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Plenary 2: Qi Chen

Understanding the ‘sperm RNA code’ for epigenetic inheritance with emerging tools
Qi Chen

University of Utah School of Medicine, Salt Lake City, Utah, USA
Website: http://gichen-lab.info/

Abstract:

Recent discoveries have revealed a novel layer of inheritance, showing that mammalian sperm transmit
not only DNA but also diverse RNA molecules that mediate the intergenerational effects of
environmental exposures (e.g., diet, stress, toxins). Expanding knowledge of sperm RNAs—including
mMiRNAs, tsRNAs, rsRNAs, and IncRNAs—together with their modifications and spatial
compartmentalization, supports the emerging concept of a ‘sperm RNA code’ that programs offspring
phenotypes during development. | will discuss the challenges and opportunities in establishing this
field, including identifying the key sperm RNAs responsible for paternal phenotype transmission,
uncovering their native expression and modification profiles with advanced sequencing tools, and
understanding the molecular events they trigger in embryos. Complete deciphering of the sperm RNA
code under different environmental conditions could transform our understanding of epigenetic
inheritance and open paths toward translational applications and precision medicine.
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Plenary 6: Sijbren Otto

Steps in Building a Minimal Form of Life

Sijbren Otto
Centre for Systems Chemistry, Stratingh Institute, University of Groningen, Nijenborgh 3, 9747 AG Groningen, the
Netherlands; s.otto@rug.nl https://www.otto-lab.com/

Abstract: How the immense complexity of living organisms has arisen is one of the most intriguing
questions in contemporary science. We have started to explore experimentally how organization and
function can emerge from complex molecular networks in aqueous solution.” We focus on networks of
molecules that can interconvert, to give mixtures that can change their composition in response to external
or internal stimuli (Figure 1). Noncovalent interactions within molecules in such mixtures can lead to the
spontaneous formation of foldamers of remarkable structural complexity.>® In contrast, molecular
recognition between molecules in such mixtures leads to their mutual stabilization, which drives the
synthesis of more of the privileged structures. As the assembly process drives the synthesis of the very
molecules that assemble, the resulting materials can be considered to be self-synthesizing. In this process
the assembling molecules are replicating themselves, where replication is driven by self-recognition of
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Plenary 7: Simone Taioli

Predict, Probe, Reconstruct — Electron Correlation Across
Scales: Beams, Bands, and Galactic Chemical Evolution

In this presentation, we introduce a general theoretical and computational framework that combines
ab initio and Monte Carlo methods to study the electronic, optical, mechanical and transport
properties of materials across different time and length scales [1,2].

Photon, electron and ion beams are used as probes to perturb the target system. This allows us to
obtain information about the excitation spectrum and compare the results directly with experimental
data. Our approach models elastic and inelastic collisions of the impinging particles using
first-principles simulations: We solve the Dirac-Hartree-Fock equations and calculate the
macroscopic dielectric response function either using high-precision linear-response time-dependent
density functional theory or from experimental optical spectra.

Inelastic scattering channels include single-particle and collective (plasmon) excitations, polaron
and electron-phonon interactions, ionisation and Auger emission, all of which contribute to energy
loss and momentum transfer to the medium. Our model also takes into account the generation of
secondary electrons during the ionisation of atoms. The resulting elastic and inelastic scattering
cross sections are fed into a Monte Carlo routine enabling the simulation of electron cascade
trajectories.

The excellent agreement of our simulations with experimental Auger electron spectra (AES),
reflection electron energy-loss spectra (REELS), secondary electron (SE) spectra, and total electron
yield (TEY) across metals, insulators, semiconductors, and biologically relevant materials
demonstrates the robustness and versatility of our framework.

We will illustrate a broad range of applications, including:

e charging of test masses by cosmic radiation for the upcoming mission of the Laser
Interferometer Gravitational Wave Observatory (LISA) [3];

e material growth [4];

dose deposition and DNA damage in hadron therapy for cancer treatment [5];

e advanced imaging techniques, including atom probe tomography with single-cycle terahertz
laser pulses [6];

e beta-decay of isotopes in astrophysical scenarios relevant for nucleosynthesis of heavy
elements in stars [7].
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Lateral Graphene-Metallene Interfaces at the Nanoscale

Mohammad Bagheri!, Pekka Koskinen'
INanoscience Center, Department of Physics, University of Jyviskyld, 40014 Jyviiskyld, Finland
Contact: mohammad.m.bagheri@jyu.fi

Metallenes are atomically thin, nonlayered two-dimensional materials [1-2]. While they have ap-
pealing properties, their isotropic metallic bonding makes their stabilization difficult and presents
considerable challenges to their synthesis and practical applications [3-5]. However, their stabiliza-
tion can still be achieved by suspending them in the pores of two-dimensional template materials,
making the properties of lateral interfaces of metallenes scientifically relevant. Here, we combined
density-functional theory and universal machine-learning interatomic potentials to study lateral in-
terfaces between graphene and 45 metallenes with various profiles. We optimized the interfaces and
analyzed their energies, electronic structures, and stabilities against temperature effects, defect for-
mation, and structural deformations. We found that the interfaces are the most stable energetically
and with respect to lattice mismatch, defect formation, and lateral strain when their profiles were
geometrically smooth. The most stable interfaces are found for transition metals. In addition, we
demonstrate how universal machine-learning interatomic potentials now offer the accuracy required
for the modeling of graphene-metallene interfaces. By systematically expanding the understanding of
metallenes’ interface properties, we hope these results guide and accelerate their synthesis to enable
future applications and benefit from metallenes’ appealing properties [6].
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Figure 1: Schematic atomic structures of lateral graphene/metallene interfaces.
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Photon-assisted stochastic resonance in nanojunctions

Michael Ridley!, Leo Bellassai?, Michael Moskalets®>*,Lev Kantorovich®,Riku Tuovinen?
L Faculty of Engineering and Institute of Nanotechnology and Advanced Materials, Bar llan University, Ramat
Gan 52900, Israel
2Department of Physics, Nanoscience Center, P.O. Box 35, 40014 University of Jyviiskyld, Finland
3Institute for Cross-Disciplinary Physics and Complex Systems IFISC (UIB-CSIC), 07122 Palma de Mallorca,
Spain
4Department of Metal and Semiconductor Physics, NTU “Kharkiv Polytechnic Institute”,
61002 Kharkiv, Ukraine
5Theory and Simulation of Condensed Matter (TSCM), King’s College London, Strand, London WC2R 2LS,
United Kingdom
Contact: lebellas @jyu.fi

We study stochastic resonance in molecular junctions driven by a periodically-varying external field.
This is done using the time-dependent Landauer-Biittiker formalism, which follows from exact an-
alytical solutions to the Kadanoff-Baym equations describing the molecular junction subject to an
arbitrary time-dependent bias. We focus on a double quantum dot nanojunction and compare the
effects of the temperature with the fluctuating bias in the statically-driven case. We then consider
the combined effect of AC-driving and white noise fluctuations on the rectified current through the
nanojunction, and find a stochastic resonance effect, where at certain driving conditions the bias fluc-
tuations enhance the current signal. The study is then extended to include the color noise in the
applied bias, so that the combined effect of the color noise correlation time and driving frequency on
stochastic resonance is investigated. We thereby demonstrate that photon-assisted transport can be
optimized by a suitably tuned environment.
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Recent advances in atomistic theory and simulation of electrochemical systems
Marko M. Melander!
'Department of Chemistry, Nanoscience Center, University of Jyvéskyld, Finland
Contact: marko.m.melander@jyu.fi

Electrochemistry enables the efficient interconversion of electric and chemical energy which can be
harnessed in numerous electrocatalytic reactions such as hydrogen evolution and oxidation, oxygen
reduction, and CO: reduction reactions. At the heart of all electrochemical and electrocatalytic
systems lies the ability to control reaction thermodynamics and kinetics at solid-liquid interfaces
through the application of an external electrode potential. While experiments are readily performed
under such conditions, theory and simulation of electrochemistry under conditions mimicking
experiments is extremely difficult requiring the development and application of novel theoretical and
modelling methods.

