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Introduction to X-ray Diffraction (XRD) 
Learning Activity 

 

Basic Theory: Diffraction and Braggôs Law 
 
Take a look at the diagram below:   
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
A. When X-rays interact with a single particle, it scatters the incident beam 

uniformly in all directions.   
B. When X-rays interact with a solid material the scattered beams can add 

together in a few directions and reinforce each other to yield diffraction.  
The regularity of the material is responsible for the diffraction of the 
beams. 

 
 

 
You have likely seen diffraction before.  For example if 
you look at a CD when exposed to white light you can 
see it diffracted into varies wavelengths of color.  The pits 
(or grooves) in the CD are the regularity of the material 
that causes the diffraction. 
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Diffraction can occur when any electromagnetic radiation interacts with a periodic 
structure.  The repeat distance of the periodic structure must be about the same 
wavelength of the radiation.  For example, light can be diffracted by a grating 
having scribed lines arranged on the order of the wavelength of light. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
Question: 
So if all electromagnetic radiation can diffract, why are X-rays used in 
crystallography? 
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X-ray Diffraction and Braggôs Law 
 
X-rays have wavelengths on the order of a few angstroms (1 Angstrom = 0.1 
nm).  This is the typical inter-atomic distance in crystalline solids, making X-rays 
the correct order of magnitude for diffraction of atoms of crystalline materials.   
 
How are Diffractions Patterns Made? 

When X-rays are scattered from a crystalline solid they can constructively 
interfere, producing a diffracted beam.   What does this mean? 

Constructive vs. Destructive Interference 

Interference occurs among the waves scattered by the atoms when crystalline 
solids are exposed to X-rays.  There are two types of interference depending on 
how the waves overlap one another.  
 
Constructive interference occurs when the waves are moving in phase with each 
other. Destructive interference occurs when the waves are out of phase. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This constructive interference results in diffraction patterns.   
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