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The challenge of real materials

 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 Nanostructures: Science (290) 2000
structure, but long-range order limited
to few nanometers (-> badly defined
Bragg peaks)

* An approach to determine local and nano-
scale structures is needed.
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Total scattering ?

Cross section of 50x50x50 u.c. model crystal consis  ting of 70% black atoms and 30% vacancies !
Properties might depend on vacancy ordering !!
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How about powder diffraction ?
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Finally the Pair Distribution Function (PDF)

T T T T T T emical SR0 —— |  The PDFis the
Random Fourier transform of
Difference ' the total scattering
- | “ n diffraction pattern !
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What is a PDF?

A . Example:
~ Cqo - ‘Bucky balls’
p g |
gl
Y

Intra-domain Q@Y

The PDF (similar to
the Patterson) is
obtained via Fourier
transform of the
normalized total
T e R

G(r) = 2 [ QIS(Q) - 1sin(Qr)dQ

s Los Alamos Q= 4775@/]
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Instruments
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What is required to obtain high quality PDFs ?

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

Requirements to obtain ‘good’ PDF:

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

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

Where ?
Synchrotron sources
(high energy X-rays)
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What makes a good PDF: Influence of Q
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Termination of integral
at Q. results in
convolution of G(r) with

Sin(Q . NIT.

ZnSe, ;Te, ; data
collected on GEM
terminated
at 40 A-land 17 A1

NN split unresolved
at17 A-11
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What makes a good PDF: Influence of Q resolution ...

I ! I ! I
NPD (Ad/d~0.15%)
GLAD (Ad/d~0.60%) ———

Comparison of

=1 I -
measurements of -
Nickel powder on I
Instruments f
GLAD at IPNS and ol W i

NPD at MLNSC.

G(r)

| LU
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B0 B85 20 85
r (8)
High Q resolution : Large r range (PDF dampened by exp -(r 4Q)?%/2))
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NPDF: Overview

e Specifications @r
— Upgrade finished Sep. 2002 had
— L1:32m, Q,,,,=50A"1, Ad/d=0.15%
— Typical PDF measurement 1 - 4 hrs
— Sample amounts down to 200 mg
— Ancillary: 10K-1500K, soon: 0.5K, 11T

e Science
— 95% PDF studies, hard matter
— Many users new to PDF
— Oversubscription in 2006: ~1.6

e Software
— Web based instrument interface
— Automatic creation of PDF
— Integration in SNS data portal (soon) —

Applt ptolemy.plot plotml. PlotLApple started
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Upgrade project NPDF (PI: Takeshi Egami)
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X-ray PDF: The fast way

a Exposure: 25 sec ! Image
detectc
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[\ / /\/\/Wf\/\" P.J. Chupas, X. Qiu, J.C. Hanson, P.L. Lee, C.P. Grey and
A‘\Mf\f o S.J.L. Billinge,Rapid-acquisition pair distribution
function (RA-PDF) analysis J. Appl. Cryst36, 1342-1347
15 (2003).
r (11)
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X-ray PDF: In house measurements

_ Huber Gunier diffractometer
fci-Ho-Mg-Zn Q.= 13.5A!

2/1—model for feci—HoSMgRE67Zn&4
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Modeling

and

Software

> Los Alamos P
NATIONAL LABORATORY UNCLASSIFIED LUJAN CENTER

EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA U Virginia — November 2007 é@; I WA | =%
@ INVSE



UNCLASSIFIED

Outline

* What to do with your PDF ?

e Give it to your favorite theorist.

* Try ‘experimentalists’ modeling on a structural model

— A new parameter —r

— Small models: Least square refinements
— Large models: Reverse Monte Carlo

— Any model:  Evolutionary Algorithms
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Refinement range — length scales in structure
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e Simulated structure of
20x20x20 unit cells.

e Matrix (M): blue atoms

e Domains (D): red
atoms, spherical
shape, d=15A.

Simulated using
DISCUS.

Th. Proffen and K.L. Pag€§btaining Structural
Information from the Atomic Pair Distribution
Function, Z. Krist.219, 130-135 (2004).
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Refinement range —

Top: Single-phase
model with blue/red
fractional
occupancies (O).

Bottom: Refinement
of same model for
5A wide sections.

