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MedeA® Software
Environment



» Engines

*  VASP, GIBBS, LAMMPS, GAUSSIAN,
MOPAC

» Databases
. ICSD, Pauling, Pearson’s, NIST, COD,
InfoMaticA Query Engine, MPDS

» Builders

° Crystals, nanoparticles, amorphous
materials, interfaces, molecules,
polymers, conformers, thermosets,
docking

» Force Fields (potentials)

° Forcefields bundle, Forcefield Optimizer

» Property Modules
. MT, TSS, Phonon, Electronics, UNCLE,

LAMMPS (Diffusion, Thermal Conductivity,

Viscosity, CED, Surface Tension), P3C,

© Materials Design, Inc. 2019

» High Throughput

* HT-Launchpad, HT-Descriptors,
HT-Correlation

» Analysis
* Broad range of analysis tools

» JobServer & TaskServer

JobServer
TaskServer

Databases



Potentials in MedeA

Metallic forcefields:

EAM

— All LAMMPS eam, eam/fs, and

eam/alloy variants
MEAM

Inorganic forcefields:

Semiconductor forcefields:

Buckingham
BKS
Clay-FF
CVFF_aug

Tersoff
Stillinger-Weber
REBO
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Organic (valence) forcefields:
*  PCFF/PCFF+"

* Compass/Compass+

*  OPLS-AA/OPLS-AA+"

©  AUA/AUA+"

*  Trappe+ -

Variable charge forcefields

°  Streitz-Mintmire

* COMBS3

°*  ReaxFF

All other potentials in LAMMPS can
be invoked via some additional
lines of LAMMPS commands

*Also available in MedeA®-GIBBS



Current Approach...

Model
Building

Analyzing Defining
Results Simulation

\ /

Running

Simulation
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... Going to High-Throughput

Job & Data
Control

Model & Simulation Definition

Model
Building

Simulation

Analysis

Data Mining Statistical Analysis Machine Learning

Data Collection




Warmup:
T, of PPE




Glass Transition T, of a Polymer
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Amorphous System V vs T

Automatically build 50 configurations

A

%)

AW e

Variables

Table

Table: Print

Custom Stage

Name: Densities

nConfigs = 50 I

T=2900 R
P1 =100 atm
P2 =1 atm

Amorphous Builder

sequential loop
file: amorphous.trj

Custom Stage

Table: Densities

Table: Print

Geometry: bulk cell
Density: 0.5
Temperature: 3T

Analyze V versus T

Table: Densities
File: /Densities.cav
Type: cav

Plot density distribution of final
cooled models

© 2019 Materials Design, Inc.




Volume (cm”3/g)

Glass Transition T, of a Polymer

Volume vs Temperature Analysis

1.05

Gradient change (least squares fit) = 405.1K +/- 8.6K
+
095 F

! Value of high throughput calculations:

085 F

08 F

075 1 1 1 1 1 1
0 100 200 300 400 500 600 700

T (K)

Variability in individual V vs. T curves (gray lines)
Fit yields properties for the simulated system
Automatic procedure: single high throughput flowchart

Clear signal from noisy simulation data
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High-throughput Sampling:

Mechanical properties of a high
performance thermoset resin

s 4 N 4 -



Use the SMILES string

Suilding a Monomer

MedeA: provide a SMILES

Title: dicyclopentadiene

SMILES: |C1C=CC2C1C3CC2C=C3

Create a new molecule provided its SMILES string (Simplified Molecular Input Line Entry Specification)

oK |

Cancell

© Materials Design, Inc. 2019

Insertion\ References l‘uk Cell \ Charge/Spin \'\ P3C \ QSPR \

He
Ll c [ijolidl
Al si B s |Gl
Mr Fe] B il 8 zri G4 o< A</ Sel Bl Il
TJ@@EEJJJ%HII

n

o 24 a4 4

|| 7

8 | 2|10} 11|12

Fragments _ Hydrogenate‘ Passivate

Clean ‘ Clean selection ‘
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Moditying into a

Edit into a repeat unit with the

Repeat Unit

* Break bond, delete H atoms, then define a repeat unit

© Materials Design, Inc. 2019
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Turning into a Polymer

Build with MedeA

*  DP =5inthis example

X

Polymer Builder - D

Repeat units

# Repeat unit
1 Delete window: (C5 H6)2 ~ dicyclopentadiene_ru

Add...

