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t the start of 2020, IUPAC’s Committee on
APuincations and Cheminformatics Data
Standards (CPCDS) formed a Task Force to
propose guidelines for the dissemination and sharing
of machine-readable chemical data. These guidelines

would be for IUPAC to adopt internally and recom-
mend to the wider chemistry community.

The FAIR Data Principles were to be central to these
guidelines with the aim to ensure that scientific data
management and stewardship will make chemical
research data findable, accessible, interoperable, and
reusable by both humans and machines [1].

In a digital context, FAIR means describing
data outputs such that they are machine-action-
able, for example in applications such as modelling
and machine learning. Data outputs are findable
through unique and persistent identifiers that are
associated with basic machine-actionable meta-
data to distinguish different outputs. Data outputs
are accessible through systems that employ
universal Internet protocols and allow for authen-
tication to access sensitive content. Data outputs
are interoperable through formats that incorporate
authoritative and referrable domain vocabularies
that are syntactically and semantically parsable.
Data are resuable through rich metadata that
enable linking and compiling, provenance trails that
establish authority and open licenses [2].

The membership of the task force includes high
level experts supporting chemistry research endeav-
ours and those with leadership positions in scientific
organisations active in FAIR initiatives. A key focus
was on [UPAC’s own data outputs and the opportunity
there is for these to be managed in a FAIR manner so
they become more readily available for consumption
by digital technologies and provide an exemplar in
best practice for the wider community.

Whilst the FAIR Principles are central to many dis-
cussions pertaining to policy and practices surrounding
research data, the extent to which they penetrate the
horizons of most chemists in industry and academia
may be limited. One of the first questions the Task
Force thus contemplated was why the FAIR Principles
might matter to chemists and to IUPAC. To answer this,
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we turned to a range of broader principles, provoca-
tions, and reports that help frame the practical utility
of the FAIR Principles, and to initiatives that demon-
strate their practical application in other disciplines.
The following section highlights some of the landmarks
identified as we undertook our tour of the landscape
surrounding the FAIR Principles.

Taking in the Scenery

We began our review with “Science as an Open
Enterprise,”, a report published by the Royal Society
in 2012 which highlights the enormous potential
modern digital technologies have for exploring mas-
sive amounts of data to address matters of public
policy and business [3]. The report identifies six key
areas for action that are very much focussed on data.
These include publishing data in reusable form, cul-
tivating experts in the management of digital data,
and establishing common standards for sharing infor-
mation—an area of activity very much aligned with
IUPAC’s core mission.

A parallel report on “Open Science By Design,”
published by the U.S. National Academies in 2018,
specifically calls out the sharing and preservation of
research results under FAIR principles whilst high-
lighting the need to prepare data and tools to support
reproducibility, replicability, and reuse [4]. The impor-
tance of the availability of well-managed research data
to support reproducibility and replicability in science,
and the role that the FAIR Principles have in enabling
this, is further emphasised in other National Academies
reports specifically focused on this area [5,6].

A policy driver for adoption of the FAIR Principles
comes from research funders across regions and
domains [7-11]. Their policies recognise research data
as a public good and increasingly expect data manage-
ment plans that reflect elements of the FAIR Principles
to ensure data are adequately identified, described,
licensed and attributed. Publication policies are also
key and a recent International Science Council report
articulating principles for publishing in the digital era
offers a comprehensive argument for open publi-
cation of data in support of claims in articles [12]. It
further notes that datasets need to “intelligently open”
through procedures formalised by the FAIR Principles.

The economic case for supporting the FAIR
Principles is laid out in a report published by the
European Commission which estimates the cost to
the EU member states of not having FAIR research
data to be a minimum of € 10.2 billion per year with a
significant portion of this (around 96 %) being due to
duplication of effort and storage [13].



