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Speed of Evolution vs. Digitisation in Chemistry
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Supporting Users from Data Creation to Re-use

Create Data Publish & Access Data Find & Use Data
Smart Lab Repositories Metadata, Semantics
& Standards

Data Discovery & Reuse
Semantic Data Hub



NFDI4Chem is community-driven @
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Data we cover - Molecules and related meta(data)

Reactions

Biological activity

Experimental

Conditions

Hom

T Emerwa—-
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Conditions
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Properties

Name
Formula
CAS

Description Reagents -~ @

Ethylbenzene
CSH10
100-41-4
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Nucleus
Pulse sequence
Solvent...
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Ionisation method
Voltage ...




Smart Lab - Enabling Digitisation and Seamless Data Flows f‘)

SMART Lab
Describe & R R
standardise RGpOSltorleS
processes St ; (
Enabling Data file Analyze ructure RADAR
machines readers data data & “MassBank * Fencn C)
metadata
Sharing \ @ NMEXIV((Cremgten
profiles Data file — ; I[)ink
and ~onversion Share & (alemotign atabases & @ gRrs
processes provide Intert ) other SUPRABANK m
data nterraces resources
Metadata to various STRENDA
mapping support o YibSpec DB
software/
services

Data capturing Documentation Publication



Trusted Federation of Repositories

€ = Core Repositories

Process & Analytics Spectroscopy Subdomain specific Multidisciplinary
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Harmonisation across resources - MIChl 0

Chemists, RDM Experts & Computer Scientists develop
Minimum Information for Chemical Investigations

Guideline Article Implementation

DOL 10.1007/51 1306-007-0082-2 Type of Polymer

Homopolymer

ORIGINAL ARTICLE

Proposed minimum reporting standards Molecular Mass Distribution
Chemical Analysis Working Group (CAWG) Metabolc Number average MW (Mn)

Lioyd W. Sumner - Alexander Amberg - Dave Barrett - Michael | GPC standard
Richard Beger - Clare A. Daykin - Teresa W.-M. Fan - Oliver Fic
Royston Goodacre * Julian L. Griffin - Thomas Hankemeier + Nig
James Harnly - Richard Higashi - Joachim Kopka - Andrew N, L
John C. Lindon - Philip Marriott - Andrew W. Nicholls - Michael

John J. Thaden - Mark R. Viant Molecular Properties

Data Model

|
|
|
;amplehmdling [ S ﬁ[ ;o‘lscnm |
M
action conditions if relevant, (e.g.

|
S ilyl; chemical manufactrer, tem- !
peratures, and duration). |
Sample spiking e.g. internal standards, retention- anple Fraparaion | — — ~~—31

index standards. . | | |

Checklist

®  Separation column and pre/guard column
« Manufacwrer, model number/name, stationary
media composition (support and coating, e.g. silica,
C18, etc) and physical parameters (i.c. coating
thickness for GC/MS, particle size and pore size for
LC/MS), internal diameter, and length.

® Technique-specific sample preparation
* Resuspension of sample (e.g. in mobile phase),
amount injected.




MIChI Development Workflow f‘lj

—

I

. . Create minimum
Review resources Create maximum information draft

i

information '
== oY
~AlRsharingorg 4mmm FE=F {mmm  |@0=
=T standards, databases, policies - =~ .
Publication === ‘.
N.II.ChI. Community
specifications

workshop



MIChI in NFDI4Chem

NMR MIChIs: on FAIRSharing
doi.org/10.25504/FAIRsharing.c29400

@a

MIChI Standard for Reporting Liquid-State NMR Experiments of Small Molecules (MARGARITAS)

d 5504,/ FAIRsharin .
© Type Reporting guideline
@ Registry Standard

@ Description

MARGARITAS stands for "Michi stAndard foR reportinG liquid-stAte nmR experimenTs of smAll
moleculeS’. This MIChI standard is a proposal from NFDI4Chem to outline essential metadata
required for documenting liquid-state NMR experiments of small molecules. We aim to make it
suitable for NMR ies and the materials of ions. The standard consists
of two parts: tabular recommendations that include the actual checklist of properties and textual
guidelines explaining the meaning and use of the checklist. We actively maintain and optimise our
MIChI, which results in new versions.

