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This lecture
Identifying a two-phase sample in EVA
Performing Pawley analysis of a two-phase sample in Topas
Rietveld refinement of a two-phase sample in Topas



EVA
Import a diffractogram, .raw file.



EVA
Pro tip: use square root y-axis scaling for different peak intensities.



EVA – search and match
Choose the right elements and the right conditions



EVA – search and match
Check promising patterns which can index some of the peaks while 
you search for a second which can index the rest.



EVA – search and match result



Export your data, from .raw to .xy
You can download Bruker Diffrac FileExchange from the Odin server



Find SG and lattice param. with EVA and COD
T



Find SG and lattice param. with EVA and COD

You will also
find peak
positions here.



TOPAS – import a .raw file
T



TOPAS – use square root for y-axis scaling
T



Topas – load an emission profile
T



T
Topas – load an emission profile



T
Topas – load a .par instrumental settings file



T
Topas – load a .par file. EVA gives you info too:



Pawley – add two hkl phases, rename them
Note context sensitive menus.



Pawley – fix all parameters first



Pawley – fix all parameters first
Exception: allow at least one variable for the background – flat background
which gives a crude, but reasonable fit.



Pawley – first attempt, nothing refined
T



Pawley – progressively add variables
Add more nodes to the background polynomial – be careful
The add variables affecting peak positions.



Pawley – second attempt, some variables
T



Pawley – next add variables for peak shape



Pawley – a pretty good fit!
T



Pawley – summarising results
Useful for many phases or many diffractograms (under global).



Pawley – background polynomial
You can add more nodes as long as the background does not fit peaks.
E.g. 13 is a high number, but unproblematic with broad 2q range and a 
bulk well-crystallized sample. 
Can be problematic for small nanocrystallites – why?



Preparing for Rietveld refinement
Uncheck the hkl phases for Pawley
Add two new structures
You can also load a saver .str file or a downloaded .cif file
.cif – Crystallographic Information File



Add structures for Rietveld refinement



Structures for Rietveld – atomic positions



Structures for Rietveld – atomic positions



Rietveld – first attempt with Pawley results
T



Rietveld refinement
Start with lattice parameters – peak positions.
Proceed with size/strain – peak shapes.



Rietveld refinement, peak pos./shape included
T



Rietveld refinement – atomic positions
Always start with locked atomic positions.
Lattice parameters and size/strain MUST converge before you add
atomic positions as variables.



Start with heaviest atomcs, proceed with lighter.
If more what one Wyckoff position: start with highest multiplicity.

Rietveld refinement – atomic positions



Start with linking parameters, see example below.
Rietveld refinement – B-factors



Peak intensities wrong and B-factors too high…
T



Preferential orientation in powder
Use this with care and make sure you know what you are doing!
(I know what I’m doing – and I made the sample…)



Rietveld refinement – final result
T



Rietveld refinement – fit statistics



Rietveld refinement - results



Rietveld refinement - results



Rietveld refinement - results



Rietveld refinement – export your data



Getting the positions of the hkl ticks



Pawley refinement – hkl phases
Advantages:

Data quality requirement limited compared to Rietveld
Uncertainty will still depend on collection time and 2q range

Lattice parameters often the most important information
E.g. high symmetry structures have no/little degrees of 
freedom in atomic positions

Crystallite size the essential information for nanocrystalline powder
Lattice strain the essential information for disordered or strained 
materials, or chemically complex solid solutions.

Disadvantages:
No information about atomic positions or occupancies
No quantification of phase fractions



Rietveld refinement – structure models
Advantages:

Atomic positions, occupancies and B-factors extracted.
Quantitative information about phase fractions obtained.
Necessary information to publish or report new or novel structures.

Disadvantages:
High quality data necessary – long collection time and broad 2q.
More variables, more possibilities of making mistakes.



General refinement strategy for Pawley
Start with the most important things, proceed with less important when 
convergence is reached for the most important.
In other words: do NOT refine all variables at once!
TOPAS has no chemical/physical knowledge – you have.

Set background to 3, increase it later if necessary.
Make sure your emission profile and instrumental parameters are right.
Make sure your simulated Bragg peaks “hit” the measured.

Lock size and strain with FP.
Follow the position of the hkl ticks.
Use d-spacing for the x-axis and the formulas from previous 
lectures and adjust the initial guess value.
Refine lattice parameters and sample displacement simultaneously.

Add crystallite size and/or strain to fit the peaks shapes with FP.



General refinement strategy for Rietveld
As for Pawley +:
Lattice parameters (peak positions) and size/strain (peak shape) must 
converge before you refine atomic positions.
ONLY refine atomic positions where the space group has a degree of 
freedom.

How do you know which positions have degrees of freedom?
Use fractions for high symmetry positions in codes field
Wyckoff sites – test with VESTA to be certain!

Start with the position that affects the peak intensities the most.
Z2 x multiplicity/stoichiometry
Start with the heaviest atoms
Reach convergence before you add progressively lighter atoms.
Exceptions may apply, a sound understanding is required.

Occupancies – be careful! Examples: PbZr0.2Ti0.8O3 and Fe3O4.
Link parameters when sensible – user understanding required.
Do not over-fit your data! Mind Rwp, Rexp and c2!



Take-home messages from bonus lecture LX8-9
This is the essence of what you should do for your lab report.
The nominal composition was 50% Fe2O3 and 50% NaCl.

+/- 5-10% is the typical error in mass% for Rietveld refinement.
Serious preferred orientation of the NaCl crystallites –

or simply too large/few crystallites
Wrong peak intensities with position sensitive detector
Spots in Debye rings on a 2D plate detector

Had to use corrections to obtain a reasonable result
Note how the B-factors tell you if something is wrong

Never underestimate visual inspection, more important than R-factors!
Rietveld refinement still not trivial after 15 years…


