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- Introductory notes on PDF approach

- On small box modelling in general and PDFqui in particular

- PDFgui parameters, concepts, and layout

- Agenda for hands-on part and examples to be covered
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PDF approach

- Choosing the right tool for the problem
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PDF approach
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- Nanoscale materials

- Disordered crystalline systems s silinge and I. Levin, The Problem with

Determining Atomic Structure at the

W|th nanoscale heterogeneities Nanoscale, Science 316, 561 (2007).

molecule crystal
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PDF approach

de't-mm \v;ll;ru
1 2
H He
10075 40006
- - - Alhivm beryium bomn cabon milresgen oxygen Tuorine neon
3 4 5 6 T & 9 10
. onsilaering scatterin i
Li | Be B|C|N|O| F|Ne
50941 09,0122 10,811 12,011 14,007 15300 AR998 20180
SOOM | magnasum TN SHCOn | phosphons. SUT EninG Trgon
11 12 13 14 15 16 17 18
Na [ Mg Al |Si| P | 8 |Cl|Ar
priios) 24305 26,087 28060 30,574 22.065 35453 018
polassium caldum scandum Hlanum vanadum chromium | manganese iren caball nickal COpper Znc gallum gefmanum arsanic salenium Beomine kryplon
19 20 pal 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
K |Ca Sc| Ti|V |Cr{Mn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As|Se| Br| Kr
319,008 40078 A6 A7.85T S0842 51.9%G 54,938 55845 58 0L SA60% G356 65.30 59773 7261 74.9373 78,96 70.904 BIED
UL | Stonium trmm ZRCOONM | NCDWM | MOy bOeniam) enieun | AEnenam | modum | palkdbnm Siver Codmim aum un omimony | REunm ing REON
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y | Zr |Nb|Mo|Tc|Ru|Rh|Pd|Ag|(Cd|In [Sn|Sb | Te| | | Xe
85488 #7.62 £8.000 M.2H 02,900 95.04 (98] 101.07 10291 106.42 107 87 112,41 114 8% 11a.71 1176 127,60 12830 13020
caesium barium Tutalivm: mainium wnialm ungsten eanim osmum Tidium platirum okl mefaury [TET lead BEmulh pokenivm astating radon
55 56 57-70 bl T2 73 T4 75 76 7 8 79 80 81 82 83 84 85 86
;
Cs|Ba| * |[Lu|Hf [Ta| W |Re|Os| Ir | Pt Au|Hg| Tl |Pb| Bi | Po| At | Rn
132.99 137.33 174.97 ATEAS 48095 18384 185.21 190.23 19222 165.08 19697 200.59 it 207.2 208.08 1209 1280 1223
francium adium LrNTENGET | Umetorium)  qubnum e bohrum hassium MENEMIM | UNURNIRM | UNURINRAT: | WU noum i unquisdia m|
- - - 87 88 89102 103 104 108 106 107 109 114
° Fr|Ra|**| Lr | Rf | Db | Sg | Bh | Hs | Mt (Uun/Uuu|Uub Uuq
223 [z25] 1262) [261] 1263 1264] [264] i | [268) 1271 [273) 77| | (s |
Tontharam cenum NECdymiem | prometum | somarin | ewopm | gadonim | terbim | dysproskm | bolmbim Erbium Thim llerbam
* Lanthanide series 57 58 59 60 61 62 63 65 66 67 68 69 70
La|Ce|Pr|Nd|Pm|Sm|Eu|Gd| Tb| Dy |Ho| Er | Tm|Yb
13891 14012 140491 144.24 45 15036 151,06 15725 156.93 16250 164.95 [T 168.93 1750
B B T B B R T B e e
**Actinide series 89 a0 91 92 93 94 95 9% 97 98 99 100 101 102
Ac|Th|Pa| U [Np|Pu|Am|{Cm|Bk| Cf | Es |Fm|Md| No
1227] 232.04 73104 238,03 [237] [244] [243 1247 [247] 1251] 1252] 2517] |258] [259