Extensions:
— Multi phase models

— Modeling of
boundary

— R-dependent
refinable mixing

parameters
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Refinement range — the mystery of LaMnO

3

DISTORTED OR NOT DISTORTED?
Study of the Jahn-Teller distortion in LaMnO,

™NE
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Local Structure: rmo X (A)

Jahn-Telier distortion persists
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| Long Range Structure:
Jahn-Teller distortion disappears

at high temperature

X. Qiu, Th. Proffen, J.F. Mitchell and S.J.L.
Billinge, Orbital correlations in the pseudo-
cubic O and rhombohedral R phases of

LaMnO3, Phys. Rev. Let@4, 177203 (2005).
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PDFit

Refining a small
structural model to the
PDF
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PDFfit: Refinement of a small structural model

* “Real space Rietveld

e Refinement of

structural parameters:

lattice parameters,
atom positions,
occupancies, adp’s, ..

* Small models (<200
atoms).

e Corrections for Q.
Instrument resolution,
correlated motion.

 Software: PDFit,
PDFfit2 and PDFGui.

/A
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Example: Is sandstone simply quartz ?
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K.L. Page, Th. Proffen, S.E. McLain, T.W. Darling and J.A. TenCaieal

Atomic Structure of Fontainebleau Sandstone: Evidence for an
Amorphous Phase ?Geophys. Res. LeB1, L24606 (2004).
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PDFqgui — looks cool ..

8 tutorial.ddp (C:\Thorq?s\documen{s\preserrtaﬁ ons\teaching\PDF-Tutorial-CD\PDF-05-2007\wor... g @ﬁ
File Edit Wiew Fits Phases Data Calculations Help

HEE S a0
|FitTree

W Conﬁgurel Constraints  Resuits I

= @ Average
18] ZnSeTe_average ‘ Phase Results |
npdf_00403.gr !
] pistorted . 5 [5.88837 b [5.88837 c |5.88837
gz alpha [50.0 beta [30.0 gamma [30.0
[ npdf_oo403.gr ! I I
Scale Factor |0.869477
deltal [2.37187 delta2 [0.0
sratio |1-0 reut Iﬂ-ﬂ
v Imo-template.ddp (~/tutorial/Imo-template.ddp) - PDFgui =|all* Included Pairs !a\l-all
File Edit View Fits Phases Data Calculations Help | | T I
- |dem| b | i | z | wuil ‘ u22 | u33 ||l12|u13iu23||xx:
3 |
Ed e 6@ 1[n]-0.00936085 |-0.00935065 -0.00936065 0.0143455 0.0143455 0.0143455 0.0 0.0 0.0 |10
Fit Tree B [ conniqure | Canatrants | Resus 2|zn  |0.00936065 |0.509361  |0.509361  |0.0143455 0.0143455 |0.0143455 0.0 (0.0 0.0 |10
: T ) 3/zn 0490633 000936065 0490633 0.0143455 0.0143455 0.0143455 0.0 0.0 0.0 |10
S 4|zn  0.509361  0.509351  0.00936085 0.0143455 0.0143455 0.0143455 0.0 0.0 0.0 |10
u33(20) 5[Te  |D.256135  |0.243875  |0.256125  |0.00629889 0,0062988% 000629889 0.0 0.0 (0.0 |10
m]mm( 0.035 T T T T T T U33(20—| step 15e -0.256125 -0.243875 0.243875 0.00629889 0.00629839 |0.0052%888 0.0 0.0 0.0 |10
[ j
Y TE -0.243875 0.256125 -0.255125 0.0062938% 0.006259839 |0.00529838% 0.0 0.0 0.0 |10
e Imo-pbnm-550 .
E pi 0.030 ‘”I_.‘., . deltal SE 0.256125 -0.243875 -0.256125 0.0062933829 0.00629335 |0.00529838 0.0 0.0 |0.0 (1.0
X lat(1)
lat({2
e ) orttz o s
] ssok.gr - P at(3) - - = = o
g P pscale 11: 0.006123  20: 0.008115  21: 0.008383 [ﬂ
e { i ullfl
~ [Eimo-pbnm-650 | @ 0-020 g (1 chisg.: 1877.74 red.chisqg.: 2.10038 Rw: 0.137458 stagnating
fua] ull(2;
[re—— I
- - ul1(3) ITER: B
X 0.015¢ 5 ul1(4)
|temperature v u11(s) Refinement parametazs :
) 1 5.833366 100: 0.863477 101- 2. 371866  10- 0.014345
?——7-— 0.010f u11(6) 11: 0.0082%3  20: 0.009381  21: 0.008125
|u33(17) £ ul1(7)
iuss(la) ot . u11(a) M chisg.: 1877.72 red.chisg.: 2.10035 Rw: 0.137457 stagnating
u33(19) ! EUU 400 500 600 700 800 900 1000 1100 1200 —
temperature offset |-5 =
|x(1) ~] g Resi . -
| = = 7 - o, Refinement parameters :
Lo . 'ﬁ & % "f' & | =) | % |x=720.0 y=00117582417582 L = | Resat | [v]
L — : T — 4]
offset '3 B
<] [T

