18 | 1 | 2,358 | 5,778 | 1.666
cvect = [ 9.988, 0.808, 4.883] 19 | 1| 2.3 | z2.885 | 1.868
origin = [ ©.200, ©.800, ©.908] 20 | 1| 4.711| 1.443 | @.833
natoms = 4 21 | 1| 4711 | 4.328 | ©.833
natypes = 1 22 | 1] 4.711 | 2.885 | 3.331
symbols = ('Au’,) 23 | 1| 4.711| s5.778 | 3.3:

pbc = [ True True True] : 28),
per-atom properties = ['atype', 'pos'] system = rcell.supersize(lee, (-2e, 20), (-1@, 1@))

print{system.box)

id | atype | pos[@] | pos[1] | pos[2] .
a | 1 | 8,000 | 0.000 | . 000 primt{system.natoms )
1] 1| o.eee | 2.848 | 2.840 avect = [7@6.686, ©.808, B6.0808]
2 | 1| 20040 | 0.000 | 2.040 ovect = [ 6.000, 230.803, o.2e2]  Replicate in both +- directions
3 1 | 2.048 | 2.040 | @.008 cvect = [ 9.800, 0.808, 199,.881]
origin = [ ©.00@, -115.481, -99.948]

1920008




EXAMPLE: NANOWIRE

Create nanowire or nanopillar

centerl = [8,8,8]
center? = [system.box.a, 8,8]
radius = 108

cylinder = am.region.Cylinder(centerl, center?, radius)

cylinder.inside(system.atoms.pos).sum()

1329004
pillar = system.atoms_ix[cylinder.inside(system.atoms.pos)]

pillar.pbc = (False, False, False)

Save

system_pair_info = pillar.dump(‘atom_data', f='initial.dat’,
potential=potential,
return_pair_info=True)

print{system_pair_info)
# Script and atom data file prepared using atomman Python package

units metal
atom_style atomic

boundary m m m
read_data initial.dat

mass 1 196.97

pair_style eam/alloy
pair_coeff * * 2084--Zhou-X-W--4u--LAMMPS- -1ipr2i\Au_Zhouwdd.eam.alloy Au

WIAICNRIAL NMICAODUVURLCNVICINI LHBORATORY




SETUP AND RUN LAMMPS

script_template = """
<system_pair_info»

Template LAMMPS Script

variable temp equal <temperature:
velocity all create ${temp} <randomseed>

compute pe all pe/fatom
compute ke all ke/atom
compute stress all stress/atom NULL

thermz <thermosteps>
thermo_style custom step pe temp

dump dumpit all custom <dumpsteps> *.dump id type xu yu Zu c_pe c_ke &
c_stress[1] c_stress[2] c_stress[3] c_stress[4] c_stress[5] c_stress[6]
dump_modify dumpit format float %.13e

restart <restartsteps»> *.restart
timestep 9.081

fix 1 all nvt temp ${temp} ${temp} 1.0
run <runsteps>

e

Calculation settings
lammps_parameters = {}
lammps_parameters['system_pair_info'] = system_pair_info
lammps_parameters[ 'temperature’] = "18@°
lammps_parameters['randomseed'] = str{np.random.randint(l, 2900020028 ))
lammps_parameters[ 'thermosteps'] = "188°
lammps_parameters[ 'restartsteps'] = "18888°
lammps_parameters[ "dumpsteps'] = 'l18888°
lammps_parameters[ 'runsteps'] = "180888"
|>| '\-I

!

script = am.tools.filltemplate(script_template, lammps_parameters, "<',

P

with open('start.in’,
f.write(script)

'w') as f:

print{script)

Full LAMMPS Script

# Script and atom data file prepared using atomman Python package

units metal
atom_style atomic

boundary m m m
read_data initial.dat

mass 1 196.97

pair_style eam/alloy

pair_coeff * * 2004--Zhou-X-W--Au--LAMMPS--ipr2\Au_ZhouBd.eam.alloy Au

variable temp equal 188
velocity all create &{temp} 893638779
compute pe all pe/atom
compute ke all ke/atom

compute stress all stress/atom HNULL

thermo 190
thermo_style custom step pe temp

dump dumpit all custom 198@@ *.dump id

c_stress[1l] c_stress[2]
dump_modify dumpit format float %.13e
restart 18998 *.restart

timestep 8.091

fix 1 all nvt temp ${temp} ${temp} 1.8
run l@oada

c_stress[3]

type Xu yu zu c_pe ¢ _ke &
c_stress[4] c_stress[5] c_stress[6]