(I

Type of polymer: homopolymer +

Degree of polymerization: I&i ]
Tacticity: atactic
Meso dyad probability: 0.5

Orientation: head-tall

Backbone angle: 180.0
Number of chains: 1

Cap the head of the chain with: atom: H
Cap the tall of the chain with: atom: H

Passlvate any dangling bonds with: |none

OK Cancel Help

14
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Sullding Initial Amorphous Material

Use MedeA Builder

* Combine poly(dicyclopentadiene) with cross-linkers

Amorphous Builder - o X
Components
# Component Type Nmols Relax
1 Delete window: * (C H2)6 (P1) ~ methyicyclopentane_XLINK4 Automatic 10 v
2 Delete window: (C23 H28)4 ~ poly(dicyclopentadiene_ru) Automatic 20 v
Add...
System geometry: bulk cell I
Specify cell: density I
Density: 0.3
Cell detalls: Refresh
Temperature: 298.2
Coordinate blas: none I
Orientation blas: none I
Action: Build cell I
Number of configurations: 1
OK Cancel Help

Initial density: 0.3 g/cc

© Materials Design, Inc. 2019 N
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With MedeA LAMMPS using

—quilibrating the Amorphous Material

forcefield

*  Design simulation workflow with Flowchart

/" variables

tstep = 1 fs
\ T = 300K
. P = 1 atm
LAMMPS

V'

Start| NPT
‘ Temp: $T
e Press: $P
l Time: 100 ps
s, Soee Step: Ststep
. Y Constraints: isotropic
/ R Contrel: Nose-Hoover T & P
/ R \ Sampling: 10000 samples
/ Initialize \ Trajectory: O frames
11 .Il
| 1
| |
|| 3-d periodic ,] NVT
\ Cutoff: 9.5 !
Skin: 2.0 y Tem‘p: $T 4
\.\ Long range: PPPM  / ;;’:DL Slt(s’?egs
\ i > . , :
!V/ el corrt.(ho?}, Control: Nose-Hoover
N— A Sampling: 10000 samples
1 Trajectory: O frames
Minimize l
Optimization of atom
positions,
Method: Conjugate
gradients

Econvergence = 0.0
Fconvergence = 1.0

Minimize

© Materials Design, Inc. 2019

Optimization of cell
(Isotropically)

and atom positions. P = 1.0
1.0 1.0 0.0 0.0 0.0 bar
Method: Conjugate

gradients

Econvergence = 0.0

Fconvergence = 1.0 y
velocities

Initial velocities for $T
No net translation
Random seed: 72489

Equilibrium density at 300K: 0.963 g/cc

16
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»  With MedeA "Thermoset Bullder

s

N

\Y4

T

A
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Predicting Mechanical Properties

Final equilibration and calculate mechanical properties

Includes elastic constants, modulus, and thermodynamic functions

|"Sta l‘t..'|
e

~
-

Variables R\
| )
tstep = 1 fs J
T=300K
P = 1 atm

< ~
- -
— - A

LAMMPS

A
4
Mechanical Properties
Strains: 0.005
‘ V|
, MCZ2U0TY

© Materials Desigr

2
Shear 1.20 1.02 1.11 GPa
Young's 3.03 2.61 2.82 GPa
Longitudinal 3.73 3.35 3.54 GPa
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High-Throughput Sampling

Use MedeA to turn 1 initial

configuration to hundreds of samples and perform property
calculations automatically

——
N — 4
Start, rart LAMMPS
' / { )
N A4 N
v : \\\ /“_--—_ —"-""\_
/ : \, ./ o
/ Variables A\ Amorphous Builder,
[ \ / \
I = | )
"\ ti.tep}?)ol LS ll Geometry: bulk cell
"\_ P=1atm \ Density: 0.3 ;"'

Mechanical Properties
Strains: 0.005

. Temperature: ST /
“#.configurations:. &

LAMMPS
I
- ~
y AN
) V' / \
i \

y 7 "~._\

g, / Table: Add Row \
//, \\‘ !' \\..
/Thermoset Builder, I,I‘ \
{ \ \

2 |

Simultansoks forioop | SubsetA: C2T | I
§1 <= 200 \ Subset B: XLINK Table: Tablel |
i Max Cycles: 30 / ! Data: $rho_calc ]
V' Siu_'_ed stmctures{;naf \ $Epot _calc .':