http://www.diffpy.org

» Los Alamos W

A -

NATIONAL LABORATORY UNCLASSIFIED LUJAN CENTER
EST.1943

Operated by the Los Alamos National Security, LLC for the DOE/NNSA U Virginia — November 2007 oo Y

" a7~
AT\~




UNCLASSIFIED

RMC

Shaking a big box of
atoms.

Courtesy of M. Tucker,
ISIS
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Reverse Monte Carlo

e Commonly used to model glasses and liquids (no long
range order).

* Recently applied to disordered crystalline materials.
e Large model structures.
* Importance of constrains.

* Unigueness of solution ?

R.L. McGreevy and L. PusztdReverse Monte Carlo Simulation: a New
Technique for the Determination of Disordered Structures Mol. Simul.1, 359-
367 (1988).

M.G. Tucker, M.T. Dove and D.A. KeeApplication of the Reverse Monte
Carlo Method to Crystalline Materials , J. Appl. Cryst34, 630-638 (2001).
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RMC: How does it work ?

Initial fit
to data

starting
values

Reverse
Monte

Carlo
algorithm

A
> LE?S. Alamos

NATIONAL LABORATORY

with  |=P

Change
variable
at
random

" — to datay?

Calculate new fit

|1~4

Keep change
with a certair
probability

v

e e

Keep
change

v

Repeat until an acceptable
fit is obtained
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Include Bragg intensities ..

Use GSAS to fit ° RMCProfile calculates the
Peak shape intensities and then produces
Background the profile.
: N\ 3\ |12 2
Lattice parameters + Zj:| | o (6) = Sl (W) 1 07
3.5
3 |
2.5
=15 MMVM ML
= 15 -
. v \
05 B e P Y AN FVIY W P N UV W NP ST N PN P DR PR
O T T T T
7000 9000 11000 13000 15000 17000
tof(us)
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Software: RMCprofile and DISCUS

* RMCprofile

— Atomic configurations ~600 to
20000+ atoms

— Fit both X-ray and neutron F(Q)

— Fit G(r)

— Fit Bragg profile (GSAS tof 1,2 & 3)
— Polyhedral restraints

— Coordination constraints

— Closest approach constraints

* Produce a static 3-D model of the
structure (a snap-shot in time)

e Link: http://www.isis.rl.ac.uk/RMC

» Los Alamos
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@ RrRMC

Fle Edt View Higtory Bookmarks Tools Help

B Lujan Budget @ Lujan Forum

- Mozilla Firefox [, mEx)

B = [E mw/voniss dacaric @ [ Q

RMC homepage

About

Programs

Downloads

Useful links

Related sites

Contacts

ATOR & TARGET | NEUTRON SITES | CONTACTS

Reverse Monte Carlo
Welcome

Welcome to the Reverse Monte Carlo (RMC) pages at the
ISIS facility.

RMC is a general method for modelling the structures of
disordered materials - liquids, glasses, amorphous materials,
disordered crystals - based on experimental data from neutron
diffraction, X-ray diffraction and EXAFS. Constraints based on
chemical information, NMR, EPR etc can be applied to models.
RMC can also be used to model magnetic structures.

The site contains programmes and information that can be
used freely for non-commercial applications. All use should be
acknowledged in a reasonable way when the results of
research using RMC programs are published, and this Web
page should be referenced.

At the moment this site only contains windows executable,
Linux and Mac version will be added as they become available
and if there are requested.

