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Data



@ Data as an input




Peculiarities of chemical data A

* Main entity is a chemical structure (rarely: spectra, electron structure)
* Various sizes

* Not machine-readable ‘as is’. We need to convert it

* Non-standard formats



@ What do we have

 Laboratory notebooks (paper?)

* Instrument data (Vendor format? Unannotated? Uncurated?)
* What we publish (successes)

* What we don’t publish (fails)



@j | Data lake

Data Lake for dummies

2 firel & Cancel
&, Firehall Creek Rd 3
Q,  Fire 3
Q, Fireplace 1

) Catalog

https://medium.com/rock-your-data/getting-started-with-data-lake-4bb13643f9



@j Big data

understanding, integration, applied,
reflected upon, actionable,
accumulated, principles, patterns,

+ insight
decision-making process

WISDOM
KNOWLEDGE

idea, learning, notion, concept,
synthesized, compared,
thought-out, discussed

+ meaning

organized, structured,
categorized, useful,
condensed, calculated

+ context INFORMATION

individual facts,
figures, signals,
measurements

DATA

DOI: 10.1093/af/vfz005



@ Curated data

* O4YMCTKA
* OueHKa Ka4vecTBa
* AHHOTaUMA



@ Labelled data



9

Fair data

AN

( ™

Data and materials enriched
with metadata assigned with a
unique identifier

J\_

(& J

Data and metadata stored ina
trusted repository with an open
and free protocol. Accessible by
machines and humans

AN

- /

Using vocabularies and public
domain ontologies the
metadata can be referenced
and linked

. J/
' N\
Additional documentation and
protocols describing the
acquisition of the data, licensed
with a detailed provenance

\ S




@j Human readable MM

Machine readable Human readable

Pilat Validation Dashbaard

I Pl e vy o B iy e b o ol ey P L rwmta 8 i

Tersty brrrer e L

'ﬁ!p:’ﬁ##i_ﬂﬂ". “eheck (8. hours sorked becween 1 and 30)7,

Primes®: =201T=08=01T07:51:44.923a%,
factor®: “"Curcetat®

data®: ().
"rvalue®: T0% /F Eailed

time®:; *201T=-08-01T07:51:46.9302%,
Pactor®: "Eurcetat®

"data®: ().
"valua™: "1" J/ passad

7 markdown

html pdf word

https://www.unece.org/fileadmin/DAM/stats/documents/ece/ces/ge.44/2018/T5_Netherlands_BOSCH_Paper.pdf



Formats
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XYz

o

Cartesian Internal

[nnuepunH

(Popmart .xyz) (Z-matrix)

1) Xumunyeckum cmblicn

1) MpocTon 2) CnoxHee B NOCTPOEHMUM

3) MHoro cnoco6oB 3a4aTb

M |Symbol| R |Angle |Dihedral | HRl Mﬁl NDl

14 1 C

Comments line 2 0 ROZ 1

C -1.2540710000 0.3888570000 -0.1001430000 s cc Acs . 1

o) -1.7850710000 1.7148570000 -0.0311420000

C 0.2339290000 0.4098570000 0.2938570000 4 0 RO4 AD4 Do4 32 1

o) 0.9539280000 1.2578570000 —0.6041420000 s C RCS ACS DCs 4 3 2

o) 2.1875280000 —0.9581430000 0.5848580000 S - o o 6 s 4

H -1.3540710000 0.0168570000 -1.0891420000

H -1.7930710000 -0.2461430000 0.5718580000 8 H RHa AHS DH8 76 35

H —2.7130710000 1.7018570000 —0.2771420000 g H RHO AHO DHO 8 7 6

H 0.3335%250000 0.7818570000 1.2518580000 EE— — e — PR

H 0.8645250000 0.9248570000 -1.5001420000

H 0.2679290000 -1.6541430000 0.8908580000 i H RH11 AHLL D11 w2 8

H 0.7069290000 -1.3911430000 —0.7791430000 12 H RH12 AH12 DH12 1 1 9

H 2.5439290000 ~1.8891430000 0.5388580000 13 H RH13 AH13 DH13 12 11 10 14
14 H RH14 AH14 DH14 13 12 11



Kj .mol

Benzene, ID: (9@l

SJC 20168623 1 1.02280 8. Gaead
Example Benzene mol file.

