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The Role of Confinement and Surface Charge on
Electrical and Diffusion-Osmatic Conductivity of
Electrolyte Solutions from ab initio Methods
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This study investigated the transport behaviour of highly
concentrated potassium chloride (KCl) solutions at the nanoscale
using ab initio molecular dynamics simulations. Green—Kubo-
based calculations revealed that electrical conductivity increased
significantly under confinement, with an even stronger effect on
positively charged graphene surfaces. The positive surface charge
led to chloride ion accumulation near the graphene, created a
spatial separation between anions and cations, reduced their
correlations, and enhanced overall conductivity. Furthermore,
surface charges determined the direction of electro-osmotic and
diffusio-osmotic flows, highlighting their key role in nanoscale
transport phenomena. These findings demonstrated the importance
of accounting for electronic structure effects in accurately
predicting transport properties and provided deeper insight into
ion dynamics and flow behaviour in nanofluidic systems.

Authors’ comments:

“In this work we show how the graphene surface charge controls
the transport properties at aqueous interfaces for water desalination
and energy conversion.”
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Organocatalytic Microfluidic Double-Layer Capacitors
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Electric fields can accelerate and control chemical reactions, but
practical use in bulk organic synthesis has been limited because
very high field strengths are needed. This study introduces a new
way to achieve such fields by focusing on electrical double layers
(EDLs) that naturally form at electrode surfaces. Inspired by how
cell-penetrating peptides (CPPs) organize electric environments
in biology, the researchers engineered supramolecular electrodes
from polyarginine and pyrenebutyrate inside microfluidic
capacitors. These structures can create effective electric fields
(EEFs) much stronger than the applied voltage. Using a proline-
catalysed Robinson annulation as a test reaction, the method
tripled the yield compared to standard conditions. This approach
provides a scalable way to use electric-field catalysis (EFC),
opening new directions for efficient and sustainable chemical
synthesis.

Authors’ comments:

“An incredibly fascinating topic, from the basics to sustainable
production and the origin of life, but so difficult... With this paper,
we may have cracked it, finally, thanks to bio studies we did two
decades ago.”
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This work highlights the dynamic control of membrane phase-
separation resulting from a catalytic event, localized on a lipid
bilayer. The authors assembled an artificial metalloenzyme (ArM,
golden globule) — which catalyses olefin metathesis—based on
the biotin-streptavidin technology. The ArM was immobilized on
the surface of the lipid bilayer of a liposome (azure and magenta
patches). As aresult of Ru-catalysed ring-closing olefin metathesis,
decanoic acid (DA) is produced. The fatty acid spontaneously
inserts into the lipid bilayer, leading to pronounced morphological
changes of the liposome, such as the disappearance or budding
of lipid domains (magenta patches). Genetic optimization
of the ArM increased catalytic activity threefold, amplifying
these macroscopic changes. Molecular dynamic simulations
revealed that the spontaneous incorporation of DA into the lipid
bilayer alters membrane properties such as the phase transition
temperature and the area per lipid. This study is the first example
of catalytic regulation of membrane organisation, and provides a
chemical strategy for developing responsive, life-like vesicles that
mimic dynamic biological membrane processes.

Authors’ comments:

“ArMs that produce a chemical fuel near lipid vesicles offer a
versatile strategy to induce morphological changes reminiscent
of life-like processes such as raft regulation and cell and division.”
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ELECTRUM introduces a simple, fast, and scalable 598-bit
encoding to represent transition-metal complexes for virtual
screening and machine learning. Its novelty lies in a hybrid
approach, which merges 2D substructure features with the central
metal’s electronic configuration into one lightweight encoding.
The authors show that this encoding is fast to calculate (= 1.2
ms/complex) yet rich enough to identify chemically meaningful
clusters and enable strong predictive models for coordination
number (ROC AUC = 85.7%, F1 = 74.5%) and oxidation state
(ROC AUC = 95.1%, F1 = 91.8%) prediction. Because it requires
only 2D inputs and scales linearly, ELECTRUM is ideal for large-
scale screening and other large data settings. It is a lightweight,
user-friendly tool that should accelerate data-driven discovery in
inorganic and organometallic chemistry.

Authors’ comments:

“A scalable descriptor for billions of transition metal complexes
simply did not exist. We built ELECTRUM to be the fast,
accessible tool we needed, and we hope the community will now
use and improve.”