News

These pages are still under construction, so please let me
know if you would like something to be added. The aim is to
form a new home for the RMC code following the closure of
the Studsvik Laboratory.

Done
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DIFFEV

Refining parameters of
a disordered
particle/crystal

Courtesy of R.B. Neder,
U Wirzburg
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DIFFEV: Refining model parameters

e PDFfit and RMC
— Refine structure directly in terms of atom
coordinates etc ..
— Difficult for complex systems

e Alternative
— Refine parameters of a structural model and
not each atom.
— Example nanoparticle: diameter, atom
spacing, stacking fault probability, ...
— Choose minimization — here DIFFEV

/A
5 Lc?s Alamos
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Example: ZnSe nanoparticles - Model

create a large single Wurtzite layer A/B

Stack along c (with faults)

Cut to proper size
Calculate PDF / powder pattern

Repeat and average

Repeat with new set of parameter
using a Differential Evolutionary Scheme

{110} and {001} Software: DISCUS and DIFFEV
a
s Lc?sAIamos
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Example: ZnSe nanoparticles - Results

C. Kumpf, R.B. Neder et alStructure
determination of CdS and ZnS
nanoparticles: Direct modeling of
synchrotron-radiation diffraction data , J.
Chem. Physl23 224707 (2005).

—_— EXp
— calc

* Results: ar ﬂ .
— a=3.973A, c=6.494A ol
— Diameter ~26A 5
— Stacking fault prob. 70%
N e
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How to model PDF data ?

e Single peak fitting

— PDF peak position / widths as function of T,x,P,..

— PDF peak widths as function of r = correlated motion, ..

 Modeling based on structural model

— Comparison to average crystal structure
— DISCUS: Large model systems, using e.g. RMC
— PDFFIT: ‘Real space Rietveld’ (few unit cells)

e Compare to theoretical predictions
— let the theorist do the work ..
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Challenge software — exciting developments ..

8 tutorial.ddp (€:\Thomas\documents\presentati ons\teaching\PDF-Tutorial-CD\PDF-05-2007\wor... [_:;] ﬁ
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http://discus.sourceforge.net

http://pdfgetn.sourceforge.net

& DISCUS Package Home Page - Mol3lia Firefox

& PDFgetN Home Page - Mozilla Firefox

M= X

S P e s el G

Fle Edit View History Bookmarks Tools Help

@)\.D @ O a é (2 hitp://discus.sourceforge.netf

V@) =on

se caltech logo

@ o 2 @j ~ @ @ [ http://pdfgetn.sourceforge.net/

& | @ ePpICIO. *J DISCUS Package Home Page

= B Lujan Budget @ Lujan Forum

DISCUS

SIMULATION PACKAGE

| () PDFgetn Home Page

| August 23, 2006

December 4, 2006

Download

Welcome to the new homepage for the DISCUS program package. We are now hosting the
programs on Source Forge and hope you like the added features, such as mirror download
sites all over the world.

Report bugs
Mailing lists

Project home The DISCUS package consists of four programs, each of which could be used independently
orin combination. The first program inthe package is DISCUS tself and the development
started some 15 years ago by Reinhard Neder, DISCUS is a general program to generate
disordered atomic structures and compute the corresponding experimental data such as
single ciystal diffuse scattering of the atoric pair distribution function (PDF). Features
include symmetry operations, Monte Carlo simulation capabilities and the generation of
domain structure to name just a few.

Totalscattering.org

The second program s called PDFFIT. Itis used for ful profile refinements of the PDF based
on an atomic structure. The program uses least squares and employs a very powerful way to
implement constraints. Recently we have added a graphical users interface for simple
refinements.

The next program is DIFFEV. This is a generic minimization program using an evolutionary
algorithm. Itis designed to work with the other programs in the package

Finally the package contains a general plotting program called KUPLOT.

snet

Thomas Proffen, Reinhard Neder and Simon Bilinge

Please reference the following papers
in all your scientiic publications using
one of our programs.

Discus

Th. Proffen and R.B. Neder, DISCUS. a

30, 171 (1997

POFFIT

Th. Proffen and 5. J. L. Bilinge, POFFITa
‘orogram for ful profie strucural refinement
ofthe stomic par distrbution function,

J. Appl. Crystaliogr. 32, 572 (1999)

WELCOME TO THE PDFgetN
HOMEPAGE

Welcome to the new homepage for the PDFgetN program. We
are now hosting the programs on Source Forge and hope you
like the added features, such as mirror download sites all over
the world.