MATERIAL MEASUR

Run and view results

log = am.lammps.run('lmp_mpi', ‘'start.in', mpi_command='mpiexec -localonly 6')

log.simulations[@].performance

min time  awvg time max time %wvaravg %total
Section
Pair 32264.000 32561.000 32753.000 1047 3403
Neigh 27.753 28115 28451 5.0 0.08
Comm 430430 582.560 868240 580.3 1.68
Qutput 24,095 24110 24128 02 0.07
Modify 046000 1139.600 1326300 2826 3.29
Other 0.000 291,600 0.000 0.0 0.54
log.simulations[@].thermo
Step PotEng Temp
0 0 -5105778.1 100.000000
1 100 -50989614 62763689
2 200 -5098711.8  £5.291027
3 300 -5096340.3 67.595614
4 400 -508784535 0.120855
5 500 -5097526.6 T278816
] 600 -5097058.5 73375364
7 700 -50966994 T&.754785
8 &00 -50961764  &1.246197

for sim in log.simulations:

plt.plot(sim.thermo.5tep, sim.thermo.PotEng)
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Load potential and point to local database for parameter file(s)

potential = am.load_lammps_potential(id="2816--5toller-R-E--Ni--LAMMPS--iprl’,
pot_dir style="local")

I P R P Y Load unit cell prototype and create a larger test system

ucell = am.load_prototype('Al--Cu--fcc', symbols="Ni')
system = ucell.supersize(3,3,3)

httDS .//q Ith U b . CO m/US n IStq OV/I Der Load the E_vs_r_scan calculation

calc = iprPy.load_calculation('E_ws_r_scan')

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

Run calculation

Collects the property calculations used by the NIST Interatomic

Potentials Repository D ey e
Focus on making the calculations as accessible as possible at all levels ™™
High-throughput workflow tools to run calculations en masse Ef’:piiigf:nfg‘“lmhln
plt.ylim{-5, 5)
|:|:_‘t. ;-:lfbel( :: -:f.ngitrl;‘cllm} ! -:_.if%ef Ixilir:gEI )
NEW VERSION APPROACHES! a0
» https://github.com/Imhale99/iprPy .

* pip/conda installable
« Options to run calculations entirely from .txt and command lines

* Results to be added to the CDCS site — iprPy will allow searches ; \ —
» Better modularity for calculations = easier to add new ones N '-\ e
* Docs are out of date: email potentials@nist.gov for help "-\
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https://www.ctcms.nist.gov/potentials/iprPy/
https://www.ctcms.nist.gov/potentials/iprPy/
https://github.com/lmhale99/iprPy
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RUN USING COMMAND LINE AND TEXT FILES

1. Copy empty input script

$ iprPy template isolated_atom
calc_isolated_atom.in created

2. View input script’s terms

$ iprry templatedoc isolated_atom
# isolated_atom Input Terms

## Calculation Metadata
specifies metadata descriptors common to all calculation st

- _branch__: A metadata group name that the calculation c:
sed by. Primarily meant for differentiating runs with diffe
tings parameters.

## LAMMPS and MPI Commands
specifies the external commands for running LAMMPS and MPI.

- __Tammps_command__: The path to the executable for runnir
on your system. Don't include command line options.

- __mpi_command__: The path to the MPI executable and any ¢
ine options to use for calling LAMMPS to run in parallel or
stem. LAMMPS will run as a serial process if not given.

## Interatomic Potential

specifies the interatomic potential to use and the director
any associated parameter files are located.

- __potential_file__: The path to the potential_LAMMPS or |

_LaMMPS_KIM record that defines the interatomic potential 1t
r LAMMPS calculations.

- __potential_kim_id__: If potential_file is a potential_L!
record, this allows for the specification of which versior
KIM model to use by specifying a full kim model id. If not

the newest known version of the kim model will be assumed.

