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New appearance and backend!

Overview

This repository provides a source for interatomic potentials (force
fields), related files, and evaluation tools to help researchers obtain .
interatomic models and judge their quality and applicability. Users are

encouraged o download and use interatomic potentials, with proper %
acknowledgement, and developers are welcome to contribute % 2000}
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More consistent content representation

classes of potentials (e.g., MEAM, ADP, COMB, Reax, EAM, etc ) and
materials are welcome. Interatomic potentials and/or related files are currently available for various metals,
semiconductors, oxides, and carbon-containing systems.
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S, Publication-derived unique identifiers

Waming! Mote that elemental potentials taken from alloy descriptions may not work well for the pure species. This is particularly true if the elements were fit for compounds . C .
instead of being cptimized separately. A= with all interatomic potentials, please check to make sure that the performance is adequate for your problem. 2 ﬂ ..I E — E t E E E I'-I-'I I - S _.A_.A E. a d I = E T H I

Cool! Click on a potential's identifier for computed properties.
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LAMMP S pair_style meam

Notes: These files were sent by 5. A Etesami (University of Memgphis) on 22 April 2012 and pested with his permission. This version is compatible with LAKMPS.
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Abstract: The two-phaze solid-iquid coexisting structures of Mi, Cu, and Al are studied by melecular dynamics (MD) simulations using the second nearest-neighber (2MM)
medified-embedded atom method (MEAM) potential. For this purpese, the existing 2MMN-MEAM parameters for MNi and Cu were medified to make them suitable for the MD M M

simulations of the problems related to the two-phase solidliquid coexistence of these elements. Using these potentials, we compare calculated low-temperature properties of Mi, N Ote S a n d d e S C r I pt I O n S
Cu, and Al, such a5 elastic constants, structural energy differences, vacancy formation energy, stacking fault energies, surface energics, specific heat and thermial expansion

coefiicient with experimental data. The solid-liguid coexistence approach iz utilized to accurately caleulate the melting points of MNi, Cu, and Al The MD calculations of the:
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Content Now Stored on a CDCS Database

Repository at ctcms.nist.gov/potentials
Curator at potentials.nist.gov = .
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Select a composition: | Ni ¥

Cohesive Energy vs. Interatomic Spacing for Ni
Download data

Click on plot to load interactive version

[ ] [ ]
| r O p e rt y | r e I Ct I O I I : ; Cohesive Energy vs. Interatomic Spacing for Ni using the 2018--Etesami.-S-A-Asadi-E-Ni potential

* Click on Potential ID to see computed
properties

o)

N

* Full methodology description o

* Interactive plots

e Show by composition

Ab-In-be
— alpha-As
_— alpha-Po--se

prototype mathod L an [A) boid) ca [A) o (degrees) B (degrees) v [degrees)

A1-Cu-foo dynamic -4.45 152 152 152 30.0 30.0 30.0
A3--alpha-La--double-hep dynamic -4 4454 24874 24874 31423 30.0 30.0 120.0
A3-Mp--hop dynanic -4.441 24858 24858 4 0775 30.0 30.0 120.0
A2-\W—boo dynamic -4 3566 25073 25073 25073 30.0 2.0 30.0
A15—p=m-V statc -4 2380 4.5033 4.5033 4.5033 20.0 2.0 20.0
AS—=tm-5n siatc -4.1082 4421 4421 2.3532 30.0 0.0 20.0
Ah—3lohsFo—sc etatic -4.0531 2.2872 2.2872 2.2872 30.0 2.0 30.0
Ad—-Zo-do statc -3.4783 5.0524 5.0524 5.0524 20.0 2.0 20.0
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JALRVIS-IF

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:

JARVIS for Force-Fields

cacs.
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https://github.com/usnistgov/jarvis
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Jarvis-FF: Directly Compare Potentials to
F. Tavazza, K. Choudhary

