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Refinement the way 

just like elders did 

You will need:

• Nicely printed graph,

• Scissors,

• Scales,

• Keen eye,

• Steady hands.



What are the options today?*
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Jana2006 (V. Petříček, M. Dušek and L. Palatinus)
Institute of Physics, Academy of Sciences of the Czech 

Republic

 Capabilities

 Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

 Modulated structures refinement

 Fourier mapping

 Charge flipping

 Monte Carlo / Simulated annealing

 Strain/size analysis

 Indexing

 Stacking faults

 Small-Angle scattering

 Single-Crystal refinement

• Reliable

• Rather Simple

• Easy to link to externals

• Wide tutorial base

• Free



Jana2006



FullProf (J. Rodriguez-Carvajal)
ESRF France

 Capabilities

 Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

 Magnetic structure refinement

 Fourier mapping

 Charge flipping

 Monte Carlo / Simulated annealing

 Strain/size analysis

 Indexing

 Stacking faults

 Small-Angle scattering

 Single-Crystal refinement

• Well-established

• OriginPro integration

• Free
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GSAS-II (R. Von-Dreele and B. Toby)

Argonne National Laboratory, US
 Capabilities

 Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

 Fourier mapping

 Charge flipping

 Monte Carlo / Simulated annealing

 Strain/size analysis

 Sequential refinement

 Indexing

 Combined refinement

 Stacking faults

 2D image data processing

 Small-Angle scattering

 Single-Crystal refinement

• Stable

• Reliable

• Quick

• Simple

• Easy import/export

• Free



GSAS-II
 50 variables

 4189 observations

 ~2.5 seconds per cycle



GSAS-II: Rietveld refinement

Real-life case: refinement of 
synchrotron data (Elettra)



GSAS-II: 2D integration

Integration



GSAS-II: sequential refinement

156 powder histograms dataset 

~ 15 min for the whole run

Operando data processing

NaVOHPO4 vs. Na



GSAS-II: charge flipping

Generation of electron density map Identification of the atoms and refinement

Tutorial:  subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CFjadarite



Topas Bruker/Academic

(A. Coelho and J. Evans), BRUKER
 Capabilities

 Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

 Fourier mapping

 Charge flipping

 Monte Carlo / Simulated annealing

 Strain/size analysis

 Sequential refinement

 Indexing

 Combined refinement

 Stacking faults

 Parametric refinement

 Small-Angle scattering

 Single-Crystal refinement

 Pair Distribution Function

 Fundamental approach/ W/Kb contamination/tube tails

 Cloud computing using Amazon Web Services

• Stable

• Reliable

• Very Fast!

• Large data processing

• Customizable
• Programmable



TOPAS (in combination with jEdit)

A. Coelho, TOPAS and TOPAS-Academic: an optimization program integrating computer  algebra and crystallographic objects written in C++, 

J. Appl. Cryst. (2018). 51



TOPAS (in combination with jEdit)

A. Coelho, TOPAS and TOPAS-Academic: an optimization program integrating computer  algebra and crystallographic objects written in C++, 

J. Appl. Cryst. (2018). 51

Fundamental approach to 

diffraction profile description



TOPAS: Magnetic Structure Refinement

LiFePO4 at 5K



TOPAS: Symmetry mode refinement

Life example 

WO3 refinement

demo



TOPAS: Exhaustive Symmetry Search

DOI: 10.1021/jacs.6b04947

https://community.dur.ac.uk/john.evans/topas_workshop/tutorial_exhaustive_symmetry.htm

Automatic search over 547 intermediate subgroups

Assisted with ISODISTORT





TOPAS: Parametric refinement

G.W. Graham and J. Evans, Parametric Rietveld refinement, J. Appl. Cryst. (2007). 40, 87–95



TOPAS: Parametric refinement
ZrP2O7



TOPAS: Pair Distribution Function



Conclusions

A ZOO of 
software

Refinement 
schools

The Power 
of Habits

APPROACHES ARE LIMITED BY ONLY YOUR IMAGINATION
And by a bit of a knowledge on how to use tools…
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