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4+ N’hésitez pas a poser des questions !
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during discussi_gn: (] c DEEEEEEEE

I'aise hand Built-in Output i

to speak Talking: Katherine Hollingsworth

Q: Can you calculate the gelation point of a
polymer?

A: Yes we can! David will address this on an
qpcoming slide soon.

any time during webinar:
type your questiOn here What forcefields are supported by MedeA?
and then press Send

T

S ——— 4 Y7 send
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4% Environnement Logiciel MedeA

» Data central in MedeA

* Integrating of experimental data with simulations

s currently > 1 M data entries + computed data

g

Fast technology development
* High-throughput data generation by experiment and computations

* Data storage and handling
MODELING AND ANALYSIS

* Cloud computing

* Massive parallelization
Experimental and Computed Structure and Property Data. Over 500.000 entries
DATABASES

» Big data: Novel approaches for exploiting data

CoD ICSD PEARSON PAULING
* Neural networks, deep learning, machine learning

Mechanical Thermal Electronic Optic Magnetic Chemical
COMPUTATION OF PROPERTIES



Echantillonnage et Statistique
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Les propriétés des materiaux déecoulent de
“ phénomeénes microscopigues

Defects, Vacancies Formation energies

Diffusion

S

== Activation energies (Transition states)
Interfaces/grain boundaries ? 'Q Free energy, lattice mismatch, thickness
Elasticity % Elastic constants, moduli, strain analysis
Antiphase boundaries " Formation energies
Anti- 5|tes 5 ~ Formation energies
Configurational disorder ~ Ground states, microstructure evolution

Lattice vibrations Phonons, Free energy as function of T



Polyphenylene ether (PPE)

Volume (cm3/g)
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Volume vs Temperature Analysis

Where is the
transition?



{s Température de Transition Vitreuse (75) d’'un Polymere

Volume vs Temperature Analysis

1.05
1 F
Gradient change (least squares fit) = 405.1K +/- 8.6K
+
s P Value of high throughput calculations:
8 o9l Clear signal from noisy simulation data
£
3
> 085 F
08 F @ ; Table N ; For Each Structure ™ ; Table: Print N\ ; Custom Stage
Name: Densities sequential loop Table: Densities Plot density distribution of final
file: amorphous.tr cooled models
0.75 . . . . . .
0 100 200 300 400 500 600 700 Variables 4
T (K)
niols = 5 Amorphous Builder Custom Stage Table: Print
nConfigs = 50
M M M M M M M T=300K eometry: bulk ce! nalyze V versus able: Densit
Variability in individual V' vs. T curves (gray lines) Pt~ 100 s oy 05 w e st
empera. re: 4 ype: csv
Fit yields properties for the simulated system T - -
Automatic procedure: single high throughput
flowchart
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Figure 12. Distibution of tensile moduli of a batch of crosslinked DGEBA-DDS thermoset

1
4 5

Tensile Modulus/GPa

models.
Calculated Experiment Ref.
(GPa) (GPa)
DGEBA 3.49-3.53 2.4+.15-3.2+.15 17
TGAP 4.42-4.45 4.396+.027 18
TGDDM 5.18-5.19 5.103+.033 18

Table 1. Comparison of calculated and experimentally-measured tensile moduli for epoxy resins
based on di, tri and tetrafunctional resin architectures.

From: Rigby, D., et al, 2014. Computational prediction of mechanical properties of glassy polymer blends and thermosets. In
Advanced Composites for Aerospace, Marine, and Land Applications (pp. 157-171). Springer International Publishing.




,» Validation Méthodologique — Comparaison
% Systématique

Comparison between the vibrational frequencies computed
with semi-empirical and DFT methods for organic and
inorganic molecules: 1395 molecules, ~42,000 frequencies

4000
- - Qrganic compounds

- Inorganic compounds

PM7
SEmp Frequencies (cm

0 500 1000 1500 2000 2500 3000 3500 4000
DFT Frequencies (cm™) - B3LYP/TZVP

Rozanska et al. J. Chem. Eng. Data 2014, 59, 3136-3143 & Oil Gas Sci. Tech. 2015, 70, 405-417
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Calculs a Haut Débit
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{+ Calculs a Haut
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Data Mining

aches

Model & Simulation
Definition

Statistical
Analysis

Job & Data

Control

Model
Building

g

Simulatio

Machine
Learning

Data
Collection
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{+ Mise en CEuvre du Calcul Haut Débit dans MedeA

Structural

databases: ICSD,
Pearson, Pauling,
CoD

Define properties to be
computed and set
computational protocol VASP

LAMMPS

‘ GIBBS

MOPAC
GAUSSIAN

© Materials Design 2021



Un Calcul a Haut Débit en Pratique
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“nergies de Liaison d’Atome de Magnésium

» How strongly is Mg bonded in known Mg-containing compounds?
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Exemple d’'une Recherche dans les Bases de Données

Cristallographigues avec I'Outil /nfoMaticA de MedeA

/4y Fie “s Materials Design: InfoMaticA -- Search - O X ]|

P Querying InfoMaticA for Mg containing compounds,
with fewerothan 6 elements, and a unit cell volume less
than 2000A3

I a
T m

tailed, lpformation= =Codrdifafes T Géométry *| Thotdater & Rar Corela ion | Po
.....
a
my | contains number | msof  |[mg " va,
L4 ..
lements | is less than| .
me | is tess than| 2000.9

= “"

criterion ! .s® .