—— 4 \ $HillBulkModulus_calc

\s‘ $HillShearModulus_calc /

\ $HillyoungsModulus_cal¢

H H \. - /
Automatically build LAMMPS \ :

and calculate 200 \
configurations || Teble:Tablel \ =
4

© Materials Design, Inc. 2019




Y (N

» Results written in a table

demmmmenaaaa dmemmemmeaaan SRR CE T T TP S R EEETE T TP P TP R E TR TR PEEEEP demmmmaaaan +
| Density | Energy | Hill Bulk Modulus | Hill Shear Modulus | Hill Young's Modulus | Stability |
|  g/em™3 |  kcal/mol | GPa | GPa | GPa | |
B R Fommmemmeme s B R T T R e o +
©.913854 188.919249 2.51 1.63 4.02 1
©.911153 188.698989 0.52 0.50 1.23 0
©.977401 | 3809.325976 2.23 1.05 2.71 1
0.915711 191.200429 1.78 0.88 2.26 1
©.971271 | 3762.628469 2.76 1.41 3.62 1
0.971267 187.605648 2.49 1.86 4.47 1
©.979720 | 3515.846232 2.86 1.40 3.61 1
0.950648 | 3793.735874 2.62 1.24 3.21 1
0.907735 189.696099 2.60 1.46 3.68 1
©.905413 189.871619 -0.03 0.26 0.63 0
©.968701 | 3814.131277 2.49 1.41 3.55 1
©.968728 | 3817.210077 2.77 1.43 3.66 1
0.867437 194.550819 2.08 1.45 3.53 1
0.894680 192.374389 1.72 0.73 1.89 1
0.917270 188.726099 2.07 1.02 2.61 1
0.904528 190.810389 2.10 1.53 3.68 1
©.972136 | 3729.916964 2.79 1.46 3.73 1
©.958045 | 3768.324270 2.57 1.24 3.21 1
©.812593 189.164879 0.90 0.66 1.60 0
©.988430 | 3409.544716 2.71 1.37 3.51 1
0.964406 | 3754.486168 2.63 1.34 3.44 1
0.942615 188.046028 2.58 1.66 3.94 0
©.936354 188.777859 2.69 0.90 2.43 0
©.929796 187.961358 3.34 2.48 5.96 1
©.905169 189.972279 0.86 0.47 1.18 0
©.994661 190.813619 2.05 1.06 2.71 1
©.957068 | 3800.599375 1.80 1.05 2.63 1
©.973829 | 3854.690683 2.98 1.49 3.83 1
0.853735 194.565579 0.49 0.64 1.30 1
0.924945 193.050349 0.90 0.53 1.39 0
0.907131 191.455639 2.71 1.58 3.96 1
©.968984 | 3837.896280 3.07 1.55 3.99 1
©.851309 197.483850 0.75 0.34 0.82 0
0.932742 194.088279 8.12 3.00 7.89 0
©.948090 188.577459 2.19 1.07 2.61 0
0.862262 194.912639 0.42 0.13 0.39 0
©.971970 | 3854.994083 2.70 1.20 3.13 1
©.982627 | 3728.734764 2.68 1.04 2.75 1
0.903234 196.945560 2.64 1.12 2.88 0
©.959122 | 3849.152382 2.09 1.09 2.79 1
1.023171 185.480268 3.99 2.00 5.09 1
©.904138 189.875109 2.24 1.89 4.42 1
0.965173 | 3804.817875 2.60 1.42 3.61 1
0.960062 | 3849.761882 2.32 1.23 3.13 1
©.953017 | 3804.271575 2.41 1.26 3.22 1
0.889294 193.013059 2.11 -1.32 -14.32 0
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High-Throughput Sampling

Sampling over 200 configurations
° 65.5% of the 200 samples were mechanically stable

° Y in good agreement with experimental results of ~2.6 GPa

45
40
35
30

Expt: 2.6 GPa

25
20
15
: .

