
Structural Analysis
Part III - X-ray tools

Session 3
X-ray scattering and diffraction



Intermezzo: Fourier Transform
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Alternative approach: Fourier Transform (Infrared) Spectrometer)

• Not a dispersive measurement but based on interferometry

• Use all wavelength at the same time

• Manipulation in x - cm (real space) to get information in wave numbers x-1 – cm-1 (frequencies)
• Measure interferogram, Fourier transform into spectrum
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Measuring an interferogram
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Measuring an interferogram
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Prof. Emsley part of this class, 5 weeks ago!
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Principle idea
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Mathematical description

• The principle idea of the Fourier analysis / transformation is that any function can be represented 
by an (infinite) series of harmonic functions. 

• The Fourier transform decomposes a function into its constituent frequencies.
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Examples
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Square functions
Gauss function



Fourier transform of round aperture and airy pattern
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Experiment: Diffraction pattern of circular 
aperture, Airy pattern

Theory: Fourier transform of cylinder 
or “top-hat” function



Diffraction as Fourier transform:
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The double slit
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Fourier relationships – some examples
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From Session 1
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Thomson scattering from a single electron

14



Atomic scattering factors and refractive index
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Definition of the scattering vector Q 
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Scattering from an electron cloud
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Now full cross section / atomic scattering factors
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Atomic scattering factors again
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From Session 2
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Bragg scattering
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Characteristic signals from different – chemically identical – samples
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Lattice planes
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- Find the intercepts of the plane with the respective crystal axis
- Take the reciprocal of these numbers, reduce to smallest integer



Miller indices
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- Find the intercepts of the plane with the respective crystal axis
- Take the reciprocal of these numbers, reduce to smallest integer



Exercise: Identify lattice planes
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More on diffraction of single crystals
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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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The Ewald Sphere
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A Laue diffraction experiment
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A diffraction experiment
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A diffraction experiment
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A diffraction experiment
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A diffraction experiment
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Laue method
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More on Bragg peaks
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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 structure factor
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Allowed and forbidden reflections
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Friedels law

41



The phase problem
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Solving a crystal structure
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A few examples and case studies
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Remember last week example for diffaction of lysozyme crystal
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Lysozym (Protein, Immunsystem) Experiment at the Swiss Light Source

Stochiometric formula

Structure

Crystal

C125H196N40O36S2



Each X-ray source allows characteristic experiments. „Output“ varies by >20 orders
of magnitude
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X-ray diffraction patterns from micro (nano) crystals
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Science 337, page 363 (2012)



Time-resolved x-ray diffraction
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Recent results from SwissFEL
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The end
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