
Reciprocal Lattice



Recap



Learning outcomes of today

 Introduction to diffraction: Bragg Law

 Reciprocal Lattice

 Lattice planes





A crystal lattice may be considered as an aggregate of a set of parallel equidistant planes of high density of
lattices points

Lattice planes

A lattice plane (or crystal plane) is a plane containing at least three non-collinear (and therefore
an infinite number of) points of the lattice



• Determine the intercepts of the plane along
the axes x, y and z in terms of the lattice
constant a1, a2, a3.

• Determine the reciprocals of these numbers:
1/m1, 1/m2, 1/m3.

• Find the least common denominator (LCD) and
multiply each by this lcd.

The result is written in the form (hkl) and is called
the Miller Indices of the plane.

Lattice planes – Index system: Miller Indices

Miller indices are integers m1, m2 and m3 that refer to the intercepts made by a plane on axes a1, a1 and a3.
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Lattice planes in cubic crystals
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Draw a plane for the given Miller indices: 
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A family of lattice planes is an infinite set of equally separated parallel lattice

planes which taken togther contain all points of the lattice







A number of techniques allow to obtain experimental evidence of the periodicity of atomic structures:

How can we study crystals?

(1) x-ray diffraction 

(2) neutron diffraction 

(3) electron diffraction

(4) High resolution electron microscopy 

(5) Scanning tunneling microscopy



Bragg Law







Meaning of d

2d sin = n
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Simulation diagramme de diffraction,  = 1.5406 Angstroem
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Simulated diffraction patterns for = 1.5406 Å 

and different distance between planes



Determine the lattice parameter for NaCl

=1.54059 Å
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Fast Fourier transform



Analogy



Fourier analysis



Fourier analysis



https://www.falstad.com/fourier/



Real and reciprocal lattice in 1D
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How is the Reciprocal Lattice conctructed



Reciprocal Lattice vectors

If Ԧ𝑎1, Ԧ𝑎2 and Ԧ𝑎3are primitive vectors of the crystal lattice, the reciprocal lattice can be generated by: 

𝑏1 = 2𝜋
Ԧ𝑎2 × Ԧ𝑎3

Ԧ𝑎1 ∙ Ԧ𝑎2 × Ԧ𝑎3

𝑏2 = 2𝜋
Ԧ𝑎3 × Ԧ𝑎1

Ԧ𝑎1 ∙ Ԧ𝑎2 × Ԧ𝑎3

𝑏3 = 2𝜋
Ԧ𝑎1 × Ԧ𝑎2

Ԧ𝑎1 ∙ Ԧ𝑎2 × Ԧ𝑎3

𝑛(Ԧ𝑟) =෍

Ԧ𝐺

𝑛 Ԧ𝐺 exp(𝑖
Ԧ𝐺 ∙ Ԧ𝑟)



Reciprocal Lattice



Orthorhombic 

cell

Crystal lattice Reciprocal lattice



𝑏1 = 2𝜋
Ԧ𝑎2 × Ԧ𝑎3

Ԧ𝑎1 ∙ Ԧ𝑎2 × Ԧ𝑎3

𝑏2 = 2𝜋
Ԧ𝑎3 × Ԧ𝑎1

Ԧ𝑎1 ∙ Ԧ𝑎2 × Ԧ𝑎3

𝑏3 = 2𝜋
Ԧ𝑎1 × Ԧ𝑎2

Ԧ𝑎1 ∙ Ԧ𝑎2 × Ԧ𝑎3

Ԧ𝑎1 = 𝑎ො𝑥 Ԧ𝑎2 = 𝑎ො𝑦 Ԧ𝑎3 = 𝑎ො𝑦
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Reciprocal lattices in 3D

Reciprocal lattice to simple cubic



A family of lattice planes is an infinite set of equally separated parallel lattice planes which taken

together contain all points of the lattice

A lattice plane (or crystal plane) is a plane containing at least three non-collinear (and therefore
an infinite number of) points of the lattice



Reciprocal lattice points as families of lattice planes

The families of lattice planes there are in one-to-one correspondence with the possible directions of
the reciprocal lattice vectors, to which they are normal.

Further, the spacing between these lattice planes is 

𝑑 =
2𝜋

Ԧ𝐺𝑚𝑖𝑛

where Ԧ𝐺𝑚𝑖𝑛 is the minimum length reciprocal lattice vector in this normal direction.

For a family of planes separated 𝑑,  

The recirpcoal vector Ԧ𝐺 = ℎ𝑏1 + 𝑘𝑏2 + 𝑙𝑏3 is perpendicular to the real lattice plane with index ℎ𝑘𝑙.



Square Lattice



Quiz

1 5 9 13 17 21

a) 1, 9, 17, ...

b) 1, 5, 9, ...

c) 1, 3, 5, ...

d) 1, 2, 3, 4, ...

e) 1, 2, 5, 6, ....

• Determine the reciprocal lattice vectors associated to 