™
ne
[Na | v
[k ca
R0 s |
? Ba

Ra

MLMP-1514 Fe_S.eam.fs X IBvzilakle Ivailable

MLMP-1437 Fe Im-2m |4]-Fe eam fz 177.9 125 .4 lavailable \wailable mip-13
MLMP-1215 Fe Im-3m Fe-Mi.eam.alloy 177.8 1393 l&vailable \wailable mip-13
MLMP-1564 Fe Im-3m Fe.eam.fz 177.9 129.3 IBvailakle Ivailable mip-13
MLMP-1510 Fe Im-3m Fe_2.eam. fs 177.8 188.3 Ivzilable Ivailable mip-12
MLMP-1684 Fe Im-3m J-Fe eam fz 1779 125 .4 l&vailable \wailable mp-13
MLMP-1565 Fe Im-3m Fe-Peam.fz LTI 125.4 l&vailable \ewailable mip-13
WLMP-1201 Fe Im-2m FeMiCr.eam.alloy 148.3 145.2 vzilakle Wvailable mip-12
MLMP-1520 Fe Im-2m Fe-C_Hepbum_Ackland eam.fs 179.0 125 .4 lavailable \wailable mip-13
MLMP-1137 Fe Im-3m FeliCr_Bonny_2013_ptDef eam_alloy 1543 [72.0 l&vailable \ewailable mip-13
WLMP-1725 Fe Im-2m Fe.zet 168.2 128.6 IBvzilakle Ivailable mip-13
WLMP-1174 Fe Im-3m FeCuMieam. alloy 1778 1283 |2wailable \twvailakle mip-13



atomman: Atomistic Manipulation Toolkit

* Represent atomic systems in Python -

* Designed generically and for classical *

atomistics

* Dislocation generation and analysis
functions

* Tools for setting up, running and analyzing

LAMMPS calculations

e Supports the creation of Python calculation

scripts around LAMMPS simulations
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Generalized Stacking Faults of FCC Metals

a) Foiles85 (b) Ackland87 (c) Adams89 (d) Mishin99
1600
=@= MNi-Al_PurjaPunGP_2009 (Ni)
1600t -6~ NI-Al-Co_PurjaPunGP_2013 (Ni)
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Figure 1. GPFE for the (111) orientation. Colors denote energy in mJ/m?.

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

e Crystal structures

* Temperatures

* Configurations

e System dimensions

* Simulation parameters

e Other parameters

Which interatomic potential should | use?

How do | 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?



iprPy Computational Framework

“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”




#-Input -script - -for-calc E v3 r scan.py

#-Command -1ines - for - LAMMPS -and -MPI
lammps command lmp mpi
mpi_command

Simple Execution

#-Potential -definition-and-directory -containing-assocciated-files

potential file 2006--Williams-P-L--Ag—-LAMMPS——iprl.j3non
potential dir 2006--Williams-P-L--Ag--LAMMPS--iprl
* Independent unit of work ¢ Initial -system configuration to-load
* Not dependent on other calcs Load styie eyocen moas TR
* No knowledge of framework oo MmCunmzo

aymbols it

* Key-value input parameter files  cox paranece:s
* Can run calculation scripts from ¢ sysces manipulacions

B_UvVW

command line: b_uve

C_UvW

python calc *.py calc _*.1in scomsniz
FizemalEs 3-3-3
e Outputs JSON results o
#-Units-for-input/output -values
length unit

* Python package knows results Sreosiie anit
schema (automatic interpret) energy_unit

force_unit

#-Bun -parameters
minimum r
maximum r

number of steps ¢

[ I = L T
e TR e TR - |



{ "calculation-E-v3s-r-scan™: - {
"key":-"Saatbifd-1Tb4-4422-955c-ad23eTdT 044,
"calculation™: -{
"iprPy-version™: -"0.8.1
) . "ALOommER-version™: -"1.2
S I m p | e Exe C u t I O n "LAMMPS—version™: -"26-Jan.2017-ICMS",
"script™:-"calc E vs r scan”,
"run-parameter™: - |
"size-multipliers™: |

Ll

w
v

"a":-[0,-3],
* Independent unit of work o
* Not dependent on other calcs e

d NO knOWInge Of framework "unit™: -"angstrom”},

"maximuam r": - |
"value":

