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Three Main Light Matter 
Interaction 

Absorption: 
•  Converts radiative energy into internal energy. 
Emission: 
• Converts internal energy into radiative energy. 
Scattering:  
• Radiative energy is first absorbed and then radiated. 

No interaction at all called transmission 

Three main processes of EMR interaction with matter  

Scattering in Different 
Media 

Elastic scattering 
• No exchange of internal energy of the medium with the 

radiated field 
• No change of frequency of incident wave upon scattering  
 
Inelastic scattering 
• Involves exchange of internal energy of the medium with that 

of the radiated field. 
 
 



Brief overview of the interaction photons-matter

Stimulus         ® sample       ® answer
under different environments

Synchrotron pulse duration few 
tens of picosecond

XFEL ideal tool for femto and even
subfemtosecond Time-Resolved
experiments (Pump-Probe)









TUNTWIN Project

“WORKSHOP PROGRAM”
Session A: Basics in Synchrotron Techniques for 

Environmental and Food
From Basics to application

Funded by the Horizon 2020 Framework Programme of the European Union under the grant N°
952306

DAY 1: Monday 16th January 2022 DAY 2 Tuesday 17th 2023 DAY 3: Wednesday 18th 2023

Introductory session

9:00-11:00h

Introduction to synchrotron radiation.
Historical overview about X-ray production: from X-
ray tubes to modern synchrotrons and X-ray free
electron lasers. Brief introduction about
synchrotron radiation (SR) light generation. Parts of
the synchrotron. Properties of SR light that makes it
unique (high brilliance, broad energy spectrum,
polarization, pulsed time structure). SR sources and
XFELs around the world (in Europe and closer to
the Mediterranean basin).

Teacher: Marc Simon LCPMR France

11:00-11:30h Coffee break

11:30-12:30h Basis of radiation-matter interaction process.

Teacher: Marc Simon LCPMR France

12:30-14:00h Lunch break

14:00-15:30h

Overview of the different families of synchrotron
radiation techniques. Spectroscopy, scattering,
diffraction, imaging).

Teacher: Iris H. Valido UAB Spain

15:30-16:30h

Beam quality factors that affect the performance of
a beamline. Brilliance, photon flux at sample,
resolving power, harmonics, variable polarization….

Teacher: Roberto Boada UAB Spain

Spectroscopy techniques session 

9:00-10:30h X-ray absorption/emission spectroscopy 
XAS, XRF; micro and nano applications

Teacher: Roberto Boada UAB Spain 

10:30-11:00h Coffee break

11:00-12:30h

X-ray photoemission 
XPS principles and applications

Teacher: Marc Simon LCPMR France

12:30-14:00h Lunch break

14:00-15:00h
Fourier transform infrared (FTIR)
Teacher: Iris H. Valido UAB Spain

Scattering and diffraction techniques session

15:00-16:00h
X-ray diffraction 

Teacher: Iris H. Valido UAB Spain

16:00-17:00h
X-ray scattering (SAXS and WAXS)

Teacher: Roberto Boada UAB Spain

X-ray imaging techniques session

9:00-10:00h

Scanning X-ray microscopy

Teacher: Roberto Boada UAB Spain

10:00-11:00h
X-ray tomography 

Teacher: Roberto Boada UAB Spain

11:00-11:30h Coffee break

11:30-13:00h

How to apply for getting beamtime at the 
synchrotron. 
Brief introduction of how to access the synchrotron 
(academic, industrial), how to apply for getting 
beamtime (calls, contact with beamline manager in 
advance, steps for proposal submission), and how 
to write a good proposal for beamtime application.

Teacher: Iris H. Valido UAB Spain

13:00-14:30h Lunch break

14:30-16:30h
Round table and discussion on specific scientific 
cases from the participants.

16:30-17:00h Closing remarks

Organized
by: At: 

January 16 to 18, 2023
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dipolar transitions



X-ray – matter interaction (discrete transitions – photoionization)

110 | Chem. Soc. Rev., 2017, 46, 102--125 This journal is©The Royal Society of Chemistry 2017

To test the stability of the CoCat, additional XAS measurements
were performed on a dried CoCat ground to a powder, dried CoCat
on InSnO3 electrodes and a quasi in situ condition, where the
CoCat-covered cathode was rapidly removed from the solution and
frozen in liquid nitrogen. The XANES and EXAFS region of all this
sample set looked similar, suggesting the CoCat is robust against
air exposure, dehydration and mechanical treatment.