5 .
........
.........
----------------------------
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\

Résultats de la

eC

ds MedeA - [(Cu)1000 (P1 493 initiak: Cu nan odel 1 ¥
/' Materials Design: InfoMaticA -- Search X
File Edit Options MPM Pauling
-
completeness space group name H-M structural name systematic
Complete P3-M1 8 e2 h S e2 Mg b rse
Complete PNMA H6 Mg2 Na2 Nit HE Mg2 Na2 Nit Sodium mag hydride tetrahy (2r2211)
ICSD.280406 Complete PNIMA D6 Mg2 Na2 Nit D6 Mg2 Na2 Nit Dimag disodium nickel hexadeuteride
ICSD.83779 Complete FD3-MS Mg2 04 Sit Mg2 04 Si1 Magnesium silicate - spinel
ICSD.83780 Complete FD3-MS Mg2 04 St Mg2 04 Sit Magnesium silicate - spinel
ICSD.260407 Complete PNMA HE Mg2 Na2 Nit HE Mg2 Na2 Nit Di ium disodium nickel ide
ICSD.31106 Complete PBNM Cat Mg1 04 Sit Ca1 Mg1 04 Sit Calcium magnesium silicate
ICSD.83781 Complete FD3-MS Mg2 04 Sit Mg2 04 Si1 Magnesium silicate - spinel
ICSD.S007 Complete P321 AN F6 Li1 Mg1 All F6 Li1 Mg1 Lithium i fit
ICSD.184412 Complete PE3MMC Mg1 Zn2 Mo1Zn2 [ Magnesium zinc (1/2)
ICSD. 164171 Complete PBNM Fel Mg1 04 Si1 Fe1 Mg1 04 Sit Iron magnesium silicate
ICSD.83782 Complete FD3-MS Mg2 04 Sit Mg2 04 Sit Magnesium silicate - spinel
ICSD.5008 Complete PNMA D3 K1 Mg1 N2 D3 K1 Mg1 N2 potassium magnesium deutero-imide deutero-diamide
ICSD.164172 Complete PBNM Fe1 Mg1 04 Sit Fe1l Mg1 04 Sit Iron magnesium siicate
ICSD.83783 Complete FD3-MS Mg2 04 Sit Mg2 04 Si Magnesium silicate - spinel
ICSD.164173 Complete PBCA FelMa1 06 Si2 Fel Ma1 06 Si2 Iron maanesium catena-disiicate _vJ
Sy
Search Criteria | Detailed information | Coordi | Geometry | Coordi | Pair Correlation | Powder pattern |
Require that I formula I contains any number of I atoms of | Mg
Reguire that | number of elements | is less than| s
Require that | volume | is less than| [2000.q
Require that | structural ¢ I P |
Require that | —Add new criterion— |
* 4368 datab tri t d
dalabase entries returne
Run search| Clear
Displaying 500 of 4368 hits

© Materials Design 2021
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‘Find median
structures’

- limination des Structures

Redondantes

£+ Materials Design: InfoMaticA -- Search

View
. Copy

File Edit Options MPM Pauling

space group name H-M

structural

name systematic

Copy IDs P3-M1 s2 Be2 Mg1 &2 Mg arse
. Delete... PNMA HE Mg2 Na2 Nit HE Mg2 Na2 Nit Sodium mag hydride tetrahy (2/21211)
command retains P D6 g2 ez i D6 g2z i Dimsgnesu dsodun nicel hexadeutee
ICSD.83779 el FD3-MS Mg2 04 Sit Mg2 04 Sit Magnesium silicate - spinel
. ICSD.83780 FD3-MS l{lg2 04 S Mg2 04 Sit Magnesium silicate - spinel
represe ntative cs0 200407 [N PraaA W g2 Na2 i He g2 a2 Wi Omagnesium dsogum kel e
ICSD.31106 Complete PBNM Cat Mg1 04 Sit Ca1 Mg1 04 Sit Calcium magnesium silicate
ICSD.83781 Complete FD3-MS Mg2 04 Sit Mg2 04 Sit Magnesium silicate - spinel
structures... csoso0r TR pa2t A o Uit g1 A s Uit gt (B meposion bosa oroska
ICSD.184412 Complete P83MMC Mg1 Zn2 Mg1Zn2 Mngnesium zinc (1/2)
ICSD. 164171 Complete PBNM Fe1l Mg1 04 Si1 Fe1 Mg1 04 Sit Iron magnesium silicate
ICSD.83782 Complete FD3-MS Mg2 04 Sit Mg2 04 Sit Magnesium silicate - spinel
ICSD.S008 Complete PNMA D3 K1 Mg1 N2 D3 K1 Mgt N2 potassium magnesium deutero-imide deutero-diamide
ICSD.164172 Complete PBNM Fe1 Mg1 04 Sit Fel Mg1 04 Sit Iron magnesium silicate
ICSD.83783 Complete FD3-MS Mg2 04 Sit Mg2 04 Sit Magnesium silicate - spinel
ICSD.164173 Complete PBCA Fe1 Ma1 06 Si2 Fe1 Ma1 06 Si2 Iron maanesium catena-disilicate
Search Criteria | Detailed Information | C Geometry | Coordi | Pair Correlation | Powder pattern |
°*
Require that I formula ] contains any number of I atoms of | Mg
r L]
Require that | number of elements ' is less than] 6
Require that | volume | is tess than| [2000.q I
<
Require that | structural | comp | 4
. o W
Require that | —Add new criterion— I I\/I e d I a n S s
3 ’
== " 4
»
3
™ d
2
10 10 30 50 70

Run search| Clear

Ll

110

Find median structure for each formula and spacegroup in the table

© Materials Design 2021
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{4 Liste de Structures Ré

This yields 1443
structures for
further analysis
and computation

& Me
'S

Fie | ¥+ Mate

| File Edit Options MPM Pauling
o

completeness space group name H-M

structural

name systematic

H8 H8 B2 Mg1 T
C0D.9007818 Complete P42me CR2 Mg 010 Mg(Cl02)2.6H20
C0D.2013721 Complete P12/m1 C10 H16 Mg 014 C10AH716 Mg 014 hexaaquamggewq(]lpefzene~1.2.{.5-tguacarboxylate(2~)
ICSD.417035 Complete P12/M1 Co2 Gd4 Mg3 Co2 Gd4 Mg Tetragadolinium trimagnesium dicobalt
ICSD.416490 Complete | P12/M1 Co2 Mg3 Nd4 Co2 Mg3 Nd4 Neodymium cobalt magnesium (4/2/3)
ICSD.416491 Complete P12/M1 Co2 Mg3 Sm4 Co2 Mgswsm Samarium cobalt magnesium (4/2/3)
ICSD.417036 Complete | P12M1 Co2 Mg3 Tb4 Co2 Mg3 Tb4 Tetraterbium trimagnesium dicobak
ICSD.190935 Complete | P112/M H2 Mg1 04 Si1 H2 Mg1 04 Sit Magnujum dihydrogen sipate
ICSD.27533 Complete P12/ Mg2 04 Sit g2 04 Sit Magnesium silicate - model |
ICSD.419312 Complete P4-21M Ba2 Ge2 Mg1 o7 Ba2 Ge2 ng 07 Dibarium magnesium Qigermanate
ICSD.81117 Complete P4-21M Ba2 Mg1 07 Si2 Ba2 Mg1 07 SR Dibarium magnesium disilicate
ICSD.50085 Complete | P4-21M Ca2 Mg1 07 Si2 Ca2 Mg1 07 S2 Dicalcium magnesium disilicate
ICSD.261224 Complete P4-21M Eu2 Mg1 07 Si2 Eu2 Mg1 07 Si2 Dieuropium magnesium disiicate
ICSD 420522 Complete P4-21M Ge2 Mg1 07 Sr2 Ge2 Mg1 07 Sr2 Distrontium magnesium digermanate
ICSD.261226 Complete | P4-21M Ma1 07 S2 Sr2 Ma1 07 S2 Sr2 Distr i isi Ll
A | 2
7y
Search Criteria | Detailed information | Coordi | Geometry | Coordi | Pair Correlation | Powder pattern |
Require that I formula l contains any number of | atoms of | Mg
Reguire that | number of elements l is less than] s
Require that | volume | is tess than| [2000.0
Require that | structural ¢ l comp |
Require that | —Add new criterion— |
Run search| Clear
Displaying 500 of 1443 hits

