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Materials Design Webinar Series

We will be recording this training

Share the webinar and training recording session with your colleagues!

e http://www.materialsdesign.com/webinars/recorded

« The recording and training will be under the related webinar: Materials Constitution Data in
MSI Eureka Fundamentals for Efficient R&D

* Click on Related Resources

Register for future webinars and trainings

o http://www.materialsdesign.com/webinars/

Vote for the next webinar topic!
« Take a 2 minutes brief survey at the end of the webinar!

© Materials Design


http://www.materialsdesign.com/webinars/recorded
http://www.materialsdesign.com/webinars/

® ' @® GoToWebinar Control Panel

© computer audio -ull

full screen () Phone call
g9 MUTED
| Built-in Microphone N
during discussion: OF [ [ [ | [ | | I
| Built-in Output N

Use the raise hand icon to bring e

attention to your question MR

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

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

any time during webinar:
type your question here
and then press Send

What forcefields are supported by MedeA?

-~ Y7 send
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Outline

‘ Explore MSI Phase Diagrams and extract essential structural data with MedeA InfoMaticA

‘ Convert and transform less practical structures with various MedeA Builders

‘ Visualize facets of macroscopic crystals with MedeA Morphology

‘ MedeA Surface Builder: Create realistic surface models for complex structures

‘ MedeA Interface Builder: Construct models with minimal strain & lattice mismatch
‘ MedeA Nanobuilder: Build particles, tubes, pipes, and rods

‘ MedeA Docking: Deposit molecules on surfaces or in nanopores
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VM@O’@A Software Environment: Overview

Engines
VASP, GIBBS, LAMMPS, GAUSSIAN, MOPAC
Databases
ICSD, Pearson’s, NIST, COD, InfoMaticA Query Engine

Binary & ternary phase diagrams

Builders

Crystals, nanoparticles, amorphous materials, interfaces,

molecules, polymers, conformers, thermosets, docking

Forcefields

Forcefields bundle, Forcefields Optimizer

Property Modules

MT, TSS, Phonon, Electronics, UNCLE, LAMMPS (Diffusion, Thermal
Conductivity, Viscosity, Cohesive Energy Density, Surface Tension,

Deposition, Deformation), QT, P3C, QSPR

© Materials Design

» High Throughput
* HT-Launchpad, HT-Descriptors, HT-
Correlation

» Analysis

* Broad range of analysis tools

» JobServer & TaskServer

MODELING AND ANALYSIS

MODEL BUILDERS VISUALIZERS

JOB SERVER
Experimental and Computed Structure and Property Data. Over 500.000 entries
DATABASES

TASK SERVERS
Mechanical Thermal Electronic Optic Magnetic Chemical
COMPUTATION OF PROPERTIES

(VASP, MOPAC) (LAMMPS, GIBBS)




MedeA 3-Tier Architecture

Create models, launch -
Structure building
simulations, analyze results Local databases

(expt. and computed)
& ICSD, Pearson, NCD

J\ Workflow creation

JJ Analysis
(Windows, Linux)

Local orremote
@ | Job control and
l I I job databases

High-performance computations
VASP LAMMPS GIBBS MOPAC
GAUSSIAN




Explore MS| Phase Diagrams and
Extract Essential Structural Data With
MedeA InfoMaticA
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Comprehensive Materials World Literature Search in MedeA

MSI Phase Diagrams greatly enhances MedeA's modeling capabilities for your materials discovery,
design, and optimization projects

Search
Elements list | Ag Au L As selected (# ) As selected +any other elements
. Matching documents: 29 Show
Key be n efItS Matches to display: 15 Next Last Page1of2
. . ID Elements Information =
*  Build your modelmg strategy on expertly TUGBBEAAL Rk Tormey Evikastons
. . 10.49447.1.0 Ag-Au-Bi Ternary Evaluations
| d t d t h d d t 10.23026.1.8 Ag-Au-Cd Ternary Evaluations
Va | a e e r m O y n a m | C a a 10.23616.1.5 Ag-Au-Co Ternary Evaluations
. - 10.10255.1.6 Ag-Au-Cu Ternary Evaluations
] S ft t f t h t d t | 10.10255.2.5 Ag-Au-Cu Ternary Evaluations
Wl acceSS O aC S ee S an Crl ICa 10.16923.1.2 Ag-Au-Gd Ternary Evaluations
1 10.12130.1.5 Ag-Au-Ge Ternary Evaluations
eval uatlon re ports 10.12130.2.9 Ag-Au-Ge Ternary Evaluations
10.25524.1.9 Ag-Au-l Ternary Evaluations