The composition of the CoCat films was shown to be depen-
dent on electrolyte composition, pH and Co concentration
during electrodeposition.60 The influence of different electrolyte
compositions on the structure and function of the CoCat films
was further studied.59 In addition to the potassium phosphate
buffer, different CoCats were prepared at pH 7 from weakly
buffering acetate electrolytes, KOAc and LiOAC, and non-
buffering chloride electrolytes, KCl and CaCl2. Despite the
compositional differences noted by Surendranath (2009), the
functionality of the various CoCat films was only weakly depen-
dent on the redox-inert cation. In addition, XANES showed that
the Co oxidation state was still B3+ for all CoCats as shown in
Table 1 and EXAFS revealed that the Co ligand environment
was also similar to the structure previously reported for
KPi-CoCat, except for KCl-CoCat.

The pre-edge intensity of the CoCat samples was found to be
higher when compared to the Co2+ reference. The increase of
pre-edge intensity with oxidation state could be explained by
the shortening of the metal–oxygen distances upon oxidation,
resulting in increased mixing between the p and d orbitals.61

Furthermore, variation in the pre-edge intensity between the
different CoCats may indicate varying amounts of short di-m-oxido
bonds, as highly symmetric arrangements of ligands lead to a
decrease in pre-edge intensity.62

FT analysis of the EXAFS structure of the CoCat samples
reflects a reduction in order when compared to the crystalline
LiCoO2 reference as indicated by the low amplitudes of the FT
peaks b, c and d (Fig. 11). The highest degree of order was
found for the least active KCl-CoCat, whereas the lowest degree of
order was observed for the most active KPi-CoCat. Consequently,
it was hypothesized that the active species of the CoCat films
were peripheral Co-oxido clusters, with the terminal O atoms

Fig. 9 The Co K-edge XANES structure of the CoCat (blue) and two
references: [CoII(OH2)6](NO3)2 (black) and [CoIII(NH3)6]Cl3 (red). Reprinted
with permission from ref. 58. Copyright 2009 American Chemical Society.

Fig. 10 (A) Interconnected incomplete and complete Co3/4(m-O)4 cubane
units of CoCat (cobalt in blue, oxygen in red). (B) FT of an EXAFS structure
of CoCat catalyst. The black line represents the experimental spectrum,
whereas the red line indicates an EXAFS simulation. Reprinted with
permission from ref. 58. Copyright 2009 American Chemical Society. Fig. 11 (A) CoCat fragment showing the prevalence of Co-oxido motifs

(cobalt in black, m3-O in grey, oxygen atoms that could be protonated or
stemming from the anionic ligands in dark grey). (B) FT of an EXAFS structure
of CoCat catalysts prepared in different electrolytes. Peaks marked by a, b, c
and d refer to the Co-oxido structure in panel A. Reprinted with permission
from ref. 59. Copyright 2012 John Wiley and Sons.

Chem Soc Rev Review Article
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The Co K-edge XANES structure of the CoCat (blue) and two references: 
[CoII(OH2)6](NO3)2 (black) and [CoIII(NH3)6]Cl3 (red).

Very low cross section for Valence electron – x-rays interaction

Electronic transition to consider : promotion of an 1s electron to 
an empty Molecular Orbital below threshold

Above the K shell ionization threshold: photoionization



The Interaction of X-rays with Matter and Radiation Safety 
(prepared by James R. Connolly, for EPS400-002, Introduction to X-Ray Powder Diffraction, Spring 2005) 

energy = lower wavelength), and that the continuous spectrum minimum wavelength 
decreases as the accelerating voltage (kV) of the X-ray source increases.  It is also 
important to understand is that an increase in filament current (ma) and kV (beyond the 
minimum value required to produce characteristic radiation for the target) will result in 
an increase in the intensity of the generated X-rays, but will not change their energy.   