B & @ g @ 1 V2680

-1.3961 9.6013 -0.0584C B ©
-B.7482 -8.3516 1.1313C © @
B.6556 -9. 344 1.1344 C @ ©
1.3956 @.8123 .46 C © @
B.7398 @.3611 -1.1234 C @ @
-8.656 @.3577 -1.1803 C © @

Z 1 2 © @ @

1 3 1 @ @ @

4 2 1 @ @ @

3 6 2 O @ @

5 4 2 @ 4 @

6 5 1 © @ @
M END

DOI:10.1186/s13321-016-0168-9

(a7 e L s Qe s i s |
s L o e i |
o o o T i
o i o i v i
o o o i
o o
= R i i



.sdf

DOI:10.3906/elk-1809-9

NCC00015959-03

Marvin 07111412562D
25 30 0 0O 0O O
3.4098 -1.3130
4.832% =-1.3130
3.4098 =-2.1380
44,1248 -2.5436
2.6948 -2.5436
4.8329 -2.1380
4.1248 -0.8937
5.5547 -0.8937
1 3 1 0o O 0O ©O
i 7% 2 0 0 0O 0
125 1 ©0 O ©O 0O
2 7 1 0 0 0O 0
2 € 2 0 O O 0
2 g 1 ] 0] L] [}
3 4 2 0 0O 0O 0O
3 5 1 0o O 0O 0O
4 13 1 O©o O O O
4 &€& 1 0 0 0O O
5 & 1 0 O O O
M CHG 1 1 1
M END
> <Formula>
CZ0H14N0O4
> <EW>
332.328¢%
> <«D35Tox_ CID>
25204
> |<Active>
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@j SMILES MAM

q * UrHopupyem Boaopoabl (ecin 3To He
A P KPUTUYHO)
/ N\ / \
NI an N * Bbibupaem camyro AJIMHHYIO LLEMOYKY
i
* Pa3spbiBaem UmMKanveckne pparmeHTbl
3
. <3 e 3anucbiBaem (-, =, #, : LN He
¢ 3anmncbiBaem) cBA3n
1N/_>N / \\2—\4 0
— /2 ° * 3anucbiBaem BOKOBbIE LEMOYKN B
CKObOKax
C Ho:
' 4 e C KaKoro atoma HayaTb?
1
. * ApOMaTUYECKUE CUCTEMDI?

N1CCN(CC1)C(C(F)=C2)=CC(=C2C4=0)N(C3CC3)C=C4C(=0)0 op . . .
CEEEE ey NTtDS://ru.wikipedia.org/wiki/SMILES



@ Other ASCII representations

* InChi

* SMARTS
* SYBYL

e SELFIES



data_1008241

loop_

_publ_author_name
"Abrahams, 5 C'

'Bernstein, J L'
_publ_section_title
_journal_coden_ASTM
_journal_name_full
_journal_page_first
~Jjournal_page_last
_journal_paper_doi
_journal_volume
~Jjournal_year
—chemical_formula_structural
_chemical_formula_sum
_chemical_name_systematic
_space_group_IT_number
_symmetry_cell_setting
_symmetry_Int_Tables_number
_symmetry_space_group_name_Hall
_symmetry_space_group_name_H-M
_cell_angle_alpha
_cell_angle_beta
_cell_angle_gamma
_cell_formula_units_Z
_cell_length_a
_cell_length_b
_cell_length_c

~cell_volume
_refine_ls_R_factor_all
_cod_database_code

DOI:10.1186/s13321-016-0168-9

Accuracy of an automatic diffractometer.
ACCRA9

"Acta Crystallographica (1,1948-23,1967)"
926

932
19.1187/50365110X65802244
18

1965

"Na C1'

"Cl Na'

'Sodium chloride’

225

cubic

225

'-F 4 2 3"

'"Fm-=3m'

9@

98

99

4

5.62

5.62

5.62

177.5

B.022

1900041

loop_
_symmetry_equiv_pos_as_xyz
x?}riz
ViZ, X

1/2+2,y,1/2-x

1/2+z ,1/2+y, =%

loop_

_atom_site_label
_atom_site_type_symbol
_atom_site_symmetry_multiplicity
_atom_site_Wyckoff_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_occupancy
_atom_site_attached_hydrogens
—atom_site_calc_flag

Nal Nal+ 4 a . 6. 8. 1. &8 d
(11 C11- 4 b ©.59.58.51. @ d
loop_

_atom_type_symbol
_atom_type_oxidation_number
Nal+ 1.000

C11- -1.000



.pdb

HEATER EXTRACELLIULAR MATRIX 22-JBN-98 143T
TITLE X-BAY CRYSTALLOGRAPHIC DETERMINATICH COF & COLLAGEN-LIEE
TITLE 2 PEFTIDE WITH THE REFPEATING SEQUENCE (PRCO-PRO-GLY)