(Reproduced from https;/book.fosteropenscience.eu/en/020penScienceBasics/020penResearchDataAndMaterials.html)

Whilst the FAIR Principles have their roots in aca-
demic communities, they have also been adopted
within the life sciences industry to help shape strate-
gies that support digital transformation and accelerate
the application of Al and deep learning to industry
data [14]. The opportunity to apply FAIR principles
to chemical data within industry to enable interop-
erability outside of localised silos has further been
highlighted [15]. The principles espoused by FAIR
become critical when we envisage future laboratories
where experimental data are automatically captured
and analysed, conceivably in real time, to generate
actionable insights that inform subsequent experimen-
tal choices [16-18].

The FAIR Principles are central to various European
infrastructure activities supporting research in chemis-
try and beyond. NFDI4Chem for example is a German
initiative that aims to build an open and FAIR infrastruc-
ture for research data management in Chemistry [19].
More broadly, the EU-sponsored FAIRSFAIR project is
producing a range of recommendations in support of
FAIR data policies, practices and services [20]. The
output of FAIRSFAIR will contribute to the rules of
participation in and governance of the European Open
Science Cloud, a virtual environment being developed
with funding from the European Commission to under-
pin data-driven science in Europe [21].

Internationally, the FAIR Data Principles are found
at the heart of the CODATA Beijing Declaration, a
statement of core principles to encourage global
cooperation around research data [22]. They also
feature in the recently published UNESCO draft
Recommendation on Open Science [23] which, in
common with the Beijing Declaration, has at its heart
the UN Sustainable Development Goals [24] and the
reliable and efficient exchange of information and data
needed to address the complex and interconnected

global challenges facing the world today.

Successful implementation of the FAIR Principles
requires input from stakeholders and service pro-
viders across and around the research life cycle. A
Commitment Statement adopted by the Coalition for
Publishing Data in the Earth and Space Sciences out-
lines commitments for researchers, funding agencies,
publishers, repositories and institutions in support of
open and FAIR data [25, 26]. The Royal Society report
[3] extends a similar list to include business investors
in research, government and regulators. Both highlight
a role for societies, academies, and other professional
bodies, such as scientific unions, that includes:

* Exploring how enhanced data management could
benefit their constituency and how habits, credit and
recognition might need to change to achieve this;

*  Supporting the promulgation and development of
FAIR data principles and educating their commu-
nities about these;

* Participating in the development of community
standards, infrastructure, tools, and services to
enable open and FAIR data practices.

These and other key themes that emerged align
well with [UPAC’s mission to develop tools that enable
the application and communication of chemical knowl-
edge, including:

* The relevance of FAIR for
reproducibility;

*  The importance of establishing trust in research
data across sectors;

* The need for infrastructure that enables the long
term stewardship of research data;

*  Opportunities FAIR offers to underpin improve-
ments in the publication of research data;

*  The opportunity for collaboration around FAIR
across academia and industry.

enabling robust
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IUPAC Opportunities

IUPAC’s more than a century of work on projects
and initiatives to define a common language for chem-
istry position it well to embrace FAIR and other related
principles that facilitate exchange of scientific informa-
tion. Implementing FAIR is an opportunity for the wider
community to benefit from prior work undertaken over
many years to develop digital representation formats
such as JCAMP-DX [27] chemical structure identifiers
such as InChl [28] and IUPAC terminologies published
in Pure and Applied Chemistry and various colour
books aggregated in digital form as the GOLD Book
[29]. It is also an opportunity to identify requirements
for new standards and to develop metadata profiles
that provide machine-readable descriptions of stan-
dard atomic weights [30], spectroscopic data [31], and
critically evaluated solubility data [32]. Incorporating
FAIR practices into these efforts will enable IUPAC
standards to be more readily reusable and interoper-
able across domains.

A key factor for the success of FAIR is engaging
with communities of researchers to identify and raise
awareness of solutions that can enable the FAIR pub-
lication of their data. The Chemistry Implementation
Network (ChIN) of the GO FAIR initiative aims to
move forward the practical implementation of FAIR
within the broader chemistry community through such
engagement [33]. This will firstly involve facilitating
and advocating the development of FAIR standards,
materials and software specific to our discipline. Having
developed a critical mass of tools and approaches, the
second aim of the ChIN is to use these to help drive a
culture change across the discipline so that the goal
of FAIR chemistry data can be achieved. Set within
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Beijing Declaration, has
the FAIR Data Principles
at the heart, along with
the UN Sustainable
Development Goals.

the landscape of a range of GO FAIR Implementation
Networks covering many disciplines, the ChIN is also
well placed to reach beyond the chemistry community
and support the use of chemical information in other
disciplines. Critical to these activities are domain-
based standards and IUPAC has demonstrated support
through endorsement of the Chemistry GO FAIR
Implementation Network Manifesto [34].