© Materials Design 2021
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» Bevue des

Jonnées de |la Liste de Structures

& Mede

Each entry
provides
additional
information on
the structure: i.e.
source, geometry,
symmetry, atomic
coordinates, etc.

/'« Materials Design: InfoMaticA -- Search

File Edit Options MPM Pauling

completeness space group name H-M

ICSD.262083 Co P42NM

C2 Mg 010

structural

H8 B2 Ma1

name systematic

rdoborate) -

COD.9007818 [ P42mc Mg(CI02)2.6H20
C0D.2013721 Complete P12/m1 C10 H16 Mg 014 C10 H16 Mg 014 hexaaquamagnesium(l) benzene-1g,4£.(qugcarboxyhte(2~)
ICSD.417035 Complete | P12/11 Co2 Gd4 Mg3 Co2 Gd4 Mg3 Tetragadolinium trimagnesium dicobalt
ICSD.416490 Complete | P12/M1 Co2 Mg3 Nd4 Co2 Mg3 Nd4 Neodymium cobalt or i (M)
ICSD.416491 {:omplete i P12M1 qu MgS SM §02 Mg:rsrsm Sarm!'ium cobalt magnesiurp (4f2!:§)
ICSD.417036 Complete | P12/M1 Co2 Mg3 Tb4 Co2 Mg3 Tb4 Tetraterbium trimagnesium dicoba
ICSD.190935 Complete | P1 ‘!ZIM H2 Mg1 04 Si1 112 Mg1 04 Sit Magnesium dihydrogen silicate
ICSD.27533 Complete P12M1 ~ Mg204Sil 14g2 04 Sit Magnesium silicate - model |
ICSD.419312 Complete P4-21M Ba2 Ge2 Mg1 o7 Ba2 Ge2 Mg} 07 Dibarium mqgnes'um qigermanate
ICSD.81117 Complete | P4-21M Ba2 Mg1 07 Si2 Ba2 Mg1 07 SR Dibarium magnesium disilicate
ICSD.50065 Complete | P4-21M Ca2 Mg1 07 Si2 Ca2 Mg1 07 S2 Dicalcium magnesium disilicate
ICSD.261224 Complete P4-21M Eu2 Mg1 07 Si2 Eu2 Mg1 07 S2 Dieuropium magnesium disiicate
ICSD.420522 Complete P4-21M Ge2 Mg1 07 Sr2 Ge2 Mg1 07 Sr2 Distrontium magnesium digermanate
ICSD.261226 Complete P4-21M Mal 07 S2 Sr2 Mol 07 S25r2 Distrontk ium disi ~|
AN NN EEEEEENENEEENNNNNEEnS | _’I
.-"""-- """--'-, 3
«Detailed information | Coordi | Geometry | Coordination | Pair Correlation | Powder pattern | ¢
Tug,y an®
B (c3o 51 RELEEEERTEEEEEEE bt MgB,H; =

Spacegroup:
SpGrp Number:

Pearson symbol: tP22

a:
b:

H8 B2 Mg1
Magnesium bis(tetrahydridoborate) - HP phase

P42NM Z: 2
Volume: 181.65
Calculated density:

5.43610. o

90.0.

5.4361+0. B: 90.0.

Displaying 500 of 1443 hits

© Materials Design 2021
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{4 Sauvega

The refined list is
saved directly as
a structure list

rde de |la Liste de St

ructures

- [(Cu)1000 (P1 4393 initiak: Cu nano-model 10]

/'« Materials Design: InfoMaticA -- Search

File Edit Options MPM Pauling

completeness space group name H-M structural

ICSD.262083 Co PA2NM Toane ha2? g1

name systematic

C0OD.9007818 )2.6H20
COD.2013721 plete P12/m1 Mg 014 hexaaquamagnesium(l) benzene-1,2,4,5-tetracarboxylate(2-)
ICSD.417035 Copy IDs g4 Mg3 Tetragadolinium trimagnesium dicobalt
Delete... g3 Nd4 Neodymium cobak magnesium (4/2/3)
| iovendaiionew sucure st | SE Semerum cabet magnesium (425)
= Append all to existing stucture list 93 Tb4 Tetraterbium trimagnesium dicobalt
ICSD.190935 Append selection to new stucture list 04 Sit Magnesium dihydrogen silicate
(SR M Comp 121 Append selection to existing stucture ist D4 Sit ~ Magnesium siicate - model
ICSD.419312 —— Mg1 07 Dibarium magnesium digermanate
csosi7 | ' Hos Capacty; CeyD T onpaminD.. orse | " Divarium magnesium disiicate
ICSD. 50065 ~ Ca2Mg107S2 [ Ca2 Mg1 07 S2 Dicalcium magnesium disilicate
ICSD.261224 Eu2 Mg1 07 S2 \ Eu2 Mg1 07 S2 Dieuropium magnesium disiicate
ICSD. 420522 Ge2 Mg1 07 Sr2 i Ge2 Mg1 07 Sr2 Distrontium magnesium digermanate
ICSD.261226 [ Mol 07 S2'Sr2 [ Mol 07 S2Sr2 Distrontium maanesium disiicate |
< | |
25 |
Search Criteria  Detailed Information | Coordinates | Geometry | Coordination | Pair Correlation | Powder pattern |
ICSD.262083 MgB,Hg =
H8 B2 Mg1
Magnesium bis(tetrahydridoborate) - HP phase
Spacegroup: P42NM Z: 2
SpGrp Number: Volume: 181.65
Pearson symbol: tP22 Calculated density:
a: 5.4361%0. o 90.%0.
b:  5.4361%0. B: 90.%0. |
il 2
Displaying 500 of 1443 hits
| {