[0.49,0.95] (0.95,1.41] (1.41,1.87] (1.87,2.33] (2.33,2.79] (2.79,3.25] (3.25,3.71] (3.71,4.17]

© Materials Design, Inc. 2019

Hill Young’s Modulus (GPa)
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Summary

Sampled through 200 cross-linked thermoset resins for their
mechanical stability and elastic moduli

*  Generated 200 resin samples from 1 set of molecules and cross-linker
— From molecules to amorphous materials to thermoset

* Distribution of Young’'s modulus in excellent agreement with experiment

© Materials Design, Inc. 2019
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High-Throughput Screening




Structural

databases:
ICSD, Pearson,
Pauling, COD

VASP
LAMMPS
GIBBS
MOPAC
GAUSSIAN

24



Removal Energy of Actinide Oxides

Ce/O, Am/O, Cm/O, Np/O, Pu/O, Th/O, and U/O compounds

U O3 (Pm- AM2 03 (F
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Removal Energy of Actinide Oxides

Retrieve all Ce/O compounds
*  With

Materials Design: InfoMaticA -- Search =
File Edit Options MPM Pauling
Complete FM3-M Cel O2 Cel1 02 Cerium dioxide 324
Complete P3-M1 Ce2 O3 Ce2 O3 Cerium sesquioxide - A 18
Complete la-3 Ce203 Ce203 8
Complete FM3-M Cel O1 Ce1 O1 Cerium oxide 8
Complete R-3h Ce7012 Ce7012 5
Complete R3-R Ce7 012 Ce7 012 Cerlum oxide (7/12) 4
Complete Pnma CeO2 CeO2 4
Complete P1 Cel11 020 | Cel11 020 Cerium oxide (11/20) 3
Complete P321 Ce2 O3 Ce2 O3 Dicerium trioxide - alpha 2
Complete C12/Mm1 Ce2 O3 Ce2 O3 Cerlum oxide - B 1
Complete P42/MNM Ce1 02 Cel1 02 Cerium dioxide - rutile-type, unstable 1
Complete 14/MMM Cel1 O2 Cel1 O2 Cerium dioxide 1
Complete P3-M1 Cel1 O2 Cel1 O2 Cerlum dioxide 1
Complete P1 Ce O2 Ce 02 Cerlum(IV)oxide 1
Complete P1 Cel1 02 Cel O2 Cerium(IV) oxide 1

Search Criterla | Detalled Information | Coordinates | Geometry | Coordination | Palr Correlation | Powder pattern

Require that | formula ’ contains any number of | atoms of | O
Require that I formula [ contains any number of | atoms of | Ce
Require that | number of elements ’ Is equal to| 2

Require that | -Add new criterion ‘

Run search Clear

Displaying 15 of 15 hits




Removal Energy of Actinide Oxides

Retrieve all Ce/O compounds
*  With

Materials Design: InfoMaticA -- Search =

File Edit Options MPM Pauling

Complete FM3-M Cel O2 Cel1 02 Cerium dioxide 324
Complete P3-M1 Ce2 O3 Ce2 O3 Cerium sesquioxide - A 18
Complete la-3 Ce203 Ce203 8
Complete FM3-M Ce1 O1 Ce1 O1 Cerium oxide 8
Complete R-3h Ce7012 Ce7012 5
Complete R3-R Ce7 012 Ce7 012 Cerlum oxide (7/12) 4
Complete Pnma CeO2 CeO2 4
Complete P1- Cel11 020 | Cel11 020 Cerium oxide (11/20) 3
Complete P321 Ce2 O3 Ce2 O3 Dicerium trioxide - alpha 2
Complete c12/m1 Ce2 O3 Ce2 O3 Cerlum oxlide - B 1
Complete P42/MNM Ce1 02 Cel1 02 Cerium dioxide - rutile-type, unstable 1
Complete 14/MMM Cel O2 Cel O2 Cerium dioxide 1
Complete P3-M1 Cel O2 Cel O2 Cerlum dioxide 1
Complete P1 Ce O2 Ce 02 Cerlum(IV)oxide 1
Complete P1 Cel1 02 Cel O2 Cerium(IV) oxide 1

Search Criterla | Detalled Information | Coordinates | Geometry | Coordination | Palr Correlation | Powder pattern

Require that | formula [ contains any number of | atoms of | O
Require that I formula [ contains any number of I atoms of I Ce
Requ:re that | formula contains any number of atoms of | O
Require that | formula I contains any number of I atoms of | Ce
Require that I number of elements l Is equal to| 2
Require that | --Add new criterion-- I