- Considering isotopes and
Fresonances Fe Ca S Si Al Mg O D H

X-Rays "“' . @

‘ ® . . ‘ ‘ ‘ BROOKHIAEN

NATIONAL LABORATORY

Neutrons




PDF recap

I tot

[ﬁam + Ibgrd

[aam = A-P- [(Y i Icoh + Ifnc + Imul]

S(Q) _ Icoh(Q) — <b2> + <b>2 Q _ 472'2” H

2/@ ) — 1) sinQr dQ
i
0

Raw data 5)
interatomic distance, r (A) >
Data reduction %

Relationship to structure
'rw — 4dmrpg

G(r) =
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rj — Interatomic distance between atoms i and |

Relationship to structure /
1 P.=N/V average number density

Gr)=x§ (b)3 5(T — i) — ATTP0 €< (number of atoms per unit volume)

r — running variable (distance)

scattering “scale” for pair of atoms i and j Neutrons: b,
weighted by averaged scattering “strength” X-rays: f(Q=0), effectively Z

Truncation effects in Fourier transform

Experimental setup 'imitims/ (termination ripples, limited r-resolution)
2 % Quax _ Ideally one would like to have
G(r) == [ Q(5(Q) - VsinQraq
Q « broad Q-range
X Quin « good Q-resolution

@ \ Small angle scattering This is not always essential!
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PDFgul — awareness of various effects

Some effects that should be accounted for

« Thermal broadening

« Correlated motion of nearest neighbours
* Finite Quax (truncation)

« Limited Q-space resolution

 Particle size
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PDF: effect of thermal broadening
Effect of thermal motion U, on PDF

o
(thermal displacement parameters)
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PDF: effect of correlated atomic motion

Effect of correlated atomic motion on PDF

(nearest neighbor peak SHARPENS)
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PDF: effect of correlated atomic motion
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PDF: correlated atomic motion outlaws

Weak effects

(€.9. PbTe) Strong effects

break the rule (e.g. In CeColny)

difficult to model
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PDF: effect of finite Q,,., (truncation)

Effects from finite Q-range

Qmax
— —/ F(Q)sinQr dQ
0

1.5

0.5

-0.5

10

20 30 -2 -1 0 1 2
Q r

ideal F(Q) is multiplied by a step function

G(r) gets convoluted with a sinc function sinc(r) = sin(Q. N /r =2
r-resolution = 1/Q, .«

good r-resolution of G requires large Q, .«
Q = 417 sin 6/ > best results with TOF neutrons or high-energy x-rays
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PDF: effect of the Q-space resolution

Effect of limited Q—resolution on PDI data

I T I T T T I T I
Gq | =z
[am)
- 25 . 1 |
=
2-
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iIdeal F(Q) is convoluted by Gaussian to simulate finite Q resolution
« G(r) gets multiplied by real-space Gaussian with reciprocal width
For G(r) to have good r-range high resolution in Q is required
b Q-resolution defines PDF “field of view”
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PDF: effect of the Q-space resolution

Silicon PDE from high resolution and low resolutien data
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PDF: effect of the finite particle size — nano vs bulk

' |
Au bulk
Au nano
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Experimental PDFs of gold nanoparticles and bulk gold, measured on 100A
NPDF.

@ K.L. Page et al., Chem. Phys. Lett. 393, 385 (2004). BROOKHLAEN
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After the PDF experiment ...

Now that you have collected your X-ray or neutron data and
reduced it to PDF, what is the next step?

 It's time to harvest the information from PDF data, of course!
* Which approach to use depends on the problem at hand

« (Good starting point (always) Is to observe the PDF data in a
model independent way, followed by modelling using the
available tools, some of which are presented in this school

« Data inspection could provide valuable clues that would help
modelling efforts/strategies tremendously at times
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Observing raw PDF: disappearance of dimers

10K — 500K

Structure of

¥ Mystery compound 2
changes on all length

| scales on warming

total PDF, G (A2)

o 28 5 75 10 125 15 175 20
dimer interatomic distance, r (A)
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PDF data modeling

Small Models: Least Squares Refinement

Up to several hundreds of atoms

‘Rietveld’-type parameters: lattice parameters,
atomic positions, displacement parameters,
etc.