© Materials Design 2021
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{ Liste de Structures

£+ MedeA: structure list editor
File Add structure(s) Display Properties QT: QSAR Toolbox

SQLite structure list file (1620992 bytes). C:/U: clive/Desktop/Magnesi sk

Containing 1443 structure(s)

View structures from: |1 | to: [200 || Apply

Structures Properties

Order Name Structural Formula % atoms = configurations Symmetry Cell parameters
1 1CSD.262083: Mag bis(tetrahydridob ) - HP phase Mg2B4H16 22 1 P42NM 5.4361 54361 6.1468 90 90 90
2 C0D.9007818 Mg2Ci4020 26 1 P42mc 7471 7.471 9.98 90 90 90
3 COD.2013721: hexaaq gnesium(ll) b 1,24, 5-tetracarboxylate(2-) MgC10014H16 41 1 P12/m1 6.447 9,942 6.455 90 115.148 90
4 1CSD.417035: Tetragadolinium trimagnesium dicobalt Gd4Co2Mg3 9 1 P12/M1 7.54 3,741 8.225 90 109.65 90
5 1CSD.416490: Neodymium cobalt magnesium (4/2/3) Nd4Co2Mg3 9 1 P12/m1 7.6542 3.8053 8.3247 90 109.79 90
6 1CSD.416491: Samarium cobalt magnesium (4/2/3) Sm4Co2Mg3 9 1 P12/M1 7.6012 3.7711 8.2684 90 109.68 90
7 ICSD.417036: Tetraterbium trimagnesium dicobalt Tbh4Co2Mg3 9 1 P12/M1 7.504 3.7286 8.195 90 109.48 90
8 1CSD.190935: Magnesium dihydrogen silicate MgSiO4H2 8 1 P112/M 4.756 4.266 2.844 90 90 92.99
9 1CSD.27533: Magnesium silicate - model | Mg85i4016 28 1 P12/M1 10.11 5.77 4.7 90 90 90
10 1CSD.419312: Dibarium magnesium digermanate BadMg2GedO14 24 1 P-421M 8.3667 8.3667 5.542 90 90 90
1 ICSD.81117: Dibarium magnesium disilicate BadMg25i4014 24 1 P-421M 8.2036 8.2036 5.4058 90 90 90
12 ICSD.50065: Dicalcium magnesium disilicate CadMg2Si4014 24 1 P-421M 7.8338 7.8338 5.0082 90 90 90
13 1CSD.261224: Dieuropium magnesium disilicate EudMqg2Si4014 24 1 P-421M 8.0138 8.0138 5.1711 90 90 90
14 1CSD.420522: Distrontium magnesium digermanate SrdMg2Ged014 24 1 P-21M 8.17258.1725 5.31590 90 90
15 1CSD.261226: Distrontium magnesium disilicate SrdMg25i4014 24 1 P-421M 8.0107 8.0107 5.1636 90 90 90
16 1CSD.51245: Magnesium chloride MgCIi2 3 1 P-4m2 4.06 4.06 4.188 90 90 90
17 1CSD.416341: Magnesium boride carbide (2/24/1) Mg4B48C2 34 1 P-4n2 8.9391 89391 5.0745 90 90 90
18 ICSD.165651: Magnesium bis(tetrahydridoborate) Mg4B8H32 44 1 I-4m2 8.18 8.18 9,965 90 90 90
19 1CSD.249592: Strontium magnesium indide (1/1/3) SrZMg2iné 10 1 1-4m2 4.6895 4.6895 12.629 90 90 90
20 C0OD.4328859: ? Nd26Mg4SigB16086 140 1 P121/m1 9.1691 15.8763 11.78 90 106.12 90
21 1CSD.30654: Trimagnesium manganese dimanganese(lll) diborate Mn6Mg6B4020 36 1 P121/M1 5.36 5.98 12.73 90 120.57 90
2 CODA11893%: ? NabMg2P2C2014 26 1 P121/m1 8.82663 6.61646 5.15605 90 89.6919 90
23 ICSD.67816: Potassium manganese tetracopper trivanadium oxide K2V6Cu8Mg2026 R 1 P121/M1 10.7144 6.0282 8.3365 90 98.075 90
24 1CSD.84669: Strontium magnesium fluoride - Il Sr12Mg12F48 n 1 P1121/M 7.8249 7.493 16.9248 90 90 105.041
25 1CSD.78532: Sodium lanthanum magnesium tellurium(VI) oxide Na2la2Mg2Te2012 20 1 P121/m1 5.5526 5.5349 7.9126 90 90.22 90
26 1CSD.40497: Sodium lanthanum manganese tungsten oxide Na2la2W2Mg2012 20 1 P121/M1 5.5239 5.5253 7.8939 90 90.16 90
27 1CSD.150576: Magnesium zinc (1/2) - eta’ Mg2Zn4 6 1 P121/M1 4.97 5,54 4.97 90 120 %0
28 C0D.9010402 Mg65i6018 30 1 P121/m1 7.026 6.228 4.262 90 95.85 90
29 C0D.9010401 Mg8Sig024 40 1 P121/m1 9.477 6.205 4.256 90 98.75 90
mn 1IrCN 107181, AL . b . i ARTEMLIACKTIR A0 1 1 A9 017681 0 1781 17 A0& 0N ON AN
Close

© Materials Design 2021
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Organigramme des Taches du Calcul du Potentiel
Chimigue du Magnésium - A For Each

