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cCC a) [

Community ~ Research & Consultancy ~ Solutions ~ News & Events ~ Support & Resources ~ The CCDC ~

The Cambridge Structural Database (CSD)

The Cambridge Structural Database (CSD) is a highly curated and comprehensive resource.
Download CSD System case studies
Established in 1965, the CSD is the world's repository for small-molecule organic and metal-organic crystal =

structures. Containing over 900,000 entries from x-ray and neutron diffraction analyses, this unique database
of accurate 3D structures has become an essential resource to scientists around the world.
Read the CSD System data sheet

With comprehensive and fully retrospective coverage of the published literature you can have full confidence that your
CSD searches are returning all crystal structure matches. The CSD also contains data published directly through the
©SD as CSD Communications that are not available anywhere else. F
‘) Take the next step: request an evaluation

900,000
800,000 II h View CSD statistics
a 700,000 ll View the CSD user guide, tutorials and
8 600,000 1 technical documentation
o ’ |
= |
£ 500,000 " M) View the supported platforms
a [ ]
£ 400000 !
€
g 300,000 ...l % Visit the CSD Support Page
I3 "
S 200,000 "
E -
3 =
Z 100,000 T |
PR
N T OOONT O RONYTORINYTORONTO
N R R R EEEEEEEEEEE L
5506333383333 383888888588¢%

[23 3] CSD (https://www.ccdc.cam.ac.uk/solutions/csd-system/components/csd/)

® (Chem Spider) Chem Spider OIEMOIAS SIBYSISHASC) FEciol sper e
08 7Hs3t MERDt /9t PRAE MBS GHLIo| 244 XFA0| Bolotn MoIS & SHo=
et

- & 2720 HO|HHCZRE 19 1,4002F 71 seitxss Mol U

Home Aboutus WebAPls Help & Signin o OFCHEMIST

ChemSpider

Search and share chemistry

Simple Structure Advanced History

Search ChemSpider

Matches any text strings used to describe a molecule.

[sewen o

Systematic Neme, Synonym, Trade Name, Registry Number, SMILES, InChl or CSID @

What is ChemSpider? Search by chemical names Search by chemical structure Find important data
ChemSpider is a free chemical * Systematic names + Create structure-based queries » Literature references
structure database providing fast text ~ « Synonyms « Draw structures in the web page « Physical properties
and structure search access to over 58 « Trade names + Use structure files from your « Interactive spectra
million structures from hundreds of « Database identifiers computer « Chemical suppliers

[ 4] Chem Spider (http://www.chemspider.com/)

o (7IEH O|Q0E 98 7|HSS ZZ=OZ CALPHAD database (2& HOIst MEIT),
Computational Materials Repository (M2 24, 2384, NoMaD (M= =4) S
DB =
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Berkeley National Laboratory) &2 Kristin Persson W4=&2| FEo10, 27|M= <t
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Home About ~ Apps ~ Documentation ~

Harnessing the power of supercomputing and state of the art electronic

The structure methods, the Materials Project provides open web-based access

to computed information on known and predicted materials as well as

M ate ri a I s powerful analysis tools to inspire and design novel materials.
PrOj ect Leamnmore to start using

Electronic Structure Density of States.
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[1& 5] Materials Project (https://materialsproject.org/)
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OQMD:

Home Materials Analysis Documentation Downloac

The Open Quantum Materials Database
Newsflash: OQMD v1.1 is out! (Download it here.)

Welcome to the Open Quantum

Materials Database

The OQMD is a of DFT-

Current status

0QMD v1.1 has been released! Download it here,
The database now contains 471857 entries. In addit

properties. This online interface is for convenies

more powerful utilization of the data, we recommend downloading the entire

database and the AP for interfacing with it, fros
You can...

‘Search for materials by composition,

ic and structural

calculations of new structures are constantly ongoir
nt, small-scale access; for a

Recently added compounds include: EuPaBe PrPaF
PaReHg AcLaPa KPaMo

m the link below.

Create phase diagrams using the thermochemical data in OQMD,
Determine ground state compounds at any composition,

Visualize crystal structures, or

Download the entire database (and the API) for your own usel!

Tweet @TheOQMD to ask what is stable at a composition, or to get a simple phase diagram!

