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Types of Guidance

OPEN SCIENCE BY DESIGN
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Framing: Over-arching goals i
Science as an ‘fii
Op;em enterprise

Addressing global sustainability challenges

o Providing global economic benefits . .
and Replicability
e Increased transparency and reproducibility AL ™\ e Digatsationof Science,

"y Technology and Innovation
/’ KEY DEVELOPMENTS AND POLICIES

o Enabling inter-disciplinary collaboration

o Universal equitable access to knowledge

@) OECD

UNESCO Recommendation
on Open Science



n A c ADVANCING CHEMISTRY WORLDWIDE

Previous Article Next Article
° B From the journal
ypes of Guidance
Data management mattel‘s M) Check for updates

Cerys Willoughby *3 and Jeremy Graham Frey

Israel Journal
of Chemistry

S

Essay (3 OpenAccess ©@®
The Long and Winding Road towards FAIR Data as an Integral -

e Community standards for data and information e e e

ata, and
Henry S. Rzepa . In this

e Education in best practices
° Perspective | Published: 04 April 2022 ke |
® TO O I San d IN fra St ru Ct ure Making the collective knowledge of chemistry open and machine s

actionable § [Eopment |

[ .
. M a d a t O r d a ta d e O S I t I O I l Angewandte Chemie International Edition / Volume 61, Issue 51/ 202203038
I l Kevin Maik Jablonka, Luc Patiny & & Berend S

Viewpoint Article

Nature Chemistry 14, 365-376 (2022) | Cite

® P u b | i Ca t i O n Of fa i | e d eX p e ri m e nts s ocsses [ Clators 119 Ak et Minimum Information Standards in Chemistry: A Call for Better Research Data

Management Practices

. E L N S ; i S e n a b | e rS Abstract Prof. Dr. Sonja Herres-Pawlis & Dr. Felix Bach, Dr. lan J. Bruno, Dr. Stuart J. Chalk, Dr. Nicole Jung,
Dr. Johannes C. Liermann, Leah R. McEwen, Dr. Steffen Neumann ... See all authors v

Large amounts of data are generated in
& g " First published: 08 November 2022

e High-throughput computational platforms ek consdsleraporio o g iry 10 b o

o Consistency in policies and practice E
° L| be rate d ata —ma ke |t FAI R 5 IMn:':;:IigIUsang:;oewn: How Computation Can Help Explore Uncharted -

t Austin M. Mroz, Victor Posligua, Andrew Tarzia, Emma H. Wolpert, and Kim E. Jelfs*

@ cite this: J. Am. Chem. Soc. 2022,144, 41,18730-18743
Publication Date: October 7, 2022 v » M View PDF
https://doi.org/10.1021/jacs.2c06833

Copyright © 2022 The Authors. Published by American Chemical Society

RIGHTS & PERMISSIONS [ @ @

—— ~




ADVANCING CHEMISTRY WORLDWIDE

1?; HARVARD UNIVERSITY

Research Data Management @Harvard

Open Data FAQs for chemists % ‘éﬁﬁ%‘%{{é’é

HOME /

Data Policies The following FAQs have been asked by members of the Department of
Chemistry and answered by members of the Open Data team at the

There are a number of policies and regulati  Yniversity.

Harvard researchers working with data. Be] If you have any amendments or further questions you would like to ask please contact the

X X . : B ; = . S
commonly apphcable 1nternal and external ;:t;'r::::: at the Department of Chemistry, Clair Castle, at library@ch.cam.ac.uk, in the first

Harvard Policies The Open Data team can also be contacted at info@data.cam.ac.uk,
http://www.data.cam.ac.uk/.

« Data Ownership: Applies to research data resulting from  FAQs

° ° . the auspices of the University, or with University resource  \ypat would open data for a typical synthetic organic chemistry paper look like?
« Data Use Agreements: Policy and Guidance documents = Ll "
. ro e S S I O n a O C I et I e S =dla Lse Agreements Y ' Fora synthetic paper you might include the output files from NMR, UV/Vis, and IR
measurements (for example). These should be in a format that others can use, so the
. data should be in a form which can be manipulated (images of graphs, especially of NMR
Acs . experiments, wouldn’t meet this criteria). So for an NMR measurement you should include

( the processed data as .csv file (for example) so that future users can replot the data for

e Scientific Unions GUIDE

Lab books form an important record of the experiments, so where possible they should
TO SCHOLARLY also be included in the data record (or at least the detailed methodology for the
COMMUNICATION

experiment, so that it can be reproduced).

