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Overview
1. What is PDF (brief)?
2. Small sample of science that can be done with PDF
3. What is the state of the art in PDF methodology

1. Time resolved studies
1. In situ measurements
2. Ultra-fast PDF

2. Spatially resolved studies
1. Scanning nanostructure X-ray microscopy
2. Scanning nanostructure Electron microscopy

3. Textured samples and samples with preferred orientation
4. High throughput analysis and modeling

1. Automasking of 2D images
2. Feature tracking
3. Non Negative Matrix Factorization
4. High throughput modeling
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What is PDF
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The atomic Pair Distribution Function

Raw data

Structure function
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Nanostructure refinement 
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Pair distribution function (PDF) gives 
the probability of finding an atom at a 
distance “r” from a given atom.
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PDFs from laboratory 
microscopes

• Milinda Abeykoon, SJLB et al, Z. Kristallogr. 227, 248-256 
(2012)

• Abeykoon, SJLB, et al., J. Appl. Crystallogr. 48, 244-251 
(2015)
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Au (1000) Å particles

ePDF

xPDF
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What science can be done with PDF?
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Time resolved PDF

In situ studies
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In Situ
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Time resolved PDF

Ultra-fast PDF
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Spatially resolved PDF

Thin-film PDF and SNXM
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Spatially Resolved PDFs
• Anton Kovyakh, Soham

Banerjee, Chia Hao Liu, Tom 
Mallouk
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Spatially resolved PDF

SNEM
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PDF tomography (ctPDF)
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Crystalline Texture
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High throughput data analysis and modeling methods
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�

~3 nm Pd nanoparticles

With databases you can directly do data mining:
clusterMining

Banerjee, S., et al. Acta Cryst A 76. 
https://doi.org/10.1107/S2053273319013214
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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).
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• 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
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Upload a PDF, click go
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Wait seconds - minutes
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Get your CIFs back
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Pdfitc.org will do this for you with no programming 
experience

• More functionality will be added in the future
– Ability to share and publish data
– REST-API so you can access services 

programmatically 
– New Apps (e.g., DeepStruc)
– ...
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Extracting meaning from large sets of data

• E.g., 200 datasets from an in 
situ battery discharge 
experiment

• Small number of chemical 
species are coming and going

• Applied Math knows no 
chemistry, but unsupervised 
learning methods can find the 
signals (components) of the 
different chemical 
components automatically
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Non negative matrix factorization (NMF)

• Collaboration with Karina 
Chapman group

• Ground truth
1. Simulate 3 PDFs of 3 phases 

of a battery materials
2. Stipulate how they appear 

and disappear with time
3. Make PDFs that are linear 

combinations with these 
weights

4. Run NMF on them
• Liu, SJLB, et al., J. Appl. Crystallogr, 

(2021) 10.1107/S160057672100265X
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Pearson
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Pdfitc.org will do this for you with no programming 
experience

• More functionality will be added in the future
– Ability to share and publish data
– REST-API so you can access services 

programmatically 
– New Apps (e.g., DeepStruc)
– ...
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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.

• ePDF is set to become widely used because of its ease and ability to 
study very small volumes, and ease of doing spatially resolved at the 
nanometer lengthscale

• This raises issues with data handling and modeling.  These are being 
addressed with high throughput analysis and modeling methods
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Science in the Zoom times
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