Energy Transfer 
There are two basic types of energy transfer that may occur when X-rays interact with 
matter: 

• Ionization, in which the incoming radiation causes the removal of an electron 
from an atom or molecule leaving the material with a net positive charge. 

• Excitation, in which some of the X-ray’s energy is transferred to the target 
material leaving it in an excited (or more energetic) state.   

Theoretically there are twelve processes that can occur when X-rays interact with matter, 
but only three of these processes are important.  These processes are:  

• The photoelectric effect 

• The Compton effect and 

• Pair Production 

Which process dominates is dependent on the mass absorption characteristics of the 
target (directly related to the atomic weight, Z) and the energy of the X-rays, as shown 
schematically in the graph below.   

 

(Material in this document is borrowed from many sources; all original material is ©2005 by James R. Connolly) 
Revision date: 20-Jan-05  Page 2 of 14 



Synchrotron 
characterization

techniques

Elastic 
scattering

Spectroscopies

Imaging
methods
t-resolved

Diffraction
(long-range order) 

Scattering
(short-range order)

PDF analysis

SCXRD

XRPD
(temperature, pressure, gases, …) 

SAXS, Diffuse, …

X-rays
(Local structure,

chemical speciation) 

e-: XPS, ARPES, UPS, HAXPES…

EXAFS, (transmission, fluorescence)

XANES (XMCD, LMCD), …

Full field microscopy

Absorption constrast

Phase constrast

Diffraction microtomography

Coherent diffraction

ptychograpy

Bragg

Scanning microscopy: fluorescence, XAS, diffraction, IR, …

Time-resolved
studies

Micro-diffraction

(R)XES, RIXS, …Infrared

PEEM

Surface-diffraction



Spectroscopies

IR

UV

X-rays (soft x-rays (50-1000 eV), hard x-rays (1 keV – 1 MeV)

Absorption spectroscopy (EXAFS (local structure), XANES (speciation))

Photoionization (XPS, HAXPES, ARPES)

Auger spectroscopy

X-ray emission spectroscopy, Resonant Inelastic X-ray scattering (RIXS)



The Interaction of X-rays with Matter and Radiation Safety 
(prepared by James R. Connolly, for EPS400-002, Introduction to X-Ray Powder Diffraction, Spring 2005) 

 
 

It is easy to see how the photoelectric (and Auger) effect can significantly damage the 
molecular structure of soft tissues encountered by an X-ray beam.   

The Compton Effect 
The Compton effect or Compton scattering (C), also known a incoherent scattering, 
occurs when the incident x-ray photon ejects a electron from an atom and an x-ray photon 
of lower energy is scattered from the atom. Relativistic energy and momentum are 
conserved in this process1 and the scattered x-ray photon has less energy and therefore 
greater wavelength than the incident photon. Compton Scattering is important for low 
atomic number specimens. At energies of 100 keV -- 10 MeV the absorption of radiation 
is mainly due to the Compton effect. 

                                                 
1 See http://www.student.nada.kth.se/~f93-jhu/phys_sim/compton/Compton.htm for an Javascript aplet 
demonstrating the Compton effect.   

(Material in this document is borrowed from many sources; all original material is ©2005 by James R. Connolly) 
Revision date: 20-Jan-05  Page 4 of 14 

Radiation damage
Tin shielding

X-ray emission
Constant with x-ray energy

Radiation damage
Auger emission constant with x-ray energy
Allows to study doubly ionized state by 
measuring only one electron



Elastic scattering

X-Ray Diffraction. Very important method to determine protein structures

Pair Distribution Function Analysis. Analytical technique which provides structural information from
disordered materials by using the complete powder X-ray Diffraction  pattern. ! Long range orders of the 
atoms can be deduced. Technic used for amorphous, poorly crystalline, nano-crystalline or nano-structured

Scattering. Short-range orders can be deduced. SAXS or diffuse scettering



Compton scattering

Inelastic scattering of x-rays by free electrons

Scientific thematic declining and coming up again thanks to gas phase measurements

Coincidence between scattered electron and ion through reaction microscope.

Momenta of ion and electron measurements allow to determine the momentum of the scattered photon.

M. Kircher et al., Nature Physics 16 56 (2020)

Arthur Compton Physics Nobel prize 1927
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