EXFLTL X-R4Y DIFFRALCTICH
LITHOR R.Z.KRMMER, L. VITAGLIANC, J.BELLL, R.BERISTIC, L. MLZZARELLL,
LIUTHOR Z B.BRODSEY,L.ZLGART, H.M.BERMAN

REMARE 350 BICMOLECULE: 1
REMAREK 350 APPLY THE FOLLOWING TO CHATINS: &, B, C

REMARE 350 BICMT1 1 1.000000 O.000000 1. 000000 0 .00000
REMARE 350 BICOMTZ 1 9.000000 1.000000 0.000000 0. 00000
SEQRES 12 3 PRO PRC GLY PRO PRO GLY PRC PRO GLY

SEQRES 1B & FPRO PRC GLY PROC PRC GLY

SEQRES 1 C & FPRO PRC GLY PROC PRC GLY

ATCHM 1 HW FEC &L 1 B.31e 21.206 21.530 1.00 17.44
ATCM £ ©CA FRO & 1 T.808 20.729% 20.3%3e 1.00 17.44
ATCM 3 C FEC & 1 gE.487 20.707 15.0%92 1.00 17.44
ATCHM g 0O FEC &L 1 89.466 21.457 15.005 1.00 17.44
ATCHM 5 CB FRC &L 1 6.460 21.723 20.211 1.00 22.24
HETATM 130 C RCY 401 Z.882 22.541 11.238 .00 21.18
HETATM 131 © RCY 401 Z2.807 23.087 10.553 1.00 21.189
HETATM 132 OCXT ACY 401 4.306 23.101 12.291 1.00 21.189

o0



DataBases



Pubchem

M) National Library of Medicine

National Center for Biotechnology Information

Pu b © hem About Blog  Submit  Contact O\ Search PubChem

COMPOUND SUMMARY
E @ @

99 Cite t Download

CONTENTS

Title and Summary

1 Structures v
PubChem CID 2244
2 Names and ldentifiers v
- 3 Chemical and Physical v
T\é 4 %’% Properties

\ ._ ; .
R 2 4 Spectral Information v
2D 3D Crystal 5 Related Records v

Find Similar Structures 6ichamical Vendars
7 Drug and Medication v




ChEMBL

C CchEMBL

Compound Report Card

Name And Classification

o ID: CHEMBL25
Name: ASPIRIN

Max Phase: E Approved o
% Molecular Formula: C9H804

o Molecular Weight: 180.16
Acetylsalicylic Acid ACETYLSALICYLIC ACID Aspirin ASPIRIN

ChEMBL Synonyms:
BAY1019036 NSC-27223 NSC-406186

Synonyms From ACETYLSALICYLATE LYSINE ASPIRIN DL-LYSINE Lysine Acetylsalicylate

Alternate Forms: LYSINE ACETYLSALICYLATE

8-HOUR BAYER Acetosalic Acid ACETYLSALIC ACID Acetylsalicylic Acid

A/ ALKA RAPID ANADIN ALL NIGHT ANGETTES 75 ASPIRIN ASPRO CLR

Name And Classification
Representations
Sources

Alternative Forms
Molecule Features

Drug Indications

Drug Mechanisms
Clinical Data

Similar Compounds
Metabolism

Activity Charts
Literature

Target Predictions
Calculated Properties
Structural Alerts

Cross References
UniChem Cross References

UniChem Connectivity Layer

Cross References



ZINC

ZINC Substances Catalogs Tranches Biological ~

A / substances / ZINC0O00000000053

ZINC53 (Aspirin)

In: anodyne bb fda for-sale in-stock natural-products

Google Wikipedia PubMed

Added Availability Since Mwt
2005-09-27 In-Stock 2015-08-07 180.159
Mol Formula Rings Heavy Atoms Hetero Atoms

COH804 1 13 -

SMILES CC(=0)0Oc1ccececc1C(=0)0
InChl InChI=1S/C9H804/c1-6(10)13-8-5-3-2-4-7(8)9(11)12/h2-5H,1H3,(H,11,12)
InChl Key BSYNRYMUTXBXSQ-UHFFFAQYSA-N

