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Structure solution from PDF

Input: PDF
Output: nanoparticle structure
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Structure solution from Powder data:
Liga Algorithm 2006

• square-distances = [4×1, 2×sqrt(2)]

• octahedron-distances = [12×1,  3×sqrt(2)]

• minimized cost function:

Juhas, SJB et al., Nature 2006





Liga works!  But it isn’t a general solution to the Nanostructure 
inverse problem.  Why not?

60 atoms                                            ~64 atoms

C60 Ultra-small CdSe NPs



Successology



Problem

Well posed problem:

WELL POSED Problem!

Degrees of freedom in the 
model

Information in the PDF data

Bits of information



Problem

Ill posed problem:

ILL POSED Problem!

Degrees of freedom in the 
model

Information in the PDF data

Bits of information



Solution

1. Increase the information content from experiments

2. Decrease the degrees of freedom in the model

=> Complex modeling





Software infrastructure for doing that

Diffpy-CMI

























































With databases you can directly do data mining:
structureMining

• Upload a PDF and some basic compositional information and search for close 
matches, e.g., NaFeSi2O6 nanowire date

• Structure-mining found the same model as in prior work, MPD No. 1003 (NaFeSi2O6) and COD 
No. 2983 (NaFeSi2O6), s.g.: C 2/c.

• It also returns some structures with space group C 2, such as MPD No. 998 (Na0.83FeSi2O6), 
which may be viewed as a very similar structure but with a lowered symmetry and deficient 
atoms at some sites

• It also returns some structures substituting at Na or Fe sites by other elements. For example, 
MPD No. 1021 (NaGaSi2O6).



• Web platform developed as part of an NSF funded project, 
but nmfMapping App is a GENESIS product (Long Yang and 
Zach Thatcher)

• Upload a set of data (powder diffraction or PDF), get back the 
structure/space-group/NMF components and weights/Pearson 
matrix

PDFitc.org



Spatially Resolved PDFs
• Anton Kovyakh, Soham

Banerjee, Chia Hao Liu, Tom 
Mallouk





Installation announcement



Summary

• PDF continues to grow in popularity
– More and more materials of interest are nanostructured or amorphous

• PDF continues to become more powerful with faster measurements
– In situ, spatially resolved etc.

• This raises issues with data handling and modeling.  These are being 
addressed with high throughput analysis and modeling methods
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