However, if it would be too time consuming and costly to digitise the lab books then you
can simply create a meta-data record on the repository so that future users can contact
you to physically access your lab books.

o Specific Communities

1 A
3.1 Data Sharlng What would oben data for a tvpical molecular dvnamics based paper look like?

[ ] [ ]
e |Individual Researchers e oo, 4ol B0, ot om0, 2000

3.1.2 Reporting Data in the Digital Environ © 2008 IUPAC

INTERNATIONAL UNION OFF PURE AND APPLIED CHEMISTRY
3.1.3 FAIR Data Principles

L] L[] L] L]
[ ) | n St I t u t I O n a I PO | I C I e S CHEMICAL NOMENCLATURE AND STRUCTURE REPRESENTATION DIVISION*

3.1.4 Research Data Reporting in Chemist

3.1.5 Preparing Your Data for Publication GRAPHICAL REPRESENTATION STANDARDS
3.1.6 Data Management FOR CHEMICAL STRUCTURE DIAGRAMS**

L7 e Bt ot Onta S (IUPAC Recommendations 2008)

3.2 Chemical Structures in the Google
Prepared for publication by

3.3 Digital Chemical Data v JONATHAN BRECHER

CambridgeSoft Corporation, 100 CambridgePark Drive, Cambridge, MA 02140, USA
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m) SCIENTIFIC DATA SHARING

DATA MANAGEMENT AND SHARING POLICY ‘GENOMIC DATA SHARING POLICY OTHER€

: DESIRABLE
u L] . u u Data Management & Sharing Policy Overview CHARACTERI STICS OF DATA
Policies: Enforcing community norms § e | O POSITORIES FOR
— FEDERALLY FUNDED
B RESEARCH
« Regulatory Guidance =

4 DMS plan SUBCOMMITTEE ON OPEN SCIENCE

Individual NIH Institates, Centers, or Offices may have additional policies and expectations (see NIH Ir

= Comply with the apy

Download the and B

I ; :
Guidance for best pra.gtlc&g\\gn

[ G Ove r n m e nt PO I i Ci e S reproducibility of experimentat dhd L

of the
NATIONAL SCIENCE AND TECHNOLOGY COUNCIL

Select each step below to learn more.

X S May 2022
Data sharing : ROYAL SOCIE
L3 . - OF CHEMIST Planning & Budgeting for Data Management & §
e Funder Policies e ——
What |S feSearCh dataf) o & hel:n::::::c::'g insti ional resources such as
L] [ ] " "
Our data sharing policy
e JOuUrnal rFolicies
Recommended repositories In Horizon Europe, beneficiaries must manage the digital research data generated in

O s e the action (‘data’) responsibly, in line with the FAIR principles, and should at least do

Wiley’s Data Sharing Policies the following:
't specific repositories

Data availability Data has been | Data has been Example Wiley f g .
statement is published’ | shared? peer reviewed® | journals al repositories « Prepare a Data Management Plan (DMP) and keep it updated throughout the
SHty Stetements course of the project
Encourages Data Sharing Optional Optional Optional . ) ) ] )
fiware citation « Deposit data in a trusted repository and provide open access to it (‘as open as
; i )
ek D S eiiied Gptionsl el British Journal of P possible, as closed as necessary’)

Social Psychology

e ani e « Provide information (via the same repository) about any research output or any

Mandates Data Sharing | Required Required Optional Iocooedsouten) other tools and instruments needed to re-use or validate the data

Geoscience Data
Journal
American Journal of

Mandates Data Sharing
and Peer Reviews Data

Required Required Required
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Framing: Over-arching goals

Perspectives: Desired end state

Practical: Specific and targeted

Policies: Enforcing community norms
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RESEARCH DATA ALLIANCE

@® Taxonomy:

Data policy standardisation and implementation IG

Developing a Research Data Policy Framework for
All Journals and Publishers

14 journal research data policy features arranged as 6 policy types (tiers)

Policy 01 | Policy 02 | Policy 03 | Policy 04 | Policy 05 | Policy 06

Authors: lain Hrynaszkiewicz &%, Natasha Simons, Azhar Hussain, Definton of the ressarch data o o O o O O
Rebecca Grant, Simon Goudie Exceptions to policy O O O O ® ®
Embargoes O O O €] @ @
Framework recognises that different journals Supplementary materas o O O e e e
and different domains may be at different levels ki o O o | e | o |
of maturity Data citation e © o e )
. . . Data licensing O O O O O O
Different requirements (or features), varying esenenen auhor s = . . o . .
dlffe rent degrees Of mandatlng ( .\ Data availability statements O @ D @ @
Progression from requiring information to be S bt o e ®
. . . Mandatory data sharing (specific e @ ®
provided to checking and enforcing daia types)
Mandatory data sharing (all papers) O @ (2]
Peer review of data O O @]
Data Management Plans (DMPs) O O O
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Crystallography Journey