Available 3D Representations

Fraction sp®

0.11

Download

4

_—

Tranche

ADAA

+
»

Vg

Draw



PDB

RCSB PDB Deposit v+ Search v Visualize v Analyze v+ Download v Learn + More v Documentation + Careers
185158 Biological
Macrnolecilar Sirictiras [Enter search terms or PDB ID(s). .

o
PDEB
o Enabling Breakthroughs in

PROTEIN DATA BAN K Researchand Education Advanced Search | Browse Annotations Help &

7 PDR~101 Hﬁﬁlﬁ FMDataResource .mmwﬂu ﬁn Bank ceggé é ‘JQ ;E‘:I:gi?'ll:natﬂ Bank

FROTEIN DATA BANK Unifisd Data Rasouirca for I00M

Structure Summary 3D View Annotations Experiment Seqguence Genome Versions

. y B Display Files =
oYYT

Structure of replicating SARS-CoV-2 polymerase
DOI: 10.2210/pdb6YYT/pdb EMDataResource: EMD-11007

Classification: VIRAL PROTEIN

Organism(s): Severe acute respiratory syndrome coronavirus 2, synthetic construct
Expression System: Spodoptera aff. frugiperda 1 BOLD-2017, Escherichia coli BL21(DE3)
Mutation(s): No e

Deposited: 2020-05-06 Released: 2020-05-13
Deposition Author(s): Hillen, H.S., Kokic, G., Farnung, L., Dienemann, C., Tegunov, D., Cramer, P.

Fundina Oraanization(s): German Research Foiindation (NFGY Furonean Research Coilineil (FRCY Volkswanen




ICSD

GICSD

Content Selection

+ Experim. metal-organic str.

+ Theoretical structures

Navigation

Q. Basic search & retrieve

Advanced search & retrieve

@, Bibliography

@ Cell

@, Chemistry

@ Symmetry

@, Crystal Chemistry

@, Structure Type

@ Experimental Information
@ DB Info

Query Management

= Manage Queries

= List Combined Queries
i Create Combined Query
ICSD links

@ ICSD News

© Basic Search & Retrieve

+ Experim. inorganic structures

Bibliography
Authors

Title of Journal

Title of Article

Chemistry

Composition

Cell

Cell Parameters

Cell Volume

Symmetry

Space Group
Symbol

Crystal System

Exp. Info. & Ref. Data

New Data Only

PDF Number

ICSD Collection
Code

Welcome to ICSD Web. Logged in: Ruehl, Stephan

Periodic Table

Space Group
Number

= Centering -

Temperature

Pressure
Count Basic Search

Clear Basic Search

Legal Notices | Privacy Policy | Browser Recommendations | Copyright @ FIZ Karlsruhe 2019

Year of
Publication

Number of
Elements

Tolerance +/-

MPa

FIZ Karlsruhe | Contact

Logout
e Search Action
Run Query Clear Query
Search Summary
Basic Search: o
Query History
Number of queries: 23

%

Clear Query History

2019-06-11T09:11 1
2019-06-04T14:28 7432
2019-06-04T14:26 9418
2019-06-04T14:24 9585
2019-06-04T14:22 9633
2019-06-04T14:19 9780
2019-06-04T14:17 9514
2019-06-04T14:14 9374
2019-06-04T09:12 9522
2019-06-04T09:11 9717
2019-06-04T09:09 9722

m




Organic
Organic Drugs
4.39% Agrochemicals
Pigments
Explosives
Protein ligands

Not Polymeric
89%

Links/subsets

Drugbank

Druglike
_ MOFs

Single T PDB ligands

Component SOUS S Sy PubChem
56% e & Vi ; ChemSpider

&S L0 S eSeL, Pesticides

https://www.ccdc.cam.ac.uk/solutions/csd-core/components/csd/




@j Crystallography Open Database

C Oo Crystallography Open Database

COD Home

Home
‘What's new? £

Information card for entry 1000041

1000040 << 1000041 >> 1000042

Accessing COD Data

Browse Pl‘EViEVV
Search
Search by structural

formula HM:F m -3 m #225
a=5.620A

b=5.620A
Add Your Data o5  620A

Deposit your data a=90.000°
B=90.000°

y=90.000°

Manage depositions
Manage/release
prepublications

COD Wiki
Obtaining COD
License
Querying COD
Citing COD
COD Mirrors




@ ‘Good’ database

* Big

* Curated

e Conventional formats, exports (downloads), API
 Computational-ready

e (Multi)labelled

* Free



More DataBases?