Refinements as function of r-range

Large Model: Reverse Monte Carlo

20000 + atoms

Fit X-ray and neutron F(Q), G(r) , Bragg profile
Constraints utilized

Static 3-D model of the structure (a snap-shot)

Multi-level /Complex Modeling

Refine higher level parameters (not each atom)

Example nanoparticle: diameter, layer spacing,
stacking fault probability

Choose minimization scheme

Emerging: ab initio and force-field based
approaches

Density Functional Theory

Molecular Dynamics

@ slide courtesy Katharine Page

DF-05-2007\wor... | ]rD]

R | contigure | Consrams Resuls |

Phase Results

N o Fowsr e

PDFgui:http://www.diffpy.org/products/pdfgui

' iscus Package Hame Page - mel s Firefox
B £ Yow Go gotmans Took

. OISCUS Package Home Page

DISCUS

SIMULATION PACKAGE

DIFFEV and DISCUS: http://discus.sourceforge.net
DiffPy-CMI: http://www.diffpy.org/products/diffpycmi
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http://www.diffpy.org/products/pdfgui
http://wwwisis2.isis.rl.ac.uk/rmc/
http://www.facebook.com/disord.matt
http://discus.sourceforge.net/
http://www.diffpy.org/products/diffpycmi

“Small Box” software comparison

T PDFgui http://www.diffpy.org/
R . - Slow refinement, e.g. for high-r
r- =5 = - Cumbersome outputs
: : M/\ + Open Source and Free
: f, | | + GUI is Simple and User-friendly
r— > L \ﬂw )

000+ @ 6@ x wmrnm Sig; ﬁ%}f-{ ;v—w; -T_,u.l-

TOPAS PDF

- Commercial

- Steeper learning curve =
- Have to write your own macro Sy
+ Super Fast ]
+ Easy manipulation of fitting
parameters and plotting

+ Can easily customize output

. functions _ E—
http://www.topas-academic.net
i slide courtesy Katharine Page S


http://www.diffpy.org/
http://www.topas-academic.net/

Small box PDF modeling approach

Small box: assumption of periodic
boundary conditions (P1)

Relatively small number of atoms
(up to several hundred)

Built-in symmetry constraints with symmetry equal or usually
lower than the average crystal symmetry

Involves least squares refinement over selected r-range
(typically up to a few unit cells, translational symmetry not
necessarily important as the box size mostly provides “metrics”)

@ BROOKHFIAEN
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Things needed ...

PDF data (sample.gr files) and associated information such as Q,, .,
used, range of data, type of radiation, sample chemistry, ....

In small box modelling approach, one typically starts from a
refinement of a known/suspect structure, (thus reducing the volume of
the parameter space as much as possible)

High-r region ~average structure
Low-r region ~local structure
(biased view with bulk materials in mind)

Starting structure information
space group and lattice parameters
fractional coordinates (asymmetric unit cell) & occupancies

having site-multiplicities handy may be helpful for
crosschecking (e.g. PDFgui works with symmetrized cells)

Having an origin choice handy, if multiple are available,
could matter BROOKHEAEN
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PDF modeling

 PDF is simulated from a known structure model

—r. )2
exp [— (r —ry) ] — 47rpo

Gcalc (T) —

2
20,2: j

1
©Y vV 271‘0‘25

structure model is parameterized by a set of parameters p;

residuum R,, - difference between observed and simulated PDF

Rw(p1,p2, S

\/Z obs T'n, - Gcalc(rn)]2
obs(rn)

least-squares refinement of p, to minimize R,

Effects from setup (such as finite Q-resolution) or sample (correlated NN-
motion) accounted for

i |
. ; f i3 i
) '-'_')W'flﬁrr."'"j - ! | U 2
" B[I} =€ z 0i5 = 0y ,'I L - . — + Q':-J road i‘"
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PDFgul overview

 PDFgui is a graphical interface built on the PDFfit2 engine, which is a program as
well as a library for real-space refinement of crystal structures based on the
atomic pair distribution function (PDF) method.

