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A A knowledge of atomic-scale structure is a prerequisite to
understanding and controlling material properties

A Crystallography provides robust, quantitative structure solutions
for crystals but fails for non-crystalline materials

A Diffraction methods still provide useful information



Counts

200 300 400 500

100

-8

T =

Structure functior

1 1 1 1 1
8 10 12 14 16 ia8
(&)




| (@ u)

50 03 06 09 12 15 1.8 21 24

CdSe nanoparticle 2nm -

F (&™)
09 18 27 36 45

o-18-08 0




ASit on an atom and look
at your neighborhood

AG(r) gives the
probability of finding a
neighbor at a distance r
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A Model d




| A Pieter Debye, 1912:
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A Fritz Zernike and Jon Prins,
1927:

4’ p(r) = 4m” p, +— jqz(q)smqrdq
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X-ray PDFs of molten sodium




AEarly 19300s

I Computer: slide rule
Time to Fourier transform: few days
Time to paper: 6 months




Disordered Carbon
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A19306s

I Computer: slide rule
i Time to Fourier transform: few days
I Time to paper: 6 months

A19506 s

I Computer: Beevers Lipson strips + pen + paper

I Ti me to Fourier transf or m:
and it 1 s readily per {-BE \Waerdn

I Time to paper: 6 months
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il( Jg f‘a o L Combine Monte-Carlo modelling with crystalline
RN N/ ‘1__\ /\ FIN PDFs to get real, quantitative, local structural
i ' c information: the first such paper was on Tl
| \ﬂ\/\/JM high-Tc superconductors
- T - . B. H. Toby, T. Egami, J. D. Jorgensen, and M. A.
e Subramanian, Phys. Rev. Lett. 64, 2414-2417

' (1990)
What's this all about?

And yet 20 years
on Bri an|o
confused about
the subject




A19306s

I Computer: slide rule
i Time to Fourier transform: few days
i Time to paper: 6 months

A19506 s

I Computer: Beevers Lipson strips + pen + paper

I Tt me to Fourier transfor m:
and it 1 s readily per {-BH \Waerdn

I Time to paper: 6 months

A19806s
I Computer: DEC microvax
i Time to Fourier transform: ~15 mins.
i Time to paper: 6 months
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A Microvax: 16Mb memory, 100Mb
hard drive

PDFvax: 6 students, 2

postdocs, no crashes

Picture credit: Tom Carlson
Location: Williamsburg, VA

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! | think not. (And to think, they kept
the AS/400! What were they thinking?) So
| somehow wedged both towers into my
Volkswagen and went to pick up my wife
at her work. | could tell you what she said,
but I like schools to be able to link to here.
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A19306s
I Computer: slide rule
i Time to Fourier transform: few days
I Time to paper: 6 months

A19500s
I Computer: Beevers Lipson strips + pen + paper
r

I Ti me to Fourier transform: ANThe w
and it 1 s readily per -BBEWearen i n t h
i Time to paper: 6 months

A19806s
I Computer: DEC microvax
I Time to Fourier transform: ~15 mins.
I Time to paper: 6 months

A20006s
I Computer: 3 GHz Pentium PC
I Time to Fourier transform: <1 second

T Timeto iaier: 6 months



A Modern experimental methods
I X-rays
I Neutrons

High sensitivity
High resolution
High throughputi Special environments

Nanostructured materials

o o T Do D>

Advanced Modeling
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A Use modern high intensity x-ray and neutron
sources to collect unprecedentedly precise data

A Utilize all the information: Bragg and diffuse o | X
scattering ! ) > e %\

A Use modern computing capabilities to analyze, T
model and visualize the data
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A Chupas SJB et al., J. Appl. Crystallogr.
(2003)

A Billinge-group, BNL, SUNY-SB, APS

collaboration



Fast x-ray PDFs

Four orders of magnitude decrease in data

collection time!

Nickel data, 1s collection time, Q,., 28 Al

Developed in collaboration with Xiangyun
Qiu, Pete Chupas, Jon Hanson, Peter Lee
and Clar~ 7~
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GEM at ISIS

POWGENS &

NOMAD at SNS
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High Sensitivity
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TABLE I: Refined dual-phase structure of the Na-SGII ma-
terial.
Na28i03
a{A) =1043, b(A) = 6.11, ¢(A )= 4.93
Atom X v z U(A?)
Na(8h) 0.165 0.347 0.00 0.015
Si(4da) 0.00 0.118 0.481 0.068
O1(4a) 0.000 0.113 0.811 0.041
0O2(8b) 0.123 0.281 0.5 0.024

=5 -4 -3 -2 —i

=6

NaSi
a=12.72A b=7.25A ¢=10.56A

Atom X v z U(A?)
Nal(8f) 0.292 0.732 0.353 0.009
Na2(8f) 0.678 0.0458 0.513 0.011

Si1(8f) 0.447 0.252 0.323 0.011
Si2(8f) 0.624 0.553 0.359 0.031

M. S. Shatnawi et al. submitted, (2006)




Mouath Shatnawi, HyunJeong kim, Collaboration /
with Tom Pinnavaia and Emily McKimmy, o—/i/\/\s-H to He”
Functionalize the nanoporous silica with 0

mercaptan
Sucks up mercury like a sponge
What is the nature of the binding in the pores?

Pores are disordered within an atomically
disordered silica framework. Can we make any
progress?

A PDF data collected at APS sector 6 (MuCAT) and
sector 11
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