é )
(RZ0CH | Data published in tables in journal articles

VAN

\_
-
(S0 | Data abstracted into electronic databases

N y
(ELIEN | Data standards (CIF) established ’

200N | Cultivation of data validation and publication workflows

2010s rDeposition in data repository pre-publication the default
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Crystallography Journey

* Initially CIFs were embedded in PDFs and Word documents

60% -

% of CIFs

50% A

* Lasting uptake of CIF and digital deposition
catalysed by: .

20% A

* Leadership by IUCr — principles and practice

0% -

* Adoption of CIF by software tools
* Validation services

The cycle of technology hype

 Joined up repository/publisher workflows i (v of e (P )
* Aggregation of data enabling reuse for generating |-
new knowledge D ()
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FAIR Data Implementation in Crystallography

PERSISTENT IDENTIFIERS + METADATA REGISTRATION Stakeholders
Facilitated by Repositories & DOI Registration Agencies
Researchers
Institutions
PUT DATA IN A REPOSITORY & CSD, ICSD, PDB Funders
z 2
< 35 Publishers
E -, Editors
IN A STANDARD FORMAT = o CIF Reviewers
Z 2
g g Repositories
a = Tool Providers
THAT CAN BE VALIDATED E checkCIF Instrument Manufacturers
Scientific Unions
CHEMICAL SUBSTANCE IDENTIFICATION Professional Societies
Data curation plus InChl and other community standards
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What has adopting FAIR enabled for
crystallography?

- Validation services checking for consistency and
completeness

- Extension of deposition services from organic to
inorganic small molecules

- Aggregation and linking of data across general
information resources

- Chemistry-based discovery, reuse and linking

ADVANCING CHEMISTRY WORLDWIDE

Satisfied by established
community practices and
workflows

Enabled by adoption of
established CIF, DOIs

Enabled as a result of

further enrichment by
repository data curators

A chemical crystallography dataset has FAIR crystallographic attributes

when deposited — it rarely has FAIR chemical attributes.
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Describing Diverse Chemistry Datasets @ )
Across Distributed Data Resources ESEance DAY AT
RDA Plenary 20, Gothenburg, Sweden, 23 March 2023

(®) NFDI.Chem
Key themes and ideas to emerge:
Minimal information standards — what is enough for future reuse?

Data born FAIR (future smart labs) vs made FAIR when published

Importance of sample — common challenge across domains CatatysisHub

AYISW>

Characterising analytical techniques — cataloguing existing standards

Use cases to drive the need for discovery and interoperability across resources

Capturing provenance and process — enabling reproducibility @




P A C ADVANCING CHEMISTRY WORLDWIDE

Points of integration

Chemical substance: integration by chemical identification M

w standard chemical identifier e
. o . - Experiment
Chemical property: integration of property values W standard property terms ittt A
. . . .. L. Metadata Provenance
Measurement: integration by technique, by conditions = standard definitions Raw Metadata
Units: integration of quantitiesw standard units of measure Spectral

Material sample: integration by composition, state of matter, space group Data

e = o~ Analytical Data Pre-
w standard classifications/descriptions Sl Prosessing

Metadata Metadata
Origin of sample: integration by location, source (e.g., species), named reactions

w standard location metadata, species classification, reaction classification

Data
Analysis
Metadata

Origin of measurement: integration by analyst or lab, by instrument
w P/Ds: ORCID, ROR, etc.

