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Virtual screening

Descriptor (¢) ~ Structure type (V) |
Al-TM-TM systems
v ® Quasicrystal (QC)
A a B bCC ’A Xe non Py ® Approximant (AC) [ .:
232 compositional features ® Others (e.g. ordinary crystals)
R -
Training dataset w
(80) (78) (10,090) Prediction
Quasiperiodic phase
QC AC others '
66:14 60:18 8072:2018
A A
Literature survey Materials Project

Laboratory data

Liu et al. Machine learning to predict quasicrystals from chemical compositions. Advanced Materials. 33(36):€2102507 (2021)
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Yamada et al. ACS Cent Sci (2019); Liu et al. Adv Mater. 33(36):€2102507 (2021)
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Table S2 in Liu et al. Adv Mater. 33(36):2102507 (2021)

Feature 1D Description Unit
atomic_volume Atomic volume cm”/mol
atomic_weight Atomic weight
boiling_point Boiling temperature K
bulk_modulus Bulk modulus GPa
c6_gb C_6 dispersion coefficient in a.u. (Gould & a.u.
Bucko)
covalent_radius_cordero Covalent radius by Cerdero et al. pm
covalent_radius_pyykko Single bond covalent radius by Pyykko et pm
al.
covalent_radius_pyykko_double Double bond covalent radius by Pyykkoet pm
al.
covalent_radius_pyykko_triple Triple bond covalent radius by Pyykko et pm
al.
covalent_radius_slater Covalent radius by Slater pm
density Density at 295K g/em?
dipole_polarizability Dipole polarizability a.u,
electron_negativity Pauling electronegativity
electron_affinity Electron affinity eV
en_allen Allen’s scale of electronegativity eV
en_ghosh Ghosh’s scale of electronegativity
en_pauling Pauling’s scale of electronegativity
first_ion_en First ionisation energy eV
fusion_enthalpy Enthalpy of fusion for elements at their kJ/mol
melting temperatures
gs_bandgap DFT bandgap energy of T=0K ground state eV
gs_energy DFT energy per atom (raw VASP value) of eV/atom

gs_est_bec_latent

T=0K ground state
Estimated BCC lattice parameter based on
the DFT volume of the OQMD ground state

).¢ XenonPy

Column: descriptors; Row: elements

u . — B oS s
i

References

(1) pymatgen: http://pymatgen.org/

(2) matminer: https://pypi.python.org/pypi/matminer/
(3) CRC handbook 9
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Tsai, Sci Technol Adv Mater (2008)
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Samples to be tested

EEmOEKICEATIFHLWEIZRRET S

M. ETFNVIIAZRNICEERBOEEZHEL TVWHDOH? (BELIh=HHE)
FFNE, 77 RDHODERY H/NEVIFHEZFEE (MIC: Reshef et al. Science. 2011)

B Hypermaterials vs Others
B Quasicrystals vs Approximants

}: XenonPy 232 compositional descriptors
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Fl1: TRDESREREEDINEFIYH0.1510.01THB I ¢, QC/ACDRBESH