Bt R G Structure’ loop uses
the structure list

T ol

ile Loop

© Materials Design 2021
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4+ Détails du Protocol du Calcul pour le Magnésium

e Core of the

protocol : 2 VASP

energy
calculations

44 Submit Run job = O

Queue ’ ContractMontrouge H

Number of processors:‘ 16 ‘

Priority:‘ 5 ‘

X

‘ Run ‘ ‘ Cancel

4y Medea

File Buiders Tools JobControl For

/' Edit ForEach Structure stage 1

Structures § Flowchart \

Supercell

Build a 1 x 1 x 1 supercell

VASP
Custom Stage Table: Add Row
ve the initial electronic energy) Table: Table1
Data:  SeMgRemoval
4
Save to List
Add to list:
Custom Stage Custom Stage pperbariniry R
With g
Delete a D; the energy required uamnm%
magnesium atom remove a magnesium
4 4

Lol

[~ Catch and ignore errors in the tterations

[~ Run the different loop #erations simukaneously  Maximum number of jobs to submit simultaneously |20

H ~Reading and writing flowcharts
Open Library ... | Open User ... I Save J

| From job: \ Open|

Initiakzation & Control
Subchart

Set Variables

Print Variables

Custom Tcl Script

For Loop

Foreach Loop

While Loop

Foreach Structure Loop

Catch

If

Tables and Graphs
Table

© Materials Design 2021
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/s Quels sont les Taches dans I'Organigramme?

» Provides visual protocol & summary of the calculation steps

» Manages the computations for 1443 structures

* Model & Simulation Job & Data
* Uses (Only) 16 cores Definition Control

* In this case, runs for 8.9 days (local hardware)
* Carries out 2886 VASP calculations

* Transfers and manages ~63,000 files

* Collects results for permanent storage

* Let you examine all calculations details

» Prepares a report summarizing results Data Mining S Machine

Analysis Learning

» Provides a unique identifier for sharing results

* E.g. http link http://1.2.3.4:32000/jobStatus.tml?id=10155 -

Collection

» Allowing you to survey efficiently parameter space

%
\\

*) using 1600 cores all these calculations would have taken about 3 hours.

28



{4 Liste de Structures Obtenue apres Calcul

S Computed
property

44 MedeA: structure list editor

File Add structure(s) Display Properties QT: QSAR Toolbox

SQLite structure list file (8258560 bytes): C:./Users/clive/D: M. Energy1.sii

Containing 1442 structure(s)

View structures from: |1 ] to: [1442 ] ‘ Apply

Structures Properties

Order Name Structural Formula

1 1CSD.262083: Magnesium bis(tetrahydridoborate) - HP phase_.1 =~ Mg2B4H16
2 C0D.9007818_1 Mg2Cl4020
3 COD.2013721: h gnesium(ll) b 1,24 5-tetracarbc MgC10014H16
4 ICSD.417035: Tetragadolinium trimagnesium dicobalt_1 Gd4Co2Mg3
5 1CSD.416490: Neodymium cobalt magnesium (4/2/3)_1 Nd4Co2Mg3
6 1CSD.416491: Samarium cobalt magnesium (4/2/3)_1 Smd4Co2Mg3
7 ICSD.417036: Tetraterbium trimagnesium dicobalt_1 Tb4Co2Mg3
8 1CSD.190935: Magnesium dihydrogen silicate_1 MgSiO4H2
9 ICSD.27533: Magnesium silicate - model |_1 Mg8Si4016
10 1CSD.419312: Dibarium magnesium digermanate_1 BadMg2GedO14
n ICSD.81117: Dibarium magnesium disilicate_1 BadMg25i4014
12 ICSD.50065: Dicalcium magnesium disilicate_1 CadMg25i4014
13 1CSD.261224: Dieuropium magnesium disilicate_1 EudMqg25i4014
14 1CSD.420522: Distrontium magnesium digermanate_1 SrdMg2GedO14
15 1CSD.261226: Distrontium magnesium disilicate_1 SrdMg25i4014
16 1CSD.51245: Magnesium chloride_1 MgCl2
17 1CSD.416341: Magnesium boride carbide (2/24/1)_1 Mg4B48C2
18 ICSD.165651: Magnesium bis(tetrahydridoborate)_1 Mg4B8H32
19 1CSD.249592: Strontium magnesium indide (1/1/3)_1 Sr2Mg2in6
20 C0D.4328859: 2_1 Nd26Mg4SigB16086
21 1CSD.30654: Trimagnesium manganese dimanganese(lll) diborate Mn6Mg6B4020
2 COD.4118939: 2.1 NabMg2P2C2014
23 ICSD.67816: Potassium manganese tetracopper trivanadium oxide K2V6Cu8Mg2026
24 1CSD.94669: Strontium magnesium fluoride - II_1 Sr12Mg12F48
25 1CSD.78532: Sodium lanthanum magnesium tellurium(VI) oxide_1 Na2la2Mg2Te2012
26 1CSD.40497: Sodium lanthanum manganese tungsten oxide_1 Na2la2W2Mg2012
27 1CSD.150576: Magnesium zinc (1/2) - eta'_1 Mg2Zn4
28 C0D.9010402_1 Mg65i6018
29 C0D.9010401_1 Mqg85ig8024
0 1FCN 107181, AL s miboeme . a1 A~1EMAL1ACKIA

<

140
36
26
LR
i
20

30
40

A0

# atoms

@ Tomh ok TembY cnd Lol b (B coh Couhy cob’ tamh| e lgmh| omb k| end omh| ond iemh| cob iomh| smb Conh| b Zaph| b Lpnbl wb: Lewk

Close

# configurations

P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1

n1

Symmetry

Cell parameters
5.4361 5.4361 6.1468 90 90 90
7.471 7.471 9.98 90 90 90
6.447 9.942 6.455 90 115.148 90
7.54 3.741 8.225 90 109,65 90
7.6542 3.8053 8.3247 90 109.79 90
7.6012 3.7711 8.2684 90 109.68 90
7.504 3.7286 8.195 90 109.48 90
4.756 4.266 2,844 90 90 92.99
10.115.77 4.7 90 90 90
8.3667 8.3667 5.542 90 90 90
8.2036 8.2036 5.4058 90 90 90
7.8338 7.8338 5.0082 90 90 90
8.0138 8.0138 5.1711 90 90 90
8.1725 8.1725 5.31590 90 90
8.0107 8.0107 5.1636 90 90 90
4.06 4.06 4.188 90 90 90
8.9391 8.9391 5.0745 90 90 90
8.18 8.18 9.965 90 90 90
4.6895 4.6895 12.629 90 90 90
9.1691 15.8763 11.78 90 106.12 90
5.36 5.98 12.73 90 120.57 90
8.82663 6.61646 5,15605 90 89.6919 90
10.7144 6.0282 8.3365 90 98.075 90
7.8249 7.493 16.9248 90 90 105.041
5.5526 5.5349 7.9126 90 90.22 90
5.5239 5.5253 7.8939 90 90.16 90
4.97 5.544.97 90 120 90
7.026 6.228 4.262 90 95.85 90
9.477 6.205 4.256 90 98.75 90

