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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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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
550,000 reference materials 

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



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



LEED
h t

tp
://

la
m

p.
tu

-g
ra

z.
ac

.a
t/

~h
ad

le
y/

ss
1/

cr
ys

ta
ld

if
fr

ac
ti

on
/a

to
m

ic
fo

rm
fa

ct
or

s/
L

E
E

D
.p

hp



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.



Forbidden reflections

Low Energy 
Electron Diffraction



Forbidden reflections



Institute of Solid State Physics
Technische Universität Graz

Phonons



http://lampx.tugraz.at/~hadley/ss1/phonons/phonon_script.php



Vibrations of a mass on a spring
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Coupled masses

Newton's law
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assume harmonic solutions

Find the eigenvectors of this matrix
The masses oscillate with the same frequency but different phases
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Linear Chain
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solutions: 
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Linear Chain
s = 0 s = 1 s = 2 s = 3 s = 4s = -1s = -2s = -3



Linear Chain - dispersion relation
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Linear Chain - density of states

Determine the density of states numerically 4
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Linear Chain - density of states

for every k calculate the frequency

4
sin

2

C ka

m
    

 

4
sin

2

C ka

m
    

 
1

( )D k




cos
2

C ka
d a dk

m
    

 

( ) ( )
dk

D D k
d






 
2

1

1
4

D
C m

a
m C








This case is an exception where the density of 
states can be determined analytically.



density of states 
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van Hove singularity
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Linear chain M1 and M2 
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Newton's law:

2N modes

assume harmonic 
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Linear chain M1 and M2 
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dispersion relation 
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Optical phonon branch

Acoustic phonon branch