B2 : pELEDOFIIHEFEH0.71+0.06TH S Z & D, QC/ACOMESRM

Descriptor 1D Description (unit) MIC QcC AC Others
ave:vdw _radius_ uff Van der Waals radius from the UFF (pm) 0.43 409.05 (3.37) 406.49 (6.81) 382.207 (40.660)
ave:en ghosh Ghosh's scale of electronegativity 0.42 0.15 (0.00) 0.15 (0.01) 0.158 (0.021)
ave:first_ion_en First ionisation energy (V) 0.41 6.49 (0.09) 6.53 (0.17) 6.843 (0.580)
ave:mendeleev_ number Mendeleev's number 0.41 75.94 (0.36) 75.86 (1.47) 73.323 (4.326)
ave:specific_heat Specific heat at 20 °C (J/(g mol)) 0.40 0.74 (0.02) 0.73 (0.04) 0.658 (0.151)
ave:num p valence Number of filled p valence orbitals 0.40 0.71 (0.06) 0.73 (0.05) 0.5690 (0.247)
ave:num_ p_unfilled Number of unfilled p valence orbitals 0.40 3.53 (0.30) 363 (0.24) 2.846 (1.237)
ave:heat capacity mass Specific heat capacity at STP! (J/mol-K)  0.40 0.74 (0.02) 0.73 (0.04) 0.655 (0.150)
ave:covalent _radius_cordero Covalent radius by Cerdero et al. (pm) 0.39 126.06 (1.19) 126.38 (2.13) 129,510 (6.311)
ave:vdw _radius Van der Waals radius (pm) 0.37 180.51 (0.55) 190.67 (1.81) 193.799 (6.328)
ave:gs _energy DFT energy per atom (raw VASP value) 0.37 -4.57 (0.18) -4.60 (0.28) -5.192 (1.118)
of T=0K ground state (eV/atom)
ave:thermal _conductivity Thermal conductivity at 25 °C (W/(m 036  221.35 (21.74) 201.23 (13.96) 170.722 (60.677)
K))
ave:covalent _radius_ slater Covalent radius by Slater (pm) 0.35 127.92 (1.19) 128.08 (0.93) 130.396 (3.376)
ave:period Period in periodic table 0.35 3.40 (0.06) 3.52 (0.19) 3.725 (0.553)
var:num_ p_valence Number of filled p valence orbitals (pm)  0.34 0.20 (0.02) 0.20 (0.02) 0.184 (0.071)
ave:num_d_valence Number of filled d valence orbitals (pm)  0.34 2.30 (0.60) 2.08 (0.52) 3.149 (1.901)
ave:heat _capacity _molar Molar heat capacity at STP (J/mol-K) 0.34 24.44 (0.10) 24.47 (0.14) 24.807 (0.580)
ave:density Density at 205K (g/cm?) 0.34 4.04 (0.32) 5.55 (1.24) 6.700 (3.347)
var:num_ p _unfilled Number of unfilled p valence orbitals 0.34 5.00 (0.60) 401 (0.48) 4602 (1.767)
ave:hhi_p HerfindahlHirschman Index (HHI) pro- 033 1810.99 (242.60) 2106.51 (274.67) 2196.878 (706,345)

duction values
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Figure 6 in Liu et al. Advanced Materials. 33(36):€2102507 (2021)
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Yamashita et al. Phys Rev Mater 2:013803 (2018)
Yamada et al. ACS Cent. Sci. 5(10):1717-1730 (2019)
Kusaba et al. in preparation
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Minami et al. AAAT (2021) in press
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Wu et al. npj Comput. Mater. 5:66 (2019)

Wu et al. Mol Inform. 39:1-2 (2020)
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B Guo et al. Bayesian algorithm for retrosynthesis. J Chem In. Model. 60:4474-4486 (2020)

B Wu et al. IQSPR in XenonPy: a Bayesian inverse molecular design algorithm. Mol Inform. 39:1900107 (2019)

B Yamada et al. Predicting materials properties with little data using shotgun transfer learning. ACS Cent Sci. 5:1717-1730 (2019)

B Wu et al. Machine-learning-assisted discovery of polymers with high thermal conductivity using a molecular design algorithm.
npj Comput Mater. 5:66 (2019)

B lkebata et al. Bayesian molecular design with a chemical language model. J Comput Aided Mol Des. 31:379-391 (2017)
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B Polyinfo (literature survey)

~100 properties for 18,015 polymers
NO API

https://polymer.nims.go.jp/

Polymer Genome (DFT)

~10 properties for ~800 polymers
NO API

https://mwww.polymergenome.org/?m=home

CROW (literature survey)
NO API
http://www.polymerdatabase.com/

CRIPT (not yet open)
MIT + Citrine Informatics
https://cript.mit.edu/

ERLEEPOT—2~R—X

Materials Project (DFT)

~130,000 virtual and real compounds
Accessible via API

https://materialsproject.org/

AFLOW (DFT)

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

http://www.aflowlib.org/

OQMD (DFT)

~600,000 virtual and real compounds
Accessible via API

http://ogmd.org/

ICSD (experiment)

~240,000 real compounds
Accessible via API

https://icsd.products.fiz-karlsruhe.de/
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Measurement

Database creation using automated MD simulation

Database Simulation

® Macro -] > | e MD/DFT
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— .U’ ‘ ) — ® Automated pipeline
® Nano =
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Synthesis

® 9
®.
E Candidate Candidate

® Monomer/Polymer
® Composite
® Process

Machine Learning

Experimental design

Virtual screening }: Xe n 0 n Py

Molecular deS'Qn https://xenonpy.readthedocs.io/en/latest/index_html
Process design
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