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Atomic scale structure

ÅA knowledge of atomic-scale structure is a prerequisite to 

understanding and controlling material properties

ÅCrystallography provides robust, quantitative structure solutions 

for crystals but fails for non-crystalline materials

ÅDiffraction methods still provide useful information
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Obtaining the PDF

Raw data

Structure function
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But there is no information at high-Qé?

<f(Q)>2
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What is the PDF?

ÅSit on an atom and look 

at your neighborhood

ÅG(r) gives the 

probability of finding a 

neighbor at a distance r

ÅPDF isexperimentally 
accessible

ÅPDF gives thelocal
structure
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Modeling the PDF

ÅModel data:

ïPDFgui (www.diffpy.org)
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Computational issues: A Brief History of PDF

ÅPieter Debye, 1912:

ÅFritz Zernike and Jon Prins, 

1927:
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History

Tarasov, L. P., and Warren, B. E., (1936) J. Chem. 

Phys., 4, 236.

X-ray PDFs of molten sodium

Debye and Menke, Z. Phys. (1930)

PDFs of mercury
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History of PDF

ÅEarly 1930ôs
ïComputer: slide rule
ïTime to Fourier transform: few days
ïTime to paper: 6 months
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History

Disordered Carbon

Warren, B. E., (1934) J. Chem.

Phys. 2, 551.

Franklin R. E. (1950) Acta

Crystallogr. 3, 107

Franklin R. E. (1951) Proc. R.

Soc. London A,. 209, 196
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History of PDF

Å1930ôs
ïComputer: slide rule
ïTime to Fourier transform: few days
ïTime to paper: 6 months

Å1950ôs
ïComputer: Beevers Lipson strips + pen + paper
ïTime to Fourier transform: ñThe whole procedure is very simple 
and it is readily performed in three or four hoursò-B.E. Warren

ïTime to paper: 6 months
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Beevers Lipson strips

Gould BCA 

newsletter
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History

PDFs from crystalline 
Aluminum

R. R. Fessler, Roy Kaplow and B. L. 
Averbach, Phys. Rev. 150, 34 
(1966).

First use of Reverse-Monte-
Carlo refinement

Kaplow R, Rowe, T. A. and Averbach, 
B. L. (1968), Phys. Rev. 168, 1068.
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20 years lateré

Combine Monte-Carlo modelling with crystalline 

PDFs to get real, quantitative, local structural 

information: the first such paper was on Tl 

high-Tc superconductors

B. H. Toby, T. Egami, J. D. Jorgensen, and M. A. 

Subramanian, Phys. Rev. Lett. 64, 2414-2417 

(1990)

And yet 20 years 

on Brianôs still 

confused about 

the subject
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History of PDF

Å1930ôs
ïComputer: slide rule
ïTime to Fourier transform: few days
ïTime to paper: 6 months

Å1950ôs
ïComputer: Beevers Lipson strips + pen + paper
ïTime to Fourier transform: ñThe whole procedure is very simple 
and it is readily performed in three or four hoursò-B.E. Warren

ïTime to paper: 6 months

Å1980ôs
ïComputer: DEC microvax
ïTime to Fourier transform: ~15 mins.
ïTime to paper: 6 months
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PDF of crystals: the early days

ÅMicrovax: 16Mb memory, 100Mb 

hard drive

ÅPDFvax: 6 students, 2 

postdocs, no crashes
Å Picture credit: Tom Carlson

Location: Williamsburg, VA 

Å Well, my employer was re-modeling the 

basement and they were going to throw it 

out! Look at it! Would you let them just 

toss it! I think not. (And to think, they kept 

the AS/400! What were they thinking?) So 

I somehow wedged both towers into my 

Volkswagen and went to pick up my wife 

at her work. I could tell you what she said, 

but I like schools to be able to link to here.
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History of PDF

Å1930ôs
ïComputer: slide rule
ïTime to Fourier transform: few days
ïTime to paper: 6 months

Å1950ôs
ïComputer: Beevers Lipson strips + pen + paper
ïTime to Fourier transform: ñThe whole procedure is very simple 
and it is readily performed in three or four hoursò-B.E. Warren

ïTime to paper: 6 months

Å1980ôs
ïComputer: DEC microvax
ïTime to Fourier transform: ~15 mins.
ïTime to paper: 6 months

Å2000ôs
ïComputer: 3 GHz Pentium PC
ïTime to Fourier transform: <1 second
ïTime to paper: 6 months
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Recent Developments

Å Modern experimental methods

ï X-rays

ï Neutrons

Å High sensitivity

Å High resolution

Å High throughput ïSpecial environments

Å Nanostructured materials

Å Advanced Modeling
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The Atomic Pair Distribution Function (PDF) Method

Å Use modern high intensity x-ray and neutron 

sources to collect unprecedentedly precise data

Å Utilize all the information: Bragg and diffuse 

scattering

Å Use modern computing capabilities to analyze, 

model and visualize the data

Å Chupas SJB et al., J. Appl. Crystallogr. 
(2003)

Å Billinge-group, BNL, SUNY-SB, APS 
collaboration
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Rapid Acquisition PDFs

Fast x-ray PDFs

ï Four orders of magnitude decrease in data 

collection time!

ï Nickel data, 1s collection time, Qmax 28 Å-1

ï Developed in collaboration with Xiangyun 

Qiu, Pete Chupas, Jon Hanson, Peter Lee 

and Clare Grey
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NPDF at LANSE

RAPDF with Neutrons

GEM at ISIS

POWGEN3 & 

NOMAD at SNS
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High Sensitivity
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Nanoporous Materials: novel reducing agent

Å Na in Silica gel

Å Importance:

ï Stable, non pyrophoric, strong reducing agent 

for organic synthesis and hydrogen production

Å Question being addressed:

ïEasy to makeébut what the heck is it?

Å Collaborators:

ï Jim Dye 

ï Mouath Shatnawi, Gianluca Paglia

Å Data:

ï X-ray RAPDF from 6IDD (MuCAT) at APS
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M. S. Shatnawi et al. submitted, (2006)
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Sequestering mercury in nanoporous silica

Å Mouath Shatnawi, HyunJeong kim, Collaboration 

with Tom Pinnavaia and Emily McKimmy, 

Å Functionalize the nanoporous silica with 

mercaptan

Å Sucks up mercury like a sponge

Å What is the nature of the binding in the pores?

Å Pores are disordered within an atomically 

disordered silica framework. Can we make any 

progress?

Å PDF data collected at APS sector 6 (MuCAT) and 

sector 11

Si S-H

O

O

O H g
2+

Si SO
O

H g

O H

H g

O

O

Si SO H g

O

O

O H