Other: CORE-MOF

ACS ACS Publications C&EN CAS Access provided by MOSCOW STATE UNIV LogIn
ACSPublications Search text, DO, authors, etc Q @ My Activity ~ Jfg) Publications =
Most Trusted. Most Cited. Most Read.

RETURN TO ISSUE ¢PREV  ARTICLE  NEXT>

Advances, Updates, and Analytics for the Computation-Ready,
Experimental Metal-Organic Framework Database: CoRE MOF 2019

Yongchul G. Chung* Emmanuel Haldoupis, Benjamin J. Bucior, Maciej Haranczyk, Seulchan Lee, Hongda Zhang,
Konstantinos D. Vogiatzis, Marija Milisavljevic, Sanliang Ling, Jeffrey S. Camp, Ben Slater, J. llja Siepmann*, David S. Sholl*
, and Randall Q. Snurr*

@ cCite this: J. Chem. Eng. Data 2019, 64, 12, 5985~ Article Views Altmetric Citations Share Addto Export - ;

5998 -

Publication Date: November 4, 2019 ~ 748 5 20 1 3 2 @ @ Journal of Chemical &
https://doi.org/10.1021/acs.jced.9b00835 LEARN ABOUT THESE METRICS . .

Copyright © 2019 American Chemical Society Engineering Data N M View PDE

RIGHTS & PERMISSIONS E

PDF (3 MB) @ Supporting Info (4) » SUBJECTS: Crystal structure, v

This website uses cookies to improve your user experience. By continuing to use the site, you are accepting our use of cookies.
CONTINUE

Read the ACS privacy paolicy.




Other: 2D-hybrid perovskites

o

ACS ACS Publications C&EN CAS Access provided by MOSCOW STATE UNIV LogIn
ACS Publications Q [8] MyActivity  f&) Publications =
@ Most Trusted. Most Cited. Most Read.

RETURN TO ISSUE <PREV  ARTICLE  NEXT>

Database of Two-Dimensional Hybrid Perovskite Materials: Open-
Access Collection of Crystal Structures, Band Gaps, and Atomic Partial
Charges Predicted by Machine Learning

Ekaterina |. Marchenko, Sergey A. Fateev, Andrey A. Petrov, Vadim V. Korolev, Artem Mitrofanov, Andrey V. Petrov,
Eugene A. Goodilin, and Alexey B. Tarasov*

@ Cite this: Chem. Mater. 2020,32,17,7383-7388 Article Views Altmetric Citations Share Addto Export
Publication Date: August 11,2020 ~

https://doi.org/10.1021/acs.chemmater.0c02290 2 48 6 3 7 3 2 @ @
Copyright © 2020 American Chemical Society LEARN ABOUT THESE METRICS

RIGHTS & PERMISSIONS

Read Online EVIEIVEI @) suerortinginfo (1)»  SUBJECTS: Layers,

[ v
o

Chemistry of Materials

This website uses cookies to improve your user experience. By continuing to use the site, you are accepting our use of cookies.
CONTINUE

Read the ACS privacy policy.




Other: HERDB A

ACS ACS Publications C&EN CAS Access provided by MOSCOW STATE UNIV LogIn

ACS Publications Search text, DOI, authors, etc Q @ My Activity E/ Publications =

g Most Trusted. Most Cited. Most Read.

RETURN TO ISSUE ¢PREV  ARTICLE  NEXT>

Heavy-Element Reactions Database (HERDB): Relativistic ab Initio
Geometries and Energies for Actinide Compounds

Nikolai Andreadi*, Artem Mitrofanov, Petr Matveev, Anna Volkova, and Stepan Kalmykov

@ cite this: /norg. Chem. 2020, 59, 18, 13383-13389 Article Views Altmetric Citations Share Addto Export
Publication Date: September 2, 2020 - -
https://doi.org/10.1021/acs.inorgchem.0c01746 5 1 2 2 3 |<¢<>I @ |@I8>|
Copyright © 2020 American Chemical Society LEARN ABOUT THESE METRICS — — -
RIGHTS & PERMISSIONS " Subscribed : .
Inorganic Chemistry
] | » SR View PDF
PDF (899 KB) e Supporting Info (1) » SUBJECTS: Anions, Biological databases, v
Abstract
Actinide chemistry appears to be a challenge for both experimentalists and 89-98
theoreticians. Radioactivity and computational obstacles lead to a lack of &
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