
Structural Analysis
Part III - X-ray tools

Session 1
Introduction and motivation
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Course layout
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Session 1:
• Introduction to x-rays
• Very basic x-ray – matter interactions
• Sources and transport

Session 2:
• X-ray diffraction in chemistry
• Diffraction, the basics
• Bragg diffcations
• Small angle scattering

Session 3:
• Crystal lattice and reciprocal lattice
• Laue diffraction
• The structure factor

Session 4:
• Solving crystal structures
• X-ray diffraction examples and case studies
• X-ray spectroscopy



Introduction and historical perspective



The discovery of x-rays in 1895

4

• Röntgens lab in Würzburg

• Experiments with vacuum tube

• Noticed fluorescence on a screen despite 
light-tight packaging of tube

• Postulated mysterios x-rays

• During experiments illuminated his hand and 
saw bone structure

• Took first “medical” x-ray on his wifes hand
• Denied patenting request to fully exploit 

potential of x-rays



Discovery of X-rays triggered many technological and 
scientific developments
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First Nobel Prize in 1901



X-rays are high-energy electromagnetic (em) waves

6



X-rays: Physics? Chemistry? Biology? Medicine?
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The power of x-rays



X-rays – Penetration depth
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Scattering with atomic resolution
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Lysozym (Protein, Immunsystem) Experiment at the Swiss Light Source

Stochiometric formula

Structure

Crystal

C125H196N40O36S2



Elements possess specific colors – also in X-ray spectral regime
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Barkla: 
Characteristic emission lines of 

elements in x-ray regime
Barkla, Nobel Prize in 1917

Rose of Lausanne: 
Characteristic visible colors



Combination of large penetration depth, elemental information, and high 
resolution
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Example: Geological Thalium sample (Geochemistry)



X-ray interactions with matter



X-ray interactions with matter
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X-ray cross sections
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Photoionization / absorption

16



Ionization energies of elements
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Thomson scattering
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Compton scattering
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Atomic scattering factors
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Atomic scattering factors and refractive index
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X-ray sources



X-ray source development has gone through exponential improvements since the 
1950s
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(Rotating) anode sources
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X-ray laboratory sources at EPFL
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https://www.epfl.ch/schools/sb/research/isic/platforms/x-ray_diffraction/

https://www.epfl.ch/schools/sb/research/isic/platforms/x-ray_diffraction/


Synchrotron radiation source
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Aerial view of Paul-Scherrer-Institute



Synchrotron radiation: The idea
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Light point of synchrotron 
radiation (close to white light)



Three type of sources in synchrotron radiation storage ring:
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Bending magnet source
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wc divides spectrum into two
parts of equal power



Undulator source
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Undulator source – explained in a nutshell
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Undulator source – a final note
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Layout of a synchrotron beamline
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Properties of synchrotron radiation
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Typical numbers:

~ 1011-1013 Photonen/s
Total power10W- 30 kW



X-ray free-electron lasers (XFELs) – the latest and brightest x-ray source
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Layout and working principle of XFEL
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1012 X-ray photons / 
100 fsec pulse

• Intensity ~ N2

• N - # of coherently emitting 
electrons ~ 109



X-ray transport



Mirrors
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Crystals
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Zone plates
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Compound refractive lenses

41



The end
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