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The Rietveld method

13.04.2023 DEVA-Rietveld workshop 2



13.04.2023 DEVA-Rietveld workshop 3

© R. Dinnebier, MPI FKF 



Calculated profile of powder diffraction data
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Multiphase single 

pattern case: 

 = 1, … n

Multiphase and 

multipattern case

 = 1, … n, 

p = 1, … np

Single phase, single 

pattern case 

i – angle, h - reflection



Calculated profile of powder diffraction data
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Single phase, single 

pattern case 

i – angle, h - reflection

Definition of structure factor F(h)



Structure factor (isotropic case)
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Occupation

factor

Form

factor
Debye-Waller

factor

Number of

atoms

Anisotropic crystal approximation

As in the simplest case plus additional (or alternative) parameters: 

• Anisotropic temperature (displacement) factors 

• Anharmonic temperature factors 

• Special form-factors (Symmetry adapted spherical harmonics ), TLS for 

rigid molecules, etc. 

• Magnetic moments, coefficients of Fourier components of magnetic 

moments , basis functions, etc. 



Calculated profile of powder diffraction data
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Single phase, single 

pattern case 

i – angle, h - reflection



Calculated profile of powder diffraction data
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Single phase, single 

pattern case 

i – angle, h - reflection



Convolution properties of profile functions
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Voigt function

Pseudo-Voigt function (Npr=5)



Pseudo-Voigt - Voigt Thomson-Cox-Hasting formulation
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The Rietveld method
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Rietveld Method: refinement of crystal (and/or magnetic) structure by 

minimising the weighted squared difference between the observed and the 

calculated pattern against the parameter vector: β

Minimisation of the relationship

In Poisson’s statistics, 𝜎 ≈ 𝑦𝑖

• The least squares procedure provides (when it converges) the value of 

the parameters constituting the local minimum closest to the starting point

• A set of good starting values for all parameters is needed 

• If the initial model is bad for some reasons the LSQ procedure will not 

converge, it may diverge



The Rietveld method
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The shifts of the parameters obtained by solving the normal equations 

are added to the starting parameters giving rise to a new set 

A Taylor expansion of           around      allows the application of an iterative 

process. The shifts to be applied to the parameters at each cycle for 

improving are obtained by solving a linear system of equations (normal 

equations) The variances of the adjusted 

parameters are calculated by the 

expression 



Goodness of fit parameters
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Goodness of fit parameters
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• The sums over “i” may be extended only to the regions where Bragg 

reflections contribute

• The denominators in RP and RWP may or not contain the background

contribution



Usage of Rietveld method
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 02.05-03.05.2023 (09:00-17:00) GATE Garching

(advanced) – microstructure, magnetic structures, single crystals JRC + OF
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https://indico.frm2.tum.de/event/414/

https://indico.frm2.tum.de/event/414/
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 28-30.06.2023 (09:00-18:00) Glass Palace


