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Software for PDF analysis
Overview

Thomas Proffen

NPDF instrument scientist

Lujan Neutron Scattering Center
Los Alamos National Laboratory
tproffen@Ianl.gov
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Experimental

considerations

or

What makes a good PDF ?
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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):

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

Requirements to obtain ‘good’ PDF:

»High momentum transfer, Q.-

»High Q-resolution.

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

Where ?
Synchrotron sources or spallation neutron sources
(high energy X-rays) - (reactor neutron energies are too low)
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What makes a good PDF: Influence of Q. ..

u T
e[ Q.. =4087" 7
Qo =1787"
u = -
uy
oLl |
4

Termination of integral at
Qpax results in convolution
of G(r) with sin(Q,,., 1/r.

ZnSe, . Te, . data
collected on GEM
terminated
at 40 A1 and 17 A1

° —t / A .
NN split unresolved
at 17 A1
[Te]
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What makes a good PDF: Influence of Q resolution ...

I ! I ! I !
NPD (Ad/d~0.15%)

ol GLAD (Ad/d~0.60%)
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A High Q resolution: Large r range (PDF dampened by exp -(r4Q)?%/2))
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Nano-PDF: Example gold nanoparticles

T T I ] | ] | ] I T | ]
- I Experimental PDFs of ~4 nm gold particles
o] and bulk gold, measured on NPDF.
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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. 393, 385-388 (2004).

/A
. Lgs Alamos <

¥
NATIONAL LABORATORY UNCLASSIFIED L IrTi N CENTER

'w ‘1
Operated by the Los Alamos National Security, LLC for the DOE/NNSA g b ﬁ;’N 'D
M’



-
O
M
g
o
=5
X
(%)
>
o

T

I
o
0
(ol
)
o
@
-
N
no
N

w
N
o
S
N

UNCLASSIFIED

Data Reduction

or

How difficult Is the processing of
total scattering data ?
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Neutron data processing

00

Corrections

Cecris
20 w00

bl]

J
|,
= .“‘_‘T'I"J'-'aﬂd‘l-lnh/l.-{| ekl ._._'_._l s __I_I'_ I S— T | ——

= a - B *

A
A (A

Cylindrical Time-Of-Flight geometry
(energy dispersive)

Typical characterization runs

»Empty instrument (B)

»Empty Container (C)

»Empty Container background (CB)
»Vanadium (V)

»Vanadium background (VB)
»Sample (S)

Al
"/

Va Scorr:[(s'S B)-a(C-CB)J/[V-VB]

—
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Software: PDFgetN

| FOFgethias L]

« Based on GLASS e —

paCkage. amplefi) | Masadum _ Cortrungr

Som. backgr ‘ih etk Cont backgr

‘Working direclory:  CThomasfpainsiidebug'guy/

e Graphical users interface & - ————

integrated plotting. e— et

N L dara analysis packsge for chralsing the acomie Fealr Discribucios =
m I anad [ - R
® Su pports OSt O F ittt o Al Fancticn (PEF} from nestron powder diffcscticn dats, }

neutron pOWder file ::::;:;.—;::w:leullbutnq papes ukén publishing Eesulrs thEar made use
formats. Semplobockgr, @ Hone  lp.r. Poter: .0 Th.Pecffen, asd 5.J.L.0181ingn, FOFgeel: &

e P
Vonadum @ Mome  leonecion and che pair disc ST Lio on
diffrection data, 4, Appl. Cryst., 3. 1183 (20001

* Records all processing s o 5 e
parameters as part of Hacses Bomtotla G -

output files G(r) and S(Q). e ——

* Runs on Windows o ol o Mo

95/98/NT/2000 and UNIX b R P
a4 E Cancal
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: P.F. Pet , M. Gutmann, Th. Proff
http://pdigetn.sourceforge.net  ..is 1 siinge, PoFget: A User.
Friendly Program .., J. Appl. Cryst. 33,
/) 1192 (2000).
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Software: NPDF creates PDF automatically !