3. Copy/download LAMMPS potential

$ iprPy get_lammps_potential 2003--Lee-B-1--Ag--LAMMPS——iprl -c
Found 1 matching potential_LavMMPS records in local library
Found 0 matching potential_LaMMPS_KIM records in local Tibrary
Built O lammps potentials for KIM models

Matching record retrieved from local

2003--Lee-B-J--Ag--LAMMPS--iprl. json copied to working directory
library.meam copied to 2003--Lee-B-J--Ag--LAMMPS--iprl
Ag.meam copied to 2003--Lee-B-J--Ag--LAMMPS——iprl

potential_dir is: 2003--Lee-B-J--AQ--LAMMPS--iprl

5. Run calculation from the script

§ iprPy run calc_isolated_atom.in

Calculation finished successfully

4. Fill in input script
# Input script for iprpy calculation isolated_atom

# Calculation Metadata
branch

# LAMMPS and MPI Commands
Tammps_command
mpi_command

Tmp_mp-i

# Interatomic Potential
potential_file
potential_kim_id
potential_dir

2003--Lee-B-J--Ag--LAMMPS--iprl. json
2003--Lee-B-J1--AQ--LAMMPS--iprl

# Input/output Units
Tength_unit
pressure_unit
energy_unit
force_unit

6. View results.json

"calculation-isolated-atom™: {
"key": "2d6e32f0-alb9-4857-ad4ed4-d593a979713d",
"calculation™: {
"iprPy-version”: "0.11.0",

"atomman-version”: "1.4.0",
"LaMMPS-version”: "3 Mmar 20207,
"script”: "calc_isolated_atom”,

"branch”: "main”
}!
"potential-LAMMPS":
"key": "d1069118-cfb7-4499-8557-0204b7054093",
"id": "2003--Lee-B-J--Ag--LAMMPS-—iprl",
"potential”: {
"key": "0Bbaaee0-0c9b-4219-8b17-2b009ffO08E7",

"id": "2003--Lee-B-J1-Shim-J-H-Baskes-M-I--ag"
}
T,
"isolated-atom-energy": {
"symbol": "ag"”,
"energy": {
"value": 0.0,
"unit”: “ev"
}
¥
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IGH-THROUGHPUT CALCULATIONS

|r-' Input script for master_prepare.py

# Nome of the dotabase to prepare the calculations for
database_name iprhub

# Maochine-dependent mpi command with varigble np_per _runner

mpi_command fcluster/debd/bin/mpirun -n {np_per_runner}
# Primary Lommps executable
lammps_command Imp_mpi

# Optionol alternote Lammps executables

lammps_command_snap_1 Susers/lmhl/LAMMPS/bin/lmp_mpi_2817_ 63 31
lammps_command_snap_2 Jfusers/lmhl/LAMMPS /bin/1mp_mpi_2819 B86_85
lammps_command_old fusers/1lmhl/LAMMPS /bin/1mp_mpi_2819 B86_85
lammps_command_zaenet Susers/lmhl/LAMMPS /bin/1mp_mpi_ 2828 B3 _83_zenet
lammps_command_kim Susers/lmhl/LAMMPS/bin/1mp_mpi_ 2828 B3 @3 _kim

# Indicate if Lommps executables are to be tested (defoult is True)
test commands True

number of Lines for run_directory_name, np_per_runner and styles
styles izolated stom diatom_scan E_vs_r_scan
run_directory_name iprhub_3
np_per_runner 1
styles relax_box relax_dynamic relax_static
run_directory_name iprhub_4
np_per_runnar 1
styles relax_static_from_dynamic
run_directory_name iprhub_&
np_per_runner 1
styles crystal_space_group
run_directory_name iprhub_&
np_per_runnar 1

iprhub = iprPy.load_database('iprhub")

records_df = iprhub.get_records_df('calculation_E_vs_r_scan', potential LAMMPS_id=potential.id)
len{records_df)

10

fig = plt.figure(figsize=(12,8))

for i in records_df.sort_values('family').index:

series = records_df.loc[i]

plt.plot(series.r_values, series.energy_values, label=series.family)
1t.legend()

1t.x1im(2, 6)

1t.ylim(-5, 1)

1t.xlabel('r (Angstrom)', si
1

‘x-large')
x-large')

t.ylabel('Epot (eV)', size
t.show()

1

Epot (eV)

— Al--Cu--fcc
Al5..beta-W

— A2-W--bee
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Ab--In--bct
Al--alpha-As
Ah--alpha-Po--sc
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THANKS!

Find, download and explore potentials content:
Main repository website: https://www.ctcms.nist.gov/potentials/

- CDCS database: https://potentials.nist.gov

- github JSON record dump: https://github.com/Imhale99/potentials-library

atomman links

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

IprPy

- New code: https://github.com/Imhale99/iprPy (email for help)

Submit potentials, ask questions, get help

- Email potentials@nist.gov

NIST MATERIAL MEASUREMENT LABORATORY
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