Engagement across stakeholder groups is also
key and this was a prominent feature of a 2018 NSF-
sponsored workshop organised with input from
CPCDS members to establish publishing guidelines
for chemical structures and spectra [35]. This brought
together researchers, publishers, data organisations,
software developers, librarians, and standards bodies
and led to practical initiatives to encourage the FAIR
publication of machine-readable representations of
spectra alongside journal articles [36].

FAIR provides a focal point for bringing together
communities from across disciplines to explore various
aspects of the management and publication of chem-
istry research data. As part of International Data Week
in 2018, IUPAC joined forces with the International
Union of Crystallography (IUCr) to organise a sym-
posium that specifically looked at the challenges of
interoperability across disciplines including chemistry,
biology, crystallography, and the earth sciences [37].
The opportunities for growing the FAIR community
at the intersection of the Geosciences and Pure and
Applied Chemistry have further been explored [38].
Currently, IUPAC is engaging in the delivery of a Data
Sharing Seminar Series for Societies in collaboration
with the American Geophysical Union and other soci-
eties [39]. This aims to help communities understand



The Opportunity for IUPAC

more about how they can help enable publication of
data in line with guidelines such as FAIR.

Challenges Ahead

Over the years, IUPAC has been responsible for
generating data assets that are highly valuable to the
scientific community. In a digital age, the value of these
assets potentially grows but so does the question of
how prepared IUPAC’s processes and infrastructure
are to fully realise this value for its mission and role.
The importance of ensuring that IUPAC is producing
standards that become embedded in the core digital
infrastructures used in research across the chemical
sciences has been previously articulated as part of a
vision for a Digital [IUPAC [40]. Embracing and adopt-
ing FAIR Principles will help accelerate progress
towards this essential vision.

A challenge for IUPAC currently is where to host
its outputs in machine-accessible form such that they
are readily discoverable now and into the future. Any
data repository option would need to be one that
|UPAC could envisage sustaining for a number of years,
including considerations of infrastructure, storage, and
resources to oversee ongoing curation. It would also
need to enable access to chemical objects that are born
digital and machine-actionable. Such requirements are
unlikely to be provided by traditional publishing plat-
forms or partnerships. A related challenge is identifying
licensing terms that can support broad reuse of out-
puts whilst also ensuring that integrity is preserved and
opportunities for IUPAC to develop revenue streams
based on these assets are retained.

The processes adopted while defining, executing,
and reporting data related to outputs of projects will
also impact the FAIR availability and reuse of IUPAC’s
assets. Many of IUPAC’s outputs to date are published
in forms that did not anticipate the digital expectations
of today and effort will be required to transform these
so they become actionable by machines. We can avoid
creating the same challenge for future assets by estab-
lishing plans for disseminating outputs digitally early
in a project and evolving these throughout. CPCDS are
currently in the process of developing guidance that
can be applied by IUPAC to ensure that its future out-
puts are born FAIR-ready and prepared for a digital
existence that persists beyond the lifetime of a project.

Central to realising FAIR Chemical Data in IUPAC
is the bringing together of “standards” and “commu-
nity”—two words that strike to the very core of IUPAC’s
essence. Indeed, bridging these is something that
IUPAC is uniquely placed to do. It has the standards
and it has an authoritative voice—now is the time to

combine these to advance the adoption of FAIR data
principles across the global chemistry community.
Doing so will unlock the opportunity of a step change
in the provision and supply of quality-assured scientific
data that can be used to further enable the application
of the chemical sciences in tackling critical global issues
facing the future of our societies and our planet. @
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