& LANL | Lujan Neutron Scattering Center | NPDF - Mozilla Firefox o

. f ; and ( ; r File Edit View History Bookmarks Tools Help
@ - - @J @ b [ http:Hskywa'\ker.\ansca.IanI.g0\4/Egi-b\n,’\ujan,‘data_info.cg\7msf¥NﬁDF&RUN¥2670&qc\e v @ b cad| )

B Lujan Budget Q Lujan Forum

automatically e ==
generated. -

INFORMATION

Beam status Users Office Proposal database January 4, 2007

NPDF Run File Information
Publications
Sehediie Information Run 2670

Proposal number 2006050 Run number 2670

Proposals

Principle Investigator Emil Bozin
Specifications

Users Thomas Proffen

Run title Run 2670: CaMnO3 - #1050513, T= 70.0 K, TL_displex

Equipment TL_displex

Team

Documentation

. Pictures Measuring time 5.0 hours (360003 T0 pulses)
[ AC C e SS V I a Counting statistics 2.34 x Egami rule (58503564 events)
T Run start time 2006-12-04 00:32:58-0700 Run end time 2006-12-04 05:37:48-0700
Files

L] Measurement status GSAS file npdf_02670.gsa - Plot - Info Raw data (large) NPDF_E000002_R002670.nx.hdf - Info

I n St r u m e nt We Download data IPARM file npdf_TL-displex_2018.iparm Log file NPDF_E000002_RO02670.Iog - Flot
Beamtime estimator CAL file npdf_TL-displex_2018.cal itor spectra Monitor 1 - Monitor 2 - Plat
Samples GRP file npdf_TL-displex_2018.grp iles npdf_02670.sq - npdf_02670.gr - Plot - Info

.
Sample activation
n .

CCR information wvan. background ty stick - vacuum - one more; RT_stick
> bration 2015: Empty 1/4 can; TL_displex

~Plot - Calibration 2016: Background; TL_displex

Ead - Info - Flot - Calibration 2016: Background; TL_displex

Click here

EPICS watcher

COMTACT

Create ZIP archive of all data related to propesal 2006050
List all data related te proposal

< Previous run - Next run >

* Click PDF information
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Software: NPDF creates PDF automatically !

& LANL | Lujan Neutron Scattering Center | NPDF - Mozilla Firefox

File Edit View History Bookmarks Tools Help %

Q-©-aoB

B Lujan Budget Q Lujan Forum

« LANL | Lujan Neutron Scatt... [

LANSCE: Lujan Center: Instruments: NPDF

NPDF Beam status
INFORMATION

Publications

Run 2671: CaMn03 - #1050513; T= 130.0 K; TL_displex
Schedule

Proposals

Users Office

Specifications
Team 257
Documentation

Pictures

MEASUREMENT

Measurement status

0]

Download data
Beamtime estimator
Samples

Sample activation
E-Logbook

CCR information

EPICS watcher

CONTACT L —

Instrument Scientist oy
Thomas Proffen
Instrument Assistant Range x: to —y to
Pete Encinias

ontrol room (CCR)
-572%

<0

Los Alamos National Laboratory -

05 10 15 20 25 30 34 40 44 50 455 B0 B5 70 75

-- Interactive

Proposal database

Run 2670: CaMnO3 - #1050513; T= 70.0 K; TL_displex

ERFEE

npdf_02670.gr ®
npdf_02671.gr ®

Est. 1943

Operated by the Los Alamos Nationsl Security, LLC for the U.S. Department of Energy's NNSA
Outside | & Copyright 2006 LANS LLC All rights reserved | Disclaimer/Privacy | Web contact

- h&p:Hskywar\ker.\ansca.IanI.gp\fl:gi-b\n,’\ujanf;édf_pI5t.cgi?what:ﬁ&ci;iﬁfl&:i:%mwn: ¥ @ |

January 4, 2007

Select data
@ 6(r)

O s

O qrs(@)-1

Reference data

2671

Files
npdf_02670.gr
npdf_02670.5q

Lsb Home | Phone

Download

Applet ptolemy.plot.plotml.PlotMLApplet started
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X-ray data processing

* In house X-ray experiments:
— Easy.
— Low r resolution, slow (and/or poor statistics).
— Mo: Qi ~ 17A1, AQ: Qppax ~ 20AL,
— Flat plate transmission or reflection geometry.

Transmission Reflection
(transparent samples) (absorbing samples)

 Synchrotron experiments:

! — Little precious beamtime.

— High energy X-rays (Q,,., > 60A™1).

— High intensity (x 10,000 times stronger).

— Parallel beam optics.

— Generally flat plate transmission geometry.
— New rapid PDF setup (PDF in seconds).
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X-ray corrections: Removal of Compton scattering

MCA Spectrum of - Iy 13, Ga, 5 AS » Energy sensitive detector
500 : . (e.g. Ge detector) allows
separation of Compton
scattering at higher Q.