Removal

Retrieve all actinide

—nergy of Actinide Oxides

File Edit Options MPM Pauling

Materials Design: InfoMaticA -- Search

@ aalalalasloaonlonolo oo o vvvvvo oo

.
oxide compounds
Complete 02Tht 02Tht Thorium oxide
Complete NpO2 NpO2
Complete Cm1 02 Cm1 02 Curlum oxlide (1/2)
Complete 02 Put 02 Put Plutonium(IV) oxide
Complete o8uU3 usos
Complete AmO2 AmO2
Complete BK102 | Bk102 Berkellum(IV) oxide
Complete 02 Pat 02 Pat Protactinium(IV) oxide
Complete O3 Pu2 O3 Pu2 Plutonium(lll) oxide - beta
Complete Cf203 Cf203 Callfornlum sesquioxide
Complete 1a-3 Bk203 Bk203
Complete C1m1 Cm2 03 Cm2 03 Curlum sesquioxide
Complete PM3-M o3 u1 o3 u1 Uranium(VI1) oxide - II
Complete FM3-M O1 Pa1 O1 Pat Protactinium oxide (1/1)
Complete P-3m1 Cm203 Cm203
Complete P6-2M 08 U3 o8 u3 Triuranium octaoxide
Complete CMCM o8 u3 08 u3 Triuranium octaoxide - beta
Complete Fddd Q3u uos
Complete c1mt Cf203 Cf203
Complete la-3 O3Pu2 Pu203
Complete 1-43d osu4 U409
Complete Fm-3m CmO CmO
Complete FM3-M O1 Put O1 Put Plutonium(ll) oxide
Complete 141/amd o3u uos
Complete co22 08 U3 08 U3 Uranlum oxide (3/8)
Complete FM3-M Am1 01 Am1O1 Americlum oxide (1/1)
Complete PNMA 05 u2 05 uz2 Uranium(V) oxide - delta
Complete IMMM 0168 U32 0168 U32 Uranium oxide(l) (32/168)
Complete P3-M1 Am2 O3 Am2 O3 Americlum oxide (2/3)
Complete P3-M1 Q3 U1 03 u1 Uranium(VI) oxide - alpha
Complete FM3-M o1 U1 o1u1 Uranium(ll) oxide
Complete C2MM 03 U1 o3 u1 Uranlum(V1) oxide - alpha
Complete P3 o8 u3 o8 u3 Uranium diuranium(V1) oxide - high temperature modification
Complete P3-M1 Ac2 O3 Ac2 03 Actinium oxide
Complote IAG Am2 O3 Am2 O3
~ (1) oxide
xide (13/34
Require that formula | contains any number of atoms of | (@] ,o,“,‘e_,,efa
Require that formula | contains any number of | actinides |

Require that

number of elements I Is equal to] 2

Require that

|
|
|
|

structural completeness|

complete |

Require that

—-Add new criterion-—-

Toispiaying 62 of 62 hits
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Removal Energy of Actinide Oxides

