
Institute of Solid State Physics
Technische Universität Graz

9. Crystal Diffraction

April 17, 2018



Interference 



Interference 



r ka
k



 r kb

k





 r k k
a b

k

  
 

 
path difference:

0 0
i k rF F F e   
 

k


k


phase shift:    2 2
r k ka b r k k k r

k
  

 

           

     

Interference 

Amplitude:

k k

elastic scattering



Using complex numbers to describe oscillations 
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Electron density

Scattering is 
proportional to electron 
density n(r)

The scattering amplitude is proportional to the Fourier transform of the electron density.
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Scattering vector



Scattering amplitude

expand n(r) in a Fourier series

if G = k, all components add coherently

exp( ( ) )G
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diffraction condition:   G = k
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The intensity of the peak at G is    |nG|2
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Diffraction condition (Laue condition)

k'- k = k = G

|k| = |k'| for elastic scattering 
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http://serc.carleton.edu/research_education/geochemsheets/techniques/SXD.html

 sets the length of the scattering vector
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Single crystal diffraction
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Every time a diffraction peak is observed, record G. When many G vectors 
are known, determine the reciprocal lattice.

The sample and the detector must be turned to find all of the diffraction peaks.

Scattering wave vector

Gx Gy Gz |nG|2

2.4E10 2.4E10 0 10341
2.4E10 0 2.4E10 9989
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Determining real space primitive lattice vectors

G vectors specify the Bravais lattice. 

 1 2 3a a a 
  

Volume of the primitive unit cell 

1 2 3, ,b b b
  

determined
from diffraction experiment

2i j ija b  




Ewald sphere

Draw a vector representing the incoming radiation so that it ends at the 
origin. As the crystal is rotated around the origin, the condition for diffraction 
will be satisfied every time a reciprocal lattice point is on the sphere.
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Diffraction condition

a wave will be diffracted if the wave vector ends on one of the planes 

For every G there is a -G so the 
diffraction condition can also 
be written ask
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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

iG re  
 



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

A structure factor is the Fourier transform of the electron density of the basis of a 
crystal evaluated at a reciprocal lattice vector. Since the electron density of the 
basis can be approximated as a sum over the electron densities of the atoms in the 
basis, the Fourier transform of the electron density of the basis is a sum of the 
Fourier transforms of the electron densities of the atoms in the basis.

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



crystal structure solution 



crystal structure solution 

Measure reciprocal lattice vectors from k G 
 

Find the primitive reciprocal lattice vectors 
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Determine the Bravais lattice 
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crystal structure solution 

"Guess" the crystal structure

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

( ) exp( )G
G

n r n iG r  


 
Compare |nG|2 to 
the 
measurements