Definition

0 Differential optical
absorption spectrophotometry
0.1 UV-Vis Differential Optical
Absorption Sample
0.1.1 Chemical structure

Chemical structure identifier in the
form of an alphanumeric text string

Community
workshop

0.1.2 Solvent
0.1.3 Concentration
0.1.4 Optical path length

0.1.5 Sample ID Identifier for the sample which is.

unigue within the project

UV-Vis MIChI:

Property
Chemical Entity
Identification
Primary Identifier

Definition

Chemical Entity (CHEBI:24431)

Chemical entity,
MS: Minimum
information draft

1.1.1 A globally unique, persistent value assigned to

an entity that distinguishes it from all other entities in a
dataset or system. It is a dcterm Identifier
1.1.2 Title/ name/ label dcterm Title

1.1.3 Alternative identifer

An identifier that refers to the same entity as the
primary identifier but comes from a different
identification system, source, or context. Not the main
reference. Itis a dcterm |dentifier

1.1.4 Alternative Title

Property
name/ label

Mass Spectrometry
Assay

Definition Export Format

MS Sample

- mol

A compound analysed in an mass - ChEBI ID or IRl that is a leaf of the ontology

Analysed Compound spectrometry (MS) sample using term molecular entity (CHEBI:23367)
and/or data acquired from an mass or
1.1.1 Sample ID spectrometry (MS) analysis - Pubchem ID

D or IRI that is a leaf of the ontology
ular entity (CHEBI:23367)

Prof Bocklitz
method

npoints

sampling procedure

laser wavelength

Raman: Max
Information

instrument settings
orientation

<N

laser power
accumulation time
spectral range
resolution



https://doi.org/10.25504/FAIRsharing.c29400

Harmonisation across resources - Ontologies

/ Experimental Description \ / Spectra Data \

11 8 Diek Ader 16acHNSSSSES Gascriied by Sur e al, e MS:1000442
apecibed 38 mmeft of

eacanis 0, AFP:0002833

1. Hbuadane=-150 QSIS gt 7,0 TCUIS!
and 30.0 mmal**= of malelo anhydrde= L, were hested (temperature control L3:sapen
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e sty Bvinbie 14agars vwrs RXNO:0000006 H

eclusirs LId. e« Tokyo Chamical industies Co.. Lid

QD:OODOBZL'? (experimentalsectiop o (o) D w ww W

30°C, 2h CHMO0:0000806 (mass spectrum)

+ [ o ||[/——» 0 <«
a4 Bioactivity I 0 o}
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\

4

NMR:1002007

-—

PUBCHEM:CID6810
CHEBI:39478 CHEBI:474859 ﬁ ‘
|

L
-

=

2

InChI=1S/C8H803/c9-7-5-3-1-
2-4-6(5)8(10)11-7/h1-2,5-6H,3-
4H2 CHMO:0000835 (NMR spectrum)

CHMO0:0002533
K (gel filtration chromatogram) / Ontologies4Chem CHEMINF:000113 (InChi descriptor)

@ "ontology Curated Ontologies




The NFDI4Chem Terminology Service (TS) .

. TERMINOLOGY SERVICE

HOME ONTOLOGIES HELP APl ABOUT

[ chemical entity

arch

Filter Results

Clear All Filters.

Type

class
proparty
individual

onlology

Ontologies
NGIT

WS

PATO
CHEBI
OBl

+ Show Mare

14352 results found for "chemical entity"
Results Per Page | 10

[class) chemical entity
http.4/purl.obolibrary.org/obo/CHEBI_24431

A chamical entity is a physical snity of intarast in chamistry including molocular entitias, parts
thereof, and chamical substances

ontology: (EIED)
Also in: m

So@m®

[class] chemical entity
ity /semanticscience orgresource/SIC)_010004

ontology: (@3

[eiass) chemical entity
hitp://semanticscience arg/resource/ CHEMINF_DDDDOO

A charical enity is any molecular entity or chemical substance

Ontology:

fontology] Chemical Entities of Biological Interest
http-i/pur obolibrary orgloba/chabi owl