MedeA: structure list editor - o
S ave i n a Stru Ctu re Flle Add structure(s) Display Properties QT: QSAR Toolbox
SQlLlite structure list file (72704 bytes): /home/rsharyMD/Structures/custom/actinide_oxides.sli
. Contalning 56 structure(s)
.
I I St [ View structures from: 1 to: 56 Apply
Structures Propenies}
® 5 6 C / M H Order Name Structural Formula  # atoms | # configurations Symmetry Cell parameters
e aCtI n I d e 1 Pearson.1620184 Am203 5 1 P-3ml 3.817 3.817 5.971 90 90 120
2 Pearson.535095 Am404 8 1 Fm-3m 5.045 5.045 5.045 90 90 90
. 3 ICSD.43810: Americium(IV) oxide Am408 12 1l Fm-3m 5.378 5.378 5.378 90 90 90
OX I d e 4 Pearson.535091 Am12018 30 1 C2/m 14.38 3.52 8.92 90 100.4 90
5 Pearson.1620183 Am32048 80 1 1a-3 11.03 11.03 11.03 90 90 90
. 6 Pearson.1711209 Ce203 5 1 P321 3.88 3.88 6.06 90 90 120
CO m p O U n d S I n 7 Pearson.260391 Ce203 5 1 P-3ml 3.891 3.891 6.059 90 90 120
8 1CSD.169031: Cerium dioxide - rutile-type, unstable Ce204 6 1 P42/MNM 5.13 5.13 3.58 90 90 90
. 9 1CSD.189288: Cerium dioxide Ce204 6 1 14/mmm 2.321 2.321 5.754 90 90 90
Va r I O u S S p aC e 10 1CSD.189287: Cerium dioxide Ce204 6 1 P-3m1 3.214 3.214 4.025 90 90 120
11 Pearson.1301474 Ced04 8 1 Fm-3m 5.089 5.089 5.089 90 90 90
12 COD.7217887: Cerium(IV)oxide Ce408 12 1 P1 5.3623 5.3623 5.3623 90 90 90
g ro u p S 13 Pearson.1946553 Ce408 12 1 Fm-3m 5.411 5.411 5.411 90 90 90
14 Pearson.1639026 Ce408 12 1 Pnma 5.641 3.481 6.647 90 90 90
15 ICSD.88754: Cerium oxide (7/12) Ce7012 19 1 R-3R 6.785 6.785 6.785 99.42 99.42 99.42
16 1CSD.164744: Cerium(IV) oxide Ce8016 24 1 P1 7.72477 7.72477 5.46228 90 90 90
17 COD.1521460: Cell 020 Cel1020 31 1 P-1 6.757 10.26 6.732 90.04 99.8 96.22
18 ICSD.160221: Cerium oxide - B Cel2018 30 1 C12/M1 14.785 3.7946 9.231 90 100.066 90
19 Pearson.1805252 Ce21036 57 1 R-3 10.339 10.339 9.628 90 90 120
20 Pearson.556985 Ce32048 80 1 1a-3 11.26 11.26 11.26 90 90 90
21 Pearson.559956 Cm203 5 1 P-3ml 3.83.869090120
22 Pearson.1500041 Cma404 8 1 Fm-3m 5.026 5.026 5.026 90 90 90
23 Pearson.455758 Cma08 12 1 Fm-3m 5.36 5.36 5.36 90 90 90
24 ICSD.622387: Curium sesquioxide Cm12018 30 1 c12/m1 14.282 3.641 8.883 90 100.29 90
25 Pearson.458650 Cm21036 57 1 R-3 10.1937 10.1937 9.4608 90 90 120
26 Pearson.531131 Cm32048 80 1 l1a-3 11.0017 11.0017 11.0017 90 90 90
27 Pearson.451123 Np404 8 1 Fm-3m 5.01 5.01 5.01 90 90 90
28 Pearson.1943223 Np408 12 1 Fm-3m 5.453 5.453 5.453 90 90 90
29 Pearson.1623465 Np8020 28 i1l P2/c 8.168 6.584 9.313 90 116.09 90
30 COD.1530380: Pu2 O3 Pu203 5 1 P-3m1 3.8381 3.8381 5.918 90 90 120
31 Pearson.451120 Pud04 8 1 Fm-3m 4.958 4.958 4.958 90 90 90
32 Pearson.560118 Pu408 12 1 Fm-3m 5.397 5.397 5.397 90 90 90
33 Pearson.1301779 Pu32048 80 1 1a-3 11.0446 11.0446 11.0446 90 90 90
34 Pearson.383833 Th404 8 1 Fm-3m 5.302 5.302 5.302 90 90 90
35 Pearson.1831421 Th408 12 1 Fm-3m 5.597 5.597 5.597 90 90 90
36 Pearson.1907310 Th408 12 1 Pnma 5.898 3.6 6.862 90 90 90
37 ICSD.15567: Uranium(Vl) oxide - alpha U206 8 1 C2MM 3.961 6.86 4.166 90 90 90
38 Pearson.1250852 u3os 11 1 P-3 6.815 6.815 4.136 90 90 120
39 Pearson.1125104 U308 11 1 P-62m 6.821 6.821 4.1517 90 90 120
40 Pearson.530900 U404 8 1 Fm-3m 4.92 4,92 4,92 90 90 90
41 ICSD.160813: Uranium oxide - HP U408 12 1 Pa-3 5.329 5.329 5.329 90 90 90
42 Pearson.541856 ua08 12 1 Fm-3m 5.47 5.47 5.47 90 90 90
43 Pearson.1250274 u4012 16 1 P2.12 12 1 5.224 5.466 7.511 90 90 90
44 Pearson.1250855 U6016 22 1 C222 6.704 11.95 4.142 90 90 90
45 Pearson.1250961 uU6016 22 1 Amm2 4.147 11.96 6.716 90 90 90
46 ICSD.160815: Uranium oxide - HP ug016 24 1 Pbca 9.688 5.332 5.35 90 90 90
a7 COD.2310373: U 03 u10030 40 1 P1211 10.34 14.33 3.91 90 99.03 90
48 Pearson.1250856 U12032 44 1 P2 _1/m 6.72 8.2911.93 90 91 90
49 Pearson.1250154 U12032 44 ! Cmecm 7.069 11.445 8.303 90 90 90
50 COD.1529146: Li2 (U3 010) U12040 52 1 P121/c1 6.821 18.91 7.3 90 121.56 90
51 Pearson.1250669 U16048 64 1 14_1/amd 6.9013 6.9013 19.9754 90 90 90
| Close




