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The Nobel Prize in Physics 1915

“for their semvices in the analysis of crystal structure by means

of H-rays"

Sir William Henry Bragg
I 1/2 of the prize

United Kingdom

London University

Londaon, United Kingdam

b. 1362
d. 1942

William Lawrence Bragg
@ 1/2 of the prize

United Kingdom

Victoria University
Manchester, United Kingdom

b. 1590
iin Adelaide, Australia)
d. 1971
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Bragg’s law

NnA=2dsIn@ ;

m  Assumes periodicity

=

m Average structure from Bragg
peak positions and intensities




m Traditional crystallographic approach to
structure determination is insufficient or
fails for

— Non crystalline materials

— Disordered materials: The interesting
properties are often governed by the
defects or local structure !

— Nanostructures: Well defined local
structure, but long-range order limited to
few nanometers (-> badly defined Bragg
peaks)

m A new approach to determine local and
nano-scale structures is needed.
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Nanostructures: Science (290) 2000

PDF opens the door ..
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Properties might depend on vacancy ordering !!

Cross section of 50x50x50 u.c. model crystal consisting of 70% black atoms and 30% vacancies !
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Bragg peaks areblind .

Bragg scattering: Information about the average
structure, e.g. average positions, displacement
parameters and occupancies.
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Diffuse scattering: Information about two-body
correlations, i.e. chemical short-range order or
local distortions.
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) short range order si

Disordered structure

MC cyeles: 20

Interactive Tutorial about Diffraction
Short range order simulator
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Finally the Pair Distribution Function (PDF)
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JIE. The PDF is the
1 Fourier transform of
l | Difference the total scattering

\ ﬂ diffraction pattern !

G(r) [A7%)

-10

e — e o~ g e —

: . TR b IR i : o oo g K . ' Proffen, Z. Krist, 215,
17 2 SN A e T 8 QuSea0 N1 12 19 14 661 (2000)
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Example:
Cqo - ‘Bucky balls’

10 20 30
Intra- domaln

Gp

ERAFE The PDF (similar to
the Patterson) is
obtained via Fourier
transform of the
normalized total
scattering S(Q):

PO [T U T I T T ST
4 6 8 10 12 14 16 18 20

G(r)——jQ[S(Q) 1]sin( Qr)dQ
Q=4rsin@/ A
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What is required to obtain high quality. PDFs ?

s - s o it M. o o LS i, P e gt ’

The PDF (similar to the Patterson) is obtained
via Fourier transform of the normalized total
scattering S(Q):

Requirements to obtain ‘good’ P

»High maximum momentum transfer, Q-
»High Q-resolution.

»Good counting statistics @ high Q.
»Low instrument background

Where ? ¥ :

Synchrotron sources or - Spalla ne _""[I’Oﬂ SOUI’CG&,
(high energy X-rays) =2 >,§reaetor neutron energles are tgolo’&v)«g
?fu&v /3 ;'_-f_‘ T m" :ﬂ ﬁ‘?a

g i LA-UR-05-0111
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What m akesago od PDF; In uen ce QL,Q res J ut| on .

*m

! I
_ NPD (Ad/d~0.15%)
Comparison of ol GLAD (Ad/d~0.80%) —
measurements of
Nickel powder on

instruments f

GLAD at IPNS and ot n W -
NPD at MLNSC.
=
\E' ID':'*,, y qfluf\ 13 Y n -
9] W
o1 -
El‘ . 1 . 1 . 1 ) -
80 85 90 956
r (&)

High Q resolution: Large r range (PDF dampened by exp -(r4Q)?%/2))
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Total neutron scatter

Why use neutrons ? N
= Sensitive to light atoms g"% i
(e.g. H) ]
X-ray and neutron scattering %5 / I
= Contrast by isotope Lengths for selected elements. ﬁ ! i
substitution i /*’ \ :
o f__/ K“‘“‘--h_____-
m Easy sample -QOOOO B e I R T
environment (T,p,..) i @ (rd)
Scattering from single atom
= No ‘formfactor’ (good for e

PDF) o000 OOO

O «O @
v O

m Weak = large samples & woO O =
long measuring times .. ::i-) 5 Qu

s LA-UR-05-0111
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High-Pressure-

i} . Single-Crystal
Preferred erentallon Diffractometer
Neutron Diffractometer
(SCD)

