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B Materials Project (DFT)
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~130,000 virtual and real compounds
Accessible via API

https://materialsproject.orqg/
Jain et al. APL Materials, 1, 011002 (2013).

AFLOW (DFT)

~3,000,000 virtual and real compounds
Accessible via API

http://www.aflowlib.orqg/

Curtarolo et al. Comput Mater Sci, 58, 218-226 (2012).

OQMD (DFT)

~600,000 virtual and real compounds
Accessible via API

http://ogmd.org/
Kirklin et al. npj Comput. Mater, 1, 1-15 (2015).
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QM9

~134k stable small organic molecules
Batch download available

http://quantum-machine.org/datasets/
Ramakrishnan et al. Sci Data, 1, 1-7 (2014).

MD17
150k to nearly 1M conformational geometries

MD trajectories of 10 molecules
Batch download available

http://quantum-machine.org/gdml/#datasets
Chmiela et al. Sci Ady, 3(5), e1603015 (2017).

Open Catalyst Project

130 millions of metal catalyst surfaces and molecules
Accessible via API
Facebook Al Research and CMU

https://opencatalystproject.org/
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® Nano
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® Monomer/Polymer
® Composite
® Process

Database

Data
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Machine Learning

— @ e Candidate

Experimental design
Virtual screening
Molecular design
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® MD/DFT
® Automated pipeline

).¢ XenonPy

https://xenonpy.readthedocs.io/en/latest/index.html




RadonPy Hayashi et al. RadonPy: Automated Physical Property Calculation using All-atom Classical Molecular Dynamics

Latest: 15 properties implemented

! MDY Ial—YavicddaEsFlstEoasit

Simulations for Polymer Informatics. arXiv:2203.14090 (2022).
GitHub: https://github.com/RadonPy/RadonPy

(2022/03/31)

0000000000000

Thermal conductivity
Thermal diffusivity

Density

Radius of gyration

Specific heat capacity Cp
Specific heat capacity Cv
Compressibility (isothermal)
Isentropic compressibility
Bulk modulus (isothermal)
Isentropic bulk modulus
Self-diffusion coefficient
Thermal expansion coefficient
Linear expansion coefficient
Dielectric constant (static)
Refractive index

Polymer systems

¢

\ 4
\ 4

Amouphous/crystalline states

Oriented structures
Mixtures

RadonPy (OSS)

Python library for the automation of all-atom
MD simulations using LAMMPS

[Input: SMILES, polymerization

degree, temperature, etc

)

!

Conformation search for a
repeating unit

l

Calculation of electronic
properties of a repeating unit

l

Generation of a polymer chain

}

Assignment of force field
parameters

!

Generation of a simulation cell

A3
MBS
(Fesamt)

h 4

Equilibration MD simulation
(LAMMPS)

!

Check to reach
equilibrium

l Yes

Nonequilibrium MD simulation
(LAMMPS)

|

Property calculation
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Hayashi et al. RadonPy: Automated Physical Property Calculation using All-atom
Classical Molecular Dynamics Simulations for Polymer Informatics.
arXiv:2203.14090 (2022).
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PO1 PHYC | Polyolefins (hydrocarbons) 1,708 P11 PURT | Polyurethanes 146,887
P02 PSTR Polystyrenes 20,233 P12 PURA | Polyureas 55,968
P03 PVNL Polyvinyls 23,824 P13 PIMD Polyimides 176,614
P04 PACR Polyacrylics 95,855 P14 PANH Polyanhydrides 61,776
PO5 PHAL Polyhalo-olefins 1,614 P15 PCBN Polycarbonates 38,891
P06 PDIE Polydienes 778 P16 PIMN Polyimines 34,658
PO7 POXI Polyethers 91,035 P18 PPHS Polyphosphazenes 13,762
P08 PSUL Polysulfides 30,631 P19 PKTN Polyketones 81,027
P09 PEST Polyesters 458,961 P20 | PSFO Polysulfones 49,147
P10 PAMD | Polyamides 370,460 P21 PPNL Polyphenylenes 24,210
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UMAP embedding 2
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Virtual library categories (11181/793867)
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Polyamine Polyamine