O Removal Energy of Actinide Oxides

Assign the Cooper force field for actinide oxides

Open Forcefield File

Directory:  /home/rshan/MD/2.0/data/Forcefields.kit/inorganic

(&) potentials clayff.frc TaO_eam_coul.frc
AlO_eam_coul.frc comb3.frc
bks.frc cvff_aug.frc
CeThUNpPUAMCmO eam coul.frc inorganic.frc
clayff-dioctahedral.frc nacl.frc
clayff-trioctahedral.frc SiFO_JCP2016-comb3.frc
[
Description:

Elements: Ce, Th, U, Np, Pu, Am, Cm, O
A forcefield model combining EAM with Coulomb for actinide oxides.

These potentials were imported from the website of Atomistic Simulation Group (http://abulafia.mt.ic.ac.uk/potentials/actinides).

-

M.W.D. Cooper and M.J.D. Rushton have developed a new potential model describing a range of actinide oxides which includes many-body eflects to Improve the description of
their thermophysical properties.
The model has been developed to describe the following oxides and as of v1.1 of the model, their solid solutions: CeO2, ThO2, UO2, NpO2, PuO2, AmO2 and CmO2.
A
J >
Flle name: |[CeThUNpPUAMCmMO_eam_coul.frc Open
Flles of type: Forcefield Files (*.frc) ‘ Cancel
1 http://abulafia.mt.ic.ac.uk/potentials/actinides 30




O

Removal

Prepare a High-throughput flowchart

New List

name: O Removal
file: O_Removalsli

-

/ Table

Name: Resuls
4

i S

N

for Each Structure

simultaneous loop
. file: actinide_oxides sli

\\

/G;L;rim \
Table: Results %

\r//

[

—nergy of Actinide Oxides

// Custom Stage

Analyze space group

\“‘

1

/'f_’__h‘\
/ Supercell

A

Qld a4 x4 x4 supercell

-

N g

Set Forcefield

Forcefield: eamycoul (from

)

Forcefields kit::inorganic/Ce1
hUNpPuAMCmO_eam coul.frg

LAMMPS

Energy of perfect
compound

¥

Custom_Q.\

\ Save properties of initial

system

Custom Stage

)

Calculate energy of one O
atem removed

Table: Add Row

Substitution

Randomly substitute atoms:
according to 1 rule(s)
replacing active structure

4
LAMMPS
Energy of
compound less 1
O
4

ormula_empirical
dardSpacegroup
Srho_calc
SEdiff

Save to List \

Add to list: OVacancy )
With properties: OVacancyE

Initialize

3-d periodic
Cutoff: 9.5
Skin: 2.0
Long range: PPPM
W/ tail corrections

Optimization of atom
positions,

Methed: Conjugate gradienty
Econvergence = 0.0
Fconvergence = 1.0

Minimize

Optimization of cell
(Isotropically)

and atom positions. P = 1.0
1.01.00.00.0 0.0 bar
Method: Conjugate gradienty
Econvergence = 0.0
Fconvergence = 1.0

R
Minimize

Optimization of atom
positions,

Methed: Conjugate gradienty
Econvergence = 0.0
Fconvergence = 1.0
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Run HT calculations in parallel or serial

Value: Highly efficient screening of large number of compounds

Star

N A

New List

name: O Removal
file: O_Removalsli

A Edit ForEach Structure stage 1 - o x
I |
/__..-—F S—— f
e N Structures \ Flowchart |
7/ Table \
ll." \ ‘ Localflle  From a previous stage
"& Name: Results ! Structure list file: lfhomefrshan/MD."Stmctures.“cuslom/actinide_oxndes.sli
/ :
\\ // Warning: Preparing a flowchart with VASP requires an active window system. After setting up the VASP calculation parameters for this system,
S— " A they are identically used for all structures in the list afterwards.
I ~ Advanced settings
y \ This structures list contains 56 structure(s) and a total of 56 configurations.
/./FO" Each Structure\__\ According to the stepping settings the loop will have 56 Iteration(s)
[
rl,. simultaneous loop ]
\Jle: ac“"'“9_°"“’es<5"/."' v Run the different loop iterations simultaneously Maximum number of jobs to submit simultaneously |20
< ~
N o
—— 4 Catch and Ignore errors In the iterations

s Y OK e

\ /
\ )
.\ y

v Run the different loop iterations simultaneously Maximum number of jobs to submit simultaneously IZO