In my contribution, I will present our recently developed theoretical and computational methods for
simulating electrocatalytic thermodynamics[1,2] and kinetics[3] under constant potential conditions
within the grand canonical ensemble (GCE) approach. I will also present ways to simulate the
electrolyte effects on electrochemical interfaces and reactions. Illustrative applications these methods
showcase 1) the complex surface chemistry of gold electrodes as a function of potential and pH [4],
2) the simulation of interfacial thermodynamics [5], 3) the effect cations on the CO: reduction
reaction mechanism, thermodynamics, and kinetics [6], and 4) the effect of the electrode potential in
creating localized electronic (polaron) states for activating semiconductor interfaces towards the
hydrogen evolution reaction[7]. Overall, I will present how advanced theory and computational
methods can be used to understand the impact of the catalyst and reaction conditions in
electrocatalysis from the atomic level.
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Programmable assembly of double and triple helix in water

Dimitri Delcourt', Reguram Arumugaperumal!, Prachi Verma', Perttu Permi', Antonio Frontera?,
Fabien B. L. Cougnon'
! Nanoscience Center and Chemistry Department, University of Jyvéskyld, Finland
2 Department de Quimica, Universitat de les Illes Balears, 07122 Palma de Mallorca, Baleares, Spain
Contact: dimitri.j.delcourt@jyu.fi

In nature, biomolecules adopt different types of helical structures that alter their properties and
functions [1]. Single-, double- and triple helices are observed in enzymes, DNA and collagen
respectively [2]. By mimicking nature, chemists have worked on the helical self-assembly of purely
artificial strands; the ability of m-oligophenylene ethynylene to fold into single helices is well
documented [3]. The selective assembly of higher order helices requires sophisticated strands to be
designed and synthesized. Here we propose a simple system in which the strands are programmed to
access double- or triple helices in water. The strands have been designed in such a way that their
sequences of hydrophobic and hydrophilic fragments promote the folding via solvophobic, n-stacking
and electrostatic interactions. These helices possess a hydrophobic cavity capable to host sulfonate or
other negatively charged guests. From simple components, we build complex supramolecular
assemblies suitable for the catalysis of amphiphilic molecules.
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Figure 1. Schematic representation of the positively charged strand folding into helices in water in the presence of a negatively
charged guest.

Figure 1: Schematic representation of the positively charged strand folding into helices in water in the
presence of a negatively charged guest.
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One of the most promising candidates for harnessing the power of quantum information processing

Toward spin-photon interfaces

Nima Nematimansur', Juha Muhonen'
'Department of physics, University of Jyviskyld,
Contact: nima.n.nematimansur@jyu.fi

is to use the benefits of spins and photons in a single hybrid platform. The coupling of spins and
photons unites the computational strength of spin qubits with the communication efficiency of
photons[1]. Here, we study photon sources in silicon—a highly studied, developed, and mature

material—and we aim to characterize the photon emission characteristics from transitions involving

spins, and eventually integrate them with silicon photonics and spin control measurements.

In this stage of our work, we assemble an optical spectroscopy setup optimized for optical readout

of the photons radiated from bound exciton recombination.
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Figure 1: Photoluminescence of P-doped silicon mounted in a continuous-flow liquid He cryostat
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Characterisation of a novel jumbophage collection

Meeri Niemi', Karyna Karneyeva', Hanna M. Oksanen?, Elina Laanto!
'Department of Biological and Environmental Science, Faculty of Mathematics and Science, University of
Jyvéskyld, Finland
’Molecular and Integrative Biosciences Research Programme, Faculty of Biological and Environmental
Sciences, University of Helsinki, Finland
Contact: meeri.fm.niemi@jyu.fi

Despite the abundance of bacteriophages (phages) in nature, their true diversity remains largely
unexplored, particularly for large phages known as jumbophages, which have genomes exceeding
200 kb [1]. We isolated a collection of 39 phages from boreal freshwater environments, 8 of which
were classified as jumbophages. This finding suggests that jumbophages may be highly abundant in
these ecosystems. To explore potential shared traits among jumbophages, we 1) characterised
genomes using whole genome sequencing, 2) examined virion morphology with electron microscopy,
and 3) investigated the presence of a “phage nucleus” structure using fluorescence microscopy. Our
analyses revealed that the jumbophage genomes clustered into three length categories: approximately
230 kb, 320 kb and 380 kb. Genomic comparisons showed that these phages mostly exhibit minimal
similarity to one another, highlighting the remarkable genetic diversity among large phages. These
genomes encode diverse features, with an unprecedented number of tRNA genes, up to 63 in a single
phage genome, alongside various anti-defence systems. The jumbophages displayed a typical tailed
virion morphology, with large capsids reaching up to 150 nm in diameter. Notably, we observed a
single instance of phage nucleus formation in a phage infecting Pseudomonas sp. These findings
advance our understanding of the largely unexplored diversity and unique features of jumbophages,
highlighting traits that may potentially reveal novel insights into viral evolution and ecological roles.
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FKy-1 Phage: The First Model for Deciphering Megaphage
Biology

Karyna Karneyeval, Sebastian Kokko?, Emmanuelle Neumann?, Guy Schoehn?®, Hanna M.
Oksanen?, Elina Laanto'
'Department of Biological and Environmental Science, Faculty of Mathematics and Science, University of
Jyvéskyld, Survontie, 40500, Jyviskyld, Finland
’Molecular and Integrative Biosciences Research Programme, Faculty of Biological and Environmental
Sciences, University of Helsinki, Viikinkaari, 00790, Helsinki, Finland
*Institute for Structural Biology, Université Grenoble Alpes, Av. Centrale, 38400, Grenoble, France
Contact: karyna.a.karneyeva@jyu.fi

The discovery of megaphages has extended the known size limits of bacteriophages far beyond
expectations. Their enormous genome sizes, exceeding 600 kbp, seem counterintuitive for a host-
dependent lifestyle. This raises fundamental questions: are megaphages evolutionary outliers, or does
a large genome provide adaptive advantages?

Megaphages were initially discovered through sequence data [1]. In silico methods reveal valuable
insights into viral diversity, yet megaphage biology remains largely unexplored due to the lack of
isolates. So far, it has been assumed that the main limitation of in vivo research is the inefficacy of
standard phage isolation methods, along with the challenges of cultivating putative hosts.

In our laboratory, we study unique megaphages from boreal freshwater ecosystems that infect
Flavobacterium strains. The first isolated representative is the FKy-1 phage. Morphologically, it is a
myovirus with an ~160 nm icosahedral head and a ~180 nm tail. Its genome spans 646,765 bp and
encodes 1,068 CDSs, 64 tRNA genes, 6 tmRNAs, and diverse auxiliary metabolic genes.
Comparative analyses place FKy-1 within the Mahaphage clade — the largest of the 10 phylogenetic
groups of huge phages from diverse ecosystems [2] — rather than with smaller phages infecting the
Flavobacteriaceae family. Still, FKy-1 shares no more than 34% nucleotide-based intergenomic
similarity with megaphage representatives from metagenomic datasets.

Our data show that the progeny yield of FKy-1 is lower than that of smaller-genome phages. This
raises key evolutionary questions about the competitive capabilities of megaphages. Our specific
interest lies in the co-infection of bacterial hosts by megaphages and smaller phages. We are
investigating whether megaphages gain advantages, such as faster host takeover, and how competition
unfolds within bacterial cultures.

Taken together, we propose FKy-1 as a valuable model for exploring the unique biology of
megaphages.
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Resolving Anisotropy and Impurities: A Hybrid DLS-Microscopy
Approach for Characterizing MWNT Dispersions

Jaismon Francis', Paloniemi Kasperi!, Markus Ahlskog !
! Department of Physics and Nanoscience Center, University of Jyvéskyld, Survontie 9, 40014, Jyvéskyld,
Finland
Contact: markus.e.ahlskog@jyu.fi

The downstream performance of materials incorporating multi-walled carbon nanotubes (MWNTs)
depends on the nanotube dimensions and dispersion state, but their quantitative in situ
characterisation remains a significant challenge. While direct imaging techniques such as electron
microscopy are powerful, they are ex situ, statistically limited, and require sample preparation that
can alter the native state of aggregation. Conversely, Dynamic Light Scattering (DLS) is a rapid and
statistically robust method for size analysis [1]. However, DLS data interpretation presents a
significant challenge for high-aspect-ratio, optically anisotropic nanoparticles, particularly in non-
aqueous media.

This work establishes a systematic protocol for preparing and characterizing kinetically stable
MWNT dispersions in 1,2-dichloroethane. Through rigorous optimization of sonication energy and
concentration, we achieve dispersions exhibiting a primary hydrodynamic diameter of approximately
240 nm. This apparent size, however, convolutes the nanotubes’ physical dimensions with
contributions from impurities, such as co-existing amorphous carbon, and the complex
hydrodynamics of nanotubes.