T Q=40A1 ]
» Modes:

= 900 F Elastic y . .
) swattering » SCA: Electronic windows
5 to separate elastic
£ 200 F 7 channel

i -.-I-'I'I|"[-'II

scattering

» MCA: recording of
complete spectrum at
each measured point —

0 — pr software integration.

MCA Channel numiber

100 H
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Software: PDFgetX2

X. Qiu, J. W. Thompson, and S. J. L. Billinge,
: J. Appl. Cryst. 37, 678-678
* Reads SPEC files. PRl =S

" - PDFgetX2 beta @Wed Apr 21 12:18:57 2004 (= O)x]
File Switch—> Help

e Supports MCA and |
Title: |}x-ray1=DF Proncer | dedeyun
C A d at a History-> | File Aumsave:  ON _.| Quist.  OFF _.| Warking Directory: || 24 dangrunprojectsPLEget Kalsomee
S .

DataFile Furmar:  SPEC Crsromize .| 8- Bz By Sones |
. Sample; li Sem, Bhg li Conteiner: | Con, Bhg: |f
* Integrated plotting S
of various ﬁ : —

corrections applied. : . :

Expt. Configuration Sample Information | 1(Q) Betup | Calib. | 3(Q) Comections I G(r) Optimization | Data Visualization |

. Method: “* Generic -+ 1470 Siees Hetlip
o TO O I S fO r m e rg I n g 7 Beample Seli-Absorpton I” Compton Scattenng

7 Multiple Scattering {2nd only)

profile: empedcal fomm —
scans. s Ot o
I” Rulandwin Func. Widt: | Do10000C

7 Breit-Dirac Factor Expo: 3 —

1 Energy Dependent:

* Runs on Windows
and UNIX. Based - T

7 SealewithHighQ Ratio: 00 [ _1_] 10 Value: |5 5600000 Linar

On IDL_ ResetData |  GetlfQ) | CaleComeotons|  GerSiQ) | Gu0@m | FlotData | Advenced—> |

User Message: | Ready for next, Sul

2 0000 idth |4
I” Damp F(Q) Gaussin Width (447 | 230000
fimanr

cale: 10000000 I Interpolate Qmin to 0.0
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What to do with your
PDF ?
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Outline

* What to do with your PDF ?

Give It to your favorite theorist.

* Try ‘experimentalists’ modeling

— Modeling base on a structural model
— A new parameter —r
— Small models: Least square refinements
— Large models: Reverse Monte Carlo
— Any model: Evolutionary Algorithms

,,ﬂ
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Refinement range — length scales in structure

00 00000000000000e e Simulated structure of
9999099990999 90°9 20x20x20 unit cells.

cececsccsscccsces |
seseesscesscces | o |Mafrix (M): blue atoms

seccecsccscese ° [yynamS(Dyred
JOCOCCC atoms, spherical
cococces shape, d=15A.

ceecee e Simulated USing

seceoesecscscseee
Y EEEEEXEEXXX) DKR:US_
eeoeoee ee000eOOOOOOEOES
eeesnee XXX
00000 OCOOOOOOOOROOOOOROOEOTODN
oS00 00O OOOOOOROOOOEOOOOROOOREODR
o0 c0OOOOOOORNOIOONONOROOEOROONRREOESR
e000OOOOOOOIOOOONONOOOORONOOOS
eoeceoccOOcOOOOROROOOROROROORGCEORREeESR
eececscOecOOOOCOOROOROROOROOEORRTODS

o0 OOPOOODOOOODPORTORS
sooO0OODPOOODOOOOORORYS
o0 OOOOODOOOORORYS
o0 OODOOOOOOBDTOOORS
o0 OOOOODOOODTOOORDS
LN B NN NN N NN NN NN N N
o000 OOOODOODOOOODTODRDS

Th. Proffen and K.L. Page, Obtaining Structural
Information from the Atomic Pair Distribution
Va Function, Z. Krist. 219, 130-135 (2004).
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Refinement range — length scales in structure

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

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

. R=0.58% R=0.13% R=0.11Z R=0.06% R=0.08% |

1 I 1 I [ I Il I 1 I 1 I L I L I 1 I L
T l L] ! T l L] I I L] ! L] I L] g T I L]
« Extensions: ' . OF15% ¢ O=15%
— Multi phase models AT T
. ik |
— Modeling of LR B REA B
boundary = : PRI 1
& i R 233
— R-dependent i 5 ; s i e
refinable mixing o : ‘LAY I B
‘-.:f\__./‘ha———--\m_,\/w‘ : -~ 3 ]
parameters '
| R=0.36% | R=0.14%  R=0.04% | R=0.03% ; R=0.03%
A S U S S SRR RN S SRR S
s 25 65 75 10 125 15 175 20 225 25
2 r(8)
» Los Alamos
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Refinement range — the mystery of LaMnO,