A fiesly available diclionary of molecular enlilies focused on “small” chemical compounds
The term ‘molecular entity' refers lo eny consliutionally of isolopically distnet atom,
molecule, ion, lon pair, radical, radical ion, complex, conformer, efc, identifiable as a
separately distinguishable entity. The molecular entities in question are either products. of
nature or synthotic products usad to infarvana in the procassos of living organisms

ontology: (CIED)

e Search in all indexed fields

o E.g. abstract, label, definition
e Filter by type of term

o Class, property, individual or ontology
e Filter by ontology

o Sorted by number of hits

e API available for service integration

TI Terminology Serv




Harmonisation across resources — Metadata

- DCAT-AP Plus Links to Use-case Specific context
- Added classes, properties & constraints to specify
» The entity or process being evaluated & described
« The process(es) & tools used to generate the data
» Entity, process & attribute types via terminologies
- ChemDCAT-AP
DCAT-AP PLUS & restrictions shared in all

chemistry specific contexts

- MIChI schemas
- ChemDCAT-AP & specific MIChI requirements
- Developed by domain experts & MIChI admins

context

ChemDCAT-AP




ChemDCAT-AP

- Imports DCAT-AP PLUS

- Adds requirements
shared by NFDI4Chem &

NFDI4Cat

* ChemicalEntity, Atom,
Substance, Sample,
Reaction, Reagent, Solvent,
Catalyst, Yield, Pressure, ...

- Mapped to chemistry
specific ontologies

EvaluatedEntity | Entity ChemicalEntity DissolvingSubstance
(prov:Entity) (prov:Entity) (CHEBI:23367) (SI‘O:01041 7)
i .
i g CatalysingSubstance
(S10:010344)

w
MaterialEntity
(BFO:000004
has_part s

H (dcthasPart)
SubstanceSample »
(S10:001378)

PolymerSample |

composed_of
(BFO:0000051)

ChemicalSubstance <
(CHEBI:59999) %

Polymer

MaterialSample |
(OBI:0000747)
A

Reactor
» (AFE:0000153)

StartingMaterial

“(PROCO0:0000029)
has_catalyst
RXNO:0000425)

Reagent
(S10:010411)

ChemicalProduct
(NCIT:C48810)

has_starting material "
/......_(RO:0004009)

has_solvent
(OBI:0000293)

has._reactor
(0BI:0000283)

(S10:001378) (CHEBI:60027)
has_product (RO:0004008) - -
nas_reacll@ ‘< ’Eamm/ linkml:duration
(BFO:0000051) :
L' y has_duration (schema-duration)
Dataset is_about_activity ChemicalReaction - —— 7 (qudt:Quantity)
(dcat:Dataset) (1A0:0000136) (S10:010345) ’_/w.nas,wem (S10:000008)
—"—""""has_temperalure (SI0:000008)—> Temperature

——
/3 has_pressure (S10:000008)

: o luated_activit -
w??fagfgggglsef E)by DataGeneratingActivity :pfﬂ;’;’im’fnméy) T Pressure
(prov:Activity) pas g N (qudt:Quantity)

(dcthasPart)
P

‘AgenticEntity
(pov:agen)

Surounding Plan
(prov:Location) (prov:Plan) has_part
(dethasPart) carried_out by

iy ibu
< quantiative_atribute
(prov-nasAssociatedWith) g o

had_inpul_activity priwelti

red_in raalized_plan
o (provwasinformedBy)

(proviocatedAt) (provused)

DataAnalyss |
(proviAclviy) | 1

has_quantitative_atribute.
(detrefation) |

(proviActivity) (qudt:Quanity

Activity
| (proviAciivity)
evaluated actiity )
(prov-wasinformedBy) - has_qualtaive_attnibute
(det:relation)

was_generaied_by
(proviiasGenerataday)
/

has_qualiative_atinibute

evalualed_entity e (detrelation)

(provActivity)

had_input_entity

AnalysisDataset
(deatDataset) evaluated_entty (provused) |
. (provused) was_generaled_by QualitativeAttribute has_quantitative_attribute
(provasneaiect had_ouput_entiy (prov-Entity) (dctrelation)
is_about_acivity (prov:generated)
is_about_eniity {dctsubject)
datauieed e was_generated by has_qualiative_attibute

(provwasGeneratedBy) (detrelation)