« PDFgui organizes fits and simplifies many data analysis tasks, such as
configuring and plotting multiple fits, adding functionality to script driven PDFfit2.

 PDFfit2 is capable of fitting a theoretical three dimensional structure to atomic
pair distribution function data and is well suited for nanoscale investigations.

 The fit system accounts for lattice constants, atomic positions and anisotropic
atomic displacement parameters, correlated atomic motion, as well as various
experimental factors that may affect the data.

« The atomic positions and thermal coefficients can be constrained to follow
symmetry requirements of an arbitrary space group. Limited restraints supported.

« The PDFfit2 engine is written in C++ and accessible via Python, and can also be

PDFgui

prompt operated.

@ PDFfit2 eng ine NE%?R'{E@;HE)'R‘Y




PDFgul overview

Codle @

CdSe-nano.ddp (~/tutorial/examples/CdSe-nano.ddp) - PDFgui

File Edit View Fits Phases Data Calculations Help

Refined

Fit Tree * W
v [F] cdse-bulk
] cdse-wurtzite.stru Initial | Fixed
m} CdSe-bulk.gr LMD
2 701 O
[ 11 [0375 [

4.302215896
7.00611078346
0.373083000599

03}

K

Plot Control
X
step

Y

@2
@11
@21

031

"[“ocGtrunc
— Gdiff
— Gcalc

@23 20 F7) %
@100
@150
@200

POO+ e @m x

% =35.3005,y=10.246248

w PDFfit2 Output

offset |-5

Ch15q. 7 1.b4294e+07

red.cnisq. 3&ls.13 KWI U.34624b

parameters

‘ Plot H Reset ‘

[<]

X
[+]
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Easy set up for “on the fly” refinements of incoming data
helps making experimental decisions

PDFgui

GUI interface to PDFfit2 is user friendly modelling
environment that can be used for quick
simulations (useful for experiment planning and
sensitivity tests)

can organize multiple related fits in a single project
file (.ddp file) easily shareable with colleagues

powerful visualization facilities

- live plotting of refined PDF profiles

- parametric plots of variables from multiple fits
- 3D structure visualization (optional)

structure model manipulation

- supports xyz, PDF, CIF and PDFfit formats
- supercell expansion

- expansion of asymmetric unit

- generation of symmetry constraints for
coordinates and atomic displacement factors,
ADPs (“thermals”)

wizards for T-series, doping-series, r-series
(smart extraction of meta-data from files)

BROOKHIAEN
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PDFgul parameters and program structure

 PDFgui parameters associated with DATASET

Fit range (ryn, Mvax)

Qmax

Qdamp

Qbroad

dscale

user selected refinement r-range

upper limit of integration used in Fourier transform
defines r-space resolution, predetermined

1.5 |

‘ Qrmax Lorch filters not supported

0.5

0

-0.5

Gaussian dampening (due to limited Q-resolution)

High-r peak broadening (due to increased refined
Intensity noise at high Q and other sources, only
significant when ry,,y is large)

scale factor associated with dataset

BROOKHIAEN
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PDFgul parameters and program structure

« PDFgui parameters associated with PHASE

pscale phase scale factor
NOTE: could be redundant/correlated with dscale

a,b,c,a, B,y lattice parameters

X[N] X-position (fractional coordinates)

y[n] y-position

z[n] Z-position

occln] site occupancy

u[l..6,n] anisotropic displacement parameters Uj; [A2]

NOTE: Refinement parameters can be correlated, particularly when a model is
refined over a narrow r-range of data. PDFgui reports on correlations > |0.8|

nnD BROOKHFAVEN
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PDFgul parameters and program structure

 PDFgui parameters associated with PHASE for correlated atomic motion

deltal 1/r contribution to peak sharpening [A-]
delta2 1/r2 contribution to the peak sharpening [A-2]
sratio peak width reduction for correlated motion
(special cases of rigid structural units)
1'? Feut
rcut . radius cuttoff for applying the sratio
. sharpening factor [A]

-0.5

Note: Empirical correlated motion parameters are selected depending on
material, they are very strongly correlated and affect other parameters

e . hy / 01 0O
O =041 ——
L] 3

— '.- 'lll l.

