There are principally three types of broadening that can happen in the powder diffraction profiles. 
I. Size Broadening 

Broadening due to the crystallite size distribution [1], given by 

					(1)
B is the FWHM (Full Width at Half Maximum) in radians.
K is a constant - usually 0.9. (For a spherical sample of cubic symmetry, K = 0.89 if the FWHM used is integral width. The integral breadth is (i) The area under the peak/the peak height or (ii) The width of a rectangle having the same area and the same height as the peak. K= 0.94 for a spherical crystals with cubic symmetry if FWHM is used. The average of 0.89 and 0.94 is 0.915. In general, K varies from 0.2 to 2.08).

 is the wavelength used.
d is the crystallite size (size of the coherently diffracting domain – different from particle size). 

 is the Bragg angle of the reflection.
II. Strain Broadening
Broadening due to strains in the sample (due to lattice displacements of atoms from their original positions, surface strains, dislocations, impurities, non-stoichiometry in mixed systems, etc.- usually predominant in thin films, low order and nano structures).


					(2)
B is the FWHM
e is the strain 

 is the Bragg angle of the reflection.
III. Instrumental Broadening 
Broadening due to instrument (due to offset optics, dispersionn due to wavelength used, divergence of the beam, other detector based errors). 

						(3)

The total broadening can be represented (convolution of all the above broadenings) as below;

		(4)

*There is no other way to account for instrumental broadening, except to measure the diffraction pattern of a standard sample for which the particle size is sufficiently large (to eliminate the size effect) under the same experimental conditions at which the diffraction pattern of the sample of interest is measured. 

 


 
The correction for instrumental broadening can be made as follows;
1.Measure the diffraction profile of the two samples (sample to be analyzed and the reference sample, e.g., Si, or Ge – probably single crystal made into powders).


2. Fit the FWHM of the two samples (with respect to 2) and get the 2 polynomial equations. 



3. Interpolate the FWHM values of the two curves at the same 2 values (these 2 values may be Bragg angles of the samples to be analyzed).

4. Find 


5. Use this  value in the equation, which can be fitted to a straight line.


(



)



Plotting  (vs)  will give a linear plot with 4e as the slope and  as the y-intercept.

(The broadening due to crystallite size, instrumental broadening and micro strain will be larger at large Bragg angles).
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