Dataset
(dcat:Dataset)
s _about_eniity

{det:subject)

was_generated_by
(prov:wasGeneraledBy)
VA

15

has._part
" (dgcthasParty

Ent

ity
(prov:Entity)

(prov:Entity)

(qudt:Quantity)



MIChI formalized with ChemDCAT-AP

-
-

Sumounding Plan AgenticEntity
(prov:Location) (prov;Plan) has_part {prov:Agent)
(dethasPart) t by
n - occurred_in reaiized_pian had_input_activity (rorwashssostoNin)
{proviocaledAt) (prov.used) {prov, waslnl\.‘:lrmadaw
DataAnalysis | Activity has_qualitative_attibute
provaciy) | e il ey (provActity) ~octruation)
T cvaluated_actiaty . has_quantiabive_atibule
{prov-wasinformgBy) - W ectroloton)
evalated_entty

was_genaated by
(provwasGeneratedBy)

i Dt evaluated_entity

= MIChI profiles must

EvaluatedActivity
(provActiity)

(prov-used)

had_input_entity
rov.used)

has_quanitative_atiribute

o) oo N . et e i)
is_about_entity {prorwssCensriedsy) (orovasnece) QuaktativeAtiribute \\" QuantitativeAtiibute
use the DCAT-AP PLUS = TR sk
was_generated_by by O (provasGerersi=idn) has_quaktative_atiibute  has_quanttative_attribule
(prov:wasGeneratedBy) fs ) ~—is_about_erty (detrelation] {dctrelation)
{detsubject)
patterns as a template =) T =
" B u t can b e Mma p p e d NMRAnalyisDataset NMRSpecroscopy [ umierocions NumberOfScans
(dcat:Dala\set) (CHMO:0000613) used_pulse_sequence (NMR:1400087)
was_generated_by
O I I I O re re eva n (pmv:wasGene};a(euBy}
NMRSpectralAnalysis (NMR:1400059) " (NMR:1400037)

(NMR:1400042)
~

evaluated_entity
(OBI:0000293)

BFO based ontologies

is_about_entity
(1A0:0000136)

= A MVP formalization
of the MARGARITAS

(NMR MIChI)

- Only the required
elements formalized

Ny /
NMRSpectrum
(NMR:1002007)

was_generated_by
(OBI:0000312)
probed_nucleus

evaluated_entity (OBI:0000293)
Y

(OBI:0000283)

has_solvent

NMRS;mpIe
(NMR:1400128)

¥

composed_of

(BFO:0000051) NMRSolve

CharacterizedCompound
(NMR:0002001)

N (OBI:0000293)

\ (OBI:0000293)
used_spectrometer \\
(OB:0000293)
e NMRSpectrometer PulseSequence
sed_reference_compound \
used_calibration_compound

AcquisitionNucleus
(OBL:0000293) (NMR:140(1083)

(BFO:0000050)

(NMR:1000330)

ChemicalSubstance -~
(CHEBI:59999)

has_proton_frequency
1510:000008)

(OBI:0000293)
- :
NominalProtonFrequency
(NMR:14002563)
ShiftCalibration Sempntind
(NMR:0002022)
nucleus_of (,1 ‘-“
ChemicalShiftReference:
(NMR:1002013)

T
(CHEBI:33250) ... '

nt DissolvingSubstance

"""" MaterialEnti
(S10:010417) aterial Entity

J(BFO:UUUOOAIO)

ChemicalEntity
-------------------------------- (CHEBI:23367)




MIChI & Metadata & Ontologies

Minimum Information for Chemical Investigations collect what to report

Metadata Schemas define how to report data.

Schemas and ontologies form the semantic foundation and enable
harmonisation, metadata harvest & search

TERMINOLOGY SEARCH
SERVICE. SERVICE.