* Key-value input parameter files SepeR —

"number of steps_r™: i,
* Can run calculation scripts from "potential TAMES™: ( R
. "key™:-"19b06879-feld-414e-aTa0-f0bbf62afded™,
Command ||ne: "id":-"2006--Williams-P-L--Ag--LAMMP5--iprl”,
. "potential™: - |
python Calc *. py Calc *. 1n "key": -"celd2faaf-5d57-486l-a2ec—efbica3IL0Ted",
- - "id":-"2006--Williams-P-L--Rg"}},
"system-info™: -
* Outputs JSON results e et
"artifact™: -]
* Python package knows results “£ile": "AS--beta-Sn. 1500
. . "format™: -"system model”,
schema (automatic interpret) *load options": mall},
"gymbol™: -"Rg"],
"cohesive-energy-relation™: -
b S |
"value™: - [

"unit™: -"angstrom”},
LI | T



Jupyter Notebook versions

 Documentation, code and results in one sharable file

E_vs_r_scan Calculation
Lucas M. Hale, lucas hale@nist. gov, Materials Science and Enginesaring Division, NIST.

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

Zachary T. Trautt, zachary trautt@nist. gov, Materials Measurement Science Division, NIST.

Version: 2018-06-24

Disclaimers

Introduction

The E_vs_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 (bla and cfa ratios held fixed) and the energy is calculated at a number of sizes
without relaxing the system. All box sizes corresponding to energy minima are identified.

This calculation was created as a quick methed for scanning the phase space of a crystal structure with a given potential in
order to identify starting guesses for 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 calculation. Upon relaxation, the atomic positions and box dimensions may transform the
system to a different structure

Disclaimer #2: it is possible that the calculation may miss an existing minima for a crystal structure if it is outside the range of
values scanned, or has bla, c/a values far from the ideal.

Method and Theory

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 7; values in the range to be explered and the energy for each is evaluated using LAMMPS and "ru
0" command, i.e. no relaxations are performed.

In identifying energy minima along the curve, only the explored values are used without interpolation. In this way, the possible
energy minima structures are identified for r; where E(r;) < E(ri_)) and E(r;) < E(ri).

Demonstration

1. Setup

114 | ithrarv imnnrte

# Make system a deepcopy of itself (protect original from changes

system = deepcopy(system)
# Set ucell = system if ucell not given
if ucell is None:
ucell = system

# Calculate the r/a ratio for the unit cell sacs(plob)
r_a = r_a ratio(ucell)

Cohesive Energy vs. Interatomic Spacing
# Get ratios of Lx, Ly, and Lz of system relative to a of ucell T
1x_a = system.box.a / ucell.box.a 1
ly_a = system.box.b / ucell.box.a 1
1z_a = system.box.c / ucell.box.a
alpha = system.box.alpha
beta = system.box.beta
gamma = system.box.gamma 19

# Build lists of values
r_values = np.linspace(rmin, rmax, rsteps)
a_values = r_values / r_a

Ecoh_values = np.empty(rsteps) EC: 1

-2 4

# Loop over values 3 |
for i in range(rsteps): -
. 5

# Rescale system's box 501

a = a values[i] @ J
system.box_set(a = a * 1x_a, gs:

b=a* 1y a, 5
c=a*1lz a, Q1

alpha=alpha, beta=beta, gamma=gamma, scale=True 1

# Get Lammps wunits
lammps_units = lmp.style.unit(potential.units)

# Define Lammps variables 1

lammps_variables = {}

system_info = system.dump('atom_data’, f="atom.dat’,
units=potential.units,
atom_style=potential.atom_style) 1

lammps_variables['atomman_system info'] = system info 5 —— T —r——1—1—{— 1
lammps_variables['atomman_pair_info'] = potential.pair_info(sy 2 25 3 35 45 55
# Write Lammps input script

template_file = 'rund@.template’

lammps_script = 'run@.in’

with open(template file) as f:
template = f.read()
with open(lammps_script, 'w") as f:
f.write(iprPy.tools.filltemplate(template, lammps_variables,
L)

ct daota

I T T

[ &)



Basic execution

Q— -
Prepare generates copies of - =T ) — —
a calculation each with a User process.py Database === N
unique input file 1 ‘ Ef—_I PN
XML records
=— I I —
Runner iteratively executes = = <D < < & | o
calculations prepare.in = = = = —
1 1.xml 2.xml 3.xml N.xml runner.py
Database stores calculation ?é

