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Report on the 1t International Workshop
1 Abstract

X-ray Absorption Spectroscopy (XAS) is one of the most widespread techniques at synchrotron X-ray facilities with
applications across many scientific disciplines with an increased interest by industry, most notably in catalysis, battery
research, and material science. This class of experiments requires complex sample environments for in-situ and in
operando studies, a high level of automation, mail-in services, remote access capacities, and automated data analysis.
We will develop a Conceptual Design Report (CDR) for a generic automated XAS beamline for catalysis research that
describes the principles of all the above requirements. As a starting point we organized a 1%t workshop in order to
gather the desired requirements from the user community as well as existing solutions of different facilities.

2 Motivation for Highly Automated X-ray Absorption Spectroscopy
Experiments

Catalysis is one of the key technologies for tackling major challenges within the current energy policy targeting energy
sovereignty, reduction of the dependence on fossil and nuclear fuels, and increased utilization of sustainable and
renewable fuels. In general, investigating a catalyst implies analyzing the relationships between the structure of
a functioning catalyst and its activity under realistic conditions (operando data) [1]. The synthesis of the catalyst
material could involve different synthesis routes and starting materials (synthesis data). The structural properties are
determined before, during, and after the reaction (characterization data). The reaction itself is characterized by the
reaction data and derived quantities (performance data), which serve as input for modeling and simulations, which
are the basis for the design of catalytic reactors and processes [1]. The investigation of catalytic processes facilitates
efficient conversion processes among all kinds of application areas:

e “energy” (distribution and storage of energy in the form of chemical energy carriers) [2, 3],
e “green chemistry” (to close the carbon cycle) [4, 5],
e “earth & environment” (bio-catalysis as part of biotechnology) [4, 7], and

e “air & space transportation” (synthetic fuels) [, 2].
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concerning the outer most shells (K and L edges), see Fig. 1.

As briefly mentioned, catalytic experiments typically depend on numerous factors. Currently, the complete experi-
mental coverage of this enormous parameter space is highly time consuming and requires a vast degree of manual
work. An increase in the degree of automatization would mean a reduced effort for exploring the parameter space
in a brute force manner. Further, the automatization would be accompanied with the standardized of the data man-
agement to facilitate the FAIR principles (findability, accessibility, interoperability, and reuse of digital assets) [11]. The
consortium NFDI4Cat is working on realizing those principles within the German catalyst community [1]. The princi-
ples feature the machine-accessibility, which, on the one hand, facilitates the structured analysis of own data, and on
the other hand the possibility to compare with data of other scientists.

Based on highly standardized data, machine learning and artificial intelligence could reduce the reasonable parameter
space while measuring. In turn, this will enhance the data quality and the sample throughput.

Figure 1: Energies of different absorption edges in dependence of the elements up to
atomic number 92, according to X-ray Data Booklet [10]. The gray area highlights the
energy range covered by a typical hard X-ray spectroscopy beamline.
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In general, these improvements will increase the attractiveness to industry and non-expert users and, thus, speed-
up the innovative process within Germany. Further, an increase of remote and mail-in experiments will be facilitated.

3 Preparation of the 1t Workshop

In a first workshop, the state of the art of automated and remote in-situ XAS experiments shall be collected in order
to gather the requirements from the LEAPS facilities and industry.

Originally, the 1t Workshop was planned as a satellite meeting of the 5t LEAPS Plenary Meeting (26" to 28t 2022
October at the Paul Scherrer Institute in Villigen, Switzerland). These plans had to be revised to meet the actual date
of the project restart. We decided to use the DESY Photon Science Users’ Meeting (26" to 27t January 2023) as new
host for the workshop [12].

This rearrangement offers the advantages of reaching a large part of the LEAPS community (DESY, XFEL, HZB, and
others), who regularly participate in the DESY Users’ Meeting and of multiple synergies with existing projects with
complementary objectives. Those projects are

° (Remote, Operando Controlled, Knowledge-driven, IT-based):
joint Helmholtz activity to evaluate and develop all necessary tools for the automation and remote-access also
of more complicated in-situ and operando XAS experiments. The methods developed with ROCK-IT should be
extendable to other methods within Helmholtz.

° (upgrade of the existing PETRA Ill synchrotron towards 4" generation):
development of an high-resolution 3D X-ray microscope for chemical and physical processes (e. g. during catal-
ysis, within batteries, or microchips); with focus on high automation, especially for application-oriented indus-
trial research [13].

° (DAta from PHoton and Neutron Experiments):
Facilitating FAIR (Findable, Accessible, Interoperable, and Re-usable) data from photon and neutron experi-
ments for more efficient scientific work and higher knowledge gain from data; with focus on recording and
managing metadata, e. g. electronic logbooks and (meta)databases [14].

In consultation with the organizers of the regular XAS satellite workshop of the DESY User’s Meeting (Wolfgang Caliebe
from P64 and Edmund Welter Pé65), we decided to dedicate a micro-symposium of the 2023 satellite workshop to
the subject of automation, see also Sec. 5. Most of the necessary steps on realizing automation and remote-access
are not exclusively hot topics for catalytic XAS experiments, but for most research. Therefore, we decided that also
presentations not covering the complete scope will be welcome.
In order to learn the basics and to understand the overall challenges of data storage at large research facilities,
Dr. M. Nentwich was happy to attend the DAPHNE4NFDI work meeting from 5™ to 71" December 2022 (

). This network provided her with contacts to potential speakers for the satel-
lite workshop at the DESY Users’ Meeting, not only covering the topic of data storage but also of including technical
components into the beamline control, which is also key knowledge for highly synchronized experiments.