I," ,," y . ,IJ
ADD . . . . BROOKHFAVEN
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PDFgul parameters for nanoparticles

spdiameter spherical particle diameter for PDF shape
damping function [A]

1.5

stepcut . r value above which the PDF is truncated

0 to zero [A]

-0.5

[
250 . 62 atoms, 1.2 nm _|

340 atoms, 2.3 nm |
200 — —

;AAMMWNUM i 992 atoms, 3.5 nm 7

150 — —

& N ' I I - 2184 atoms, 4.6 nm |
100 [~ I I 4070 atoms, 5.8 nm —

5320 atoms, 6.3 nm

experiment |
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PDFgul parameters and program structure

 PDFgui declarations associated with PHASE

X atom type associated with given site (all sites)
declaration e.g. Ni/Ta/Ca (label used to read scattering info
from lookup tables of b, and Z).

* PDFgui declarations associated with DATASET

Neutron/X-ray scatterer type
declaration (used to determine lookup table)

NOTE: In rare instances one may experience the following
In case of X-ray radiation Z, is used for element X. If ions present one can change X
from original element to a fellow element with adequate electron count.

In case of neutron radiation b.,y iS used for element X. Lookup table contains
information per natural isotope abundance. If isotope substitution is present, lookup
table has to be modified with adequate b specified for a dummy element with made-up
alphabetical code that will then be declared in the phase using that alphabetical code.

nnD BROOKHFAVEN
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Parameters are assigned using the syntax @pn,where pn is the parameter number.
For example, @1, @55, @321, etc, numbers do not have to be consecutive.

Variables that are assigned the same parameter number will be described by the same
parameter.

Caution should be exercised to avoid unintentional assignment of the same parameter
number to incompatible variables (variables of different type)

PDFgul: quick start

nnD BROOKHFAVEN
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PDFgui: Layout

The layout can be somewhat customized to create comfortable work environment
File Edit View Fits Phases Data Calculations Help Menu Bar

B & e @ Tool Bar
H:“‘TEE] o % | configure | Constraints | Results _ Tabs to panes
1544 St Phase Configuration

a |3.52 | bl3s2 | c|352 |

F it Tree alpha [20.0 | beta [90.0

| gamma |90.0 |

Scale Factor [1.0 |

Plot Control % deltal |0.0 | deltaz 0.0 | spdiameter |0.0 |

X sratio |1.0 | reut |CI.CI | stepcut |CI.CI |

step ~

v Included Pairs |all-all |

elem x |y | z | ull | u22 | u33 (ul2 ul3 u23 occ

1 N 00 00 0.0 0003 0003 0003 00 0.0 00 1.0
2 [Mi 00 05 05 0003 0003 0003 00 0.0 00 1.0
3 (N 05 00 05 0003 0003 0003 00 0.0 00 1.0

Plot Contr‘OI 4 |Ni 05 05 00 0003 0003 0003 00 00 00 1.0

Current Action

offset |-5

Reset

PDFfit2 Output %

@ PDFfit2 Output
;Igi!l': BROOKHFAVEN
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Creating a simple fit using a preexisting struct file

Appearance of a PDFgui window after a PDF dataset is loaded.

File Edit View Fits Phases Data Calculations Help

& o L]
fit Tree % Configure | Constraints = Results
~ E=]Fit 1
B Nistru Data Set Configuration
L
Scatterer Type

() Meutron @ X-ray

Data Sampling
@ Data () Myquist () Customn

:i"tc"”t”" * | DataRange |0.01 to spacing

Fit Range |0.01

[ | ;
|step v to |20.0 spacing [0.01

Qmax |40.0 |

T Scale Factor |1.0

Geale Qdamp. {0001
Gdiff
Gobs
Gtrunc

Qbroad 0.0 |

Temperature |.3CICI.CI Doping 'ICI.CI

Crw
dGcealc

offset |-5

Reset

PDFfit2 Output %
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Creating a simple fit using a preexisting struct file

Adjusting data set related configuration.