(HIPPO) /
High-Intensity _ Filter Difference
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(HIPD) -4 Surface Profile

~Analysis Reflectometer
(SPEAR)

' Low-Q
Diffractometer
(LaD)

Spectrometer for Materials™

Research and Temperature ’

Stress (SMARTS) \

Neutron Powdér Inelastic Cold

Diffractometer (NPDF) High-Résqution . \ Neutron Spectroscopy
Chopper Protein ————=" ;ys0)
= Crystallography

Spectrometer A

(Pharos) Station (PCS)  petector for Advanced
Meutron Capture
Experiments (DANCE)

NPDF
Flightpath 1

Total budget: $1.1 M
Pl. Takeshi Egami
Sponsors:

LANSGE- SPenn greyy  UCSE

BREGK =
&

UNIVERSITYy VIRGINIA etk

URIVIERITY
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Proffen & Page, Z. Krist. (2004), in press
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Domain structures : Pair Dis """utlengEu nCtIQﬂ |
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m Top: Refinement of e ' ' ' 6:15% | | ]
single-phase model with ‘
blue/red fractional

10
T

T i

occupancies (O). — £
% =, ki S

m Bottom: Refinement of
same model for 5A wide
sections.
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— Multi phase models gt HEE T
— Modeling of boundary g 4
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m Analysis of total scattering gives valuable
insight in structure < properties
relationship pi1 M " Siructoral Analysis of

Complex Materials

PERGAMON MATERIALS SERIES
SERIES EDITOR: R.W. CAHN

by
‘T. EGAMI

m  High-resolution instruments open the door : 1nd ) L BLLINGE
to medium-range order investigations |

m  Obtain structural information from . o
disordered crystalline, amorphous of Pergamon
composite materials

m Fast powder measurements allow Am[mwm\
systematic exploration of local structure = s

as function of T, x, P

http://www.totalscattering.orqg
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“Complete” Structure of
Gold Nanoparticles

Katharine Page

7
/LosAlamos Thomas Proffen

Ram Seshadri
Tony Cheetham

Facilities: Lujan
Funding: DOE, NASA
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rticles : Why PD
v Tt e P B it #_‘. - .‘ * e g

m Nanoparticles often show different
properties compared to the bulk.

m Difficult to study via Bragg diffraction
(broadening of peaks).

m PDF reveals “complete” structural
picture — core and surface.

. This Study: rE i -:- = e - ..Tota|=148

[ ] Average grain size = 3.6 nm
40
— 5nm monodisperse Au nanoparticles ]
— 1.5 grams of material
— Neutron measurements on NPDF 5
’ L

1-192-293-394-495-59
Grain size [nm]

A LA-UR-05-0111
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Au nanoparticles : Nang.vs. b

;_ \l 'I'-:n!,'_u l‘ I %{,* “JJL“,LIFLI ||1'“nH LI l ’l o lu L‘m L.1
B IIUN i PN ‘I TPy

10 20 30 40 50 60 70 80 90
r (A)
100A

Experimental PDFs of gold nanoparticles and bulk gold, measured on NPDF.
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m PDF from nano- and
bulk gold refined using

16

PDFFIT. ﬂ

12 4

m Nanoparticles show
“normal” gold
structure.

G(n (A%
N\

AN

Au-capping layer distance (Au-S)

= No indication of N
surface relaxations.

u abulk < a‘nano

6

m Indication of Au-cap

distances

“« Los Alamos

LA-UR-05-0111

r(A)

—10 K — FCC Model

K.L. Page, Th. Proffen, H. Terrones, M. Terrones, L. Lee, Y. Yang, S. Stemmer, R. Seshadri and A.K. Cheetham,
Direct Observation of the Structure of Gold Nanoparticles by Total Scattering Powder Neutron Diffraction,
Chem. Phys. Lett. , accepted (2004).




m Analysis of total scattering gives valuable
insight in structure < properties
relationship pi1 M " Siructoral Analysis of

Complex Materials

PERGAMON MATERIALS SERIES
SERIES EDITOR: R.W. CAHN

by
‘T. EGAMI

m  High-resolution instruments open the door : 1nd ) L BLLINGE
to medium-range order investigations |

m  Obtain structural information from . o
disordered crystalline, amorphous of Pergamon
composite materials

m Fast powder measurements allow Am[mwm\
systematic exploration of local structure = s

as function of T, x, P
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