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

2.2

peak position (&)
2
B

250 500 750 1000 4 8 12 16 20
T (K)
rmux (K)

Local Structure:

» Los Alamos

HATIONAL LABORATORY UNCLASSIFIED

EiT.1%4%

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. Lett. 94,
177203 (2005).
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Calculating a PDF ..

e Calculating a PDF from a structural

model: @ ®) _
T T T [ : T T r| T
= ) — — ] R .
z G(N) =2 | 7-50(r=n) |-4atp, % 1%l
S i | (b) ) I O O 1 ot L LAY
2 2 3 i 5 2 3 4 5
- ] r(i) r{k)
= e Thermal motion © @
I . T x T = T X T T T = T |
o — Small crystal = convolution of 5(r-r;)) & 4 N1 ® 4 v
(@) . . . . . - —
o with distribution function (PDFFIT) ol || || L 1€ 1' M ]
o s | | | & |
L — Large crystal = actual displacements I '| [l A i
N L AN H LA
N & ensemble average (DISCUS) VAV
N 2 3 4 5] 2 3 4 &
‘uu r(&) r{k)
8 [Ej T Li T Er}
S e Termination ripples 'y o1 -‘
— Multiplication with step function in ge_ .' I'. II' 'll ] EE' ,fﬁ\ /q' |
reciprocal space gives convolution VA AW pj \ \ A 1
with sin(Q,,,.,)/r in real space. AV AV B L/\j V\/
2 3 4 5] 2 3 4 ]
- r(&) (k)
» Los Alamos a
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PDF analysis: Analysis of individual peaks

PDF peak width of InAs

90 o ¢ uncorrelated 0015l
® O O ©° < correlated % |
- - - - 0.005 |
0.000!

L L 1 " 1 1 L
03 05 07 09 1.1 1.3 1.5
r(nm)

» Correlated motion results in
sharpening of near neighbor PDF
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peaks. Cglculflg\ted PDFIWithgut § of !nAsl
» Empirical correction ‘ 500
=
2 G 0
_ . _ Q
o, = \/ C,—O0/r —y/r
~500 L 1 . 1 L 1 1 1
_ 0.1 0.3 0.5 0.7 0.9
» Future: Extraction of phonons ?? r(nm)
Pa Jeong et al., J. Phys. Chem. A 103, 921 (1999)
)
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Nanoparticles: Particle size

\ T T T T T
NE O~
L X ~ - |
~
3 N =~ Instryp,, Nano gold
T ol \ ™~ - - ntreSO/Uti —_
73 ; \ I SRR
=3 o B . . - — _
S b i N « Spherical particle envelope ~ - _
| N— X 3 —
— I RN
S 0 L, ] 3r 1(r -
o S N
D w8 \
o | £ ] |
N I X
N 1 3
w o
N &
o
o
~N
| | i
40
/':)
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PDFfit

Refining a small
structural model to the
PDF

/2

o
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* “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.

e Software: PDFit,
PDFfit2 and PDFGui.

/'17
» Los Alamos
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PDFfit: Refinement of a small structural model

G(r) (A7%)

Example: Is sandstone simply quartz ?

fea] B

L

| .
Data
Model

Difference

)

:

iy

K]
|

L
WAV

U

12

r{&)

20

24

)

K.L. Page, Th. Proffen, S.E. McLain, T.W. Darling and J.A. TenCate,
Local Atomic Structure of Fontainebleau Sandstone: Evidence
for an Amorphous Phase ?, Geophys. Res. Lett. 31, L24606 (2004).
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Calculating a PDF: PDFfit

PDF calculated according to bib;
— 8= 3| For =) =,
J

2
In more detall

P
% G(T‘;;_., S) = fsBA'(S) Z f-pGp(T»‘r: 5)

=il
1
Gplrins) = T— S5 T [Ay(p) - Ti(rws p)]
PER i
—47ryp0(p)
2
reool\ s
Br(s) = exp [— (reogq(s)) ]
2
~ ci(p)ci(p)bib;
1 (ri — mi(p))*
Tii(re, p) = exp | — —
A : V2moi;(p) 20%;(p)
)
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PDFgui — looks cool ..