Our forward-looking aims are therefore threefold: (1) To employ time-resolved DLS to quantify the
aggregation kinetics and long-term stability of the dispersed phase [2]. (2) To utilize Multi-Angle
DLS (MADLS) to deconvolve the population distributions of MWNT bundles and amorphous carbon
impurities. (3) To implement a Depolarized DLS (DDLS) analysis, accounting for both translational
and rotational diffusion, to extract the true physical length and diameter of the nanotubes [1].
Ultimately, this work seeks to develop a rigorous hybrid methodology, correlating DLS-derived
parameters with direct imaging techniques, to provide a critical tool for the quality control and
rational design of high-performance nanotube-based systems.
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Cigarette smoke is an environmental risk factor for age-related macular degeneration (AMD) [1].
AMD is a multifactorial disease in which, for example, retinal pigment epithelial (RPE) cells
degenerate that impairing central vision [2—4]. RPE cells are essential for maintaining the
functionality of photoreceptors [2,4,5]. Hydroquinone is a toxic compound in cigarettes, and it has
detrimental effects on RPE cells, e.g., increasing oxidative stress, DNA damage, apoptosis, and
nuclear condensation, but reduces inflammation [6,7]. These experiments aimed to study the effects
of hydroquinone on mitochondria and levels of protein in ARPE-19 cells.

ARPE-19 cells (ATCC) were exposed to hydroquinone, after which total ATP and protein levels
were measured. Transmission electron microscopy (TEM) was used to image mitochondria after
treatments. Hydroquinone reduced total ATP and total protein levels in ARPE-19 cells. TEM
images show that hydroquinone induced longer and more damaged mitochondria (Fig. 1).
Hydroquinone has the properties to disrupt total cellular protein levels as well as mitochondrial
function and morphology in ARPE-19 cells. More studies are needed to see the exact effects of
hydroquinone on energy metabolism, such as mitochondrial function and dynamics, as well as
protein synthesis.

Figure 1: The effect of hydroquinone on mitochondria, illustrated by TEM.
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The interactions that occur in the interface of proteins and ligand-stabilised metal nanoclusters
(MNCs) are crucial to understanding the adsorption process of biomolecules on the surface of these
nanomaterials. Despite the relevance of the adsorption phenomena for biological applications, such
as bioimaging, biosensing and targeted drug delivery [1], efforts to model the interactions observed
in the interface of those systems are still scarce in the literature. In this work, a model of the
interactions observed in the peptide-Auss(p-MBA )24 interface was developed, employing clustering
analysis, an unsupervised machine learning technique. The accuracy of this model was evaluated by
simulating the peptide-Auss(p-MBA )24 interactions using Molecular Dynamics (MD) simulations and
Density Functional Theory (DFT) calculations. In accordance with findings reported in the literature
[2], the insights derived from this model can also be applied to the context of protein-AuNC
interactions, supported by the fact that the model was developed to provide a generalisable approach.
The developed model was able to predict that amino acids arginine (R), histidine (H), lysine (K),
proline (P), glycine (G) and tryptophan (W) have a higher tendency of interacting with Auss(p-
MBA )24, while aspartic acid (D) and glutamic acid (E) have a lower tendency of interacting with the
same structure (Figure 1). The most prevalent interaction modes observed include the guanidine and
NH;" groups interacting deeper in the ligand layer and nitrogen atoms interacting in different ranges
with the ligand layer and gold core atoms. Conversely, peptides with a high number of carboxylate
groups interact poorly or not interact at all. The results obtained in this work can lead efforts to
accelerate discoveries in the fields that rely on understanding the interactions observed at protein-
AuNC interface, as it would allow the screening of a library of nanoclusters and biomolecules without
depending on large batches of physical-chemical simulations.
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Figure 1: An illustrative representation of the order of interaction of the peptides containing two and three
amino acids with Ausg(p-MBA )»4.
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Natural biomolecules such as DNA can switch between single-, double-, and triple- helical
conformations to regulate their functions. Synthetic multi-stranded helices [1-2] can also exhibit
dynamic features and provide a powerful platform for designing topologically complex architectures
[3]. Our group has recently designed an oligo(m-phenylene ethynylene) strand that self-assembles
into higher-order helices in aqueous environments. This amphiphilic strand, composed of
hydrophobic phenylene residues and hydrophilic pyridinium groups, preferentially forms double and
triple helices to minimize hydrophobic exposure and avoid electrostatic repulsion. The equilibrium
between these helices is concentration-dependent, with the triple helix becoming predominant at
higher concentrations. In this work, we use these helices as a scaffold towards molecular links, knots
and entangled soft materials. Several new features were introduced to reach this goal. First, we
introduced terminal reactive groups to either: (1) connect the upper and lower rims of the helix and
form discrete molecular links or knots; or (2) cross-link multiple helices with PEG-based linkers to
form 3D entangled polymer networks [4]. Then, we introduced chiral side chains to control the
helicity of the structures. This work will notably help us understand how the presence of
entanglements can influence hydrogel morphology and mechanical properties.
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Figure 1: Schematic overview from helical self-assembly to molecular links, knots, and entangled materials.
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In optogenetics, complex biological processes are controlled with light, which makes this method
spatiotemporally accurate and non-invasive. We have previously generated an optogenetic pPREDusk
tool that enables red light-induced downregulation of target gene expression in bacteria [1]. Its
function stems from a bacteriophytochrome-based histidine kinase (DrF1) and an associated two-
component signaling system. Here, we have transplanted this system to mammalian context, resulting
in a mREDusk tool that enables over hundred-fold downregulation of target gene expression in
mammalian cells with red light. By modifying its DrF1 component, we have been able to generate
also red- and far-red light-activatable variants of the tool.

Breast cancer is the most common cancer worldwide in women and has still several subtypes without
effective treatment. To address this, our next aim is to engineer tools to fight breast cancer with
red/far-red light. To this end, we will harness the mREDusk to induce production of pro-apoptotic
proteins, and hence apoptosis, in response to red/far-red light. The tools will target especially triple
negative breast carcinoma cells and will be assayed in both 2D and 3D cell models. Once successful,
our optogenetic apoptosis tools will pose an alternative, non-invasive option for currently used cancer
therapies.
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Triton X-100 and Tergitol 15-S-7 are non-ionic surfactants, which form micelles in the aqueous phase.
At the cloud point temperature, the micelles aggregate due to decreased hydration, causing the solution
to become turbid as a result of phase separation. The separation of the micelle-rich coacervate phase
from the supernatant has been utilized to extract analytes from the bulk solution. For example, cloud
point extraction (CPE) has been applied in the analysis[1,2] and removal[3] of various organic and
inorganic analytes. Supramolecular hosts, such as calix[n]arenes have been used to enhance the CPE
of inorganic cations from solution.[4]

Calix[4]pyrroles are supramolecular hosts that belong to a class of macrocyclic porphyrinogens and
bind hydrogen bond accepting guests in their cavity (Fig 1a).[5] Lately, great strides have been taken
to solubilize calix[4]pyrroles in aqueous solutions to better align with the principles of green chemistry.
The water-solubility has been mainly achieved by attaching ionic groups as substituents in the
calix[4]pyrrole framework. Calix[4]pyrroles have been shown to bind strongly with pyridine N-oxides
in organic solvents and water. Pyridine N-oxides are formed by oxidation of pyridine, and they are used
as reactive intermediates in the synthesis of pharmaceuticals.[6]

We present the synthesis of novel PEGylated water-soluble calix[4]pyrroles, their host-guest properties
with selected pyridine N-oxides and the subsequent cloud point extraction of pyridine N-oxide from
aqueous solution with surfactant/calix[4]|pyrrole mixed micelles (Fig. 1b). In the absence of a
supramolecular host the surfactants Triton X-100 and Tergitol 15-S-7 are not capable of extracting
pyridine N-oxide from the aqueous solution. With the addition of PEGylated calix[4]pyrrole into the
solution, the extraction efficiency of the system can be brought up to 87 %. To the best of our
knowledge, this is the first example of a host-guest chemistry aided CPE of an organic analyte.
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Fig 1a) Binding of pyridine N-oxide into the cavity of a PEGylated calix[4]pyrrole, and b) the cloud
point extraction of pyridine N-oxide with calix[4]pyrrole and surfactant. CPE diagram was created
with Chemix.
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Cluster-assembled materials constructed from atomically precise noble metal nanoclusters are
emerging as promising platforms for applications in nanoelectronics, sensing and bio imaging.
Their electronic and optical properties can be finely tuned by changing the protecting ligands or the
metal core. Linking the nanoclusters through metal ions provides an additional way to control
intercluster interactions, as the choice of the metal ion determines the intercluster distances [1].