Download
Report bugs
Mailing lists

Project home

PDFgetN is used to process scattering data from time-of-flight
neutron (TOF) diffractometers (such as NPDE at the
Neutron ering Cel to obtain the normalized structure
function, S(Q), and the atomic pair distribution function, G(r).

Totalscattering.org

PDFgetx2

The program can read data from all TOF neutron powder
diffractometers that can create GSAS type files. All processing
parameters are stored with the resulting data and can be
imported again into the program. The program is controlled via a
graphical users interface but can also be used in batch mode.
PDFgetN is based on the GLASS package developed at the

Ini Py ource.

Done

REFERENCE

Please include the following
reference in all scientific
publications that include data
processed with PDFgetN.

P. F. Peterson, M. Gutmann, Th.
Proffen and S. 1. L. Billinge,
PDFgeti: A userfriendly proaram
to extract the tokal ring
structure function and the pair
distribution Function fi

Done.
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The DISCUS cook book — coming soon !

 To be published by
Oxford University
Press as IUCr text.

* Includes CDROM with
many examples.

e Summer 2008

/\
> I./c?s Alamos

NATIONAL LABORATORY
EST.1943

84 Ovidering and distribution of domains 123

sorting process uses shifting of individual atoms as well as switching
of randomly picked pairs, lines 35 and 36. Such a sorting process does
not try to mimic the actual diffusion within a crystal, but just tries to
aeate the indented result efficiently.

MNotice, that the shifting of the peeudo atoms allows these to assume
any fractional position within the host metric. In the final structure
all atoms, the host and domain atoms shall cocupy the position (0,0,0).
To achieve this, all pseudo atoms are shifted to the next integer lattice
point after the sorting has finished. After the sorting process the struc-
ture will look like in Fig. 87, which shows a section of the total crystal
Finally, the sorted arrangement of domains is used by the macro called
“dom.spheresreplacemac’ to replace part of the atoms within the host
aystal by the domain structures. This step is essentially identical to
the cormesponding step in previous examples. After defining the input
medde to pseudo (line 6) and naming the input file dom.sph.domains Hist
(line?), the parameters for the two domains are defined. Each domain
character is defined as a spherical domain (lines 8 and 18), yet still a
minimum distance to the atoms in the original crystal is defined via
assign fuzzy, AR, 2.0 (lines 9 and 19). The radius of the two
domain types is given by expanding the shape matrix by a factor of
24 and 1.4, respectively  After the replacement, the structure looks
like Figure 84, The spherical domains are placed at average distances
throughout the eriginal structure. Remember that no angular correla
tion was introduced. The Fourier transform of the final structure shows
intense ring shaped diffuse scattering around each Bragg reflection
This diffuse scattering is due to the fact that the difference between the
host and the domains is just the ordering of equal atoms into respec-
tive domains. Such a short range order between atoms of equal type
will give diffuse scattering in the vicinity around each Bragg reflection.
The Fourier transform of the domain distribution is multiplied with the

[b o]

Fig. &8 Left Final crystal siructure, The short range crder domaln distribution has been
teplaced by the coresponding spherical guest structutes. Right: Fourer tranaform of the
crystal with crder=d d‘f.\maln seribullon

File: doenain/dom spheres sort mac
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Examples
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Local atomic strain In
/nse,  Te,

MICHICAN STATE

Simon Billinge
Thomas Proffen (LANL)
Peter Peterson (SNS)

Facilities: IPNS, Lujan
Funding: DOE, NSF
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/nSe, Te, : Structure

Zinc blend structure (F43m)

 Technological important :
Electronic band gap can be
tuned by the composition x.

* Bond length difference Zn-Se
and Zn-Te = strain.

e Local structural probe

required !
- Los Alamos o
NATIONAL LABORATORY UNCLASSIFIED LU_]'AN CENTER
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Znse 1_XTeX : TOtal Scatte”ng Peterson et al., Phys. Rev. B63, 165211 (2001)

Q
e Te,_ Zn

Se Te, . Zn
=
e} 1 1 R L '
= I =1.000
& “M“WWMWW
= =0.833
ﬁ‘“
o | ‘Jhlmw x=0.867
o =i, |
(13

Q[s(or-11

100 150
/ i
L !
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average structure

file]
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wm Bl
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40
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ZnSe,  Te, : Nearest neighbors and Z-plots ..