File Edit View Fits Phases Data Calculations Help

_ 2 e il
H:re;g] - % w Constraints | Results
B Nistru Data Set Configuration
Scatterer Type

() Neutron @ X-ray

Data Sampling
@ Data () Myquist () Customn

Plot Contral X Data Range to spacing
X 7 N

i | [00 | i
|step “ Fit Range u to |20.0 spacing |0.01

g — )

T Scale Factor |1.0 | Qmax |
= T

Geale Qdam ' Gbroad [00
Gdiff Temperature |.3CICI.CI | Doping |.CI.CI |
Gobs
Gtrunc
crw
diGeale
offset |-5

Reset

PDFfit2 Output
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Creating a simple fit using a preexisting struct file

Setting up the refinement parameters and constraints: experimental parameters

File Edit View Fits Phases Data Calculations Help

8 &

Ft Tree

= [EFit 1
] Ni.stru
L

Plot Contral
X

]

|step

Y

Gdiff
Gobs
Gtrunc
crw
diGeale

offset |-5

PDFfit2 Output

e
ADD /
2019/

Reset

o

(

Configure

Data Set Constraints

Scale Factor

Qdamp -

Qbroad [

Results
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Creating a simple fit using a preexisting structure file

Setting up the refinement parameters and constraints: model structure

File Edit View Fits Phases Data Calculations Help

- & e El
Ft Tree X . )
Configure Results
- EFta
154 NSt U Phase Constraints
Mi-xray.gr
< @3 | b @3 | c | @3 j
alpha | | beta | | gamma | |

Scale Factor | |

Plot Control % deltal | | deltaz | | spdiameter | |
X sratio | | [:‘\

step ~
v Included Pairs | all-all '
elem x y|z|ull u33 | ul2|ul3d | u23 occ
1 NI
2 [Mi
3 (NI
& |Mi
offset |-5
Reset
PDFfit2 Output %
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Creating a simple fit using a preexisting struct file

Reviewing the fit parameters and conditions

File Edit \iew Fits Phases Data Calculations Help

K & e
e ..
Ft Tree x| ¢ \
Parameters ) Results
=~ E‘Eﬂm
@Ni.stru I{E ed | Refined

Ni-xray.gr 110 O

2008 []

3 3.52 D

4|0.0025 []
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offset |-5 |

Plot ‘ | Reset Apply parameters

PDFfit2 Output X
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Creating a simple fit using a preexisting struct file

The refinement progress is displayed in the PDFfit2 Output panel.

File Edit View Fits Phases Data Calculations Help
s =z o

Rt Tree * |
Parameters | Results

@Ni.stru Initial | Fixeg Refined
KL Ni-xray:gr 110 []/ 07605115324

0.068831864865
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4 0.0025 D 0.00512432502226

Plot Contral ¥
X

Istep |l|

¥
@2
@3

@4 N

rw

offset |-5 |
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Creating a simple fit using a preexisting struct file

Updating the set of initial values of refined parameters.

File Edit View Fits Phases Data Calculations Help

K & o
Fit Tree %y = N
Parameters) Results
~ EH
@Ni st Initial | Fixed
[ Mi-xray.gr 110 ]
0.08
2 O ™
33.52 | Fix | Free
4 00025 [] :[ ]
Rename Parameters
Flot Control b
X
Istep ~
Y-
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@3
@4
rw
offset |-5
Plot Reset Apply parameters
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Creating a simple fit using a preexisting struct file

An example of PDFgui plotting capabilities: displaying a fit.

File Edit View Fits Phases Data Calculations Help

K g © ]
At Tree ®x ' .
Configure | Constraints | Results
= [EFit 1 [}
B Ni.stru Data Set Constraints
|
- Plot[15] Ni-xray.gr:G (=) (@] ()
Ni-xray.gr:G
' oooGobs
= GCalc
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X
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Y 5t i Y .
| i) 4 4 Y
Gdiff f f
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offset |3 |
Plot Reset
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Creating a simple fit using a preexisting struct file

An example of PDFgui plotting capabilities: displaying a parameter.