Recently, we investigated the electronic properties of two such assemblies, Au,s—Mg and Au,s—Cu,
using density functional theory (DFT) [2]. These systems were found to have semiconductor-like
electronic band structures, in good agreement with experimental observations. In the present work,
we extend this study to the optical properties of the same materials using linear-response time-
dependent DFT (LR-TDDFT). Our results show that variations in intercluster distances significantly
affect both the absorption and circular dichroism (CD) spectra.

Figure 1: [Aus(p-MBA)s]™ clusters connected via Mg or Cu atoms, leading to different types of cluster
assemblies.
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In general, solvents do not participate actively in self-assembly processes of gelators. Instead, they
are passively encapsulated within the gel network formed by the gelators. We have introduced a
solvent-induced gelation (SIG) mechanism, where the solvent is chemically active and participates in
the formation of organogels.[1-3] For example (Figure 1a), the precursor gelator (BocFFO7Bu) is
selectively deprotected under acidic conditions in the presence of tert-butyl acetate solvent (fBuOAc).
The Boc group of the dipeptide is irreversibly deprotected, followed by the reversible deprotection of
the fert-butyl (1Bu) ester. The reaction pathway forms two gelators, which interconvert through a
hydrolysis-esterification reaction cycle due to the alcohol (tert-butanol) formed during the hydrolysis
of the solvent.[1-2]

The efficacy of SIG is assessed on several di- and tripeptide precursor gelators using different
solvents.[2-3] The research has been extended to dipeptides with different terminal esters, methyl and
isopropyl. Their gel-forming ability and the functionality of the SIG mechanism are investigated in
solvents containing the corresponding group with ester (methyl acetate and isopropyl acetate). In
addition, tests on how different solvent-donating groups affect the systems are planned. (Figure 1b).
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Figure 1: a) General schematic presentation of solvent-induced gelation mechanism and b) dipeptide and
solvent combinations used in terminal functionality studies.
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Organic excitonic nanostructures exhibit Frenkel excitons at room temperature with high absorption
and are a promising alternative for plasmonic systems. These excitonic materials are derived from
organic dye-doped polymer films by increasing the doping concentration so much that the real part
of the permittivity goes negative, i.e., Re{e(w)} < 0, within an energy range just above their material
absorption. Within this narrow band of negative-real-permittivity, the organic film supports surface
exciton (SE) modes analogous to the surface plasmon (SP) modes in metals [1,2]. Like SP modes, SE
modes can be exploited in refractive index sensing and near-field enhanced spectroscopy in the weak
coupling regime [3] and as an optical cavity in the strong coupling regime [4]. In this work, we report
how to enhance the optical performance of the SE modes by optimizing the choice of excitonic dyes
as well as their doping concentration and how they can be utilized as the resonator mode for the strong
coupling applications. We study the effect of molecular concentration in terms of oscillator strength
(f) and Lorentzian broadening (y) on various SE modes when employed in sensing and spectroscopy
and whether SE modes can strongly couple to the photoactive molecules and SP modes or not. Our
simulations reveal that, in the weak coupling regime, the optical performance of an excitonic system
is tunable via molecular concentration, while, in the strong coupling regime, SE modes can facilitate
strong coupling by sustaining energy-splitting-induced transparency. However, polaritons may not be
visible in absorption since they can easily be located outside of the narrow energy range of negative
real permittivity. Our findings shed light on the weak and strong coupling properties of SE modes for
contemporary organic nanophotonics.
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Natural biomaterials are important in Finland’s bioeconomy and Finland has a particularly abundant
supply of berry resources. Many berries are used in foods, cosmetics, and the pharmaceutical industry.
Berries’ functional properties such as antioxidant, anti-inflammatory, anticancer, and other bioactive
properties have been studied over the years 2. However, there is still much room for research on
antibacterial and antiviral properties, especially against enteroviruses and human coronaviruses that
cause hand, foot, and mouth disease, and respiratory tract infections. In this study, we conduct
comprehensive antiviral and antibacterial screening on approximately 20 different wild and cultivated
berries. We aim to discover new values of berries, specifically their antibacterial and antiviral effects,
and to elucidate the compounds responsible for these activities.

A general profiling of compounds in the berry extracts was performed using HPLC-DAD, which
revealed flavonols and anthocyanins in many berry extracts. Total phenolic content of the extracts
was determined as gallic acid equivalents (GAE) using Folin-Ciocalteu method,® and anthocyanin
content was determined with pH differential method.* Correlation between these contents and the
antiviral activities against human coronaviruses were evaluated (Figure 1). The correlation analysis
revealed a statistically significant relationship between both phenolic content and anthocyanin
content with antiviral activities, where the variance in the antiviral activity explained by the phenolic
content was stronger with lower extract concentrations.
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Figure 1: The correlation between phenolic content (GAE) and antiviral efficacy of the berry
extracts against human coronaviruses.

References

(1) Baby, B.; Antony, P.; Vijayan, R. Antioxidant and Anticancer Properties of Berries. Crit. Rev. Food Sci. Nutr.
2018, 58 (15), 2491-2507. https://doi.org/10.1080/10408398.2017.1329198.

(2) Pap, N.; Fidelis, M.; Azevedo, L.; do Carmo, M. A. V.; Wang, D.; Mocan, A.; Pereira, E. P. R.; Xavier-Santos, D.;
Sant’Ana, A. S.; Yang, B.; Granato, D. Berry Polyphenols and Human Health: Evidence of Antioxidant, Anti-
Inflammatory, Microbiota Modulation, and Cell-Protecting Effects. Curr. Opin. Food Sci. 2021, 42, 167-186.
https://doi.org/10.1016/j.c0fs.2021.06.003.

(3) Singleton, V. L.; Orthofer, R.; Lamuela-Raventos, R. M. [14] Analysis of Total Phenols and Other Oxidation
Substrates and Antioxidants by Means of Folin-Ciocalteu Reagent. In Methods in Enzymology; Oxidants and
Antioxidants Part A; Academic Press, 1999; Vol. 299, pp 152—178. https://doi.org/10.1016/S0076-6879(99)99017-
1.

(4) Lee, J.; Durst, R. W.; Wrolstad, R. E.; Collaborators: Determination of Total Monomeric Anthocyanin Pigment
Content of Fruit Juices, Beverages, Natural Colorants, and Wines by the pH Differential Method: Collaborative
Study. J. AOAC Int. 2005, 88 (5), 1269—1278. https://doi.org/10.1093/jacac/88.5.1269.



Poster 18

Increasing the domain size of DNA origami lattices on silicon

H. Jarvinen', J. M. Parikka!, R.P.T.N. Rajapaksha', A. Keller? and J. J. Toppari!
'Department of Physics and Nanoscience Center, 40014 University of Jyviskyld, Finland
’Technical and Macromolecular Chemistry, Paderborn University, 33098 Paderborn, Germany

Contact: rptnraja@jyu.fi

In recent years, hierarchical nanostructures have found applications in fields like diagnostics,
medicine, nano-optics, and nanoelectronics, especially in challenging applications like the creation
of metasurfaces with unique optical properties [1]. One of the promising materials to fabricate such
nanostructures has been DNA due to its robust self-assembly properties and plethora of different
functionalization schemes [2].

Cross-shaped DNA origami can be used as building blocks, i.e., tiles to form fishnet-type lattices on
a substrate. When combined with methods such as DNA assisted lithography (DALI) [5] one can
obtain metasurfaces. Earlier, we have developed a large-scale fabrication methodology to produce a
closely spaced two-dimensional fishnet-type lattices on a silicon substrate [3]. Similar lattices have
been formed on the common mica substrate [4], but the importance of silicon is that it allows
further nanofabrication processes, such as metallization or lithography [5]. This formed
polycrystalline lattice on silicon has high surface coverage and is extendable to the wafer scale with
an average domain size of about a micrometer as shown in the AFM image of Figure 1a [3].

