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Ideal Crystal

• An ideal crystal is a periodic array of  structural 

units, such as atoms or molecules.  

• It can be constructed by the infinite repetition of 

these identical structural units in space.

• Structure can be described in terms of a lattice, 

with a group of atoms attached to each lattice 

point.  The group of atoms is the basis.



Bravais Lattice

• An infinite array of discrete points with an 
arrangement and orientation that appears 
exactly the same, from any of the points 
the array is viewed from.

• A three dimensional Bravais lattice 
consists of all points with position vectors 
R that can be written as a linear 
combination of primitive vectors.  The 
expansion coefficients must be integers.



Crystal lattice: Proteins



Crystal Structure



Honeycomb: NOT Bravais



Honeycomb net: Bravais lattice 

with two point basis



Crystal structure: basis



Translation Vector T



Translation(a1,a2), Nontranslation 

Vectors(a1’’’,a2’’’)



Miller indices of lattice plane

• The indices of a crystal plane (h,k,l) are 

defined to be a set of integers with no 

common factors, inversely proportional to 

the intercepts of the crystal plane along 

the crystal axes:



Indices of Crystal Plane



Indices of Planes: Cubic Crystal



001 Plane 



110 Planes



111 Planes



Symmetry planes



Bravais Lattice: Two Definitions

The expansion coefficients n1, n2, n3 must be integers.  The vectors 

a1,a2,a3 are primitive vectors and span the lattice.



Reciprocal Lattice

• Every periodic structure has two lattices 

associated with it. The first is the real 

space lattice, and this describes the 

periodic structure. The second is the 

reciprocal lattice, and this determines how 

the periodic structure interacts with waves. 

This section outlines how to find the basis 

vectors for the reciprocal lattice from the 

basis vectors of the real space lattice.



In real space we have:

a, b, c, α, β, γ

While in reciprocal space we have:

a*, b*, c*, α*, β*, γ*

In the simple case of the orthorhombic tetragonal 

and cubic systems where α, β, γ = 90°

A* = 1/a; b* = 1/b; c* = 1/c and 

α, β, γ and α*, β*, γ* = 90°

However:



In the triclinic system:



Reciprocal lattices corresponding to crystal

systems in real space

(i) Orthorhombic ,tetragonal ,cubic

a


b


c


*a


*b


*c


(ii) Monoclinic

a


b


c


*a


*b


*c




*



(iii) Hexagonal
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Diagram showing 4 Miller planes and how 

these are used to derive the equivalent 

reciprocal points, one for each set of Miller 

planes.



Max von Laue

• The periodicity and interatomic 

spacing of crystals had been 

deduced earlier (e.g. Auguste 

Bravais).

• von Laue realized that if X-rays were 

waves with short wavelength, 

interference phenomena should be 

observed like in Young’s double slit 

experiment.

• Experiment in 1912, Nobel Prize in 

1914



Note the use of reciprocal values for a, b, and c

Laue conditions
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Scattering from a periodic distribution of scatters along the a axis
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The scattered wave will be in phase and constructive interference 

will occur if the phase difference is 2π.

Φ=2πa.(k-ko)=2πa.g= 2πh, similar for b and c

*** clbkahg hkl 



The Laue equations

• Waves scattered from two lattice points 

separated by a vector r will have a path 

difference in a given direction.

• The scattered waves will be in phase 

and constructive interference will occur 

if the phase difference is 2π.

• The path difference is the difference 

between the projection of r on k and the 

projection of r on k0, φ= 2πr.(k-k0)

Two lattice 

points separated 

by a vector r

r
k

k0

If (k-k0) = r*, then φ= 2πn

r*= ha*+kb*+lc*

Δ=r . (k-k0)
k-k0

r*hkl(hkl)Δ=a.(k-ko)=h

Δ=b.(k-ko)=k 

Δ=c.(k-ko)=l

The Laue equations give three conditions for incident waves to be diffracted

by a crystal lattice



Bragg’s law

• William Henry and William Lawrence 

Bragg (father and son) found a simple 

interpretation of von Laue’s experiment

• Consider a crystal as a periodic 

arrangement of atoms, this gives crystal 

planes

• Assume that each crystal plane reflects 

radiation as a mirror 

• Analyze this situation for cases of 

constructive and destructive interference

• Nobel prize in 1915



Derivation of Bragg’s law
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Path difference Δ= 2x => phase shift

Constructive interference if Δ=nλ

This gives the criterion for constructive interference: 
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Bragg’s law tells you at which angle θB to expect maximum diffracted 

intensity for a particular family of crystal planes. For large crystals, all 

other angles give zero intensity.



• nλ = 2dsinθ

– Planes of atoms responsible 

for a diffraction peak behave 

as a mirror

Bragg’s law
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The path difference: x-y

Y= x cos2θ and x sinθ=d

cos2θ= 1-2 sin2θ







The limiting-sphere construction

• Vector representation of 

Bragg law

• IkI=Ik0I=1/λ

– λx-rays>> λe = ghkl

Incident beam



The Ewald Sphere (’limiting sphere 

construction’)
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Elastic scattering:
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The observed diffraction pattern is 

the part of the reciprocal lattice that 

is intersected by the Ewald sphere







Typical X–ray diffraction pattern 

collected by film methods shown below.