;Eile Edit “iew Fits Phases Data Calculations Help

2019/

B3 e
Rt Tree b4
Parameters | Results
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Creating a simple fit using a preexisting struct file

Using “Journal” facility can be a convenient way for taking notes.

File Edit View Fits Phases Data Calculations Help
B e
At Tree % Parameters | Result
sults
= . -

I Ni.stru Fantastic fit of Ni has been obtained using...
[T Mi-xray.gr

Plot Control

X
step |_
A

@1
@2
@3
@4

Export | ‘ 3 Close ‘

offset |3 |

Plot ‘ | Reset ‘Apply parameters ‘

PDFfit2 Qutput
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@?’ BROOKHIAVEN
zolq e e e T E—— T e e e—— e ——— NATIONAL LABORATORY

(<JII>] x




Building structure model using crystal symmetry

e
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Expanding the unit cell using space group information.

File Edit \iew Fits Phases Data Calculations Help

8 & ¢ [l
At Tree ¥ |7~ N\ ]
Constraints | Results
< [E] Nifrom scratch
15 Ni fec| Phase Configuration
a|352 | bl3s2 | c [3.52 |
alpha [90.0 | beta |90.0 | gamma |90.0 |
Plot Control x| [
X Space Group Expansion |—|
|5tep v 1 atom selected. Expanding to 4 positions. r (0.0
t 0.0 |
Y Space Group |Fm-3m e |
Origin Offset |0.0 | |o.0 | |o.0 |
| occ
anncel CBQK [}
offset |3

Reset

POFft2 Output
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Building structure model using crystal symmetry

e
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Setting up symmetry constraints to be used in a refinement.

File Edit Wiew Fits Phases Data Calculations Help

B8 o 0
Ft Tree ® ) I
Configure Results i
< [Z] Ni from scratch
N foc Phase Constraints
a | | b | c | |
|
Aol EorTra] >< Space Group Constraints
X 4 atoms selected.
——
r
|5tep e Space Group [ hd [}
¥ Origin Offset | 0.0 | |o.0 | 0.0 Ml
constrain positions
constrain temperature factors
anncel CBQK
offset |
Ll
Reset
PDFfit2 Output X
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Calculating PDF from a structure

An example of the calculation configuration panel.

File Edit \iew Fits Phases Data Calculations Help

83 ] N
At Tree X
> B Ni from scratch Calculation Configuration

@ Ni fec Scatterer Type

[:] @ Meutron O X-ray

Range 10.01 ' to [50.0 ' spacing 10.01
[ [ [ [
AT Eorngl >< Scale Factor |1.0 Qmax |25.0
& Qdamp |0.08 | Qbroad |0.0 '
v v
Y
oese
offset |3
Plot Reset
PDFfit2 Output X
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Multistage fitting

Sequential refinement where fits are chronologically linked

File Edit \iew Fits Phases Data Calculations Help

1 B&a %

Ft Tree
~ ] ICMO-pRAMm-335u

Parameters | Results

> %

[ LaMnO3-PENM Initial Fixed Refined il
L 550k gr 1 |=lemo-pbnm-550:1 []  5.54112301089
At |- rro-pbnm-5501
B 2 |=lcmo-pbnm-550:2 ] 5. 7467340003
H LaMnO3-PBNM
3 =lemo-pbrnm-550:3 ] 7.68307896047
[f] s50K.gr i~
Blot Control m 7 =lemo-pbnm-550:7 ] 0.00201860852715
W g8 | =lcmo-pbnm-550:8 ] 0.00217981215605
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Y
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27 |=lcmo-nhnm-550:27 1 0.N392197R1619 (]
Plot Reset Apply parameters
PDFfit2 Output ®
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Sequential fitting of incremental r-series

Appearance of the setup panel for specifying an incremental r-series fit conditions.

