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CONTEXT
ANR Project: HIGHENECH

Chemistry triggered by high-energy photons

Project-17-CE30-0017
Goal: Study the different mechanisms involved in the chemistry in aqueous 

environments triggered by high-energy photons

Radiolytic Chemistry
Microfluidic

Theoretical approach
Irradiation set-up

Instrumentation and spectroscopy

Core-ionisation effect on the chemistry (>ns)Dose deposition processes: photo-ionisation (<fs)

Electron spectroscopy (XPS)

Image from Ottosson et al., JACS (2011).

Study on water radiolysis
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CONTEXT

Interest of soft X-rays ?

1) Photoelectric effect

e-
Photo-electron

Core-ionisation

hν + M M+* + e-
Photo-electron

Atoms C N O Na Mg

K-shell ionization threshold (eV) 284,2 409,9 543,1 1070,8 1303,0
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CONTEXT

Interest of soft X-rays ?

2)    Auger decay

hν + M M+* + e-
Photo-electron

M2+ + e-
Auger

e-
Auger

Core-ionisation

Atoms C N O Na Mg

K-shell ionization threshold (eV) 284,2 409,9 543,1 1070,8 1303,0
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CONTEXT

Interest of soft X-rays ?


1Goodhead, Rad. Biol., 1979


2T. Jin, Rappl. Radiat. Innov, (1994)

Cluster of ionisation

Complex damage1,2

(Double strand breaks)

~1-10nm

Need to understand Auger 
emission processes

Core-ionisation

hν + M M+* + e-
Photo-electron

M2+ + e-
Auger

Production of sub-keV electron

Atoms C N O Na Mg

K-shell ionization threshold (eV) 284,2 409,9 543,1 1070,8 1303,0
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Experimental Set-up

How to perform coincidence mesurement ?

 All energies (from 0 up to 900 eV)

 All angles for low energy electrons (4π)

 High Detection efficiency 70% for 1 e-

 Good Resolution (ΔE/E ≈ 2%)

 Magnetic Bottle - Electrons Time of Flight spectrometer3,4

Uses Synchrotron facility
in Single bunch mode

Time framework 1.2µs


3Penent et al., PRL95 (2005)


4Lablanquie et al., JPC B (2016)
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CONTEXT

How to correlate the energies ? 

2D map

Photoelectron spectra (XPS) Total Auger electron spectra

Detection of all electrons Energy correlations

With a magnetic bottle

With an hemispheric detector (HDA)
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New experimental set-up coupling an under vacuum liquid jet

Liquide jet

(Pleiades beamline, SOLEIL)

 Other set-up at Bessy with Pr. U. Hergenhahn5

Experimental Set-up

 Test on a wire on November 2018


5Pohl et al., JPC B (2017)
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Experimental Set-up

Magnetic
Bottle entrance

Experimental chamber

Magnet

Experimental problems

Magnetic
Bottle

Experimental
chamber

Inside the box containing the liquid jet 

 Augmentation of pressure due to evaporation of the liquid jet

New experimental set-up coupling an under vacuum liquid jet
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Experimental Set-up

Experimental problems

 Augmentation of pressure due to evaporation of the liquid jet

 Critical position of the magnet

New experimental set-up coupling an under vacuum liquid jet
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Experimental Set-up

Experimental problems

 Augmentation of pressure due to evaporation of the liquid jet

 Critical position of the magnet

New experimental set-up coupling an under vacuum liquid jet
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Experimental Set-up

Experimental problems

 Augmentation of pressure due to evaporation of the liquid jet

 Critical position of the magnet

 Gas phase contamination

New experimental set-up coupling an under vacuum liquid jet
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Results

O1s - hν=580 eV

First measurements on benzoate solution 

COONa COONa

OH
HO°

Non fluorescent Fluorescent 

November 2019 experiment on the                             beamline

Photo-electron/Auger electron coïncidence

Auger structures linked to the 
photoelectron from gas

Auger structures linked to the 
photoelectron from liquid

Photo-electron spectra

Data treatment from P. Lablanquie & I. Ismail (LCPMR)
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Results


7Shinotsuka et al., SIA (2017)

Mean free path few nm in 
liquid water7

First measurements on benzoate solution 

November 2019 experiment on the                             beamline

Extraction of the signal of water from liquid phase 
and from the surrounding gas phase

Data treatment from P. Lablanquie & I. Ismail (LCPMR)



C=C-H

HO-C=O
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Results

First measurements on benzoate solution 

November 2019 experiment on the                             beamline

C1s XPS spectra
Hemispheric analyser detector (HDA) Magnetic bottle detector 

hν= 335 eV (-20V deceleration)
Results on benzoate solution (2016) First results november 2019

hν= 400 eV 
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Results

Coincidence with photo-electron (at 24,5 eV)

Two different populated end states

First measurements on benzoate solution 

November 2019 experiment on the                             beamline

C1s Auger spectra

Data treatment from P. Lablanquie & I. Ismail (LCPMR)
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Conclusions and perspectives
 Results from carbon and oxygen threshold in aqueous phase will guide future ab initio 

molecular dynamics simulations (fragmentation of doubly ionized molecules)

 Study of radiolytic products: Orthogonal physical-chemical analyses

(mass spectrometry, spectrophotometry, NEXAF)

 Study on phosphate sugar: mimic DNA backbone

 Coupling the liquid jet with HDA (Multi-Spec chamber)

NEXAF: near edge X-ray absorption fine structure
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