(®) NFDI.Chem (@) NFDI.Chem



Chemotion ELN: Integration of ontologies from TS O

o310 ®00) A1) @H30) +OO) =00

"
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e W ¢ < o
L " ) N-C1 %
e
\ Q E ]
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HC CHy Acbe s F E"
s A i
F i
O JDJR39 F i
® 3 ¢ 7% i
" Scheme Propertis Analy Refi - ,z
i
O JDJR38 Analysis: ©X8782  Analysis: & JDJ-R36 ;5
. g.
1HNMR LEEEL N o o ITIEY - B
= Type: 1H nuclear magnetic resonance spectroscopy (1H NMR)
0 JDJR37 f Status: Confirmed v Instrument: 1/1
© ! Content: 14 NMR (400 MHz, Acetone-d6 [2.05 ppmi, ppm) & = 8.53-8.51 (m, 1H), 8.18 (dd, J= 13 Hz, J =82 Hz, 1H), 8.05 (d, /=83
Hz, 1H), 8.01-7.98 (m, 1H), 7.89 (5. 1H), 7.76 (40, J = 1.1 Hz, J= 7.0 Hz, 1H), 7.65(d, J = 8.3 Hz, 2H), 7.60-7.48 (m, 4H), 7.43
(0. J= 8.1 Hz. 2H), 7.36-7.28 (m, 2H), 5.65 (s, 2H). Impurities: This spectrum contains at 1.43 pom and water at .
[J JDIR36 13C NMR 2 scsorepot [FNEN m - )
(] = Type: 13C nuclear p py (13C NMR)
Status: Confirmed v Instrument: 1/1
P ¢ Content: 13¢ NMR (100 MHz, Acetone-d6 [29.9 ppm, ppm) & = 192.1, 1427, 140.1, 140.0, 138.2, 1349, 1317, 1308, 130.3 (q, J= 321
H2), 1292, 128.6 (3C), 128.3, 127.5, 127.2, 126.9, 1267, 126.6 (a, J = 3.9 Hz), 125.7, 125.3 (. J = 271.3 Hz), 124.6, 1236,
; 1235, 1187, 111.8,506.
O JDJIR3S =

Show | 15 19F NMR @ addoreport [FYENEN | -
Type: 19F nuclear mag P py (19F NMR)




RADAR4Chem: Integration of Ontologies from TS @

e Metadata editor: Suggestion lists of chemistry specific terms (e. g. NFDI4Chem ontology
collection) are provided via type ahead.

e Landing page: Clear presentation of standardized terms / ontologies incl. links to further
information.

e Findability of data: Additional filter options “Keywords” and “Ontology”on publication list.
MD for “Keywords”: Fosters semantic interoperability using chemistry-relevant vocabularies.

Keywords @ W (@) chemical shift (molecular quality) ~ ~ Weniger anzeigen

chemical shift (molecular quality)

Standardised Terminologies (via TS4NFDI) v

AFO S AFQ:0000319

chemical shiff

it ipur allotrope orglontologies/quality#AFQ_0000319 c2

The fractional variation of the resonance frequency of a nucleus in nuclear magnetic resonance

chemical shift ~AFO > AFR_0002366 @

(NMR) sp py in of its magnetic envi [IUPAC]
A chemical shift is a quality quantification facet quantifying the fractional variation of the resonance frequency of a nucleus in nuclear magnetic resonan...
chemical shift (molecular quality) AFO > AFQ_0000319 ive Names W Cross About AFO Graph View Depiction
The fractional variation of the resonance frequency of a nucleus in nuclear magnetic resonance (NMR) spectroscopy in consequence of its magnetic env...
v entity

chemical shift NMRCV2025 > NMR_1000223 @ v continuant

y o | y r ) ) v specifically dependent continuant
Chemical shift is the resonance frequency of a nucleus related to a chemical shift standard. in ppm along x-axis < qualiy

. . v molecular entity quality
chemical shift ~ NMRCV > NMR_1000223 @ " chemical hift (molecular quality)

Chemical shift is the resonance frequency of a nucleus related to a chemical shift standard. in ppm along x-axis,http://en.wikipedia.org/wiki/Chemical_s...
@ chemical reaction (molecular)  ~ Mehr anzeigen




Data Discovery with Search Service @j

Uy tFosChen o v oo e - @8 @ The NFDI4Chem Search Service harvest major

Search dataset repositories of NFDI4Chem Federation

e Currently includes »148.000 datasets

Show Advanced search

e Enables searches by molecules, analytical

Search Across 148.480 Datasets & 5 Repositories

methods or chemical structure codes

FAIR and

Radar4Chem

:.i?::’;““’_"k @ @ snadv G“,‘é‘h’sn'i@ ® Features are continuously adapted to latest

