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For scientific progress, access to information and data is of
highest importance. While in the past, scientific results in
chemistry were published in most of the cases without original
data records, a currently arising cultural change concerning the
provision of research data offers new chances for the quality
and speed of scientific progress. The repository Chemotion is an
infrastructure that was established for chemistry and related
disciplines to preserve molecular synthesis and characterization

The access to detailed research data in chemistry, and in
particular data that was used for the preparation of work to be
published, is of high importance. First of all, detailed informa-
tion on reactions and the obtained results including the gained
analytical data is necessary for the peer-reviewing of planned
publications. Only when the reviewers have full access to the
data in a readable format, can they assess the publication in a
comprehensive and in-depth way. The access to not only the
publications but also the research data is important for all
chemical scientists that have to use the published information
for their synthetic work. While publications give in most cases
at least a brief description of the processes and reduced
information on the analytical results such as spectroscopic peak
lists, more and more precise information can be gained from
unrestricted access to the obtained data. Access to the data
allows a direct comparison of results without interpretation of
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data. The focus of the repository is on data of chemical
reactions and processes including the corresponding analytical
data such as chromatography or spectroscopy data. The
repository provides these data for other scientists to foster their
re-use and to allow a fast reproduction of published work. To
achieve this goal, several automated but also peer-review
mechanisms in the repository support the providers with
suitably preparing their data.

the author and details such as disregarded signals in spectro-
scopy data can be retrieved from the original records.
Furthermore, full data enable the reconstruction of the work
process in the long run if questions to publications that were
disclosed a long time before arise. Storage and provision of
research data that leads to the full and open access to work
results can be gained by research data repositories. Therefore,
repositories form an important infrastructure for scientists,
which, as the volume of data grows, is becoming even more
essential as a platform for knowledge transfer. The importance
of having data stored in repositories is expressed by many
scientific stakeholders and in particular several funding institu-
tions for scientific work."****¥ Research data repositories are
for example a crucial element of the National Research Data
Infrastructure (NFDI) which is currently being established in
Germany.” The usefulness of a repository is significantly shaped
by its ability to represent the domain-specific needs of a
scientific community in terms of data search, visualization of
data, and options for their sorting. There are several well-known
discipline-agnostic repositories for research data such as
FigShare,® Zenodo,* and Dryad,"” and many others,""'? which
all provide valuable strategies to deposit data for transparency
reasons. However, their contribution to the capture of data
from the long tail of science™' and systematic re-use of the
data is probably lower than for domain-specific repositories. In
chemistry, there are currently several domain-specific reposito-
ries and databases, which can be used to store data along with
publications. Examples are the Cambridge Structural Database
(CSD),"™' mass bank,"” the NMRShiftDB2,"® NOMAD,™ or
ChemSpider (Synthetic Pages).”” To cover the needs to store
synthetic research data dealing with the conduction of chemical
reactions, observations, and characterization of the results by
analytical means, the repository Chemotion®" was established.

The repository has been developed by chemists for chemists
and is the direct response to the needs of accessing detailed
information and original data for efficient work with scientific
results. In the past, our group, like many other researchers in
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the domain of chemistry, had to face problems while reproduc-
ing chemical experiments or lost precious time due to missing,
incomplete, or non-accessible data. In particular, for time and
resource-consuming sciences as synthetic chemistry, missing
even parts of information has a direct impact on scientific
progress. Therefore, we have been searching for measures to
mitigate these issues. We proposed the establishment of a
repository for chemistry data that not only should allow the
storage and access to research data but also facilitate the
upload and assignment of data in the long term to support
scientists in their research data management duties. The first
version of the repository was launched in 2014 and a first
publication that was supported by data in the repository was
published in the same year.”? While in the beginning, the
repository’s structure allowed only the deposition of data
assigned to molecules, a fully reworked version starting in 2018
allows now the deposition of chemical reaction data. This
enhanced version offers more features for the data providers
and data users and new workflows are supported. An important
change in this respect is the possibility to transfer data from the
electronic lab notebook chemotion ELN to the repository. This
option allows to re-use of research data described in the ELN
directly for the repository and avoids the need to upload or
describe datasets anew. The chemotion ELN is available as an
open source and can be installed on-site by interested
institutes.”® The repository was funded by DFG since 2015 and
is now part of the National Research Data Infrastructure for
chemistry in Germany (NFDI4Chem).***' The functions of the
repository support the storage of data according to the FAIR
(findable, accessible, interoperable, and re-useable) data
principles® and facilitate the re-use of the data by interested
scientists. The repository is accessible at https://www.chemo-
tion-repository.net/. For a data deposition but also the unre-
stricted use of all functions of the repository, users have to be
registered and signed in.