Se,Te, . Zn

; .
x=0,000 —
x=0.167 -
x=0.,333

x=0500 ——
x=0.667

x=0.833 ——
L x=1.000 ———

10

Glr) (A7%)

» Los Alamos
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7 Local
T &l | bond length
™
[
SL
o
0 1)"‘#3 E:"{E 1
X
BLUE: XAFS from Boyce et al., J. Cryst.
Growth. 98, 37 (1989); RED: PDF results.
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Local structure of WS,

MICHICAN STATE

UKIVERSITY

Simon Billinge
Thomas Proffen (LANL)
Peter Peterson (SNS)
Valeri Petkov (CMU)

Faclilities: Chess
Funding: DOE, NSF
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. Structure of the “restacked” material

N
(&3]

— 1 NSLS’ )\:O'413A ® WSZ UserI a.S a.

lubricant, catalyst,

M}VM solid-state
| electrolyte.
- ] 40 50 60 70
O'JJ” MM ‘

0 10 20 30 40 50 60 70 80 90

Bragg angle, 26

= 101 CHESS. 220202 A  Exfoliated and

5 restacked WS,
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N
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=
o
1 L 1 L 1

Intensity, a.u
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Intensity, a.u
EaN (o))

0.0

-_ 31\ disordered
2 M m T structure.
0

10 20 30 40 50 60 70 80 90 Disorder
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PDF to the rescue

3
8
2_ ®
Pristine WS,:
Hexagonal
P6;/mmc

“Restacked” WS,:

Monoclinic

P112
(disordered derivative of WTe,)

LA I I A L L L L
2 4 6 8 10 12 14 16 18
Distance r (A)

/'\

— ) Petkov et al.J. Am. Chem. So&22,11571 (2001)
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Jahn Teller Distortion
in LaMnO ,

Simon Billinge
Emil Bozin CNTVER STy
Xiangyn Qiu

MICHICAN STATE

Thomas Proffen » Los Alamos

Facilities: Lujan
Funding: DOE, NSF
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- Local structure vs. electronic state

e JT orbitals are ordered at low-temperature in a checker-board
pattern:
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. Crystallography

Rhombohedral
No JT distortion

Less-Orthorhombic-O' g
Virtually no JT distortion

T (K)

Orthorhombi-O
Large JT distortion s

JT distortion disappears at ' |

the O-O’ transition
» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED
EST.1943
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LaMnO ;: Jahn-Teller distortion

1000

900} \

2.2

800

700

600 |

2
-

500 f

T (K)
peak position (&)

400

N

250

500 750 1000
T (K)

Local structure

Mn—0 length (&)

Jahn Teller
Long Mn-O bond

Average structure

2.2

2 2.1

1.9

* Mn-O bond lengths are invariant with temperature, right up into the R-phase

e JT distortions persist locally in the pseudocubic phase
* Agrees with XAFS result: M. C. Sanchez et al., PRL (2003).
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LaMnO ;: Jahn-Teller distortion

Mn-O bonds

2.2

| O

22 1.9

G(r) (A72)

2.1
I

| ooo00® 1 O,

Mn—0 length (R)

22 1.9
T —

2.1

Local — r (A) L

I oo ]
Average 1 @ °“‘P‘““"

R

*
e

|ntermed|ate ’) I i

4 8 12 16 20
rr1’1(1X (A)

X. Qiu, Th. Proffen, J.F. Mitchell and S.J.L. Billinge, Orbital correlations in the pseudo-cubic

/\ O and rhombohedral R phases of LaMnO3 , Phys. Rev. Lett. 94, 177203 (2005).
=)
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Refinement range — the mystery of LaMnO

3
DISTORTED OR NOT DISTORTED?
Study of the Jahn-Teller distortion in LaMnO,
- T A L ® ]

| Long Range Structure:
Jahn-Teller distortion disappears
at high temperature

= 3t
[ o8 .
g 1 I |
5 il ""ﬁ'.m_ X. Qiu, Th. Proffen, J.F. Mitchell and S.J.L.
& | wwifn e il Billinge, Orbital correlations in the
PR A | . . B pseudo-cubic O and rhombohedral R
250 5°°T7(?<°) 1000 4 8 12 16 20 phases of LaMnO3 , Phys. Rev. Lett. 94,
P e (8] 177203 (2005).

