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Single Phase refinement 

Lattice parameters 
Strain 

Particle Size 
Atom positions etc… 

Magnetite (Fe3O4) 
A=8.402(2) Å 

200 nm 
s~1% 

Phase = Crystallographic phase 



Single Phase 



More than one phase? 



More than one phase? 

+ + + … 



Need for High Q 

Many more reflections at higher Q. 

Therefore, most of the structural information is at higher Q 



Peak Overlapping 



Peak Overlapping 

Single Phase 

Multiple Phases 



Multiple phase Rietveld 

Structure Refinement 

+ + 

Magnetite Goethite UO2 



Single Phase refinement 

Phase 1 

•! Scaling and Zero-Shift 

•! Background Fitting 

•! Stop, backup, adjust, iterate… 

•! Peak Positions (unit cell & symmetry) 

•! Profile (peak shapes) 

•! Allow atoms to move 

•! Bond lengths/angles constrained to help 
with O positions 



Multiple phase Rietveld 

Structure Refinement 

Phase 1 

Phase 2 

Phase 3 

•! Zero-Shift 

•! Background Fitting 

•! Peak Positions (unit cell & symmetry) 

•! Profile (peak shapes) 

•! Allow atoms to move 

•! Bond lengths/angles constrained to help with O 

positions 

•! Scale factor 

•! Peak Positions (unit cell & 

symmetry) 

•! Profile (peak shapes) 

•! Allow atoms to move 

•! Bond lengths/angles 

constrained to help with 

O positions 

•! Scale factor 

•! Peak Positions 

(unit cell & 

symmetry) 

•! Profile (peak 

shapes) 

•! Allow atoms 

to move 

•! Bond lengths/

angles 

constrained to 

help with O 

positions 

•! Scale factor 

One set of 
parameters for 

each phase! 



Multiple Rietveld Structure 

Refinement 

mp:Unit Cell mass 
Sph: Phase scale factor 

Phase 1 

Phase 2 

Phase 3 



Peak Overlapping 

Single Phase 

Multiple Phases 



Collect data on Calibrant 

under the same conditions 

!!Obtain accurate wavelength and 
diffractometer misalignment parameters 

!!Obtain the initial values for the profile 
function (instrumental only parameters) 

!!Refine polarization factor 

!!Tells of other misalignment and problems 



ZnSe:I+Internal Standard 

ZnSe:I (I~ 0.8 %wt) 
+ 

Si (NIST 640b SRM) 

Si 
Internal Standard  

Instrument paramaters 
Zero position/sample 

displacement 

ZnSe:I 
a=5.669(2) Å 

Reported value 
aZnSe=5.668(1)Å 

No significant change in 

crystalline structure due to I 

incorporation into lattice 

2theta=120 "Q~7 Å-1 



Powder diffraction 

Three different phases 
evolving as a function of 

U loading 

U U U 
U 

3 mM Fe(II) 

M 
M 

M 

M 
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M 

Gt 

Gt 
Gt Gt 
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0.00 mM U 3 mM Fe(II) 



0.17 mM U 3 mM Fe(II) 



0.30 mM U 3 mM Fe(II) 



0.50 mM U 3 mM Fe(II) 



0.80 mM U 3 mM Fe(II) 



Summary 

•!Multiple phase Rietveld Refinements has to be done if more than one phase is suspect to be present in a 
given material. (All of the phases even impurities) 

•!Same information as for single phase refinements could be obtained when refining multiple phases, 
including relative phase abundance. 

•!Depending on the crystallite size, crystallographic phase symmetry,  peak overlapping, complicates the 
actual refinement of a given structure. 

•!How to guess different crystallographic phases? 
•!Knowledge of your system. 
•! ICSD (http://icsd.fiz-karlsruhe.de)  
•! Powder Diffraction file (http://www.icdd.com/) 
•! TEM, elemental analysis etc. 