Temporal: integration by date of sample collection, date of measurement
w standard date format
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FAIR Chemistry Data — General Concepts

Generic object identifiers Open Protocols
DOls for example With chemistry-aware APIs

Authentication and Authorisation where needed

Metadata Registries
With high-level chemistry metadata

E.g. InChls in DataCite REUSB”‘I v
Community Licences

Data Repositories Ideally CCO or CC-BY

Ideally chemistry-aware Non-derivative (ND) for reference data

INTEROPERABILITY i

mework (CDIF): A WorldFAIR Focus
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FAIR Chemistry Data — Key Concepts

SAMPLE Enablers of FINDABILITY and INTEROPERABILITY

Physical Manifestation IGSN and RRIDs (not widely adopted in Chemistry)
Chemical System MInChl
Molecular Entities InChl
Other structure representations Chemistry
MEASUREMENT Schemas
International Vocabulary of Metrology (VIM)
Instrument Uncertainty
IUPAC GoldBook

Parameters Units

Method Conditions

Chemistry ontologies

Enablers of INTEROPERABILITY and REUSABILITY
Result
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Well defined chemical data are broadly reusable

Reliable Samples: identity of substance(s), sample nomenclature (Blue/Red/Purple books),
information for description (provenance, purity, state) graphical representation, InChl
samples & Measurements: techniques, conditions, Terminology for analytical chemistry
measurements calibrations, uncertainties (Orange book), metrology (VIM)
Interpretable Results: quantities, units, calculations, Notations, symbols, terminology for
scientific expression dependencies, processing/derivation physical chemistry (Green book)
Processable File formats, validation SDF, CIF, ThermoML, JCAMP-DX, mzML
forma-tted 85 Referrable terms, ontologies Gold Book, CHMO, RXNO, ChEBI
machines

Data models, metadata schema FAIRSpec, Solubility, Periodic Table
Exchangeable Registered metadata for indexing chemicals InChls, standard terms/notations

metadata online : : : ey
Standardized exchange APIs for chemicals Chemical structure API specification



InChl

Standard Metadata

Are these digital Schema
standards FAIR for ’) Structure Exchange
programmatic C Specifications
access and reuse? File formats
Molecular

Representations

GOLD Book

Models: chemical
systems, quantities,
measurements

geed Criteria for
interoperability

ADVANCING CHEMISTRY WORLDWIDE

IUPAC standards

Identifier Services
Metadata Schema
Registries
Communication Protocols
Knowledge Representation
Structured Vocabularies
Semantic Models
Usage Licences
Provenance

Validation Services
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IUPAC standards

K Persistent Identifiers

v Rich Metadata

Data Repositories

| Standard Open Protocols
Knowledge Representation
Z FAIR Vocabularies
Linked Data
Z Usage Licences
v Provenance

Community Standards

[Gold Book example]

InChl

Standard Metadata

Schema
’) Structure Exchange
° Specifications
File formats
Molecular

Representations

GOLD Book

Models: chemical
systems, quantites,
measurements

geed Criteria for
interoperability

Identifier Services
Metadata Schema
Registries
Communication Protocols
Knowledge Representation
Structured Vocabularies
Semantic Models
Usage Licences
Provenance

Validation Services
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WE ARE

FAIR
ENABLERS

Repositori
es

Software
(tools)

Support
services

Researche
rs

C
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I iNdable ccessible

PIDs &
registered
metadata

- standard
chemistry
descriptors

- key metadata

- generate standard
chemistry
descriptors

- cross-linking data
and publications

- templates to
collect metadata

Domain
repositories

- standard chemistry
APls

- authentication and
authorization

- standard chemistry
APIs (e.g., instrument to
ELN)

- facilitate deposit
- data preparation
checklist

- select repository &
upload

ADVANCING CHEMISTRY WORLDWIDE

o L2
elo, LK

Nteroperable eusable
Open standard Verified, licensed
formats
- standard formats, - standardized
terminology, ontologies validation
- metadata - transparent licensing

relationships

- standard descriptors - metadata extraction
in native formats
- link data/metadata

- how-to support for - data review
using file formats - process guide
- metadata templates

- assemble data files - prepare ReadMe

- document which - -
https://cca’nmons.mk|med|a.org/W|k|/F|Ie:FAIR_data_prmupIes.Jpg

formats use
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What Next for Guidance

- Where do you or your researchers feel all at sea?
For managing? For sharing? For validation? For reuse?

- What new chemistry guidance would help you in your role?
- What existing chemistry guidance are you aware of?

. Are there specific communities we should be engaging with?

Engaged: IUPAC, RDA, NFDI4Chem, PSDI, Geochemists, Nano — who else?
E.g. Data Curation Network? Library communities? Industry groups?
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Contact & Follow US

iupac.org Q@FAIRChemistry You T“be tinyurl.com/iupacchan
@iupac

L
@ FAIRChemistry@iupac.org @Iupac-org FAIRChemIStry Community

WorldFAIR “Global cooperation on FAIR data policy and practice” is funded by the EC HORIZON-WIDERA-2021-ERA-01-41 Coordination and Support Action under Grant
Agreement No. 101058393.
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