Here, the assembly of the polycrystalline lattice on silicon has been further optimized to double the
average domain size [6]. It is essential to grow the domain size toward a fully single-crystalline
large lattice to further advance the optical response obtained from the corresponding metallized
metasurface. Wider testing of different ionic environments and concentrations were conducted as
well as tuning of the tile-tile bonding strength via the number of blunt end interactions. So far, we
have succeeded in enhancing lattice formation by doubling the domain size to ~2 pm as shown in
the AFM image of Figure 1b.

Figure 1: Atoic orce mlcrscp ( F) 1mages of DN origami ﬁshet-type lattice onsilicon with the
average domain size of a) 1 um [3] and b) ~2 um [6].
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A Floquet scattering theory of heat pulses in ballistic conductors was recently developed [1], enabling
the modeling of time-dependent temperature gradients in ultrafast and ballistic electronics using Lut-
tinger fields [2]. In that framework, heat pulses were simulated in electron quantum optics setups
such as the Hong—Ou—Mandel experiment, where both bunching and antibunching of the generated
excitations were observed.

Direct implementation of these fields, however, is challenging, as it would require dynamically tun-
ing the Fermi velocity. In forthcoming work [3], we address this difficulty by proposing a Floquet
engineering scheme within a tight-binding model of electronic transport in one-dimensional wires.
Floquet engineering employs fast and periodic external drives to manipulate system properties, in-
cluding the Fermi velocity, a technique that has already been demonstrated experimentally in quan-
tum systems such as graphene [4]. Within this setting, we analyze the heat and electric current and
their fluctuations across a quantum point contact.
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Figure 1: (a) A fast external drive generates a heat pulse, which travels along a one dimensional wire of length L with
fermi velocity vr. The excitation carries equal number of electrons and holes. (b) The wire can be modeled by a tight-
binding chain with a tunneling rate v = vp/2a, where a = L/N is the distance between each site for a chain with N
sites. The drive effectively changes the tunneling rate in part of the chain to v (¢). (c) Excess charge (black) and energy
(orange) per site (compared to equilibrium) generated by the effective time-dependent Luttinger field.
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Abstract

We present a theory of the Josephson current in superconductor-normal metal-
superconductor (SNS) junctions in the presence of generic spin-dependent fields,
such as spin-orbit coupling (SOC), Zeeman fields, and altermagnetism. We con-
sider systems with arbitrary disorder strength, going beyond the usual diffusive and
ballistic approximations. Using the linearized quasiclassical Eilenberger equation,
we derive a compact expression for the Josephson current, which is then applied
to various situations of experimental interest. First, we investigate the evolution
of the Josephson current in the presence of several types of SOC and an applied
Zeeman field. In particular, we discuss the anomalous Josephson effect (¢g) in
systems linear-in-momentum SOC, and demonstrate that the effect is present in a
wide window of disorder strength. Second, we investigate the Josephson current in
disordered junctions with altermagnets, and show how the 0 — 7 transition in such
systems is rapidly suppressed by disorder. Our results may be useful for describing
experimental setups with high-mobility samples, which nevertheless always contain
some amount of disorder. For such systems, neither ballistic nor diffusive approxi-
mations are appropriate, and one needs to use a more general theory provided by
our work.
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Figure 1: Schematic illustration of the SNS junction with spin-dependent fields and
disorder.
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PDMS was assessed for its suitability as a flexible substrate for graphene devices, along with a novel
fabrication method that supports the transfer of CVD graphene directly, without the need for a support
film such as PMMA.. This approach enables the utilization of PDMS as a functional substrate !/,

Experimental work included spin-coating of PDMS 2! on CVD graphene, followed by etching of the
metal catalyst to obtain a graphene /PDMS stack. The success of the process and the quality of the
graphene were affirmed by AFM and Raman spectroscopy, which indicated the presence of high-
quality single-layer graphene on PDMS by the high Lp/ I ratio.

The graphene on PDMS was functionalised by two-photon oxidation [*! to enhance the compatibility
in mimicking biological environments. AFM data indicated minimal height modifications. However,
the influence of high doses on mechanical properties was evident. Raman mapping confirmed defect
induction correlated with pulse energy and exposure time.
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Figure 1: AFM and Raman data after 2PO of graphene on PDMS.

Graphene remained largely intact with modest defects, likely within the point defect regime. The 2D
band response suggested a resonance shift due to altered interactions between graphene and PDMS.
Lower pulse energy doses appeared to clean the graphene surface, whereas, beyond a threshold, the
two-photon oxidation (2PO) process dominated.

The preservation of graphene on PDMS during laser exposure demonstrated its stability and
behaviour comparable to graphene on SiO.. These findings underscore the viability of PDMS as a
functional flexible substrate for graphene and reinforce its potential for flexible graphene electronics.

The authors would like to acknowledge support from Jane and Aatos Erkko Foundation.
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We investigate the electroluminescence effect in a molecular junction driven by a tunneling current
as in a scanning tunneling microscope setup. Here, we use a time-linear nonequilibrium Green’s
function (NEGF) formalism [1] to study the electroluminescence of a molecule connected to two
electrodes and coupled to a cavity. Our current approach treats electron—electron interactions within
the molecule at the Hartree—Fock level, while electron—photon coupling is explored via the Ehrenfest
approximation. We focus on the photonic and electronic responses in order to describe the
electroluminescence in the system under weak and intermediate effective couplings. Our calculations
are performed with the CHEERS code [2], which implements quantum transport simulations based
on NEGF.

To illustrate our framework, we apply it to the Holstein dimer model and the benzenedithiol molecule,
characterizing emission mechanisms and operating regimes. Finally, we present density functional
theory (DFT) results for tin phthalocyanine (SnPc), which has two geometric configurations, only
one of which exhibits light emission under bias. These DFT results are the starting point for applying
our Green’s function framework to SnPc.
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The usual approach to studying the dynamics of an open quantum system is to use a quantum master
equation (QME) with Markovian evolution and weak coupling, leading to the Redfield or Lindblad
equations [1]. However, in the presence of strong coupling or a strong driving field, the Markovian
time evolution may no longer be valid.

We model a qubit coupled to an environment using the spin-boson model and examine the effects of
strong coupling and driving pulses on the system’s dynamics. The pulses represent laser pulses used
in the implementation of gate operations between qubits in quantum computers [2]. We investigate
how strong coupling influences the adiabatic interaction between the system and its environment, as
well as the system’s behavior after being driven into a nonequilibrium state.
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Photocatalytic water splitting is a promising alternative to electrolysis, as it enables the sustainable
production hydrogen using nothing but sunlight and water. To this end, we may build a photocatalytic
system from carefully chosen semiconductor materials and form a low-dimensional heterojunction
that promotes charge separation after photon adsorption. This slows down charge recombination
and thus allow hydrogen and oxygen evolution reactions to take part on the surface of the compo-
nents [1,2]. Our work uses density functional theory as a computationally efficient way to explore
HER/OER elementary reactions on the surface of a Ni/MoS; catalyst under photocatalytic operation.

We present a thermodynamic examination of water splitting using neutral and charged nickel ox-
ide/hydroxide slab models. The calculations were carried out using the GPAW package. Solvation at
the water-solid interface is addressed with a combination of implicit and explicit solvent models. The
computational results demonstratate how the main intermediates of the HER/OER process are stabi-
lized by photo-generated charges localized on the surfaces of nickel phases [NiO, NiO,, Ni(OH);].
The results help quantify the thermodynamics of water adsorption and subsequent photocatalytic dis-
sociation. Finally, the computational findings are combined with an extensive experimental ambient
operando characterization, bringing a new closer look at the the evolution and interconversion of the
phases in Ni/MoS, systems under light irradiation and the presence of water. Together, the results
provide an improved understanding of the photocatalytic mechanisms of nickel-based photocatalysts
and the chemical changes they undergo under reaction conditions.
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Creating a highly conformal and atomic-scale insulating layer in graphene field-effect transistors
(GFETs) is crucial for achieving high sensitivity, low leakage currents, and reliable performance in
sensing applications. However, the chemical inertness of two-dimensional materials like graphene
significantly limits conventional deposition methods, particularly for dielectric layers. To overcome
this challenge, we utilize direct femtosecond two-photon oxidation, a non-invasive and precisely
controlled technique that modifies the graphene surface by introducing oxygen-containing functional
groups [1]. These functionalized regions act as nucleation sites for area-selective atomic layer
deposition (ALD), allowing for the growth of uniform, ultrathin insulating layers. The resulting gate
dielectric is thin, conformal, and chemically stable under physiological conditions, making it highly
suitable for biosensing applications. Our research shows that oxidized graphene with a dielectric ZnO
layer can be reduced through subsequent annealing processes, restoring it to its pristine state [2]. We
will present our findings on how to utilize this technique to fabricate graphene FET sensors.

