
Structural Analysis
Part III - X-ray tools

Session 2:

X-ray scattering and diffraction



Discovery of X-rays triggered many technological and scientific developments
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Why care about x-ray diffraction of crystals?
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Why should we care about x-rays, crystals, lattices, etc?
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Source: 
The Cambridge Structural
Database (CSD)

https://www.ccdc.cam.ac.uk/solutions/csd-system/components/csd/

https://www.ccdc.cam.ac.uk/solutions/csd-system/components/csd/
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Example: Diamondoids – Diamond Molecules
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Supplemental Material: Crystallization for XRD
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Cambridge Structural Database entry

7https://www.ccdc.cam.ac.uk/structures/Search?Compound=pentamantane&DatabaseToSearch=Published

https://www.ccdc.cam.ac.uk/structures/Search?Compound=pentamantane&DatabaseToSearch=Published


A real world example: Crystal structure of the Novir Drug

Crystalline structure of (drug) 
compounds determines

• Melting properties

• Hygroscopicity

• Hydrate formation

• Soluablility

• And other properites

8Acknowledgement: Susan Reutzel-Edens, CCDC – EPFL PChem Seminar Fall 2021



A real world example: Crystal structure of the Novir Drug
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Science news:
Business news:



Some very basics about diffraction and scattering
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Diffraction, a short review

• Should be familiar concept

• A wave encountering an object changes 
its wavefront. Note that this can also be a 
density change (later more)

• Fundamental properties of all waves with 
relevant effects from electron microscopy 
to shaping coastal landscapes

• In optics most commonly known for 
limiting resolution in optical setups 
(microscopes)

• But there is much more!

11

https://physicsforme.com/2012/01/04/teaching-waves-with-google-earth/
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The Huygens-Fresnel Principle

• Hugens: every point a wave (a luminous disturbance) reaches becomes a source of a spherical 
wave; the sum of these secondary waves determines the form of the wave at any subsequent 
time.

• Huygens-Fresnel: every unobstructed point of a wavefront serves as a source of spherical 
secondary wavelets. The amplitude of the wave beyond is the superposition of all these wavelets. 
(includes amplitude and relative phase)

12Image credits: By Lookangmany thanks to Fu-Kwun Hwang and author of Easy Java Simulation = Francisco Esquembre - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=16981632



Diffraction from a single slit
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The double slit

14Image source: wikipedia



Diffraction examples
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Crystaline materials are characterized by the long-range order
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Bragg scattering
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Lattice planes
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Miller indices
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Exercise: Identify lattice planes
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A single crystal (typically) produces one family of Bragg peaks for fixed geometry and 
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Diffraction examples
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Diffraction experiment - example
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Characteristic signals from different – chemically identical – samples
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The diffraction pattern of a mixture is a simple sum from each component phase
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Powder diffraction
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Diffraction of a polycrystalline sample
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Diffraction signal of different sample types
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Powder diffraction experiments
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Powder diffraction geometry

30



Powder diffraction data bases for elemental analysis
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Debye-Scherrer Formula
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Paul Scherrer
Swiss Physicist (1890-1969)



Exercise: Colloidal nanoparticles
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A few examples and case studies
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Example: EPFL XRD instrument
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Example Synchrotron Source
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Example: In-operando battery research
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Example: In operando – laser printing PSI
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Outlook

Diffraction as Fourier Transform

Reciprocal Lattice

Bragg and Laue Diffraction

Structure Factor

Detailed Electronic Structure Maps
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Diffraction as Fourier transform:
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For each lattice a reciprocal lattice can be defined
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Bargg and Laue conditions
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A crystal is defined by ist lattice and basis
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The structure factor
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The end
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