5

records and archived

calculation folders PrEPEERY Ly s | U D

calcin’ v v calepy.: |

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



Making Prepare Easy and Powerful

 Call inline command with input file
./1iprPy prepare <database> <directory> <calculation> param.in

# - Commands - and -executables
lammps _command lmp mpi
mpi_command

#-Build-load-information -based -on-prototype -records

¢ Same keys aS Ca|CUIati0n! buildcombos Grydtalprototype -load_file-prototype
. prototype_potential name 2004--ghou-X-W--Al1--LAMMPS--ipr2
* But keys can have multiple values + Systen mamipulecions
« Keys grouped in parameter sets b e

C_UVW
Bif
aizemulta 333

* Modularly defined generation functions i ™ s

pressure_unit

* Example 1: prepare for all potentials with Al ez

* Example 2: prepare using results ¢ Run paraneters -
moxinan - 6o
number_of_steps_r 100
number of step3_r 200

number of_ 3tep3_r 300



Using Runners to execute

e Each runner works in one
directory
* Separate by # cores needed
* Run on any resource

* Multiple active runners in
same/different folders

e Submit runner script to cluster
queue

Laptop

L

4

p—
I®

4

1l

/

)
SRS

b ALRLLLLLLL
o hlollLRLLL
- INEEENEERN}
e RN |/
VD |~ 4
ff1fem "] 824
¢ | ’//’
//
//
rrrenn 3

P

Cluster

Y 4

e
o




IPR Calculation Workflow

Crystal prototypes

E,.i, structures
Interatomic potentials /
/\0{ E vs r scan OQMD structures

Crystal prototypes

Materials Project structures

Relaxed structures

OQMD structures

relax_box \
relax_static Relaxed structures

A

relax_dynamic

| stacking_fault_map_2D

—b

point_defect_static

A 4

crystal_space_group Ideal unit cells

“stable” structures

Materials Project structures

Identify unique,

elastic_constants_static

y

Elastic constants

A 4

' dislocation_monopole




Select a composition:| Cu v

Reference structure matches:

A1--Cu--fcc = mp-30, ogmd-635950

AZ--W--bcc = mp-996890, ogmd-637373
3'--alpha-La--double-hcp = mp-969695

A3--Mg--hcp = mp-959752

AB--In--bct = mp-1010136

prototype method

Econ (8V)

ag (A)

by (A)

co (A)

a (degrees)

B (degrees)

y (degrees)

Al--Cu--foe

dynamic

L
[

L}
[

Ad'--alpha-La--double-hop

dynamic

L}
[

dynamic

]
[

stafic

]
[

stafic

]
[

dynamic

]
[

static

L}
[

Ah--alpha-Po--sc

static

(i}
fae
=]

(i}
_a
=

e
Ad--C—dc

static

(i}
fae
=]

(i}
_a
=

(]
[

Fal

i

Fal

[ ]

[}
=]

[}
=]

[}
=]

(]
[

(i}
=
=

(i}
=
=




Potential & Bulk Property Method Analysis

0295 4

0,200 4

-2
o
i

Lattice Parameter (nm)

0270

0263 1

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

A2--W--bee Fe

L2804

0275 1

refine

LAMMPS
dynamic-LAMMPS
dynamic

5
ePsenn®sXy ® 4,

d3¢/dr? (eV/inm?)

1987--Ackland-G-J--Au

60000

40000
20000 1
0 1
"i..‘__“‘-
—20000 1
—40000 -
60000 T T T T T
0.20 0.25 0.30 0.35 0.40 0.45 0.50

Interatomic spacing, I (nm)



Addressing Qualitative Uncertainty

Radial interaction energy map

1997--Ackland-G-J--Fe ~ 2003--Mendelev-M-I--Fe-2 2003--Mendelev-M-1--Fe-5 2004--Zhou-X-W--Fe
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Repository of Calculations?
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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 C; 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 Generalizing method to triclinic systems
* dislocation_SDVPN

* dislocation_SDVPN _stress
* bain_transformation_map
e grain_boundary_bcc_static
* grain_boundary_static Methods prototyped, need testing and support
e phonon_static

e point_defect_mobility NEB




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)
e https://www.ctcms.nist.gov/potentials/testing (preview of new)

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

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