
Rietveld and Pair Distribution Function 
analysis 
Julian Tolchard 

Whole powder pattern fitting 



2 

Whole Powder Pattern Fitting 

• "Rietveld" becoming a catch-all term 
– Including structure-less fitting methods (Pawley, LeBail) 
– Software generally supports several methods 
– Mature methods 

• Pair Distribution Function analysis 
– Total Scattering 
– Long used for amorphous materials 
– Recently applied to nano / disordered structures 

• Common concept – use all the available data 
– "Rietveld" analyses long range structure 
– Total Scattering looks also at short range structure 
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Reminder 
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Analysis Objectives 

• Unit cell axes 
– a,b,c, α,β,γ 

• Crystallite size/strain 
• Quantitative phase analysis 
• Atom positions 

– x,y,z over all atoms 
• Atom occupancies 

– Non stoichiometry 
• Thermal parameters 

– Isotropic/anisotropic 
• Diffuse / local structure 

– Incommensurate effects 
– Local structure/distortions 

Short data collection, 
easier analysis 

Long data collection, 
demanding analysis 

Structureless fitting 
(Pawley) 

Rietveld fitting 

Total Scattering 
(PDF) 
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Example – K2Nb4O11 
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K2Nb4O11 

• Tetragonal Tungsten Bronze 
• SG P4/mbm, a=12.58Å, c=3.98Å 

)(2exp
0

lwkvhui nnn

Nn

n
nhkl fF ++= ∑

=

=

π



7 

K2Nb4O11 
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Madaro et. al. Cryst. Eng. Comm. 13, 1304 2011 

• 7hr scan 
• Rwp=3.68 
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Total Scattering – Al2O3 
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Total Scattering (PDF) 

• Need much better data than for Rietveld 
– Good statistics over very large Q-range (d-spacing) 

• Short wavelength (λ) and long collection times 
– Synchrotron ideal 
– Possible in the lab (Mo/Ag radiation, 24hrs+ collection) 

• Background subtraction required 
– Including sample holder 

• Fourier transform whole dataset 
– Includes peaks and background 
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Example – Al2O3 

• Corundum 
• Transition alumina (δ-Al2O3) 

– Published structure 
– Tetragonal 
– 13 Aluminium positions 
– 12 Oxygen positions  
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Total Scattering Al2O3 

Cu radiation 
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Total Scattering Al2O3 
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Corundum Transition Alumina 
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Instrumentation 
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Instrumentation 

• "Rietveld" analysis (Pawley / Rietveld) 
– Any diffractometer will do 
– 7 instruments at UiO (Cr, Cu, Mo) 
– 5 instruments at NTNU (Cu, Mo) 

• Transmission mode better for organics 
– UiO better equipped 

• Reflection mode better for oxides 
– UiO and NTNU both well equipped  

• Total Scattering (PDF's) 
– UiO and NTNU both have new Mo-source instruments 
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Thank you for your attention 
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