° Seamless integration with MedeA ey

Ternary Evaluations
10.12131.1.0 Ag-Au—PP* Tarnan: Cuahintinne
10.14545.1.7 Ag-Au-Pi Text

Key features <

Files will be extracted in: ¢ Introduction

MSIT® is a registered trademark of MSI Materials Science International Services GmbH

prase dagram 30.217401.0 B Titie AALLPd Temry phase Disgram Evauaton
. . . . . : 55 olid Phases i
* Full integration with MeaeA provides on-disk, sl St o eetmin
® Miscellaneous Editor Effenberg, G. (Ed.)
Publish MSI, Materials Si Int t I Servi GmbH, Stuttge
d atabase SearC h — P:b"zate':m -r: 153 aterials Science International Services Gm uttge
TableitSolld Phases ;i::su';nent D 10.14545.1.7
P . . . . . Table 2: Analytical Representation Dependence of
Quick, efficient factsheet retrieval using an
. . . Literature
intuitive, menu-based query language e i Bl

Fig. 1: Liquidus surface

( J Com | e m e ntS MedeA b u I | d e rS Com Ute :Z i i?c\'fjsu:c;z:a::_msoposo Alan Prince and Materials Science International Team MSIT®
)

. . Fig. 4: T-C-Section Au-Ag50Pd50
engines, and analysis tools introduction
) Fig. 6: Latt ters of (Pd,Ag,Au) solid sol : :
1995\ attice parametersioni(Pd A0 Al solid sl Ag, Au and Pd are completely soluble in each other in both the molten
and solid states (>900°C). The Ag-Au-Pd ternary system shows only
two-phase equilibrium, I+(Ag,Au,Pd), but the effect of Ag additions to



Convert and Transform Less Practical
Structures With Various MedeA
Builders
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Crystal Structures With Partial Site Occupancies

Issue: crystal structures of Mg, ,5Crj 50 have (Mg,Cr)O, s.g. Fm-3m @» ¢® @ —— Mg, Cr
partial occupancies for Mg and Cr, e.g. — 0
Pearson.551644 o @ &
|Site | Wyckoff Position |Element| X | N | Z /[Occupanéﬂ y 9 y

01 4b 0 0.50000 0.50000 0.50000 1.0

e R Mdo2sCrosO, i.e. MgCr20s g p 9— 0
s.g. P4/mmm

Requirement: Compute engines such as o o7 Cr
VASP, LAMMPS, and GIBBS require that Mg
lattice sites are occupied or empty © ¢ o
Solution: Convert crystal structures with (MgCr;0,)s with various symmetries
MedeA features e e e
- R s H sy
. bsa il e ille cll v ellce il i

..............................
..............................
..............................
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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Convert Crystal Structures With Oblique Angles

Issue: relevant crystal structure is non-orthornombic
Advantage: LAMMPS and GIBBS, work best with orthorhombic simulation cells

.
. rt
SOI utl O n . COl Ive CryStaI Flle Edit Builders View Tools Jobs Forcefields InfoMaticA Analysis Windows Help CustomTools

. i [P #NX S ))ia BFH A
Stru Ct u re S W I t h Me deA Bl /. Cr,0,, (P-1) ~ Dichromium bis(chromate) tetrachromate (ICSD #71297)_1 4. (Cry0,,), (P1) ~ Dichromium bis(chromate) tetrachromate (ICSD #71297)_1 (0 1 0) supercell
o
[

in one direction onl v

Extension of cell

Directionx:| 0

A (Cra021)12¢ (P1) ~ Dichromiu -hromat : (ics 7)1 (01 0) supercell (0.1 0) . s [ Bl ~ (cri0..).s (P1) ~ Dichromium bis(chromate) tetrachromate (ICSD #7
g