Two-photon oxidation

graphene :

uonisodap Jake| Jenos|op/oIWolyY

Area-selective deposition of Eu-BDC
Fig. 1. Experimental scheme illustrating the femtosecond two-photon oxidation (TPO) of graphene followed
by area-selective ALD/MLD of Eu-BDC thin films on predefined regions [3].
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In our previous publication,! we discovered that reaction A with urea-thiourea catalyst 1 is efficiently
inhibited by chloride ions. Furthermore, we showed that the reaction proceeds with 2™ order
dependency with respect to the catalyst. These results beg the question: is it possible to develop
catalysts which can be modulated or even activated by addition of an ion, instead of mere inhibition?
To achieve this, new catalysts designs that incorporate both anion-binding moieties such as
(thio)ureas as well as additional activating groups, such as secondary amines, are necessary.

Here we show that by modifying MacMillan's catalyst 2 with thiourea functionality, a stable iminium
catalyst (3) is obtained which possesses both a secondary amine for iminium activation as well as a
suitable anion-binding pocket (thiourea functionality). In the literature, previous attempts at
combining these functionalities in the same catalyst scaffold have not been successful®. Experiments
with the new catalyst 3 with different nucleophiles and anions will be described.
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Scheme 1. Our previous publication showed a decrease in rate of reaction A, which cannot be explained using
1% order dependency with respect to catalyst 1. Friedel-Crafts-reaction B with MacMillan iminiumcatalyst 2
is known. I have developed a catalyst that extends MacMillan catalyst with an anion binding moiety 3
(thiourea).
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Current microcalorimetry schemes face an inherent trade-off between sensitivity, needing to hold
heat for a clear signal, and speed, which requires rapid heat removal to reset. We propose a phonon-
blocked semiconductor—superconductor tunnel junction [1] that overcomes this limitation. By
suppressing the phonon heat-flow channel [2] and using the tunneling current both as the sensing
signal and as the heat-relaxation pathway, our design promises microcalorimeters performance with
sensitivity and response times beyond the current state of the art [3].

Figure 1: Schematic of a flip-chip-bonded, phonon-blocked junction microcalorimeter.
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Silicon spin qubits combine long coherence times [1] with high-fidelity control [2] and readout [3],
yet their scalability remains limited by lack of efficient coupling mechanisms that can support large-
scale integration. Hybrid quantum platforms that harness mechanical or photonic devices offer a
promising route to overcome this challenge [4,5]. Here, I will present our work on a phononic
waveguide architecture designed, through COMSOL simulations, to enable coherent coupling with
spin qubits in silicon. The proposed device integrates a high-strain phononic region optimized for
spin-strain interaction, providing a mechanism for coupling spins to acoustic modes, with an adjacent
phononic waveguide that can mediate long-range qubit-qubit coupling across remote spin sites. The
waveguide is engineered to resonate with the spin-transition frequency of bismuth donors in silicon,
ensuring compatibility with donor-based spin qubits. Our simulations demonstrate that such a hybrid
design can provide a scalable pathway for coherent spin coupling, potentially enabling the
construction of larger, interconnected silicon-based quantum architectures. Beyond computation, the
framework additionally offers prospects for quantum sensing and transduction.
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Humilisin E (1) is a novel diterpenoid isolated from the South China Sea, soft coral Sinularia
Humilis [1]. It is comprised of a highly substituted cyclobutene ring fused together with a
cyclopentane and cyclononene ring systems. The fused ring structure containing several stereocenters
and the presence of a 9-membered ring with different functionalities make it an interesting target for
total synthesis. We have previously reported the stereoselective synthesis of the bicyclic core (4)
involving Wolff rearrangement as key step [2]. As an ongoing challenge, we are trying to explore
synthetic strategies for making the 9-membered ring of humilisin E. The potential precursor for 1
could be the corresponding (3Z, 7E)-diene 2. The (P)-atropisomer of 2 possesses a configuration that
leads to 1 via epoxidation of the (7F) alkenyl group. Employing this strategy requires the construction
of a fused cyclononadiene. Despite the importance of 9-membered rings in natural products and
medicinally important compounds, their synthesis still often requires specific strategies to enable the
cyclization step [3]. Since synthesis of such structures is known to be challenging due to the inherent
strain in them, we have also approached the problem by using a model compound to explore possible
synthetic strategies. Aspects of the synthetic strategies, current progress and plans towards closing of
the 9-membered ring of humilisin E will be presented.

via Wolff
rearrangement

conformational freedom of the
C2 and C10 side chains
should be restricted by the rigid
cyclobutane ring

Figure 1: Possible synthetic strategy for closing the 9-membered ring of humilisin E.
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Ligand-protected gold nanoclusters (Auz2(SR)is) display unique structural and optical properties, with
strong potential in catalysis, sensing, and bioimaging [1,2]. Their response, however, is highly
sensitive to environmental factors such as charge, pH, and ligand chemistry [3]. In this study, we
employ a multiscale approach combining long-timescale molecular dynamics (MD) simulations with
Density Functional Theory (DFT) and Time-Dependent DFT (TDDFT) to investigate the interplay
between conformational stability, electronic excitations, and functional group reactivity of Au22(SR)e
in aqueous environments.

MD simulations reveal distinct conformational populations and water-dependent ligand arrangements,
particularly involving lysine side-chain amino groups and cysteine thiols. Analysis of these groups
highlights their dual role: amino groups influence electrostatic stabilization and potential proton-
transfer pathways, while cysteine thiols represent the most reactive sites for electron transfer,
disulfide formation, and reactive oxygen species (ROS) generation [2,4]. TDDFT absorption spectra
further demonstrate charge- and pH-dependent shifts in the UV—visible region, consistent with
experimental observations [1,3].

By connecting conformational dynamics, functional group chemistry, and electronic excitations, this
work provides an integrated view of how ligand environments shape the spectroscopic and reactive
behavior of Aux(SR)is. The results highlight the critical role of lysine side chains in electrostatic
stabilization and proton transfer, and cysteine thiols as the dominant reactive sites for electron transfer
and ROS generation. These insights advance the design of ligand-engineered gold nanoclusters as
tunable platforms for bioimaging, ROS-mediated therapy, and nanoscale sensing [1-5].

Absorption Spectrum

i i Close to gold
Metal-ligand interface OSf 0901 core

"EE C\ and Au22 core geometry | "\,
;ﬁ({i\/ e o = @ 3 5o P
. . 3 ‘
o Triplet 30,-AuyuKCKyg
Total charge: 32
ity &% 2
ve23

