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Damage induced by inner-shell ionizations in pure water and water/protein mixtures

Radiation damage of biological systems is a complex multi-scale problem, not only in the spatial domain but also in the 
temporal domain. While interactions start at the atomic level (from atto- to femto-second) and impact the molecular level 
(femto- to pico-second), they can ultimately affect a cell’s behavior over hours or days, culminating, in the worst case, in a 
full breakdown of a living organism over months to years. 
It has been suggested that inner-shell ionizations in DNA constituent atoms could be partly responsible for cellular 
inactivation upon heavy ion and gamma-rays irradiation. In the relaxation process following  inner-shell ionization events, 
Auger transition probabilities are nearly 100% in DNA constituent atoms, leading to the double ionization of the atom and to 
the emission of two intermediate-energy electrons: the secondary and Auger electrons. These electrons can, in turn, locally 
damage DNA as they deposit all their energy in nanometric volumes. Tunable synchrotron radiation have been used to 
selectively probe the biological consequences of carbon (C) K-shell ionization, by comparing the effect of equal doses of 
radiation below and above the C-K edge (290 eV). The experiments demonstrated the lethal effectiveness of K-shell 
ionizations in carbon atoms of DNA. 
Up to now, most studies on the effect of ionizing radiation have focused on DNA. Using complementary approaches, this 
PhD wants to achieve a global view of the radiolysis of pure water and of water/protein mixtures irradiated with soft X-ray 
(< 2 keV), and intermediate energy electrons, allowing to analyze the relative effect of inner-shell ionizations and sub-keV 
electrons. 
Irradiation studies will be carried out in an already existing microfluidic cell using a 150 nm-thick silicon nitride window to 
allow the interaction of the poorly penetrating soft X-rays and keV electrons with liquids. The microfluidic cell is movable to 
various radiations sources, e.g. an electron gun available at NIMBE (100 eV – 4 keV) or the METROLOGIE beamline at 
the SOLEIL synchrotron (100 eV – 1800 eV). Detection of water radicals will be based on chemical scavenging methods, 
while the detection of protein damage will be based on Fluorescence Resonance Energy Transfer (FRET) methods. 
Photo/Auger electron spectroscopy studies of the same protein solutions will be carried out in the MultiSpec setup, which 
combines a recycling under-vacuum liquid microjet with a commercial hemispherical electron energy analyzer. Its main aim 
will be the analysis of the Auger processes. 
The early stages (femto- to pico-seconds) of the dissociation of core-ionized water molecules or peptide bonds, embedded 
in liquid water, will be investigated, using ab initio Molecular Dynamics simulation. The results will be used as input data for 
the Kinetic Monte-Carlo simulation developed by B. Gervais at the CIMAP laboratory, which allows investigating the 
chemical stage up to the microsecond timescale.