“ Chris Wolverton

% oomMD

Wolvertonl here is your
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[22 6] OQMD (http://ogmd.org/)

e (Materials Data Repository) O/= NIST (National Institute of
Technology)= #Heler M=z A ARLEIGAM HIOIH S 2 MAES 5
QoM Iz aksh O|0|e X & A (Materials Data Repository)g #=

- M AJHE Materials Project, OQMD 52| DB= EH
MYSIRULHH, & DBOl= /AL 2 810 2E ARE 758t HI0|H(FE &

Tluhs Ex

- HIo|H Hs7]H, =d/88/58Y 39 HOHE SREZ dM Tt

Search for Resources

Enter keywords, or leave blank to retrieve all records

P, @
All Resources Organizations Data Collections Datasets Services Informational Sites Software

[ 7] NIST Materials Resource Registry (https://materials.registry.nist.gov/)

KISTEP E2|& 14

Standards and

Llot7|

Mz =9 AMH0IH 2=

ol

NI



Ast

L B

e (7|EP 0]Q0= AFLOWLIB (&
TxHE), CatApp (BN &
Alloy Database (2323

Storage Materials Database ($AKX %

=
A
Al

=

=29 X

2% 7|

M7\, 7|H™ 24), American Mineralogist (ZS
Ol K|, &M35104X]), CINDAS High Performance
M=ol & ¥4 3 74X &%), DOE Hydrogen

SEE

Project (EIY¥XNXIE {718 AXM =4), Thermoelectrics Design Lab (

), Harvard Clean Energy

X AKX

M) & B2 &AM =4 H0|HH[0|AS0] 07 7|58 F52= 1%
S (8h) 20p AXME 280t BRAREE DBZF 1t AREUCH, 220=
DB 7j8te] ol £ MBS Qo £ SUO2 =2 5
o (AHHE2) AMSEEFHMEOIN =5 AXEE HIO[EH0|AZ} JD, FO0FE
AMEE2HON Eote AMEE H0[HE S
- (@5AN) S=EMESTE SHCE FUAX, YR0ETFE, ItaHEEE, YA
(A, =), el4AX S0l tiotod 115,632719 & % 715 H|0|H2}t 81,592719
4 HO0HE HS
- (SHEAN) SIS Selez EStAE] 110F ASIAENO| JTFAL AXH, A,
TE, =iz, skl S0 tiolt 529,979719] =& 3 715 H|0|E2} 41,32974<]
44 HI0|EE HiS
= (MIZtUAXH) SH=MEIUHTEE SHCE RM/UTAXY, HHEA/ A, O XA,
wol, SEA, E3H, WHEAX SO tiot 150,14449 =8 & 7i5 HIO[E=t
30,694719] 44 HIO|HE MBS
o (BEEASEE DB) =7IZBEMEHOM 4 3,23571, M= 376719 HEHE HOHE
HZe
e 2017HARH KISTOAM= H0[H 7[dto] ANL 2tAS HMiSot| floff R&D HIH|0|H A
MHEHSH 7|22 0|28 £ Q= AR ZaxE AZAIA(KIST Research Informatics
Project)2 Tl &
- 2 SUE2 ddX a7 39 VIF A7 DBeHE £ U= AAHE], 7IES| HIFH
HO|H & 755 Sef Tifet R&D X[ AMH|A JHE, 2U-2| DBE Aa¢et BlH|0|H
7|89 QILOHEIA ZHZFO F&F XMES= A&



R&D Informatics Platform
(KiRI)

- Data Access Interface
2|5 public DB (Bulk Downloadable)
KIST R&D KIST R&D
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KIST R&D KIST R&D Platform
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[2% 10] OI= HX|LOr St ATELl 7|AeHE ZHz o=E IZ0-4 &3 Ax A7

4) Xie et al.(2018). “Crystal graph convolutional neural networks for an accurate and interpretable prediction
of material properties”, Physical Review Letters 120: 145301

5) Ziletti et al.(2018). “Insightful classification of crystal structures using deep learning”, Nature Communications
9: 2775

6) Ma et al.(2015). “Machine-learning—augmented chemisorption model for CO, electroreduction catalyst
screening”, Journal of Physical Chemistry Letters 6(18): pp.3528-3533
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7) Kim et al.(2020). “Artificial intelligence to accelerate the discovery of N, electroreduction catalysts”,
Chemistry of Materials 32(2): pp.709-720

8) Tehrani et al.(2018). “Machine learning directed search for ultraincompressible, superhard materials”,
Journal of the American Chemical Society 140(31): pp.9844-9853