= B

pH11

Transition Contribution Map (TCM) of Ligand Groups

Figure 1: Conformational Dynamics (MD) and Electronic Excitations (DFT/TDDFT) of Auz2(KCK)is NCs
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Realizing quantum-level measurement of optomechanical resonators requires high-
stability optical interferometry to mitigate decoherence sources such as mechanical
shaking. In our setup, the working of the cryogenic device introduced significant vibrational
noise, limiting the fidelity of interferometric measurements. We report the development of
a compact Mach-Zehnder interferometer with reduced spatial footprint and standardized
equal beam height, overcoming limitations of our previous large-footprint design. To
address cryostat-induced shaking, we implemented several stabilization measures,
including leveling the optical table, lowering the breadboard, and rigidly fixing the
breadboard to the table. These improvements resulted in enhanced mechanical stability
and a marked increase in the quality of optomechanical measurements compared to our
earlier configuration. Our results demonstrate that careful interferometer design and
mechanical stabilization are essential steps toward achieving operations that pave the way
for realizing precise optomechanical measurements of resonators.
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As quantum computing and other applications of quantum physics become more
prevalent, there is a growing need for alternatives to bulky and expensive cooling
systems. On-chip solid-state coolers utilizing SINIS (Superconductor-Insulator-
Normal conductor-Insulator-Superconductor) tunnel junctions could provide a
complementary solution by providing local electronic cooling on-site, without
the need to cool the entire substrate. These types of coolers can be easily con-
trolled by adjusting the bias voltage across the junctions, and their operating
range can be tuned by selecting different superconducting materials. The pur-
pose of my research is to investigate methods for integrating NbTiN (highest
superconducting critical temperature Tc of approximately 16 K) as a supercon-
ductor in SINIS coolers. The end goal is to engineer a high-Tc SINIS cooler,
that could pave the way to cool down to sub-Kelvin temperatures from liquid
He-4 bath.
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Quantum devices are typically fabricated by depositing different materials in several complex fab-
rication steps. Here we take a different approach and demonstrate fabrication of complete quantum
devices using a single superconducting film and only few fabrication steps. To achieve this, we use
helium ion beam direct writing [1], to fabricate Josephson junctions for quantum devices. In the direct
writing method, superconductivity is suppressed locally via disorder induced by the focused helium
ion beam in a helium ion microscope (HIM), thus creating a weak link to serve as a Josephson junc-
tion. As the strength of the weak link can be tuned continuously from superconducting to insulating,
this method enables exceptionally good control over the weak link properties. The method was first
demonstrated in YBCO [1], and here we extend this method to NbTiN [2], which is more suitable ma-
terial for quantum device applications. With this method, we can fabricate both SNS and SIS type of
devices and control the critical current density by five orders of magnitude allowing specific tailoring
of junction properties for each application. As an example, we demonstrate the successful fabrica-
tion of high-quality superconducting quantum interference devices (SQUIDs) using the direct writing
method. These devices have good performance and flux noise approaching the state-of-the-art. In
addition to SQUIDs, we are currently investigating the use of directly written junctions for example
in context of multiterminal Josephson junction devices.

Figure 1: Helium ion microscope image of a three terminal Josephson junction formed with helium
ion beam direct writing to a device made of 35 nm thick superconducting NbTiN film.
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Quantum computation still lags behind classical computation in calculation speed due to the lack of
scalable and noiseless architecture for multiple qubits. One avenue to achieve a quantum computer
with minimal noise and a scalable number of qubits would be to use donor atom spins in silicon,
as these have been shown to have a long coherence time[1]. The readout of such qubits would be
implemented via optomechanics, which has multiple advantages, such as the fact that light is a lossless
way to transport information and that it causes minimal disturbance on the measured object. The
mechanics are a necessary bridge between the optics and the donor spin, but it can also be used to
couple multiple of these qubits to each other. The spin-mechanical coupling can be achieved either
via strain or micromagnets and the optomechanical coupling is achieved via the resonator, which is
designed to be an optical cavity. As this spin mechanical coupling is yet to be observed, this poster
will discuss a mechanical resonator with optimized design, its fabrication process and the coupling
strength that this design achieves.
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Bacterial phytochromes are red-light-sensitive photoreceptor proteins that enable organisms to
respond to changing light environments. Photoactivation of these proteins begins with an absorption
of a photon by the biliverdin [Xa molecule, which is covalently bound to the protein. This absorption
triggers an isomerization of the molecule, leading to protein scaffold changes and conversion between
a red light-absorbing state (Pr) and a far-red light-absorbing state (Pfr). These states are thus
distinguishable by their structures but also by their enzymatic activity. During the photoactivation
from Pr state, the protein undergoes through Lumi-R and Meta-R intermediate states, until it reaches
its photoactivated Pfr state. The photoactivation reaction has been characterized both in steady-state
and kinetic experiments for the bacteriophytochrome from Deinococcus radiodurans [1-3]. We have
revealed protein structures in their photostable Pr and Pfr states [1]. Furthermore, for the intermediate
states, large-scale structural changes by means of X-ray scattering experiments and UV-Vis
spectroscopic responses [2], as well as protein-chromophore interactions by means of IR-transitions
[3], have been revealed. None of these experiments, however, directly probe the biliverdin helicity
changes along the photocycle, which would rigorously test the recently proposed models obtained by
the QM/MM simulations [4]. To address this, we aim to measure the circular dichroism (CD) spectra
of these intermediates, for the first time.

Here, we present the cryogenic temperatures at which the highest population of the intermediates can
be captured, as well as the UV-Vis spectra that reveal the intermediate states. We also show how
Lumi-R forms in our CD measurements. We are working toward comparing the measured CD
response of biliverdin in the intermediate states and the previous simulations, providing more ground
for computational studies of the thermal protein scaffold relaxation processes during the
photoactivation. Our approach reveals a direct comparison between computational and experimental
results and enhances our understanding of chromophore orientation, dynamics, and behaviour during
the photocycle. These insights will contribute to a mechanistic understanding of light sensing in
bacteriophytochromes and deepen our ability to manipulate photoreceptor behaviour at the molecular
level.
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Addition of water to o, B-unsaturated (thio)esters is synthetically a highly useful reaction, but
currently synthetic catalysts to promote this transformation are lacking. Enzymes can promote this
reaction with outstanding efficiency, as exemplified by the enzyme (2E)-enoyl-CoA hydratase (ECH),
which catalyzes the addition of water to o, B-unsaturated thioesters. The drawback with ECH is that
currently stoichiometric quantities of the expensive and hydrophilic CoA thioesters are required as
substrates. We report herein a synthetic protocol for catalytic hydration with ECH, where CoA
thioesters are replaced by more readily accessible pantetheine (PAN) thioesters. The key to success
is that the catalytic activity of ECH is restored using an activator, 3°,5’-ADP (PAP). ECH-catalyzed
hydration of PAN thioesters with PAP co-catalyst proceeds rapidly at pH 7.4, under mild conditions,
and with exceptional chemo- and near-perfect enantioselectivity, leaving potentially reactive
functionalities in the substrate (such as primary halide, silyl ether or ester groups) completely intact.

We also provide structural insight into the activation of ECH by the PAP by X-ray crystallographic
studies of ECH complexed with either the product derived from (2E)-enoyl-CoA or (2E)-enoyl-PAN
+ PAP. These structures show that PAP interacts with loop-2 of ECH and reconstitutes the oxyanion
hole of ECH in a manner which is strikingly similar to the interaction of the native CoA with ECH.
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Scheme 1: a. ECH catalyzed hydration reaction with (2E)-enoyl-PAN; b. Interactions of the (35)-OH-CsPAN
thioester and PAP with the key active site residues of ECH (PDB ID: 9RGU).
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Is demonstrated a practical route to faster, lower-cost design of low-emission gas-turbine combustors by
pairing high-fidelity CFD with a compact neural-network surrogate. Trained on CFD data of methane
combustion, a multilayer perceptron predicts NO, and CO, with high accuracy (=5-6% for NO,; =1-2% for
CO,) across operating conditions defined by fuel flow, excess-air ratio, temperature, pressure, and cooling.
The surrogate’s outputs agree with experiments and a CRN model based on GRI-Mech 3.0, enabling rapid
“what-if” exploration and optimization without rerunning full CFD. This capability supports digital-twin
workflows and real-time combustion control, and the approach is readily transferable to alternative fuels
(e.g., hydrogen, ammonia). Overall, the method accelerates emission assessment while preserving
reliability, making advanced combustor design more agile and scalable.
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Abstract

Intercalating magnetic Fe atoms into the layered van der Waals material TaS;, produces an air-stable
ferromagnet TasFeSe(1). The strong spin—orbit coupling of Ta atoms in the TaS, lattice, combined with
the unquenched orbital angular momentum of Fe?*, gives rise to hard ferromagnetism even in the
two-dimensional limit. The resulting crystal exhibits high magnetic anisotropy, which stabilizes long-
range ferromagnetic order and yields a remarkably large coercivity of 3 T. It is also a potential
candidate for Kondo lattice due to the strong interaction of the localized magnetic moments and the
itinerant conduction electrons(2). High SOC along with out of plane MCA results in topologically non
trivial QSH states due to breaking of the time reversal symmetry. Large-scale images by scanning
tunnelling Microsopy (STM) taken after cleaving the bulk crystal in ultrahigh vacuum reveal atomically
flat terraces of the terminating S layer. The electronic properties investigated by tunnelling
spectroscopy (STS) reveal a dip in the density of states close to the Fermi energy hinting a possible
signature of Kondo lattice. Angle resolved photoemission studies also on the cleaved crystal also hint
at some charge transfer into the host dz? conduction band.
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Strong light-matter coupling leads to the formation of polaritons—hybrid states combining molecular
excitations with confined light. In Fabry—Pérot cavities, this requires sufficiently high molecular
concentration, but higher concentrations also generate a dense manifold of dark states resonant with
the molecular absorption. Excitations in such systems are delocalized and can transfer between bright
polaritons and dark states depending on their spectral overlap [1]. Both simulations and experiments
indicate that these states relax according to Kasha’s rule, funnelling energy into the lowest available
state [1-4].

