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Diffraction



Brillouin zones

1st Brillouin zone consists of the k-states around the origin that can be 
reached without crossing a plane.

Leon Brillouin



1st Brillouin zones 

fcc 
bcc sc 

1st Brillouin is the Wigner-Seitz cell in reciprocal space.
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Electron density of an atom

Approximately a Gaussian centered at rj

Most of the electrons are concentrated around the 
nucleus. The integral over the electron density is 
proportional to the number of electrons.



Electron density

Write the electron density as a Fourier series

Multiply by                and integrate over a unit cell.

1

Translation vector
position of atom j of the basis
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Electron density

Fourier transform of the electron density of atom j
= atomic form factor fj(G)



Atomic form factor

The atomic form factors can be looked up in a table.

The structure factors are given in terms of the atomic form factors.

position of atom j of the basis

sum over the basis



http://it.iucr.org/Cb/ch4o3v0001/sec4o3o2/
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Structure factor

An x-ray experiment measures the scattered intensity |FG|2. The phase 
information is lost. This is proportional to |nG|2.



crystal structure solution 

Rosalind Franklin



crystal structure solution 

"Guess" the crystal structure

From the atomic form 
factors, calculate the 
structure factors nG.

Compare |nG|2 to 
the 
measurements

position of atom j of 
the basisSum over basis



x-ray diffraction 

The shape and the dimensions of the unit cell can be deduced from the 
positions of the Bragg reflections; the content of the unit cell, on the 
other hand, must be determined from the intensities of the reflections.

Solid State Physics, Ibach and Lüth

The intensity of the peaks is proportional to the squared Fourier 
coefficients of the electron density.
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Diffraction condition:





x-ray diffraction
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x-ray diffraction
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another formulation of the diffraction condition
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Bragg and Laue conditions

Bragg condition:

2 sinhkld q Laue condition:

d001
d002



Powder diffraction 

Powder diffraction is performed on a powder of many small crystals. Ideally, 
every possible crystalline orientation is represented equally in a powdered 
sample. The relative intensities of the diffraction peaks indicate which crystal 
structures are present. 
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Fit

fcc
bcc





http://rruff.geo.arizona.edu/AMS/all_minerals.php



Powder diffraction

Phase identification
Every crystal has a specific "fingerprint" given by the positions and intensities 
of the diffraction peaks. The composition of a multi-phase specimen can be 
determined by fitting its diffraction pattern to the diffraction patterns of pure 
crystals which can be looked up in a database.

International Centre for Diffraction Data www.icdd.com
Release 2024: 1186076 material data sets

Phase transitions, thermal expansion, piezoelectricity, piezomagnetism, bulk 
modulus, compliance tensor can be measured.



Particle beams
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Particles moving in vacuum have the following energy-
momentum relation. 

If   is much smaller than the distance between atoms, you 
can generate a diffraction pattern.  



Electron diffraction in a TEM

The wavelength of the electrons is typically much smaller 
than the lattice spacing. The diffraction peaks in the plane 
perpendicular to k are observed.





Neutron diffraction

Typically a nuclear reactor is used as the neutron source

There are different atomic form factors for neutrons than for   
x-rays. 

Determine the positions of H in biological samples.

Can for example distinguish between Fe and Co which have 
similar atomic form factors for x-rays.
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LEED
Low Energy Electron Diffraction

Clean Pd (111) Pd (111) + 0.3 ML VOx

LEED is surface sensitive

100 V  k ~ 5 × 1010 m-1
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Forbidden reflections

Low Energy 
Electron Diffraction



Forbidden reflections



Atomic beams

Hydrogen and Helium are used for diffraction studies
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Low energies can be used for delicate samples.
Measure the surface like LEED.