y:| 1 e — y
0
O+ P 75 = :. oo gt ®et, 00 .34"a. % s
z:/ 0 L5 > PRy ea, %
u}” Modon igo, S R :‘. it (0% ig0 ¥ _‘.: J
. o Wy 85 o 0 ) ’ 4
Angular tolerance (deg): 4.0 4;.%. el J..); 2 .:: el
"
N "?’b" > o%0re o Legef st L pe P
@rg-o: * [ 0, &
Range of cell: 10.0 E ?. 23 B -) - ‘Jo e A
o ®. o L1t ™~ @ *o o
o N g, S b, 1 = < e .3 .
§os o
.’:‘Q",'S 0 *ie@n® o 0o o %o ..Jo.o‘h 4®
- oo LAY .
sy @ 9 ezt * o .J.j)oJI o . 8%
Gg Ty o . - L] @
o ® P ‘?%v o oo S b oo .14.. -'5. - 3
o a, o, v o 0"  Pase
OK Cancel Yol offag T W T
o ot 9e) d % gm o) or e 0hr et Lt
@ s
5 . o ~ .o
.*'.a. D, 1o Tl Teig . o ¥
- 3#.»)‘ 2w 2 *° 5 o | L e T
.
I;’.a ooy PR 89 ug* o PP A N gt e
-.‘hJ o ’g-,: SR TR RS :‘ Bes o® 9
w2 225 % 2 LT ® % » ,ef

Periodic structure 3654 atoms
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Visualize Facets of Macroscopic
Crystals With MedeA Morphology

© Materials Design
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Morphology Simulation: Cr,0O,

MedeA [Crystal Morphology 2]

. *
S u rfa Ce ene rg IeS ) /é_: {% 1‘?21;‘“ ;T JobControl Forcefiels VASP53 ifelMatcA Analsis Windows

Surface Energy (J/m?) s i e e

0001 2.21 e
1012 2.01 : - o
1010 2.27 i =

1120 2.35
1011 2.76

Crystal structure

Madel [ 1C:2 0T [-30M setting of B-30) « Dechnorrvum trsvide ICSD £2081041 3] o
= P Tom JCombu fovetes VASPS) WhwMcA Arsyve iedces e 10

v 14
silolololle olo ole o

safe Haleiel #fr:

Morphology of
Davies et al.”)

(b)
“IDavies et al. J. Chem. Soc., Faraday Trans. 2: Mol. Chem. Phys., 85(5), 555-563 (1989). © Materials Design



MedeA Surface Builder: Create
Realistic Surface Models for Complex
Structures

© Materials Design
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Model for (102) Surface of Cr,0O,

Miller indices Slab thicknesses
h: 1 Repeats : 1|
k0 Gap (Ang):| 10.0
= k2
e
Found a valid 1 0 2 oriented cell with a repeat distance of 50.7677 Ang.
a
s (Cr:00)us (P2.1/c) = (COD #9016327)_3 (102) surface_1 Orx
- i B " . ® = _' _' (COD #9016327)_3 (1 0 2) surface_1, symmetry=P2_1/c | Reset
. * N ol slab thickness =50.7677
S = Xoa T total thickness = 60.7677
7; . i . e - ‘& [ Plane 0 altitude | 1 (i |
o Plane 1 altitude | 39 (R
s
; = ::: b New Symmetry : Pc Formula: (Cr2 03)30 | Update
: = \:: D Create as P1 Centered P1
= - :: ) Bottom P1
o= = "::: with a surface normal in | ERTRRSTR .
e || O
e | | e
come | HH| Couse
wee | B chepe
ten,,) B oo J
Wedeh [* 172 O (3-30H setting of B-30) « Duchwaermum traseide BCSO 52033041 1) & _
ATl G Do Yew T eCoww foceles VASS) WhwecA Arshwe  vdces T OK | |Cancel | |Apply
safe HQloie] gfrel Iclclr] Hujw
F
B0 0 * g% v 0
C ) o, O, 0
290 o 090 0% o° o ¢
09 0%, " 0, 2 o
® ® 09 ° g9
@ 'Y ) .o ™ 9 Y @ ]
® o .97 o o
009 4% 90 079 "o@
00 0 o® g9 00 ¢
) ) €] @ J‘ 9 @
Y 9 o° 9 ] @ 0 9
9® 9.0 0 ,° g% ¢
o o° * o. % 9
® 9 ™Y 9 o° 9 ® W
9 0,0 ")
9 ¢ O o ® 9 o
9 Y Qo o 9 PY JJO JQ
® @00 °
. . ® 9 o %, 9,
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MedeA Interface Builder: Construct
Models With Minimal Strain & Lattice
Mismatch

