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Simulating how molecules respond to light demands millions of costly quantum-chemical calculations,

restricting practical applicability. We develop neural network potentials that break through this limitation. A

key component is a physics-informed multi-state model that can learn an arbitrary number of electronic

states with near-perfect accuracy, paired with active learning that builds training data from scratch. These

enabled OMNI-P2x: the first universal excited-state potential. Trained on 3 million molecules, it predicts

UV/Vis spectra at TD-DFT quality while outperforming semiempirical methods in speed and accuracy, and

serves as a powerful starting point for fine-tuning to higher levels of theory.

MOST systems are an emerging class of materials that enable the storage of solar energy in

the form of chemical bonds and its later release as heat. This is achieved using molecular

photoswitches ‒ compounds that undergo reversible structural changes upon light

absorption. To date, the most widely studied MOST systems are modified norbornadienes

and azobenzene derivatives, yet new exciting heterocyclic MOST candidates also emerge.

Magneto-Chiral Dichroism (MChD) is a fundamental, non-reciprocal chiroptical effect. It

manifests as a difference in absorption depending on whether light propagates parallel or

antiparallel to an external magnetic field. Due to typically weak signals, MChD remains

experimentally elusive.

The goal of the project is to calculate MCPL spectra of a series of aromatic molecules in order to

establish a relationship between the MCPL spectrum and molecular structure. The calculations are

being carried out for:

• benzene, naphatelene, anthracene and pyrene. The aim is to

check whether the chosen method reproduces the order of

magnitude of the experimentally recorded MCD/MCPL and

how the number of the coupled pi bonds (or aromatic rings)

influences the MCPL intensity,

• the benzene dimer. The aim is to check the influence of

stacking interactions on the MCPL spectra.

The A and B terms contributing to magnetic circular dichroism (MCD) or magnetic-field induced

circular luminescence (MCPL) can be calculated as double and single residues of a quadratic response

function, respectively, and this approach (employing use damped and resonant response theory) is

used in the project. The electronic structure is modelled by means of time-dependent density

functional theory. Basis sets are based on the aug-cc-pVXZ family augmented by the diffuse functions.

Noble-Gas Chemistry

Our project aims to better understand the mechanisms governing the most promising MOST

systems and to propose new molecules that overcome current efficiency limitations. We use

molecular quantum chemical calculations at the DFT and ab initio level of theory to study

the stability of key structures in ground and excited states, analyze potential energy surfaces

of structural transformations, and evaluate optical and electronic properties.
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This project utilizes TD-DFT damped response theory to identify molecules exhibiting strong

MChD. By investigating strongly chiral systems like carbo[n]helicenes and helical

metallocenophanes, we demonstrate how structural parameters systematically amplify the

MChD response. Moreover, we explore how the central metal atom in metallocenophanes

influences the resulting dichroic spectra. Ultimately, this research aims to establish a

computational framework for understanding complex chiroptical properties and aims to guide

future experimental measurements.
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