T
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O Removal Energy of Actinide Oxides

i Formula ] Space Group i Density i OVacancyEnergy i
' | | | g/ea™3 | eV |
View results from Job.out . : ] : :
| Am203 |  P-3m1 | 13.5234 | 2.063400 |
* : . : | Am0 | Fm-3m | 15.2106 | 5.953601 |
e 112 (56 2) calculations finished in 749 | Am02 | Fm3m | 11.8527 | 5.917101 |
q 8 | L b | Am203 | C2/m | 13.3225 | 7.237001 |
- | Am203 | Ia-3 | 12.2707 | 8.011002 |
seconds on an core Inte INUX DOX | Ce203 | P321 | 4.4884 | -732.879751 |
| Ce203 | P-3m1 | 8.1413 | 3.246101 |
| Ce02 | P4a_2/mm | 6.3383 | 9.205002 |
| Ce02 | I4/mam | 7.9265 | ~-115.379024 |
| Ce02 | P-3m1 | 8.2788 |  -33.889407 |
| Ce0 | Fm3m | 8.9324 | 5.996101 |
| Ce02 | Fm3m | 7.2611 | 5.981401 |
12
10
s
2
>
B g
[0}
c
<
g 6
£
g
5 4
oo
; I
O I
s QL& N QL& e DY Y S NP NP S N R & & WA o PO
v“\& Q%@ “’@ @% & Q“’& <<<°% QO’& « <<<°?’ <<<°?) QQ@ <<<°% <é°?) <<<°'% <<<°q’ <<<°% <<<°% <<‘°?) «@0’ Q@?),,’O/\o'» Q,L»QQ %'0\ *“%owﬂ%»,;&\ o o“’ o“’ o"a o“" &’b& &P ,0& & Q%>\ o«
CHCY Y » o ‘ O v &’ P QD o
RS Q&o 0 RS v((a/o Q\)O'» 0&0 d“ 00'\, v@oﬂ, & /\\\o @ @o'” @O'» (Jeo'» o'“’ cbo o eqo'» {@9 (/e\,x 0 v&o /\\\o"’ S Q&O NN d“% & 8 P & 0,,’0“’ 00%
| U308 | P-62m | 7.3755 | 8.54990Z |
| U | Fm3m | 14.6722 | 5.218701 |
| w2 | Pa-3 | 10.4769 | 6.975001 |
| w2 | Fm3m | 11.8449 | 5.903401 |
| w3 | P2.12.12.1 | 8.3340 | 8.101002 |
| use | Amm2 | 7.3810 | 10.619602 |
. | w2 | Pbca | 10.9016 | 7.341002 |
Can further convert O removal energy to O | b2 | Pa | memsl 730 |
: : : | U8 | P21/m | 7.2044 | 7.213001 |
vacancy formation energy by considering | uss | cam | 7.1665 |  10.653002 |
f O | w3 | I4a1/amd | 7.4985 | -125.429026 |
| 13034 | Amm2 | 7.2381 | 8.780002 |
energy o 2 | w3 | P-3m | 7.6785 | 3.683401 | 33
| w3 | Pm3m | 5.4056 | 11.080502 |




Summary

Screened 56 Ce/O, Am/O, Cm/O, Np/O, Pu/O, Th/O, and U/O
compounds for their oxygen removal energies

* Directly imported structures from MedeA® databases to structure list
*  Set up LAMMPS calculations with Cooper potential
° Results written to a table and a csv text file

Same flowchart and strategy can be applied to other materials
properties using other potentials

© Materials Design, Inc. 2019
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Conclusions

The MedeA® environment hosts a variety of versatile tools
required for creation of realistic models of materials

°*  Molecules, amorphous liquids and solids
*  Bulk polymer, crosslinked resins
° Interfacial systems and composites

Integration of highly regarded simulation codes, including
LAMMPS, VASP, GIBBS, MOPAC, and Gaussian enables
multiple types of property calculation on materials of interest.

MedeA® High Throughput Launchpad enables the automated,
massive screening, exploring, and sampling of materials
properties

° Young’'s modulus of thermoset resins

*  Oxygen removal energy of actinide oxides

© Materials Design, Inc. 2019
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