
Procedure for Refinement/

Inverse Modeling  

Measure peak positions: 
Obtain lattice symmetry and point group 

Guess the space group.  
Use all and compare via F-factor analysis 

Guess the motif and its placement 
Phases for each hkl 

Measure the peak widths 
Use an appropriate profile shape function 

Construct a full diff. pattern and compare with measurements 

Stop, backup, adjust, iterate… 

Confirm that final structure makes sense 



Rietveld Refinement 

Non-linear least squares method 

Requires starting structure that is nearly correct 

Cannot determine structure, only refines it 

Examples shown here use General Structure Analysis System (GSAS; Larson and Von 
Dreele) and EXPGUI (Toby), but many Rietveld packages available. 



Rietveld Refinement Examples 

1. Bulk and nanoparticulate gold (Stubbs) 
2. Mixed phases and lattice parameter shifts  (Lezama) 
3. Solving an unknown structure (Stubbs) 



Peak positions  Interplanar spacings 
    size, shape & symmetry of unit cell 

Peak shapes and widths  Crystallite size & strain 
    also instrumental effects 

Intensities  Atom types & positions 
    also thermal motion, disorder, crystallite orientation… 

Example – gold powder 

E = 80 keV    = 0.1549 A   Q-range: 3.7-15 

(220) 

(311) 

(222) 

(400) 



Can be modeled separately and iteratively 

If unit cell contents unknown or uncertain, use Lebail fits  (Lebail et al., 
1988)  for unit cell constants and peak shapes (unbiased by assumptions 
about atoms) 



1. Fit background and scale 

Subtract background, but valuable info in diffuse scatter (Michel)  

X  observed 
 background 
 calculated 
 obs - calc 



2. Fit peak positions using zero shift and lattice 

parameter 

X  observed 
 background 
 calculated 
 obs - calc 



3. Model peak shapes 
Empirical pseudo-Voigt profile function with asymmetry corrections 

(Finger, Jephcoat, Cox) 
Assume Gaussian components from instrument (fix) 
Fit Lorentzian parameters for crystallite size and strain gradient 

Alternatively, use fundamental principles 

X  observed 
 background 
 calculated 
 obs - calc 



4. Fit unit cell contents 
Here, just the temperature factor for the Au atom. 

"A Rietveld refinement is never perfected, 

merely abandoned." Peter Stephens 

X  observed 
 background 
 calculated 
 obs - calc 



Bulk Gold   

a = 4.0717(1) Å 
Particle size ~ 400 nm 
Strain gradient = 0.40(2)% 

Nano-Gold   

a = 4.0668(5) Å 
Particle size = 1.76(6) nm 
Strain gradient =  4.0(4)% 

More later from Marc Michel… 



Refinement of multiple phases 

Juan Lezama – jlezama@slac.stanford.edu  



Dehydration of metatorbernite 

Cu(UO2)2(PO4)2 8H2O 

Solving the structure of a real unknown  
Stubbs et al., in press 
American Mineralogist 



Summary: Rietveld Refinement 

13 

• Powerful tool for structure validation and refinement when 
single-crystal XRD not possible 

• Allows for determination of non-structural parameters 
(particle size, strain, lattice parameters) even if unit cell 
contents unknown 

• When combined with other Fourier methods, can be used 
in structure solution – esp. if have a strong scatterer 

• But what if you know very little?  Marc Michel…. 



Rietveld Resources 

14 

Collaborative Computation Project 14:  http://www.ccp14.ac.uk 
 Links to crystallography software and resources 

Rietveld mailing list: http://lachlan.bluehaze.com.au/stxnews/riet/using.htm 
Brian Toby’s EXPGUI mailing list:  http://www.aps.anl.gov/mailman/listinfo/expgui 
To download EXPGUI and GSAS as a package: https://subversion.xor.aps.anl.gov/trac/EXPGUI 

Selected Software 
GSAS & EXPGUI 
Fullprof 
DBW 
MAUD 
Topas 

Online Resources 