Chemotion -
Repository

metadata schema releases

122512 Datasets 3572 Datasets.

NFDI4Chem: NFDI4Chem Search Service Available: https://search.nfdi4chem.de/ 148 k Datasets



https://search.nfdi4chem.de/

Semantic Foundation in Search Service

Metadata Information

Additional Measurement

Field
Label: number of data points

Measurement Technique b spectroscopy

Description: None

Measurement Variables CURIE: INMR:1000176
defined_in : NMRCV

MassBank EEEZD Search molecule Q
Chemotion - Reposit .. 1,410 Dunlb_QLQf_d_a_@_D_O_ID_tS : 32768 pOintS
Show Advanced search
nmixiv @5 relaxation time measurement : 2 seconds
21 ,102 mo|ecu|es found Orderby:  NameAscending  ~
Tm NMR spectrum by dimensionality : 1
There are no Tags thai match this search NMR probe : 2774
(1-hydroxy-1 ic acid
Y Related Measurements Temperature :298.15K
InChikey DBVJJBKOTRCVKF-UHFFFACYSA-
N N o
liquid chromatograp. . Y 0 0 magnetic field strength : 9.389766 Tesla
1H nuclear magnetic... £ Molecular Formula CaneTP HO— ! |\I —OH
gnete- & | | number of scans : 4096 scans
13C nuclear magnet... @FE) OH OH OH )
nuclear magnetic resonance pulse sequence :
infrared absorption... ) Carbon.jxp
tromet Related Data:
mass spectiomety QEE) slated Dataset(s) Spectral Width : 314.0070760448474
§ o Etidronic acid; LC-ESI-QQ; MS2; CE20 V: [M-H]-
distortionless enha... @€ZI) o Etidronic aci; LC-ESI-QQ; MS2; CE:40 V- [M-H]-
o Etidronic acid; LC-ESI-QQ; MS2; CE:30 V; [M-H]-
heteronuclear singl. N

1-Hydroxyethane-1,1-diphosphenic Acid, 1-Hydroxyethylidenediphosphonic acid, Turpinal SL, HEDP, HEDPA, Etidronic
acid, EHDP, 1,1,1-Ethanetriol diphosphonate; LC-ESI-QQ; MS2

Etidronic acid; LC-ESI-QQ; MS2; CE:50 V: [M-H]-

1-Hydroxyethane-1,1-diphosphonic Acid, 1-Hydroxyethylidenediphosphonic acid, Turpinal SL, HEDP, HEDPA, Etidronic

o

neteronuclear muiti... @G

o

1H-13C heteronuciea... €23 acid, EHDP, 1,1,1-Ethanetriol diphosphonate; LC-ESI-QQ; MS2
o 1-Hydroxyethane-1,1-giphosphonic Acid, 1-Hydroxyethylidenediphosphonic acid, Turpinal SL, HEDP, HEDPA, Etidronic
correlation spectro. @ acid, EHDP, 1,1,1-Ethanetriol diphosphonate; LC-ESI-QQ; MS2

o

Etidronic acid; LC-ESI-QQ; MS2; CE:10 V; [M-H]-

Show More Related Measurements 1-Hydroxyethane-1,1-diphosphonic Acid, 1-Hydroxyethylidenediphosphonic acid, Turpinal SL, HEDP, HEDPA, Etidronic
arid ELND 1 11 Efhanatrinl dinhnenhanata: 1~ EQ1 AA- 1S9

o




Next Steps - Semantic Data Hub

ELNs & Data Repositories |—\‘,
(o)

Terminology
Service (TS)
Data . cee
Annotation A=« Metadata

ceeon—1 a=- Harvesting

ChemDCAT-AP a- 6

g Metadata Data Access

-, Validation (Data Reuse) : A q : :

— a=«n

2:(2) ’

MIChI Schema

Development
Metadata

Validation

Metadata
Harmonization

Knowledge
Graph Creation

O__* s 1A Chemistry Knowledge
Graph (ChemKG)

4 k
o—# SPARQL
Queries

Metadata Schema
Service (MSS)
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