
 

Exercise 5.1. Solution 
 

In X-ray diffraction crystallography experiment the incoming X-ray radiation is scattered by crystal 

sample and creates specific scattering pattern depending on the structure of crystal lattice. 

For the set of parallel planes, constructive interference between reflected rays occurs when the 

optical path difference 2𝑑sin𝜃𝑚 is equal to the integer number of wavelengths (the Bragg's law for 

the crystal lattice):  

2𝑑 sin𝜃𝑚 = 𝑚𝜆 

Where 𝜆 is the wavelength, 𝑑 is the separation of planes, 𝜃𝑚 angle of 𝑚-th order diffraction, 𝑚 is the 

diffraction order (𝑚 is integer). 

 

For a set of equidistant planes, the scattering intensity is zero everywhere except for angles where 

Bragg's law is satisfied. If the sample is a powder sample that composed of many microdomains with 

random orientation, Bragg's law will be satisfied for many of the randomly oriented domains, and the 

pattern will be averaged into a ring around the incident beam (see the picture in the exercise). 

 

 



Often the higher order diffraction peaks are weak and we can neglect them in this exercise.  

The inner cone that we observe in this experiment corresponds to a larger lattice distance than the 

outer cone. Also it is sharp, therefore corresponding to a well-ordered periodic structure. The outer 

cone therefore corresponds to smaller lattice distance and the fact that it is blurred indicates a non-

perfect periodicity. Looking at the structure of liquid crystals with smectic phases, we indeed do find 

two such lattice distances. The first one corresponds to planes where molecules are arranged with 

their molecular axis perpendicular (or slightly tilted) with respect to the plane. This gives rise to the 

sharp inner cone in the X-ray diffraction pattern. The second lattice distance stems from the 

interplanar distances between molecules, which do not form a perfectly periodic lattice. In the X-ray 

diffraction pattern this corresponds to the outer blurred cone.  

B) According to Bragg's law, we can calculate the lattice distances. However, it is important to note 

the relation between the given angles 𝛽 and the scattering angles 𝜃. The angle 𝛽 is the full angle of 

the cone, so the angle from the incident beam axis will be 𝛽/2. At the same time, the scattering angle 

𝜃 in Bragg's law corresponds to the angle incident to the plane (see figure above). Therefore, we 

have 𝜃 = 𝛽/4. 

For the outer cone: 

𝑑 = 𝜆/2sin𝜃𝑜𝑢𝑡𝑒𝑟 ≈ 4.43 𝐴 

For the inner cone: 

𝑑 = 𝜆/2sin𝜃𝑖𝑛𝑛𝑒𝑟 ≈ 29.4 𝐴 

Thus, we can assume, that the sample is a powder sample of smectic liquid crystal with average 

distance between molecules in a layer of 4.4 Å , and distance between equidistant planes of 29.4 Å . 

 



 



 