Polyene 15 4 Polyene

Polyether Polyether

Polyolefin Polyolefin
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PO1 PHYC | Polyolefins (hydrocarbons) 1,708 P11 PURT | Polyurethanes 146,887
P02 PSTR Polystyrenes 20,233 P12 PURA | Polyureas 55,968
PO3 PVNL Polyvinyls 23,824 P13 PIMD Polyimides 176,614
P04 PACR Polyacrylics 95,855 P14 PANH Polyanhydrides 61,776
P05 PHAL Polyhalo-olefins 1,614 P15 PCBN | Polycarbonates 38,891
P06 PDIE Polydienes 778 P16 PIMN Polyimines 34,658
PO7 POXI Polyethers 91,035 P18 PPHS Polyphosphazenes 13,762
P08 PSUL Polysulfides 30,631 P19 PKTN Polyketones 81,027
P09 PEST Polyesters 458,961 P20 PSFO Polysulfones 49,147 14
P10 PAMD | Polyamides 370,460 P21 PPNL Polyphenylenes 24,210
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SAPCIER: Virtual Automated Laboratory

Integration of Machine Learning Polymer Design and Automated Computer Experiments
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Molecular
generator

Property
prediction

Property Selection Current target
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Computer experiment Experimental design |
|
RadonPy s mon B
®  Thermal conductivity B Specific heat capacity Cv B Speed of sound
First principles calculation B Thermal diffusivity m  Compressibility (isothermal) ®  Thermal expansion coefficient
®  Density B |sentropic compressibility B Linear expansion coefficient
Molecular dynamic simulation B Radius of gyration B Bulk modulus (isothermal) B Dielectric constant (static)

B Specificheat capacity Cp ®  |sentropic bulk modulus



T —REBENRARICE T ET—ER—R &I
BET—2RZF0EMIPME T —2R—RZRAFRTI0H?

7_' ﬁﬂf?"—'\@i_ﬁﬁ IZKHONBET—ER—2X

B REPCHEZ BN E T 215G, ETNVREARMRZEBYICRRTILELNH S,
B FRORENATRGLHET 270D T —ZBUFSROERET /M T R MIEICF

ATZSHZTEEDERHIFVEIC

T—AR—=RZItRA L [BIRNATR] O [KHENAT R
B FEICRI LR TUWERY 22—/

B ERLYTVH U TIICES

B SEDOYHEKECT I ANAR-RZEGNICHERLET—2 (Bl : R4 XHx#EL)
B XERT — 2 R—RADIFE : BRNANA T RAPRFAO 7O REGHEE

18



RadonPy T— A R—RAHFARTEIV V-7 LA
EFEHBODETLT—RZEYHLEVL

tk4BZavbrVEa2—%

O TF—REE @ a—FH% B MREE
e
/ Jv=2 = X samples per years HE5E7 L3 XLORH T—R2%&ERAL-EREMAR
BRPEEZE0FEPCO—F T—REEORT
SHEEAICE >TDOXAY v b
FogRA-FOTNTIER  HEEEAD A Bl - AR
AMERRICTER

DB system
o

g .
RadonPy

5l . B#tIE ODBRIF

BRATIZHANI—F4 7
Slack& TOER - 1HHRH



X

RadonPy

RadonPy T — & R — X

t[7) e

:él:m =1,2,3,4

JL

LB - AT LIRARERE BEHEERRR T2 RERRR
2164R - R T LIRS BEHBEEMAREM b0 Y T2 EHARE £ —

S MAMRARZRKXT EEHFAHRE RHRFEER
tHE - MRRREE RAREMRRRE - BFIREEE




MEAR BERE - TIMNVI T4 27L&

XY IFTI—T AV (ZhETIEKELH > -FHRE - BEEICETH )
20214H827H

TIOZAII—T 47 hrABIc1E EE $2XEH 15:00-17:00)

6A8H
8A10H
10A5H
12A7H
2H8H

BESE CrAIc1E [EA S2AEH 15:00-16:00)

7R6H
9H21H
11A9H
1A11H
3A8H

SlackZE T D IERAcHE

21



FBANAR  SEHEHE=OPMJEL—%

P

FILIYXL - O— FRE

B H7REBRE (¥aVFVE21—%)

B O - 70E2—)VERBEBREMBHIRLY— (FBEH - ERERKX LAER)
m LART-YE (BEIVMIE2L—%)

B EFLEHE (¥ M)VE21—%)

B EHELCEEE (B¥aM)Ea1—%)

B FRYT—FARISETN (a2 —%)

T—REEDSE
B RadonPyRUEEZ{ISH LT IREAEEREZFA

22



AV =T LAREEEDFE

aAv Y —7 LR ZERE
ZAFHIPE-STELT, —BEEZHIPITTHHRTELEVLDLHLALVLEWVLIFRR

Tror—rERY, BESFO_—XEZRHEL-V.
H3WIIEROEmHLZIFFITET (yoshidar@ism.ac.jp)

23