At Tree b % | select a fit from the tree on the left and set the first value, last value,
< [ and the step size of the maximum and/or minimum of the fit range
7 Ni below. If you have not set up a fit to be the template for the series, hit
cancel and rerun this macro once a fit has been created.
L] i 2-8.chi.gr _ _
fit maximum
first |5 | last |20 | step |5
Plat Contral X | it minimum
x ! - -
first | | last | | step |
|5tep W
Y. CBQK egancel
@10
@20
@100
(]
offset |3
Plot Reset

POFfit2 Qutput
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Sequential fitting of temperature series

Setting up a T-series sequential refinement for LaMnO.

fit Tree * | select a fit from the tree on the left then add datasets and assign
- E temperatues below. If you have not set up a fit to be the template
fil LaMnO3-PBNM ic;re’;?sdaenes, hit cancel and rerun this macro once a fit has been

[f] x000t010g35.9r
Temperature  Data Set

550.0 LfS50K.gr =
550.0 LJES0K.gr
Plot Control X |7o0.0 L J700K.gr
x
720.0 LJ720K.gr ol |
|5tep v 730.0 730K.gr Click header to sort by temperature ¥
740.0 LJTA0K . gr MW —
v \ 4
- 7500 G TS0K.gr
800.0 L B00K.gr | W
@2 880.0 . /BBOK.gr
@3 980.0 . JO9BOK.gr
@7 hd
e’ & 1050.0 .../1050K.gr [~]
[ | | El
offset |3 . gk Add | @Qelete
Plot Reset Qﬂgl{ agancel
PDFfit2 Output x
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Sequential fitting of temperature series

Displaying refinement results as a function of external parameter: T-series refinement

File Edit \iew Fits Phases Data Calculations Help
B2 o
Ft Tree ® . )
— | Configure | Constraints Results
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Sequential fitting of doping series

Loading of the Ca-doping data series of LaMnO; system.

At Tree * | select a fit from the tree on the left then add datasets and assign

= E doping elements and values below. If you have not set up a fit to be
f LaMnO3-PBNM the template for the series, hit cancel and rerun this macro once a

fit has been created.
[f] x000t010g35.9r
Base element |La | Dopant \Ca |

Doping Data Set

Plet Contraol % | 0.04 L fx004t010g35.gr
X 0n.12 0 0106
Click header to sort by dopin
[temperature v| 16.0 y doping
_ 20.0 L fx020t010g35 .gr
i 24.0 .. [x024t010g35.gr
| ||28.0 ..[x028t010g35.9r
2
@3
@7
- )
offset |3 | | & Add | |ﬁge|ete|
| Reset | | -(ﬂgk: | |°§ence||
POFfit2 Output ®
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Sequential fitting of doping series

Displaying refinement results as a function of external parameter: doping series

File Edit \iew Fits Phases Data Calculations Help
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Nanoparticle structure: spherical!

Fitting the structure of a nanoparticle: 3nm CdSe nanoparticle example

File Edit \“iew Fits Phases Data Calculations Help

Ba e

Ft Tree

= =
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m S-bUtegr Initial | Fixed Refined
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Displaying the structure

Using AtomEye functionality for 3D visualization of the initial and refined PDF structures

File Edit “iew Fits

[ AT~
At Tree
< [E]Fit 1
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L] Mi-xray.gr
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PDFgui tutorial content & agenda

Plan is to cover different examples featuring various aspects of PDFgui functionality

GOALS:
becoming familiar and comfortable with the program
building up basic expertise and awareness of various PDFgui capabilities
Exploring a few more complex examples

Examples:
Simulating PDFs
Ni X-ray and neutron data refinement
Ni neutron-X-ray co-refinement
Ni/Si mixture refinement; phase analysis

Ni T-dependence sequential refinement

LaMnO; T-dependence sequential refinement — complex system
Cu(lry g5Crp 1,)S, 100K data fitting - r-dependent sequential refinement
Nanoparticle examples: CeO, and CdSe systems
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Live PDFgui Demo (time permitting)
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