9) Ren et al.(2018). “Accelerated discovery of metallic glasses through iteration of machine learning and
high-throughput experiments”, Science Advances 4(4): eaaq1566
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- Variational autoencoder (VAE)Zt= AIE AN 9AHA 200 MS =Y
- VAE ¢112|5 M8 Al ZAt 2= ADUXR(SMILES)2t= HIAE QIFY WHE AE
ot 1, & 358,0007H2| CIOIHE &&0l Al st T
(a) (b)
SMILES input ©
ENCODER @ (¢)
Neural Network
CONTINUOUS W (P:;)
MOLECULAR &o
REPRESENTATION { &> % f(z)
(Latent Space) - s
(;y» PROPERTY
PREDICTION
DECODER
Neural Network @ Most Probable Decoding
argmax p(*lz)
SMILES output ©
(23 12] JHUCH EEE OHSEQ] VAE 7[8te] R7|12X I4AE Al
o (HE2HE 4A) 0|7 ZX[OSUSME HIEFEE A Al I9EA 22 4L
- (OI1E 7)) BHO| JFE 4 U TS HEISO O HENHOR HAY YWYAS
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- (Al 94A) Generative Adversarial Network (GAN) &112|&E 7|EtO2 HARK}/}
Hol= gt AHEHS JHX1 HE=EES V|6t MiHs ddd 45
- JWLE GEA Va2 2l 240] oltel AZteK(scalar) %40] OF W O =&t AHEfQ|
AHEZ HO|EZ= MU 2ot 3

10) Gomez-Bombarelli et al.(2018). “Automatic chemical design using a data—driven continuous representa—
KISTEP Z3iITI1Hene

tion of molecules”, ACS Central Science 4(2): pp.268-276.
11) Liu et al.(2018). “Generative model for the inverse design of metasurfaces”, Nano Letters 18(10): pp.6570-6576
—
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12) Kim et al.(2020). “Inverse design of porous materials using artificial neural networks”, Science Advances
6(1): eaax9324

13) Noh et al.(2019). “Inverse design of solid-state materials via a continuous representation”, Matter 1(5):
pp.1370-1384

14) Kim et al.(2018). “Deep-learning-based inverse design model for intelligent discovery of organic mole—
cules”, npj Computational Materials 4: 67

15) Kim et al.(2021). “Deep learning—based prediction of material properties using chemical compositions and
diffraction patterns as experimentally accessible inputs”, Journal of Physical Chemistry Letters 12(34):
pp.8376-8383
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Science 365(6453): eaax1566
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18) Langner et al.(2020). *

Beyond ternary OPV: high—throughput experimentation and self-driving laboratories

optimize multicomponent systems”, Advanced Materials 32(14): 1907801
19) Burger et al.(2020). “A mobile robotic chemist”, Nature 583: pp.237-241
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20) Epps et al.(2020). “Artificial chemist: an autonomous quantum dot synthesis bot”, Advanced Materials
32(30): 2001626

21) Tao et al.(2021). “Self-driving platform for metal nanoparticle synthesis: combining microfluidics and ma-
chine learing”, Advanced Functional Materials 31(51): 2106725
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MATERIALS INFORMATICS MARKET -2021-2028
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Source: www.acumenresearchandconsulting.com

[22 19] Materials Informatics A& &2t

23) Acumen Research and Consulting. (2021).
https://www.acumenresearchandconsulting.com/materials—informatics—market
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24) Modag. (2021).
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25) Globe Newswire(2021.04.08.), “Global Battery Market Report 2020-2027"
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26) http://www.projectada.ca

27) Macleod et al.(2020). “Self-driving laboratory for accelerated discovery of thin—film materials”, Science
Advances 6(20): eaaz8867

28) VentureBeat. (2020).
https://venturebeat.com/2020/04/16/kebotix-raises—11-5-million-to—automate-lab—experi-
ments—with—ai—and-robotics

29) Yahoo Finance. (2021).
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30) Toyota Newsroom. (2021).
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33) The Wall Street Journal. (2020).
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telligence—11604422792

34) Fujitsu Press. (2018).
https://www.fujitsu.com/global/about/resources/news/press-releases/2018/0530-01.html
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36) BASF. (2018).
https://www.basf.com/us/en/media/news-releases/2018/06/P-US-18-075.htm|

37) Yang et al.(2021). “Discovery of complex oxides via automated experiments and data science”. PNAS USA
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