88 tutorial.ddp (C:\Thurrltgs\dm:uments\presental:inns\teach'ing\PDF-Tuturial-CD\PDF-OS-ZOO?\wnr. - E]@
File Edit Wiew Fits Phases Data Calculations Help

B [
FitTree * | configure ] Constraints  Results 1
- =] Average
[l ZnSeTe_average Phase Results
[ npdf_oo403.gr
=l ] Distorted a [5.88837 b [5.88837 c [5.88837
@ alpha [30.0 beta [30.0 amma [90.0
o 1 npdf_00403.qr eha | | e
Scale Factor |0.865477
E deftat [2.37187 delta2 [0.0
o sratio |1‘0 rout |D.D
=5
y
A Imo-template.ddp (~/tutorial/Imo-template.ddp) - PDFgui Included Pairs ‘all-a\l
wn
File Edit View Fits Phases Data Calculations Help
j elem x 1 z ull u22 u33 ul2 ul3 | u23 | occ
®) Ed s o|m 1o J-0.00936065 -0.00936065 |-0.00936065 0.0143455 00143455 0,0143455 0.0 0.0 0.0 (L0
© Fit Tree < | > 2|zn  0.00935065 [0.509361  |0.509361  0.0143455 |0.0143455 (0.0143455 0.0 0.0 0.0 (1.0
| 3|zn  0.420633  |-0.00936065 0.490639  0.0143455 |0.0143455 0.0143455 0.0 0.0 0.0 |10
Plot Control x
1 - 4|zn  0.509381  |0.509351  |0.00936065 0.0143455 |0.0143455 |0.0143455 0.0 0.0 0.0 |10
O : 5[Te  0.256125  [0.243875 0256125  0.00629889 0.00529889 |0.00529889 0.0 0.0 0.0 |10
a il 300k 0.035 T T T T 033020 step - 6|5 0256125 |-0.243875 |0.243875  0.00629889 0.00529839 |0.0062988% 0.0 0.0 (0.0 (1.0
[
—+ ¥ 7[Te 0243875 [0.255125  |-0.256125  0.00629889 0.00529883 |0.00629889 0.0 0.0 0.0 |10
~ Imo-pbnm-550 . T e
(o) ] imo-pl 0.030] e deltal ~ 8|5 0.256125  |-0,243875  -0.256125  0.00629889 0.00629889 |0.0052988% 0.0 0.0 0.0 |LO
o - ‘ (1)
D : lat(2)
0.025f i POFfit2 Output %
= [ s50k.ar - e lat(3) e - — —
) . pscale 11: 0006143 Z0: 0009115 Z1: 0_006383 ~
IQ — | i
N <[] imo-pbnm-650 o 0.020 : EEEB chisg.: 1877.74 red.chisg.: 2.10038  Tw: 0.137458 stagnating
1 Plot Control S
X 0.015+ u11(3) ITER: B
N : u11(4)
w temperature E u1i(s) Refinement parameters :
~ R 1l: ©5.8883&6 100: 0.86€39477 101: 2.371886 10: 0.014345
¥ 0010_ “Hw“ Llll(ﬁj 11: 0.00&23% 20: 0.00%3861 21: 0.0081Z2Z5
ND u33(17) [ ul1(7)
o u33(18) 0.00 : u11(s) o | chisg.: 1877.72 red.chisg.: 2.10085  Rw: 0.137457 stagnating
O u33(19) ’ gDD 400 500 600 700 800 900 1000 1100 1200 L
offset |-5 i
| temperature )
x(1) B8 X ‘ r Refinement parameters : v
s X=720.0 y=0.0117582417582 Refinement param : ]
x(2) o 200+ a Pot | Reset |
— - = — — 4|
offset |3
e | .
[ ] |} [ ]
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RMC

Shaking a big box of
atoms.

Courtesy of M. Tucker,

ISIS
o

R
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Reverse Monte Carlo

 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. Pusztai, Reverse 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. Keen, Application of the Reverse
Monte Carlo Method to Crystalline Materials , J. Appl. Cryst. 34, 630-638
(2001).
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RMC: How does it work ?

Calculate new fit

Initial fit
Change a —D to data 12

to data .
variable
with -}

startin at
8 random J &
values

A4 A4

o
O
M
2
o
=S
=1
[%2]
>
©]

o

I
@)
o
—+
o
(on
o
-
N
R
N

w
N
o
o
~

R EVEISE Keep change Keep
with a certain
Monte probability change
Carlo 3 3
al go rithm Repeat until an acceptable
fit 1s obtained
Va
~
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Include Bragg intensities ..

