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A Human-machine Interface for Automatic Exploration
of Chemical Reaction Networks
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Atomic quantum emitters, crucial components in nanophoton-
ics and quantum computing, derive their functionality from host
lattice coordination. Alterations in lattice symmetry profoundly
impact their optical and spin-photon behavior. Utilizing scanning
tunneling microscopy (STM) and non-contact atomic force mi-
croscopy (nc-AFM), this study visually depicts the disruption of
symmetry in two typical atomic quantum emitters within MoS,
layers. By changing the substrate chemical potential, a variety of
charge states for sulfur vacancies (Vac,) and substitutional rhe-
nium dopants (Re,, ) are stabilized. Vacs", Rey, and Repp ex-
hibit distinct local lattice distortions and symmetry-broken defect
orbitals, attributed to Jahn-Teller effect (JTE) and pseudo-JTE.
This research disentangles the impact of spatial averaging, charge
multistability, configurational dynamics and external perturba-
tions through atomic-scale mapping of electronic and geometric
structures.

Authors’ comments:

“Using atomically-resolved scanning probe microcopy we unveil
how the charge state of single defects correlates with the local lat-
tice symmetry, affecting their functionality in 2D semiconductors.
This understanding is critical for their applications in nanoelec-
tronics and quantum photonics.”
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This article describes the STEERING WHEEL algorithm, offer-
ing a guided approach to exploring complex chemical processes.
It addresses the limitations of brute-force autonomous quantum-
chemical methods and rigid constraints, enabling focused investi-
gation of specific regions within vast reaction networks. Particu-
larly beneficial for elucidating reaction mechanisms in transition
metal catalysis, this intuitive and adjustable method aids in both
structure-specific calculations and broad high-throughput screen-
ing of potential intermediates. By guiding automated data gen-
eration, it facilitates reproducible exploration and optimization in
chemistry, promising insights into intricate processes and aiding
advancements in catalyst design and mechanism elucidation.

Authors’ comments:

“Automated quantum chemistry delivers unprecedented details
of reaction mechanisms, at the cost of an enormous amount of
computations. To tame this by human insights, the STEERING
WHEEL allows one to control an otherwise autonomous explora-
tion in an intuitive way.”
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Methodology for Measuring Photonuclear Reaction
Cross Sections with an Electron Accelerator Based
on Bayesian Analysis

RNA Oligomers at Atomic Resolution Containing
1-Methylpseudouridine, an Essential Building Block
of mRNA Vaccines

Saverio Braccini, Pierluigi Casolaro, Gaia Dellepiane,
Christian Kottler, Matthias Luthi*, Lorenzo Mercolli, Peter
Peier, Paola Scampoli, and Andreas Tirler

App. Radiat. Isot. 2024, 208, 111275
https://doi.org/10.1016/j.apradiso.2024.111275
University of Bern, Federal Institute of Metrology (METAS)

Accurate measurements of photonuclear reaction cross sections
are essential for various applications, such as radiation shield-
ing design, absorbed dose calculations, reactor physics, nuclear
safeguard, astrophysics, and nuclear medicine. To address the
production of specific radionuclides like **Ac, ¥’Sc, and “’Cu,
the authors developed a methodology utilizing the microtron ac-
celerator at the Swiss Federal Institute of Metrology (METAS).
This approach involves measuring the produced activity using a
High Purity Germanium (HPGe) gamma spectrometer and em-
ploying Monte Carlo simulations to determine the photon fluence
spectrum. Data analysis employed a Bayesian fitting procedure
on experimental data, assuming a Breit-Wigner model for the
cross-section. Validation of this methodology was conducted by
measuring the well-established photonuclear cross-section of the
97 Au(y, n)!**Au reaction, yielding results consistent with existing
literature.

Authors’ comments:

“We have developed and verified a straightforward approach to
measure photonuclear cross-sections. The graph below shows the
measured 7Au(y, n)!Au cross-section in comparison with ear-
lier measurements and evaluated data.”
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The study focused on elucidating the structural characteristics of
1-methylpseudouridine (m1¥), both independently and within
the context of double-stranded RNA structures. By employing
high-resolution crystallography techniques, the research suc-
cessfully determined the first detailed structures of RNA oligo-
mers containing m1W. These findings not only shed light on the
structural similarities between m1W-modified RNA and its native
counterpart but also revealed its isostructural relationship with
5-methyluridine (m5U) in the crystalline state. Additionally, the
study expanded upon previous investigations by examining the
melting temperatures of short, modified RNA oligos, contribut-
ing further insights into the thermodynamic stability of m1W-
modified RNA. Overall, this work advances the understanding of
the structural and functional implications of m1W¥ in RNA biol-
ogy, with potential implications for therapeutic and biotechno-
logical applications.

Authors’ comments:

“Complete substitution of uridine by m1W¥ was found to be es-
sential for the success of the mRNA vaccines. We were pleased
to achieve crystal structures with true atomic resolution (up to
1.01 A) of m1W modified RNA oligomers. This was done by solv-
ing one structure ab initio without any further input.”




