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You could have access to a synchrotron!

Through the LAAAMP 2023 FaST grant program

Goal of this talk:
1. What could you do to study complex material structure-property 

relationships if you had access to a synchrotron
2. What capabilities are present at NSLS-II at Brookhaven National 

Laboratory and Diamond Light source in UK
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Columbia University in the City of New York
Brookhaven National Laboratory

National Synchrotron Light Souce-II (NSLS-
II) =>

• XPD beamline
• Coherence
• Small beams
• High energy resolution
• Resonant scattering
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Current paradigm for materials discovery

• Key step is Diffraction -> Structure solution.  Understanding flows from 
that.

• The structure solution step is crystallography
– According to IUCr, 48 nobels associated with crystallography (some loosely!)

• Crystals are idealizations of real material structure

Synthesis Material Diffraction
Structure
Solution DFT/MD Properties Understanding

experiment
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Real Materials: more complex than ideal crystals
• Real-Material Structure model:

– Crystal structure (if there is one)
– Morphology (could be nano)
– Surface reconstruction
– Surface termination/dressing (ligands etc.)
– Interfaces
– Heterogeneities, phase separation
– Point defects
– Extended defects
– Chemical short-range order
– Distortive short-range order
– …

Real material properties depend sensitively on crystalline imperfections
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Real Materials



http://thebillingegroup.com

The Nanostructure Problem

• Problem:
– Here is a nanoparticle, what is its 

structure?

• Solution:
1. Give it to your grad student
2. She puts it on the x-ray machine
3. …Pushes the button
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The atomic Pair Distribution Function

Raw data

Structure function
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Sample is C60 Buckey balls

•Sit on an atom and look 
at your neighborhood

•G(r) gives the 
probability of finding a 
neighbor at a distance r

•PDF is experimentally 
accessible
•PDF gives the local
structure
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Thin film PDF at normal incidence

Jensen, Iversen, 
Johnson, 
Dooryhee SJLB 
et al. IUCrJ
(2015)
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XPD (28ID-2) @ NSLS-II

Google “XPD NSLS II”
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PDF (28ID-1) @ NSLS-II

Google “XPD NSLS II”



http://thebillingegroup.com

XPDF (I15-1) @ Diamond LS (UK)

Google “i15-1 Diamond”
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Mail in programs
• Opportunity to get Synchrotron powder diffraction data without 

traveling to the facility
• Search for “mail in programs”

– Beamline 11BM at APS (search “11BM APS”)
– Beamline PDF at NSLS-II (search “PDF NSLS II”)(future capability)
– Easy Access at I15-I at Diamond (search “i15-1 easy access”) 
– Email me (Simon Billinge, sb2896@Columbia.edu)

• Workflow
– Submit a short proposal
– Get approval
– Receive info about how to prepare your samples
– Make samples and send to facility by DHL/Fedex
– Receive data from the facility
– Carry out the analysis yourself (get help from collaborators if needed)

mailto:sb2896@Columbia.edu
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Help getting started with PDF

• For help getting started with PDF
• For advice and help with LAAAMP FaST proposal development
• Please reach out to me by email

Prof. Simon Billinge
Email: sb2896@columbia.edu
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