Jahn-Telier distortion persists
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Complete” Structure of
Gold Nanoparticles

Katharine Page

JB

.LosAlamos Thomas Proffen

2

jcop  Ram Seshadri
Tony Cheetham

Facilities: Lujan

Funding: DOE, NASA
A
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Example: Gold nanoparticles

* Nanoparticles often show different
properties compared to the bulk.

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

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

e This study:
— 5nm monodisperse Au
nanoparticles
— 1.5 grams of material
— Neutron measurements on NPDF

Number

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED

50

40 +

30

10

Total = 148
=1 Average grain size = 3.6 nm

-1.92-293-394-495-596-6.9
Grain size [nm]
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Particle size

Bulk gold

SRR

40

30

r(4)

20

10

Au nanoparticles

(0] ey

A
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Au nanoparticles: Particle size

NET O~
I ‘i\ S~ _ ,
~ ~ st Nano gold
(SN -
0 " \ \\ . . - — - .
o=t } ~ Spherical particle envelope -~
—~ | 3
s | 1(r
@) : +
| 2R 2R
|
I
I I I I
10 20 30 40

r(8)

R.C. Howell, Th. Proffen and S.D. Conradson, The pair distribution function and

structure factor of spherical particles

» Los Alamos
NATIONAL LABORATORY
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, Phys. Rev. B 73, 094107 (2006).
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Au nanoparticles : Structural refinements

16

e PDF from nano- and Au-capping layer distance (Au-S)
bulk gold refined
using PDFFIT.
* Nanoparticles show . ”
“normal” gold < //
structure. G,
* No indication of
surface relaxations. 3
° abqu < anano 4 : : ‘ : : : :
* [Indication of Au-cap r (A)
distances [—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 Di  ffraction , Chem. Phys.
Lett. 393, 385-388 (2004).
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Au nanoparticles: Particle size

LKoo, X2 62atoms, 1.2nm &

\Y
340 atoms, 2.3 nm e \\&\
200 — il dsharimsnsnr it \
S YN I [T T R
e .
| 2184 atoms, 4.6 nm
SN 1) T [TV PP e —
0
QRN YT TR i

, ﬂ | H ' ' ﬁSEOatumS. 6.3 nm

We’re dealing with a length scale that can be simulated on an atom by atom
basis, perhaps opening the door to extremely detailed refinements.
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Nano-structured transition
metal carbides

Katharine Page
(PhD work)

UCSE

Ram Seshadri
Tony Cheetham

Thomas Proffen

pa
° IEAIamos Facilities: Lujan
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Nanostructures transition metal carbides

Catalytic activity of platinum group metals with greater thermal stability and
resistance to poisoning.

Nanostructured Mo and W carbide will provide higher surface area than
traditionally prepared materials.

WC BET surface area: 27.4 m?/g Mo,C BET surface area: 52.2 m?/ g

—— 200nm ————1 200 nm

Prepared by treating molybdtates/tungstates in a quartz tube with
flowing 50%-H,/CH, at 10 mL/min at elevated temperatures.
» Los Alamos
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NPDF measurements
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XPS studies suggest there is a significant contribution of non-carbide carbon.
It is known that graphitic carbon can block almost all of the active surface.

WC PDF refinement

-15 4

/ 1
)
» Los Alamos
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G(r)

The difference curve,
fit with the graphite
structure.
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Summary and more information

e Analysis of total scattering gives
valuable insight in structure <
properties relationship

PERGAMON MATERIALS SERIES
SERIES EDITOR: R.W. CAHN

UNDERNEATH THE BRAGG PEAKS
Structural Analysis of
Complex Materials

sera3Ey xadameny
o FEAEUY [PEnPRIg
H SOVHY HEL HLYINSEIONT)

by
T. EGAMI
and S.J.L. BILLINGE

e High-resolution instruments open the
door to medium-range order
Investigations

disordered crystalline, amorphous of Pecgamon
composite materials

e (Obtain structural information from

e Fast powder measurements allow
systematic exploration of local
structure as function of T, x, P

http://www.totalscattering.orq
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Thank you
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