Uploading data to the repository follows a certain scheme
that reflects the most common work and documentation
practice of synthetic chemists. For the disclosure of data of a
reaction that is published for the first time, the authors are
requested to add information on the used reagents, the
reaction process and the observations, the purification of the
obtained compounds, and the common analytical data. The
distinct content of a submission to the repository is not defined
in terms of mandatory data files, as standardized processes for
the diversity of possible measures to characterize a reaction’s
outcome are difficult to establish. The repository recommends
to deposit all data that is required to validate or understand the
results of scientific work, thus reflecting the policies of many
journals.?’28293%31 Therefore, the deposited data should contain
at least all datasets that are mentioned in a publication or it
should be given with even more detailed information.

The addition of data to the repository Chemotion often
needs, depending on the desired FAIRness of the data, some
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additional preparation of the relevant data files."! The submis-
sions to the repository are most helpful if all information that is
described in a publication, either in the supplemental informa-
tion or in the manuscript itself, is provided in a reproducible
and re-usable manner. The re-usability includes, if possible, the
generation of open file formats and the storage of original
research data along with the edited and reworked data. These
requirements can be met if digital data are available and open
file formats are commonly established, but they may cause
additional time to be invested if the data are only available as
an image format, or even worse if the data are provided in print
form. In all cases, where open file formats are available, the
scientists are requested to provide the data in these formats. In
all other cases, the depositor should add the original data file
and at least one image format file. The functions of the
repository offer support for the most often used file formats
and analytical techniques: 1D NMR data can be processed
automatically from zip or FID to the open format JCAMP and
also several mass data formats can be converted automatically
from a proprietary file format to the open file format JCAMP.

The workspace of the repository allows the preparation of
data and its submission by the user through a publication
panel. Within this panel, the contributors of the data have to
give formal information on the provided data which includes
the listing of authors and the assignment of a license to the
data. The data publications offer the opportunity to give all
involved persons credit for their work, independent of the list
of authors of a subsequent publication, e.g. lab technicians can
be added to the authors’ list. The submission of the individual
data records is only successful if the most important require-
ments for the data structure and its information content are
met. Prerequisites are, for example, the specification of
metadata such as the instrument used for a measurement, the
existence of open data formats for selected data, but also the
consistency of the analyses.

After the submission of the data, they are curated by a team
of scientists to ensure that only data within the scope of the
repository are added and the repository’s functions are not
misused or misunderstood. The curation of the data is no
guarantee for neither completeness nor correctness but con-
tributes to the improvement of the overall quality of the
datasets. After the curation of the data, the submissions added
with an embargo can be reviewed by external reviewers. If
desired, a publisher can request access to the data that is
assigned to a specific publication and the referees for the
publication may access the data anonymously. The contributor
of the data has at any time full control over the publication
process data as embargo settings, external reviewing, and the
final release of the data are managed by the contributor.

The deposition of data in a repository such as Chemotion
has many benefits for the single scientist, the referee of
publications, and of course, the community and the re-users of
scientific results. Scientists achieve direct visibility of their data

'The effort to provide data in the repository can be reduced if the Open
Source electronic lab notebook (ELN) Chemotion is used and the data are
transferred from the ELN to the repository.
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Figure 1. Data deposition in the repository chemotion to complement the traditional publication of research results in journals. The provision of data is
possible directly via upload of data (path A) or the transfer of data from chemotion ELN (path B).

as soon as the data submission is released. A redirect function
to other databases and PID services increases the findability of
the work and allows the publication of data at a very early time.
This may allow e.g. to claim the first synthesis of an unknown
molecule even if a publication is not planned or not accepted
yet. The PID generation also allows the citation of the dataset.
The deposition of data of high quality makes research trans-
parent and increases the trustability in a researcher’s work.
Referees of publications may also benefit a lot from data
depositions in repositories that are linked to the manuscript to
be reviewed. The referees can review the given results in detail
and they can use the functionality of repositories to accelerate
and improve the reviewing process. The latter options depend
strongly on the nature and functionalities of the repository. In
the Chemotion repository, external referees can e.g. use the
data viewer functions to visualize and analyze several data
types without the need for additional software. They may also
replace manual checks of peak lists in TH and 13C NMR
spectroscopic data by automated check functions. The highest
benefit from data submissions to a repository still has the
community that can use the data for a review of published data
by the community, for comparisons with own data or the
prediction and estimation of related work. In the long run, the
data deposition in repositories, as it becomes a standard
process in combination with the publication of original work,
will improve the transparency and quality of scientific work
significantly.
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