Previously, we demonstrated that in strongly coupled 10-hydroxybenzo[h]-quinoline (HBQ), polari-
tons serve as gateways for transferring excitation into molecules, which then undergo excited-state
intramolecular proton transfer similar to bare HBQ [5]. The efficiency of this transfer depends on the
spectral overlap between polaritons and the molecular absorption.

Here, we further increase the coupling strength of the coupled HBQ system to reduce or eliminate this
overlap. Under these conditions, excitation from the lower polariton is suppressed, while excitation
from the upper polariton remains efficient—even when well above the molecular absorption band.
This reveals additional energy transfer pathways beyond simple cavity filtering. Such mechanisms
could extend the effective absorption range of molecules, with potential applications in enhanced
light harvesting [3].

Figure 1: Artistic representation of polariton enhanced light-harvesting
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Flat-band systems, with their nearly dispersionless electronic bands and high density of states, amplify
interaction effects and challenge conventional theories of superconductivity [1]. Migdal-Eliashberg
theory of superconductivity is based on the idea that electrons move much faster than the phonons,
quantized vibrations of the atomic lattice, that mediate the pairing between them. Due to this sepa-
ration of energy scales, certain interaction effects, called vertex corrections, can be neglected. This
approximation, known as Migdal’s theorem [2], has worked remarkably well in conventional super-
conductors [3]. However, in flat-band systems the conditions underpinning Migdal’s argument no
longer apply, and interaction effects that are usually negligible may start to matter. In this work, we
investigate how vertex corrections influence superconductivity in flat-band systems, computing their
leading contributions numerically, providing analytical estimates of their size, and examining how
they affect the equation that governs the formation of superconducting pairs. Preliminary findings
suggest that these corrections may play a significant role, highlighting the possible limitations of the
standard Migdal-Eliashberg approach in flat-band superconductors and pointing toward the need for
a more refined theoretical treatment in this unusual regime.
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Viruses are natural nanoscale assemblies, and studying their structures and dynamics not only reveals
mechanisms of infection but also provides inspiration for nanoscience in areas such as self-assembly and
drug delivery. The relatively simple composition of most viruses, together with the precise ways their
proteins interact with cellular systems make them valuable model systems for exploring nanoscale principles
in biology. Furthermore, understanding virus-host interactions is essential for devising effective strategies
against infectious diseases. We apply X-ray crystallography, cryogenic electron microscopy, and protein
engineering to investigate viral envelope glycoproteins that mediate host cell entry, and their interactions
with neutralizing antibodies and cellular receptors. Here, we present highlights from our recent work,
ranging from engineering antibodies to resolve neutralizing epitopes on pathogens such as the rabies virus
[1], to the development of ultrapotent small proteins to neutralize SARS-CoV-2 [2,3], including a broadly
cross-reactive small protein inhibitor that can neutralize all variants of concern by targeting a highly
conserved site. Additionally, we examine conserved protein architectures regulating innate immune
responses and metabolism to uncover novel targets for therapeutic intervention. This integrative approach
provides insights into viral protein functions and immune targeting, advancing both fundamental virology
and the design of innovative antiviral strategies.

References

[1] Kedari A et al. Structural insight into rabies virus neutralization revealed by an engineered antibody
scaffold. Structure. 32:2220-2230. (2024).

[2] Hannula L et al. Nanobody engineering for SARS-CoV-2 neutralization and detection. Microbiology
Spectrum 12: p. e0419922. (2024).

[3] Mékeld AR et al. Intranasal trimeric sherpabody inhibits SARS-CoV-2 including recent immunoevasive
Omicron subvariants. Nature Communications 14: p. 1637. (2023).



Poster 42

Controlling Phosphorescence of Bisphosphonium Salts

Eetu Hakkarainen', Andrei Beliaev', Igor O. Koshevoy'
!Department of Chemistry and Sustainable Technology, University of Eastern Finland, Yliopistokatu 7, 80100
and Joensuu, Finland
Contact: eetu.hakkarainen@uef.fi

Phosphorescent molecular materials attract constant attention as their utilization spreads across
various high-end technologies such as sensors, displays, bioimaging, and phototherapy.[1]
Developing efficient, easy-to-synthesize, and eco-friendly luminophores is necessary, as these
technologies should follow a net zero-emission objective of the EU directive by 2050.[2] In this
regard, phosphonium species, which are composed of organic n-conjugated cations and inorganic
anions, can become superior candidates due to two main reasons. First, their rigid, solid-state ionic
structure blocks non-radiative transitions, resulting in increased efficiency. Secondly, the structures of
both constituents can be easily modified to give rise to tunable optical properties. Importantly, the
anions can be altered from simple halides or their inorganic counterparts, increasing the number of
heavy atoms.[3] This allows for modulating the intersystem crossing rate, potentially increasing the
ability to harvest triplet excitons more efficiently.

As the optical properties of such ionic luminophores arise from the interplay of the two constituents,
we have designed and tested a series of ionic pairs 1-4 consisting of a naphthalene-based
bisphosphonium cation and different heavy counterions, including halides (Br~ or I") and a set of
metallates (CdL*, ZnBr,>). In the solid state, these species exhibit high quantum yields, reaching
75% for 1 and fast radiative rates of up to 2.14x10° s™ for 3. The lifetimes of the excited state vary
from 1.3 ps to 2.4 ms, while the emission maxima span from 542 nm to 568 nm (Figure 1).
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Figure 1: Structures of the studied salts (left) and their emission profiles (right).
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The coffee ring effect involves the drying behavior at the contact line of droplets of colloidal
dispersions. Functionalized carbon nanotubes, that are modestly dispersible in water, have also been
explored as the colloidal particles [1]. Assuch, their extremely high aspect ratio is of interest to probe
the intricate behavior of the contact line. Pristine carbon nanotubes are hydrophobic and thus non
dispersible in water. We used a special technique that distributed hydrophobic multiwalled carbon
nanotube (MWNT) material on the surface of a spreading and eventually drying water droplet [2].
We observed end-to-end ordering of the MWNTS into chain-like structures, that are particularly
prominent next to the triple phase contact line of the sessile droplet (Fig.1). Capillary interactions
among the MWNTSs at the air-water interface, is seen to be the driving force for the ordering [3].
These MWNT chains are also useful for probing the contact line motion of evaporating water droplets.
We have two theoretical approaches to describe the experimental observations. The first one is to
consider the energetics of the system as the MWNTSs interact with the gas-liquid interface, in
particular close to the contact line. This we do at the level of van der Waals interactions. The
observations can in part be understood as a consequence of capillary interactions. Our second
approach is to study the contact line and interface folding. This is caused by contact line pinning due
to MWNTSs and graphitic impurity particles and leads to local changes in the interface curvature
driving capillary interactions [4].

C

Figure 1. (a) Hlustration of MWNTSs lifted up on water droplet (b) Optical microscope image of capillary
ordered MWNT chains at the perimeter of the droplet imprint, after the droplet has completely dried. (c) A
close-up SEM view of the starting point of the chains. Here graphitic impurity particles attached to the tubes
are visible.
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The very early phase of the dynamic spreading process of liquid droplets (usually water) is an ongoing
topic of study. There are different configurations, among which the joining and merger of two droplets
is one widely studied case, while another, and the theme of this work, is the spreading of a droplet on
a smooth substrate. The latter involves the serious problem of the behavior of the triple phase contact
line. As was very recently reviewed in ref. [1], there are still numerous open questions on this topic.

Inthe case of spreading over a smooth surface, one may conceive as an experimental technique having
the surface covered by mobile nano- or micron-sized particles, eg. carbon nanotubes [2]. With a
monolayer of unconnected such particles, conceivably the spreading droplet can create a
pattern/imprint within it and yield such experimental information of spreading processes, that are
difficult to obtain via other means. Here we present results on this kind of experiments.
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Figure 1. Left: High speed camera data of a sessile water droplet brought into contact with a silicon chip
carrying a 2D deposit of multiwalled carbon nanotube (MWNT) material. Right: Optical micrograph of
resulting imprint in the MWNT deposit.
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