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Description of the work carried out during the STSM

Description of the activities carried out during the STSM. Any deviations from the initial working plan shall also
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(max. 500 words)

The primary objective of the STSM as detailed in the proposal was for the applicant to obtain
training in theoretically investigating charge transfer dynamics in condensed phase sulphur
environment using resonant inelastic X-ray scattering (RIXS). The application began this
training by familiarisation with the VSCHT computation cluster and ORCA 6.0.1 and ORCA
5.0.3 quantum chemistry packages. Initially, molecular dynamic calculations were performed
on the geometry optimised structure of the target molecule, i.e., L-cysteine to simulate its
solvation in water. To achieve better modelling of the solvation environment ab initio molecular
dynamics simulations were performed to more accurately describe the micro solvation
environment of the L-cysteine molecule. These calculations were performed for both
zwitterionic and deprotonated L-cysteine molecules to mimic the dominant state of the
molecule at pH 5 and pH 12 respectively. These ab initio molecular dynamics simulations were
performed using 10, 20 and 40 water molecules for purpose of sampling. Larger number of
water molecules more accurately described the solvation environment but were
computationally expensive to perform calculations on. To achieve a balance between
computational cost and modelling accuracy it was decided that the calculations with 40 water
molecules will be selected, these micro-solvated structures would then be cropped down to a
structure with 15 water molecules with the most influential interactions with the solute.
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For theoretical spectroscopic calculations, first the X-ray Absorption Spectra of geometry
optimised cysteine molecule without any solvent environment (free L-cysteine) was calculated
using ROCIS/DFT module within ORCA quantum chemistry package. A number of basis sets
and functions were screened on the free L-cysteine molecule to benchmark the ROCIS/DFT
calculation with TD-DFT and EOM calculations for sulfur containing amino acid systems.
Finally, 6-311++G** Pople-style split valence basis set was chosen with CAM-B3LYP as the
functional. This combination of basis set and functional provided the closest resemblance to
both theoretical benchmarks, literature and experimental measurements. To begin the
investigation of solvated L-cysteine systems, first single point calculation (SPC) was carried
out to obtain the energy levels which would be involved in the RIXS spectra we want to
theoretically calculate. Once the energy levels were obtained, we calculated Sulphur KB RIXS
spectrum of multiple structural geometries of zwitterionic and deprotonated solvated L-
cysteine and the calculations were able to reproduce experiments. For example, Figure 1
shows the agreement between experimental and theoretically calculated Sulphur KB RIXS
spectra of zwitterionic L-cysteine aqueous solution displaying similar map shapes, feature and
relative splitting between features.
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Figure1. Experimental (left) and ROCIS/DFT theoretically calculated (right)

Sulphur KB RIXS spectrum of zwitterionic L-cysteine (pH 5) in aqueous solution
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Description of the STSM main achievements and planned follow-up activities

Description and assessment of whether the STSM achieved its planned goals and expected outcomes, including
specific contribution to Action objective and deliverables, or publications resulting from the STSM. Agreed plans
for future follow-up collaborations shall also be described in this section.

(max. 500 words)

The main outcome of the STSM for the applicant is the ability to perform ab initio molecular
dynamics calculations to simulate micro solvation of target molecules and theoretically calculate
the X-ray Absorption spectra and Resonant Inelastic X-ray Scattering map. During the course of
the STSM, the applicant also learnt to write bash and python scripts to tailor and visualise the data
alongside troubleshooting errors generated within quantum chemistry packages. The STSM
focussed on performing all calculations on L-cysteine, the follow up activities will include analysis
of the natural transition orbitals (NTOs) generated during the RIXS calculations to elucidate the
mechanism by which charge transfer to solvent occurs. performing these calculations on L-cystine,
L-methionine, Taurine and other compounds for which experimental spectra is available from
beamtime measurements at MOSARIX setup at GALAXIES beamline, Synchrotron SOLEIL. This
STSM has now enabled the applicant to perform ROCIS/DFT calculations, process and plot RIXS
data and analyse transition orbitals to gain a deeper understanding of electron dynamics in solvated
aqueous environments.

Furthermore, the results from this STSM align seamlessly with the objectives of COST Action
CA20129 “Multiscale Irradiation and Chemistry Driven Processes and Related Technologies”
(MultiChem) by advancing the synergy between ab initio computational methods and cutting-edge
resonant X-ray spectroscopy in aqueous environment. The standard procedures established in
understanding the electron dynamics in solvated L-cysteine can be further extended to larger
biochemically relevant systems which promise to significantly enhance the fundamental
understanding of light-matter interaction and ultrafast chemistry in biomimetic systems.