0 1781 0 1781 17 £0& 0N 00 ON

MagnesiumExtractionE
9.0767079999999964
11.678332999899995
13.024231999999984
2.6571440000000024
2.6206330000000051
2.6354080000000053
2.6607569999999967
10.541487000000004
10.080409000000003
11.347779999393972
11.337536999999998
11.511885000000007
11.57242%
11.391487999999981
11.467181000000011
8.6441009999999991
4.5614679999999908
10.287706000000014
2.587607000000002
10.780890999993883
6.7704059999999799
10.475797999999998
9.4981760000000008
14.494196999999986
10.437513999999993
10.615187999999939
2.6280370000000008
7.3878770000000031
7.2147510000000068

7 2377220000000081
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Infrastructure et Calculs Haut
Débit dans MedeA : Atouts,
Robustesse et Versatilité

31



y 8

Robustesse

Data Mining

Model & Simulation " Job & Data
Definition Control

Building
g

Simulatio

Statistical Machine
Analysis Learning

Data
Collection

© Materials Design 2021
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{+ Mise en CEuvre du Calcul Haut Débit dans MedeA

+%. Materials Design Flowcha u

- —Reading and writing flowcharts
Open Library ... | Open User ... | Save ... |

3 From job: ‘ M‘

Add stages

Initialization & Control

% Edit ForEach Structure stage 1 - e 7 m

Structures \ Flowchart \

]

" Local file ' From a previous stage
Structure list file: | _J

Warning: Preparing a flowchart with VASP requires an active window system. After setting up the VASP calculation parameters for this system,
they are indentically used for all structures in the list afterwards.

m

[~ Advanced settings

o
v Run the different loop iterations simultaneously Maximum number of jobs to submit simultaneousll |2d \
./

[~ Catch and ignore errors in the iterations

44 Submit Run job e | X

Queue | ContractMontrouge -

— - : o i
Number of processors:‘ 16 ‘ i - VASP 5 3: Density Functional Theory | 4
s Job title:
Pnonty.‘ 5 ’ o M
‘ Run ’ ‘ Cancel ‘

* Value: Highly efficient screening of large number
of compounds

© Materials Design 2021



FLOPS (OPS prior to 1958)

{s Mise en CEuvre du Calcul Haut Débit dans MedeA
.

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

4 jobsx1 core

1018 T T T
Fastest Supercomputer (2018):
16 |
10 122.3 PFLOPS (Oak Ridge)
10" b supercomputers “
12 |
o . MedeA Instrument NN 00 | | e 9
o™ | ¢ 10 jobsx8-16 cores
..~'. Dell Inspiron, 2004 :
108 } (B aEEs
Nintendo 64, 1996
106 B . 100 jobsx32 cores
Personal Iris, 1989
4 - .
L Readily ¥
il accessible
hardware
-‘00 I ' ' L 1
1940 1960 1980 2000 2020 2040

34



4o Versatilité

Structural
databases: ICSD,
Pearson, Pauling,

CoD

. . . Ss
Define properties to be %’ S
% RS
computed and set 4 RY
i 7 \
computational protocol lI, VASP \“
"' LAMMPS ‘|“
|~ GIBBS ’
I
" MOPAC "
\
W GAUSSIAN ,,"
\\\\ ) 4
NN 27

© Materials Design 2021



/ Calculs Haut Débit : Robustesse et Versatilité -
® VASP

& MedeA - a9

File Buiders Tools Job Control For

/' Edit ForEach Structure stage 1

Structures ¥ Flowchart \

r ~Reading and writing flowcharts
VASP | Open Library ... | Open User ... I Save l
Custom Stage Table: Add Row From job: | _[ Openl
the initial electronic energy/ Table: Table1 Add stages
Daia. SeMgRemoval Initiakzation & Control A
Supercell d Subchart
Build a 1 x 1 x 1 supercell Set Variables
Save to List Print Variables
Add to list: Custom Tcl Script
A dWithM. iEl
With properties: A For Loop
MagnesiumExtractionEnergy — Foreach Loop
While Loop
‘ Foreach Structure Loop
Catch
If
l _I Tables and Graphs
4 Table
- I l |

[ Run the different loop erations simukaneously  Maximum number of jobs to submit simultaneously |20

[~ Catch and ignore errors in the iterations

o |

© Materials Design 2021



/ Calculs Haut Débit : Robustesse et Versatilité -
* LAMMPS

LAMMPS
Custom Stage
- Energy of perfect
New List gy P d Calculate energy of one O
name: O_Removal compoun atom removed LGl
file: O_Removalsli Initialize
Custom Stage A

3-d periodic

4 Cutoff: 9.5

‘ Skin: 2.0

Long range: PPPM
Analyze space group
Custom Stag e W/ tail corrections ;
Table Save properties of initial able: Add Row k
system Minimize
Name: Results Optimization of atom
positions,

4

3 ; ical Fconvergence = 1.0
—— ula_empirica
Supercell Substitution rdSpacegroup
Randomly substitute atoms:
- according to 1 rule(s) ,
for Each Structure Build a 4 x 4 x 4 supercell RN e R Erickar Minimize
Optimization of cell
simultaneous loop (Isotropically)
A\, file: actinide_oxides sli 4 and atom positions. P = 1.0
N 1.01.00.0 0.0 0.0 bar
\\_,» ’ V| Method: Conjugate gradients

4 1 Econvergence = 0.0

1 = Fconvergence = 1.0

Set Forcefield ! Ssveto Lt
Forcefield: eamjcoul (from LAMMPS Add to list: OVacancy
A Forcefields kit::inorganic/CeT : Minimize
. > .
Table: Prin® hUNpPUAMCMO eam coul frd With properties: OVacancyE
) sl Energy of Optllrtllwzatlon of atom
positions,
Table: Results com pound less1 0 Methed: Conjugate gradientd