4 Conclusion

Table 1 gives an overview of the speakers and their presented subjects during the dedicated 2 h-long microsympo-
sium [12]. Dr. M. Nentwich, member of task 4.6, selected and invited the speakers and chaired the session. Nominally,
71 people attended the XAS workshop either in-person or online.

The complete XAS workshop and especially the automation session gave fascinating insights into the aspects to con-
sider for an automated in-situ XAS beamline and the corresponding challenges. Generally, the speakers and partic-
ipants emphasized that the full automatization of in-situ experiments is a very challenging and complex task. They
proposed the realization via an intermediate step of fully automatizing standard XAS experiments (including basics as
changing the energy towards a new absorption edge). They emphasized that many users (including industry) would
strongly benefit from those improvements. This task can draw on experience of automated lab experiments. The full
automatization of in-situ XAS experiments is especially challenging for catalysis, e. g. because of the handling of gases.
Additionally, it is typical for user groups to only trust their own equipment and to mistrust external equipment with
respect to purity of gases (talk by M. Gorlitz about Technical Developments at P64). However, a working example for
in-situ experiments on battery cells was briefly introduced [15].
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Table 1: List of the speakers and their subjects during the micro-symposium Automated in-situ/operando experiments at PETRA I

and PETRA IV XAFS beamlines of the DESY Users’ Meeting [12].

Deliverable 4.22

Speaker Institution Title

A. Schokel Po2.1, DESY Automatization of synchrotron experiments -
present and future

K. Kiefer Helmholtz-Zentrum Berlin SECoP - the Sample Environment Communication
Protocol

P. Weidler Karlsruhe Insitute for Technology = Automation: first steps and beyond

S. Paripsa University of Wuppertal XAS reference database under DAPHNE4NFDI

B. Hinrichsen BASF Relevanz von Automatisierung in der Industrie

J. Timoschenko

Fritz-Haber-Institute, Berlin

Tracking the evolution of heterogeneous struc-
tures in working catalysts using machine learning
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Figure 2: Group photo of the in-person participants of the XAS satellite workshop.
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Supplement
SATELLITE WORKSHOP - Photon Science

X-Ray Absorption Spectroscopy today and perspectives for

future PETRA lll and IV beamlines
Thursday, 26. January 2023, Bldg.3
BAH | + Il

Organizers: W. Caliebe, E. Welter, M. Nentwich (DESY)

11:00 Status of P64 A. Kalinko
11:15 Technical Developments M. Goerlitz
11:30 Status of P65 E. Welter
11:45 Status of XEOL @P65 S. Levcenco
12:00 Laser Pump X-ray Probe at P64 M. Naumova
12:15 Research with the Autoclave M. Borchert
Plans for PETRA IV
13:30 Plans for P63/MatSciBL W. Caliebe
13:45 Plans for (time-resolved) XAS/XES A. Kalinko
14:00 Plans for Analytical XAS E. Welter
14:15 Discussion

Beamline Automation

14:4 Automatization of synchrotron experiments - Alexander Schokel
45
present and future
15:05 SECoP - the Sample Environment Klaus Kiefer (Via Zoom)
Communication Protocol
15:25 TBD Peter Weidler
15:45 XAS reference database under DAPHNE4NFDI | Sebastian Paripsa
16:05 Relevanz von Automatisierung in der Industrie | Bernd Hinrichsen
16:25 TBD Janis Timoshenko
16:45 Discussion

17:00 End of Meeting

Figure 3: Program of the Satellite Workshop as in the Draft program of the Satellite.

Title: X-Ray Absorption Spectroscopy today and perspectives for future PETRA lll and IV beamlines Draft programme
Organizer: W. Caliebe, E. Welter, M. Nentwich (DESY)

Venue: Bldg. 3, BAH I+l

Duration: 11.00 - 17.00h

Type: Hybrid

Short description:

This year's XAFS satellite meeting focuses on the status of PETRA Ill XAFS beamlines as well as on upcoming and ongoing
projects. One session is intended to give an overview about the status of the two currently operating XAFS beamlines P64
and P65 and present some resent work by different user groups. A second session will present the current status of the
planning for XAFS beamlines at PETRA IV and of the upcoming XAFS/XRD beamline P63. The third session is dedicated to
two projects which aim at the implementation of automated in-situ/operando experiments at the existing PETRA IIl and
future PETRA IV XAFS beamlines. Their main objective is basically to enable mailin experiments in catalysis and related
fields and to make them a normal mode of operation for industrial and academic users in future years. These projects are
driven by the experience during the Corona pandemic and by the wish to lower the activation barrier for industrial users of
synchrotron radiation.

Present and future users are strongly encouraged to participate in thiz workshop and to discuss their options with the beamline staff.

Figure 4: Abstract of the Satellite Meeting as in [12].
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