© Materials Design
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Y (N

»  Cr,05 (102) Surface model » MedeA Interface Builder

) [ Seoond&[stem (Fe)s v
°e . o°°.. ;0 o° 00 l ‘
9 0,0 0.0 0 ,° Areatolerance (%) | 5
° o % %% °s
o® : '.0‘. ° 'o.. Length tolerance (%) 5
© 0% o® 0 % | %
90 °o P 0: o,o. Angle tolerance (%) | 5
%0 .° o°® ’0‘: % .'. :,‘ #Cellstosearch |8
0. ;00.0 @ 0’...00 .° . Weight of first system lattice parameters
0 5° ofo'o & ‘..0.. D
L as S .°..o @ 0.5
Once the job is finished, you can retrieve the interfaces
through the 'Interfaces->Retrieve’ menu.
Run Job Cancel
» Fe (111) surface model

& r » Interface model
P 5P 9°5,°
PP
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MedeA Nanobuilder: Build Particles,
Tubes, Pipes, and Rods

¥ Build periodic system

Packing: hexagonal

Packing distance: 34

Type of nanotube: zigzag |

hirality: n l10
0 .‘\
C - e
c [~ Nested Nanotubes
a2 |nm Radius Gap Repeat Length

{10,0 3927 - 4.260

119.0 7444 3517 4260
28,0 10965 3521 4.260
37,0 14487 3522 4.260
(M) 46 0 18.009 3522 4.

(n,0)

(n,n)
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MedeA Docking: Deposit Molecules and
Particles on Surfaces or in Nanopores

© Materials Design
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Conclusion: What we have learned ...

‘ Explore MSI Phase Diagrams and extract essential structural data with MedeA InfoMaticA

‘ Convert and transform less practical structures with various MedeA Builders

‘ Visualize facets of macroscopic crystals with MedeA Morphology

‘ MedeA Surface Builder: Create realistic surface models for complex structures

‘ MedeA Interface Builder: Construct models with minimal strain & lattice mismatch
‘ MedeA Nanobuilder: Build particles, tubes, pipes, and rods

‘ MedeA Docking: Deposit molecules on surfaces or in nanopores
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Upcoming Webinar

Development of New Solvents for CO, Capture
Using Molecular Simulations

Register:
www.materialsdesign.com/webinars

March 23rd 2021


http://www.materialsdesign.com/webinars

VM@O’@A Modules Used in the Training

vV V. v v v v Vv Vv

MedeA Environment

MedeA MS/ Phase Diagrams

MedeA InfoMaticA & Databases

MedeA Builders

MedeA Interiace Builder

MedeA Morphology

MeaeA Docking

MedeA HT Launchpad

» Webinar: Live and Recordead
https://www.materialsdesign.com/webinars

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

» Application Notes

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

» For questions or comments contact:

Katherine Hollingsworth

khollingsworth@materialsdesign.com
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https://www.materialsdesign.com/medea-software
https://www.materialsdesign.com/datasheet/MSI-Phase-Diagrams
https://www.materialsdesign.com/databases
https://www.materialsdesign.com/builders
https://www.materialsdesign.com/datasheet/InterfaceBuilder
https://www.materialsdesign.com/datasheet/Morphology
https://www.materialsdesign.com/datasheet/Docking
https://www.materialsdesign.com/datasheet/HT-Launchpad
https://www.materialsdesign.com/webinars
https://www.materialsdesign.com/Publications
https://www.materialsdesign.com/application-notes
mailto:khollingsworth@materialsdesign.com

Question and Answer Session

Dr. René Windiks Dr. David Reith

Materials Design Materials DeZGSign



Questions about

Materials Design Support Team

support@materialsdesign.com

Y N

materials design www.materialsdesign.com >

info@materialsdesign.com



MedeA

Innovation by Simulation