Econvergence = 0.0

4 Fconvergence = 1.0

4 L A
“ '
e

Method: Conjugate gradients
Econvergence = 0.0
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» Calculs Haut Débit: Robustesse et Versatilité — GAUSSIAN et
¢% MOPAC

Comparison between the vibrational frequencies computed
with semi-empirical and DFT methods for organic and

inorganic molecules: 1395 molecules, ~42,000 frequencies

4000

— - Organic compounds
<3500 g Q

- Inorganic compounds

w
o
o
o

SEmp Frequencies (cm-

0 500 1000 1500 2000 2500 3000 3500 4000
DFT Frequencies (cm™)

Rozanska et al. J. Chem. Eng. Data 2014, 59, 3136-3143 & Oil Gas Sci. Tech. 2015, 70, 405-417
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GIBBS

Sample shown in the plot: ¥100 compounds

AAD of the T, calculated by GEMC simulation
from the DIPPR* data, is 1.4%

More than half of the compounds have an
Absolute Deviation (AD) of the T, below 1.0%

Carboxylic
acids
Carboxylic
esters
Aromatics
‘.i—:,::’;, i ...

Simulation Data: T, (K)

700

600

500

400

300

200

100

0
0 100 200 300 400 500 600 700

Experimental Data: T, (K)

MedeA-GIBBS simulations (AUA & TraPPE-UA FF)

Calculs Haut Débit : Robustesse et Versatilité — Monte Carlo
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Exploitation Subséquente du Calcul
Haut Débit dans MedeA:
Corrélation, Champs de Forces et
Auto-Apprentissage

40



4+ Analyse et

Sy

~ -~

-
-

o

-Xploitation des Données

Job & Data
Control

Model & Simulation
Definition

Model
Building

C
\J &JlJ
: ey
Simulatio :

[ — e ]
- = -— .

- -— wm mm -

- = ==

-—oay
=
-

--
- oam
- =

-

poec} - -

Machine
Learning

Statistical
Analysis

-
-
- . =

-

-
- - -
-~ _ e o o am mm Em mm o mm = = -

Collection
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Liaisons entre propriétés et modeles par

¥ changement d’échelles de temps et de taille

AN

Continuum models

Larger systems

.
.

More configurations, longer time scales

42



{4+ Analyse Statistigue et Corrélation

MedeA QT

So el R — I
File Edit Tools Model Help
A F OQGRXwO
| Training St Models
> M e deA Q T Descriptor Samples  Mean StdDev Mogel 1
Noh 3507 014 0389 k£ 0.4930 Model 1
Mwieight 3597 17170 85618 £ -0.3085 3507 Samgles
Nhydroxyl 397 011 035 E 01618
P LS & IVI L R 9t Aoty Nketone 3507 004 0211 B 0.0422 e
Nnonhydrogen 3597 1124 5184 P -0.0679 8
chio 3597 859 3892 E -1.1973 X0
chiov 3597 7.57 3.188 £ 0.2745 'E
it 3597 537 2459 k£ 1.4830 Eos
dhitv 3597 438 2090 & 07342
IVI L a n d Nrot | 3597 591 4986 B 0345 T
Nhydrogen 3507 1479 9220 B -0.6563 s o e
Measured x 100
. . Latent Factors Rank ~ Auto: 7
I n te rat | O n Tralning Set Semples Induded 3597
Normalized RMS Deviation (NRMSD) 0.4025
Coelficient of Determination (R?) 0.8379
Adjusted Coefficient of Determination (R2) 0.83/4

Flowchart based descriptors — chemistry

simulation engine based, & proprietary o
For Each Structure
% alNlelisicied et ol elelel Aujv] New List e b
- LT & e
Fasmatier | SO AnnotatedWithLithiumEnergy
file: AnnotatedWithLithiumEnergy|
Initialized by:
e e e o T Table: Print
N & Table: Table1
E : Name: Table1
J

Flowchart based

Creating molecules
& model usage

and systems using MedeA

Aasamonn

v
5
n
x
¥
=

Structure list - storing information



4+ Modeles de Corrélation

Use correlations to predict properties for other members of a chemical family

Heavy Crude Oil Components
Liquid Density Prediction

CO2 Absorption Kinetics

JOAENAL OF
® alkyl-phenanthrenes CMEPOC AL IMPORMA P
AND FOORL NG

-------------- alkyl-phenanthrenes (corr.)
m alkyl-naphthalenes
--- alkyl-naphthalenes (corr.)
A alkyl-benzenes
--- alkyl-benzenes (corr.)
¢ alkyl-cyclohexanes
—--—alkyl-cyclohexanes (corr.)

——alkanes (corr.)

1200
1100 } o0 9.
. .

__1000 }
o S
= W
= gy S
2 900 | ———————— A P R e
5 \©A ““““ A--mmme A . _ A _ _ _ A mm e
3 ‘._”_“__”_‘_ ,,,,,,,,,,, P -
& 800 [ (e T

700 F NN

600

5 10 15 20 25 30 35 40

N (# of carbons)

Ungerer et al. Energy Fuels 2019, 33, 2967

Rozanska et al. J. Comput. Chem. Inf. Model. 2021, 61, 1814
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I~ Editeur de Liste de Structures : Propriétés et Descripteurs

* MedeA offers a consistent basis for the construction of descriptors and correlations

File Add structure(s) Display | Properties

SQLite structure list file (547840 byte
Containing 500 structure(s)

New property
Descriptors

Delete

' S— ngncO ngnco ke
View structures from: ‘ 1 ‘ to: 1200 ‘ Apply ngnc1 ngncl =
L - L J r4 l —raa —_—— il Aot
Structures Properties -Descriptor definition
‘Name:l s
Order Name ‘ ' |
18 ICSD.188829: Lithium beryllium (1/1) “ Existing descriptors V’ ‘ Structure properties ¥ | | Atomic properties V\ | Ligand properties V‘ \ Voids properties ¥ |
41 ICSD.246613: Lithium palladium hydride (1/1/1) “ Generic functions ¥ |  Atom functions ¥ | | Ligand functions ¥ | ss_e (An)
3 ICSD.187135: Lithium iron phosphide | Atomic number ¥ | | Coordination class ¥ | gz;:';?:s“d;xg ((2""3))
2 IC5D.187132: Lithium iron arsenide ' Expression: \ @nbr1+@ncO+@NCT+@NCT0+@NCT14@NCT24@NCT3+@NC4+@NCTSH@NC2+@NC3+@NC Sz:‘t:-c‘l';’i-"d"me {Ang'3)
154 Pearson.1702887 i | void_volume (Ang"3)
58 Pearson.1713560 ‘ =
40 ICSD.616780: Bismuth lithium (1/1)
66 COD.9016055 <
& “:Cancel:‘]
Close | ' Help |