Use GSAS to fit : RMCProfile calculates the
Peak shape Intensities and then produces
Background the profile.
' 2 2

Lattice parameters + ;| l...(t)—sl, )] /o @)

3.5

3 |
2.5

I(t)

2,
1.5
1 |

05 B o oV IV WEVN Y, WVIUY W AT, TP\ S Iy N PR, D (SPSS SP

O T T T T
7000 9000 11000 13000 15000 17000
tof(us)
/'l?
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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)
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e Link: http://www.isis.rl.ac.uk/RMC
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DIFFEV

Refining parameters of
a disordered
particle/crystal

Courtesy of R.B. Neder,

U Wirzburg
A
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““““““““““““““““““ UNCLASSIFIED lli‘H(lNlEl{

Y
Operated by the Los Alamos National Security, LLC for the DOE/NNSA ‘gc. 21 #:NA"S..

¥
Y



-
O
!
g
o
-
s
(%)
=
o

T

I
o
0
(ol
)
o
@
-
N
no
N

W
N
o
S
N

UNCLASSIFIED

DIFFEV: Refining model parameters

 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, ... 0.

o ® 0 0. g0 0

— Choose minimization — here DIFFEV WX Iy

s tg g0 o8 08 8% 4
__.__ A ‘.'—__)' ‘. J _..___,I '.-J‘.J'l
Y6 2 25 g8 o8 08 04,
.‘—-.-—... -, > _J‘*.-’""JJ:
et 00 0 0 0
DTN
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Example: ZnSe nanoparticles - Model

create a large single Wurtzite layer A/B

]
P
-
x
]
~
N
@

Stack along ¢ (with faults)

Cut to proper size
Calculate PDF / powder pattern

Repeat and average

Repeat with new set of parameter
using a Differential Evolutionary Scheme
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{110} and {001} Software: DISCUS and DIFFEV
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Example: ZnSe nanoparticles - Results

C. Kumpf, R.B. Neder et al., Structure
determination of CdS and ZnS
nanoparticles: Direct modeling of
synchrotron-radiation diffraction data,
J. Chem. Phys. 123, 224707 (2005).

— calc

15
T
p———
1

* Results:
— a=3.973A, c=6.494A
Diameter ~26A
Stacking fault prob. 70%

G(R)
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Diffuse package: DISCUS, PDFfit and DIFFEV

PDFit
— User defined relation between parameters and refinement variables.
— Multiple structural phases and data sets (neutron and X-ray) supported.

* DISCUS
Calculation of Fourier transform, inverse and difference Fourier.
— Expand structure from asymmetric unit and space group symbol.
— Structure “statistics”: correlations, real space lots, ...
— PDF calculations.
— Monte Carlo simulations.
— Reverse Monte Carlo simulations — diffuse scattering & PDF.
— Symmetry & unit cell transformations.

* DIFFEV: General minimization using evolutionary algorithms 555

B =

e KUPLOT: General plotting program

Discus
IMULATION PACK

I
« Common features =
— Command language including loops and IF statements.
— Online help function
— UNIX or Windows operating system.
— Binary or source code distribution.
— Written in FORTRAN-77 (and some C).

Th. Proffen and R.B. Neder, J. Appl. Cryst.

. NTRT 30, 171-175 (1997).
* Link: http://discus.sourceforge.net Th. Proffen and S.J.L. Billinge, J. Appl.
/:) Cryst. 32, 572-575 (1999).
» Los Alamos
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The DISCUS cook book — coming soon !
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e TO b e p u b I IS h e d by soatimg process wes shifting of individual atems as well as swibching

of randomly pidied pairs, lires 38 and 36 Such a sorting proess doss
nel by o minic the actual diffusion within a carystal, bul just tries to

Oxford University e Wi iy

Moltkce, 1Bal the shifting of the perude atomns allows these 1o assume

F
5

R A

any IFaclional position within the host meltric  In e final strisclhuee

P reSS aS I U C r text all atoms, the bost and doemain sloms shall ey bhe position (06,01
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Summary and more information

 Refinement of structural models
based on PDF is becoming more
routine.

 PDF refinements as function of ‘r’
give structural information as
function of length scale.

e Software is out there.
* More great software is coming ..

* Involve your favorite theorist !

http://www.totalscattering.orqg
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