© Materials Design 2021

Atomic radii in voids and coordination (=) Covalent () lonic

! -"_;,‘:,:1‘ 7':7.3:-‘: cataiog \ Cleat

Descriptors catalog

44 MedeA: structure list descriptors =

Descriptor

sumhvyatgroup sumhvyatgroup
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MedeA Forcefield Optimizer

Fitting Data Forcefield Optimization Options Flowchart

Evolutionary Algorithm parameters
20 \

Population size
Number of generations

{4 Multiobjective optimization

Define initial
training set

Perform ab initio
calculations

The following can be selected for multiobjective optimization.

Foreach property such as energy or forces, linear regression is made
for points located according to reference / computed values.

On a perfect match the regression coefficient beta1 should be 1 (beta1 also noted a
in the equation 'y = a * x + b') and R should be also 1.

Objective noted a means minimizing the value: abs (1.0 - a)

Objective noted R means minimizing the value: abs (1.0-R)

Total Energy

[] RMSD Oa r
Enery per atom

RMSD a R
Forces

& RMSD a R
Stress

] RMSD Oa r

Get properties
-Energies
-Forces, and/or
-Stress tensor

Build list of
structures

Define forcefield

type

Generate
forcefield file
ready to be used

\ 4
Forcefield Optimizer
-Fit parameters by minimizing
MSD between QM and MM
properties using evolutionary

v

algorithm and conjugate

\ 4

in molecular

mechanic code

\ 4

gradient methods
-Assess statistical
performance vs. training and
validation sets

Expand training

Least Squares Fitting parameters
Maximum number of terations [:
Maximum number of function evaluations
Finite difference step size parameter 1. Oe S

1000

Initial step size factor

600

400

Computed forces in kJ/mol/Ang

-600

-800

200

-200

-400 |

set

Validate overall
quality of
forcefield

parameters in

MM dynamics

simulations

A 4

y= 098634 * x + 0.0042895 . r =

-600

-400

-200 0 200 400
Reference forces in kJ/mol/Ang

600

Optlmlsatlon de Parametres de Champs de Forces
® par Algorithme d’Evolution Génétique

Todorova et al. Chem. Eur. J.,
2016, 22, 16531-16538.
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MedeA MLP Generator

» Uses structure list

MLP Generator

Training and Validation Set Energies
-7.90 T T T T T [T T T T T T T T
B training set + ]
validation set X 2
- training fit: 1.001 x + 0.009 «===sseeeees .
. . . . -8.00 |- -
» Provides Machine Learning Potential (MLP) : :
-8.10 | -
Edit MLP generator stage 1 - .
Structure list: ‘ g - 1
§ 820F -
Type of machine learning potential: ‘ SNAP % e [ ]
- ]
E + + ]
Parameters for SNAP | Advanced ‘ a C ]
| S 830F .
Band limit: g (Zn == E 1
Radial cutoff: | 7.01456 E
Element Relative radius Weight Energy sH -8.40 :_ _:
Fit: ~ Energy | Forces g g
Weights: 1.0 ‘ 0.01 1.0e-06 -8.50 |- x
a ‘ Cancel N
— . _8.60 -I 1111 L1l I I T T e | I N T T T | I N T T | I | N T T T | I ) N T T I | I ) T T I
-8.60 -8.50 -8.40 -8.30 -8.20 -8.10 -8.00
DFT (eV/atom)

» Optimisation de Champs de Forces par Methode
“% d’Auto-Apprentissage

-7.90
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/ Calculs a Haut Débit dans I'Environnement Log|C|eI
Y MedeA A

Definition Control

: . : By, A2 N0 ISR
* Highly efficient exploration of parameter space =, '

* Improving statistics

e Scanning of variables, e.g. T, P, concentration
* Filtering signal from noise (T, of polymers)

Statistical Machine

 Straightforward combination of different computational -
approaches in a single workflow |

[BEIE]
Collection

* Comprehensive, systematic, and consistent property predictions

gm

for large sets of structures =

* Binding energy of Mg in compounds contained in crystallographic
databases (ICSD, Pearson)

* Thermodynamic properties of molecules from semi-empirical quantum
mechanics calculations

* Fluid properties Resulting in more efficient solutions of materials

problems and driving innovation

* Subsequent data exploitation and added value
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High-Throughput

» MedeA modules mentioned intoday's  » Webinar: Live and Recorded

webinar https://www.materialsdesign.com/webinars

https://www.materialsdesign.com/compute-engines
https://www.materialsdesign.com/analysis-tools

» Publications
https://www.materialsdesign.com/Publications

MedeA Environment . .
MedeA HT » Application Notes

MedeA VASP https://www.materialsdesign.com/application-notes

MedeA LAMMPS
MedeA MOPAC
MedeA Gaussian

MedeA GIBBS Katherine Hollingsworth

MedeA QT khollingsworth@materialsdesign.com
MedeA Forcefield Optimizer

» For questions or comments contact:



https://www.materialsdesign.com/compute-engines
https://www.materialsdesign.com/analysis-tools
https://www.materialsdesign.com/medea-software
https://www.materialsdesign.com/datasheet/HT-Launchpad
https://www.materialsdesign.com/datasheet/VASP6
https://www.materialsdesign.com/datasheet/TSS
https://www.materialsdesign.com/datasheet/Electronics
https://www.materialsdesign.com/datasheet/VASP6
https://www.materialsdesign.com/webinars
https://www.materialsdesign.com/Publications
https://www.materialsdesign.com/application-notes
mailto:khollingsworth@materialsdesign.com

Session de Questions et Réponses

Dr. Xavier Rozanska Dr. Benoit Minisini

Materials Design Materials Design
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Pour toutes autres questions
sSUr nos webinaires passes et
futurs

Katherine Hollingsworth

khollingsworth@materialsdesign.com

A info@materialsdesign.com

materials design www.materialsdesign.com




MedeA

Innovation by Simulation




